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ABSTRACT Massive Online Courses (MOOCs) suffer from the high desertion of enrolled students due
to different factors, including bad time management by the participants, lack of planning, lack of help-
seeking, and poor self-monitoring of their actions in the learning process, which suggests that students do
not self-regulate their learning. Diverse software tools have been created to support MOOC participants
by favouring self-regulated learning (SRL). However, there is still a lack of knowledge regarding how
the different SRL model could be effectively, supported by ICT tools, what model inform in a better
way the design of new tools to support SRL process in online setting, how the support of SRL affect
the students’ performance in a MOOC environment or what is the best way to integrally evaluate the
impact of the tools supporting SRL. In this article, we introduce the design and development process of
the Autorregulate tool, a web application that supports self-regulation of learning in MOOCs. This tool
is developed within the framework of broader research employing research-based design (RBD) to create
methodological and technological tools to facilitate self-regulation in MOOCs. Autorregulate supports
seven learning self-regulation strategies: goal-setting, strategic planning, time management, help-seeking,
self-monitoring, self-recording (Take Note), and self-assessment, considering the SRL model proposed by
Zimmerman. The tool was evaluated in a MOOC created on Moodle, with 224 participants, over three
evaluation dimensions: 1) Students SRL to measure the effect of the Autorregulate tool on the self-regulation
of the participants’ learning; 2) Autorregulate tool’s usability and usefulness; and 3) Participants’ interactions
within SRL services. Results show participants’ high level of self-regulation of learning after the intervention
(M=4,3; SD=0,85) according to the online self-regulated learning questionnaire (OSLQ). On the other hand,
92% of participants considered the Autorregulate tool usable, and 97% considered the tool useful. Finally,
results show SRL services are widely used by participants, especially those supporting the strategies with
better performances by participants, according to OSLQ results. The findings of this study contribute to
broadening the discussion regarding the use of ITC to support SRL on MOOC:s.

INDEX TERMS MOOGC, self-regulated learning, RBD methodology.

I. INTRODUCTION
Massive Open Online Courses (MOOC) are participatory and
distributed courses with a publicly shared curriculum that
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support lifelong online learning [1]. Among the difficulties
faced by participants on these courses, it is possible to high-
light the great dropout of the participants due to different
causes, such as courses poor quality, bad time management
of the participants, lack of basic knowledge and skills, unsat-
isfactory learning experiences, lack of interaction with the
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instructor, lack of motivation, little attention to the diverse
needs of the participants, or lack of strategies of the partici-
pants to self-regulate their learning [2].

As a result, various lines of research have been created
in the field of MOOCs as an object of study, among which
are the specification of the MOOC creation processes [3],
[4], [5], gamification as a teaching strategy in MOOC:s [6],
the evaluation of the quality of MOOCs [7], the analysis
of various types of interaction of the participants [8], [9],
[10], accessibility in the contents of MOOCs [11], as well
as support for Self-regulated Learning (SRL) [12], [13], [14],
[15], [16], [17].

Self-regulation of learning is defined by Zimmerman [18]
as the “process of forming self-generated thoughts, emotions,
and actions that are cyclically planned and adapted to achieve
personal goals.” (p. 14). When a student cannot self-regulate
his learning, he will likely abandon the activity he is devel-
oping due to different factors or situations faced, such as not
having an appropriate work environment, not having created
or planned the activities that will lead him to achieve the set
of objectives, in addition to the poor distribution of time and
the lack of follow-up and self-assessment of the activities”.

Throughout history, the importance of self-regulation in
the learning process of human beings has only increased. Sev-
eral models have been developed in the fields of psychology
and psychopedagogy that provide different perspectives on
how the process of self-regulated learning can be understood
and explained. Among these models, we can highlight those
proposed by Zimmerman [19], Boekaerts [20], Winne y Had-
win [21], Pintrich [22], Efklides y Hadwin [23], Jarveld y
Miller [24] that have been characterized and systematized by
Panadero [25].

In the context of the Massive Open Online Courses is
possible to support self-regulation from the beginning of
the MOOC:s designs, considering strategies such as the cre-
ation of guidelines to establish objectives, indicating at the
beginning of the course the exact activities to execute and
how would be the learning process, supporting time man-
agement through the use of calendars, facilitating the search
for help using forums and chat, favoring self-monitoring
through progress bar plugins, using wikis to facilitate note-
taking and/or creating spaces for self-reflection in MOOC:s,
for example, through the use of questionnaires where the
progress of the tasks might be auto-assessed. However,
according with Cer6n et al. a challenge observed in MOOC
settings is the lack of a methodology that integrates both
the theoretical conceptualization achieved on self-regulation
and the means of strengthening it in the students using ICT
tools [26].

Although the research on SRL in MOOC:s is still scarce
according to Alonso-Mencia et al. [27], ICT have been used
to help self-regulate learning through software tools that help
students focus on the task and their goals, providing scenarios
to achieve them. In general, the available ICT solutions sup-
port students in activities such as the creation and planning
of objectives, the specification of the temporary planning of
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activities, and monitoring and support throughout the process
of carrying out the task. However, there are self-regulation
strategies that ICT do not support yet, such as self-recording,
self-consequences and environmental structuring. As well,
another poorly supported such as time management, self-
awareness, and organisation strategies. On the other hand,
most of the available tools to support self-regulation in
learning are not conceptually based on psychopedagogical
models. As a result, there is little evidence to compare the
effectiveness of different models to support self-regulation in
MOOCs [28].

The objective of this research is to enhance our under-
standing of the crucial support required for self-regulated
learning through ICT in MOOCsS, contributing to enrich the
discussion on this research line. For this purpose, Autorreg-
ulate is created, a tool that supports the participants’ SRL
strategies in a MOOC based on the theory of self-regulation
of learning proposed by Zimmerman [19]. This tool was
designed using the SCRUM methodology [29], and it was
evaluated in the real context of a massive course offered in
Moodle. Autorregulate offers new contexts to validate the use
of ICT to support self-regulation and also new possibilities
to compare with those tools based on others self-regulation
model.

This article is structured as follows: Chapter 2 presents
state-of-the-art tools designed to support SRL, identifying
MOOC students’ most effective self-regulation strategies
according to the literature. Chapter 3 presents the research
methodology followed in this study and describes the char-
acteristics considered for designing and developing the
Autorregulate tool, and Section IV presents the conclusions
and future work. The research results may inform designers
and programmers about new tools to be developed to support
SRL in MOOC:s.

Il. RELATED WORKS

This section begins with the literature analysis of the recently
reported papers about the self-regulation of learning in
MOOC:s and ends with the existing software tools that support
the SRL.

The literature review carried out by Pérez Alvarez et al. [30]
analysed different existing software tools to support
self-regulation in MOOCs, concluding that there are very
few and that they do not provide enough SRL features for
student self-regulation. Based on their findings, the authors
developed an application called NoteMyProgress, which
was evaluated by four experts from different countries and
18 students. The results indicate that the experts positively
evaluated the application as a tool to support the SRL, as well
as the students, how consider the included features useful
for managing time and organising their learning process.
However, due to the short duration of the study, which was
only two weeks, the tool was tested by very few users.
Additionally, a single instrument, a concept evaluation test,
was used for the evaluation, which failed to comprehensively
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measure the self-regulation process achieved by students for
their learning.

For their part, Onah et al. [31] carried out a study where
the effectiveness of virtual and traditional teaching for an
undergraduate course is analysed. eLLDa is a platform for
teaching computer concepts in a Python MOOC course.
In the research, an online self-regulated learning question-
naire (OSLQ) was applied to 107 participants and was the
instrument used to measure students’ self-regulated learning
skills. The results evidenced the effectiveness of blended
teaching in the classroom for an undergraduate course. As a
recommendation, the authors propose constantly providing
combined online and traditional exercises to increase stu-
dents’ academic performance.

As usual, many of the available MOOCs focus on pro-
viding video conferences. In his studies, Robal et al. [32]
designed a system called IntelliEye, which uses the students’
webcams to determine, in real-time, the inattention moments
of the students when they study the videoconferences, noti-
fying them of the situation. IntelliEye makes students aware
of these moments of inattention through visual and audi-
tory signals, which is especially relevant since it supports
self-monitoring students’ learning. The authors implemented
IntelliEye in a MOOC for 74 days and explored the extent to
which the MOOC students accepted the intervention as part of
their learning and how using this tool influenced the students’
behaviour. They found that the majority of students (67%)
are resistant to allowing the use of webcam-based attention-
tracking techniques due to associated privacy concerns.

For their part, Sambe et al. [33] argue that bad
self-regulatory skills are one of the key factors contribut-
ing to MOOC desertion. Therefore, they created a generic
conceptual framework to promote self-regulated learning in
a MOOC. This framework is a foundational structure for
collaborating with a virtual partner to provide metacogni-
tive guidance and visualise indicators—all with a primary
focus on enhancing self-regulation in the learning process.
As future work, they leave the creation and implementation
of a virtual mate in a MOOC, based on the self-regulation
literature, and evaluate the impact of the mate on the learning
skills of Self-regulation in MOOCs.

In his studio, Alonso-Mencia et al. [27] introduced
MOOCnager, a Chrome plugin to help learners improve their
SRL skills. Specifically, this work focuses on goal setting,
time management, and self-assessment. Each included area
is in one of the 3 phases of the Zimmerman SRL cyclical
modstate-of-the-arte inconclusive, as participants’ use of the
supplement was very low. However, students seem to prefer
a tool integrated into the MOOC platform. This work is espe-
cially relevant because it is one of the few whose conceptual
basis is the theory of self-regulation of learning proposed by
Zimmerman [19].

In the last three years, the interest in support-
ing self-regulation has increased by several interesting
studies.
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In the year 2021, four studies were reported.

The research conducted by Han et al. [12] delves into the
effects of self-regulated learning (SRL) tools on the academic
writing proficiency of students learning English as a foreign
language (EFL). Specifically, it examines how two techno-
logical tools, Lcourse and Lcourse+Pigai, impact students’
writing performance, achievement in lexical complexity, and
their perceptions of SRL strategies. The study reveals that
these tools, particularly when used in conjunction, facilitate
the development of SRL strategies and enhance writing per-
formance, though they do not significantly improve lexical
complexity. It underscores the importance of considering
students’ psychological study preferences when designing
and implementing technology-supported SRL activities in
academic writing contexts.

In a related vein, Van Der Graaf et al. [9] evaluate integrat-
ing various tools in virtual learning environments, including
timers, highlighters, note-taking features, search tools, and
planners, to support SRL processes. The study analyses
participants’ use of these tools and establishes correlations
between participants’ verbalised thoughts and the tools asso-
ciated a priori with SRL processes, such as monitoring and
planning. The identified correlations validate the efficacy of
the tools in supporting SRL processes, providing valuable
insights for the design of educational tools and strategies. One
notable limitation of this study is the relatively brief inter-
vention duration (45 minutes) and the instrumental nature of
the tools employed. Some of the tools suggested in the study
to support learning self-regulation are incorporated into this
study.

Conclusively, the investigation by Han et al. [12]
contributes valuable insights into the realm of technology-
supported SRL tools and their impact on EFL students’ aca-
demic writing competence. Similarly, Van Der Graaf et al. [9]
shed light on the effectiveness of diverse tools in virtual
learning environments to enhance self-regulated learning
processes. Both studies emphasise the significance of consid-
ering psychological study preferences and provide practical
implications for designing and implementing SRL interven-
tions in educational contexts.

Finally, Mohammed et al. [17] conducted an exploration
into the impact of self-regulated learning strategies, com-
bined with learning management system tools, on enhancing
creative writing skills in future English as a foreign language
teachers. The study adopted a pre-post experimental design
and demonstrated a significant improvement in participants’
creative fiction writing, validating the effectiveness of inte-
grating self-regulated learning with digital tools to enhance
English as a foreign language writing skills. It underscores the
role of systematic learning strategies and technological inte-
gration in facilitating more effective and creative language
education approaches.

In the year 2022, Hsu et al. [34] presented their study on
the design and effectiveness of the self-regulated learning
user interface (SRLUI) in Massive Open Online Courses
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(MOOQCs). The research explores the impact of SRLUI
on student persistence and learning outcomes in eight
MOOCs. The study reveals that SRLUI, based on Zimmer-
man’s SRL model, supports students in goal setting, task
planning, and self-evaluation. Results indicate a high com-
pliance rate (around 80%) among participants, although it
did not significantly affect student persistence. However,
the tool positively influenced learning outcomes, especially
for high-performance groups, suggesting that SRLUI can
effectively enhance learning in MOOC:s. This study corrob-
orates the findings of the research conducted in this present
study.

In the year 2023, two studies were reported.

Psathas et al. [10] reported their study exploring the
effectiveness of machine learning models in predicting stu-
dent dropout rates in MOOCs, focusing on the impact
of self-regulated learning (SRL) data. The study high-
lights the use of oversampling techniques to manage data
imbalances, and it demonstrates that SRL data, along with
participant records in MOOCs, such as employment sta-
tus and chat usage, significantly improve the predictive
capacity of these models. This research underscores the
importance of incorporating SRL elements in predictive anal-
yses of student participation and retention in online learning
environments.

On their part, Cenka et al. [16] analyse the development
of ‘Diaria,” a learning journal tool designed to support SRL
in online educational environments. The study emphasises
the importance of SRL in digital learning, and it presents
Diaria as a user-centred tool developed through a research
design prototype and evaluated through usability testing with
30 participants. Results indicate good usability and provide
insights into how such tools can be integrated into educational
practices to enhance students’ SRL skills, addressing the third
wave of SRL measurements that combine measurement and
intervention.

Focusing on software tools generated to support self-
regulation, Table 1 showcases the most relevant studies in the
literature, including the development of technological tools.
The table includes the author and publication year, highlight-
ing the tool developed in the study, the SRL model used to
underpin the tool’s design, as well as the main characteristics
of the study.

Table 1 shows the limited utilisation of self-regulated learn-
ing models to underpin application designs (4/13); this is a
crucial aspect to promote in this line of research, as the scien-
tific foundation derived from assessments of self-regulated
learning models can inform application designs, ensuring
the development of applications that effectively support
self-regulation of learning. Along the same line, evaluating
tools designed based on SRL models as conceptual founda-
tions could inform regarding the strengths and weaknesses of
each model to support SRL strategies in online educational
settings.

Continuing the analysis of self-regulation support tools,
Figure 1 delineates the relationship between the tools iden-
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FIGURE 1. Tools vs regulatory strategies.

tified in the literature and the self-regulatory strategies they
endorse, updating the findings of Cerén et al. [26].

As can be seen, the self-regulation strategies most sup-
ported by the software tools identified in the literature are
goal-setting and self-evaluation. Tools also support strategies
of help-seeking, strategic planning, and self-motivation. For
their part, time management, self-awareness, and organisa-
tion strategies are the least considered in the tools under study.
The tools utilised in the studies do not support self-recording,
self-consequences, and environmental structuring strategies.

The state of the art allows us to conclude that further
research is needed to acquire sufficient evidence regarding
the support for self-regulation strategies that have received
limited backing and those not yet included in studies. More-
over, it is necessary to generate more evidence regarding how
SRL strategies support students while they learn according to
different self-regulation models.

In this present study, Autorregulate is presented as a
tool that promotes self-regulation in MOOC’s settings
using Zimmerman'’s self-regulation model as a theoretical
underpinning. The tool’s design enriching the discussion
on the efficacy of models to inform the development of
self-regulated learning support tools and contributing with
data that should compared with those obtained in future
studies.
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TABLE 1. Tools supporting SLR.

No | Author(s) Year | Tool Name SRL Model | Key Characteristic
1 Authors introduce the design and development of DIARIA, a learning diary tool for
online education, and conduct a preliminary investigation into the impact of learning
diaries
on students’ SRL skills. Autorregulate DIARIA is part of the third wave of SRL
interventions, according to Panadero et al. [].Authors did not mention a specific model
Cenka et al. informing the design of DIARIA; however, they extracted general phases of the SRL
[16] 2023 | DIARIA N/A process.
2 Although authors did not mention explicitly the SRL strategies supported by this tool,
according to the description provide by authors the strategies are goal settings, strategic
Hsu et al. [34] | 2022 | SRLUI Zimmerman | planning y self-assessment. Authors Ul influence on learning outcomes
3 Lourse, Tools affecting EFL writing.
Hanetal. [12] | 2021 | Lcourse+Pigai N/A No SRL model is informing the design of the tool.

4 | Alonso- This tool supports three SRL strategies, goal setting, time management and self-
Mencia et al. assessment. The main limitation of the study the authors reported was the use of the
[35] 2019 | MOOCnager Zimmerman | plug-in was very low.

5 |Robal et al Webcam-based attention-tracking.

[32] 2018 | IntelliEye N/A No SRL model is informing the design of the tool.

6 This tool includes features to support three self-regulation strategies: time-management,
Pérez-Alvarez self-monitoring, and organising. Some limitations found by the authors are the number
etal. [30] 2017 | NoteMyProgress Pintrich of students evaluating the tool (18), and some identified technical issues.

7 This study investigated students’

perceptions of self-regulated learning (SRL) habits in the context of a
module embedded in an eLDaMOOC platform for delivery of computing concepts and
Python
programme course.
Onahetal. [36] [ 2017 | eLDa N/A There is no SRL model informing the design of the tool.
8 Provides students with timely, goal-oriented information and feedback that encourages
Davis et al. reflection and self-regulation.
[37] 2016 | Learning tracker N/A no SRL model is informing the tool's design.
9 This study introduces the production of the Sustainable Mobility
MOOC, including the development of the Serious Game as a part of the evaluation
Thirouard et al. process within the MOOC.
[38] 2015 | Serious game N/A There is no SRL model informing the design of the tool.

10 It is a mobile application that addresses the need for more personalised support and
Alario-Hoyos advice for students in MOOCs.
etal. [39] 2015 | MyLearningMentor | N/A There is no SRL model informing the design of the tool.

11 | Yousef et al. Video annotation tool that supports self-organised learning.

[40] 2015 | Video mapper N/A There is no SRL model informing the design of the tool.

12 | Unit &

Innovation Tool that supports the LLC
[41] 2015 | Prosolo N/A no SRL model informs the tool's design.

13 | Marquez-Barja Teaches about self-regulated learning.

et al. [42] 2014 | FORGE N/A There is no SRL model informing the design of the tool.

Conventions GS = Goal Setting, HS= Help-seeking,
TM = Time Management, SE = Self-evaluation, SP = Strate-
gic Planning, SM= Self-motivation, SW= Self-awareness,
O = Organization.

Finally, the analysed studies by Cerén et al. [26] show a
concise scale of validations, few individuals involved, and
limitations in the evaluation concept, frequently based on
one feature: the student’s performance. This research enriches
the evaluation methods employed in the studies by designing
a more integral evaluation process that considers various
assessment dimensions, students’ SRL, the Autorregulate
tool’s usability and usefulness, and participants’ interactions
within SRL services.

Ill. CONTEXTUALISATION OF THE STUDY

The Autorregulate tool is developed in the context of the
research called Contributions to support self-regulated learn-
ing in massive open online courses financed by the Ministry
of Science, Technology, and Innovation of Colombia (Min-

VOLUME 12, 2024

ciencias). The main objective of this study was to develop
a methodological strategy supported by ICT to support the
self-regulation of learning participants in massive online
courses, based on Zimmerman’s model of self-regulation of
learning, to evidence the impact of the strategy on the capacity
of individuals’ self-regulation of learning in MOOC.

This research pursues two fundamental objectives:
first, to design a methodological strategy to support the
self-regulation of learning in MOOC:sS, considering the cycle
of self-regulation of learning defined by Zimmerman, and
second, to develop a technological tool that facilitates MOOC
participants’ self-regulation of learning.

The research is based on the methodological framework of
Research-Based Design (DBR), defined by Wang et al. [43]
as “‘a systematic but flexible methodology aimed at improv-
ing educational practice through iterative analysis, design,
development, and implementation, based on the collaboration
of researchers and practitioners in a real environment and that
pursues design principles and context-based theory™ (p. 6).
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The DBR methodology drives the solutions design of
for problems detected in education using current scientific
theories or models. Figure 2 depicts the iterative process
proposed by DBR, which consists of five phases: analysis of
the situation and definition of the problem, solutions develop-
ment according to a theoretical foundation, implementation,
validation, and production of documentation and design prin-
ciples.

As mentioned, the process of the DBR methodology is
iterative, and in the study, two iterations or moments were
developed.

Figure 3 summarises the first iteration carried out. During
the Situation Analysis, a systematic literature review was
conducted [26]. Based on it, the Self-regulate Methodology
was designed to support the creation of MOOCS that facilitate
the self-regulation of the learning of the participants in the
MOOC [44] (In Press). While creating a MOOC, this method-
ology underwent an evaluation leading to design principles
that refined it. The evaluation also brought to light specific
needs that the methodology could address. One such iden-
tified need is the requirement for technical support to assist
participants in the MOOC with self-regulating their learning.

Figure 4., summarises the second iteration designed. In it
during the moment of Analysis, the need for the participants
in the MOOC to have technical support that would help
them self-regulate their learning emerged, and a tool called
Autorregulate appeared as a solution during the development
moment of solutions. A new evaluation scenario is designed
and executed in the context of a second MOOC developed,
integrating the Self-Regulate tool in MOODLE, where the
MOOC was created to support students during Implementa-
tion. This new scenario was evaluated during the validation
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TABLE 2. Scrum team.

Role Characteristic | Function Quantity
Product Software Generate the 1
Owner owner requirements.
Scrum Master | Project Coordinate the team in 1
manager project development.
Development | Developer Responsible for creating 2
Team the software.
Systems Responsible for 1
analyst conducting feasibility
studies, analysing, and
designing the tool.

moment, which included the findings of the evaluation inputs
for a refinement of the methodology and the tool.

In this paper, the second iteration of the research is
detailed. In the next section, we present the design and devel-
opment details of the Autorregulate Tool.

IV. AUTORREGULATE TOOL

The main objective behind the design of Autoregulate is to
support the participants in a MOOC to self-regulate their
learning, contributing to reduce dropout. As mentioned, the
theoretical basis for creating the tool is Zimmerman’s self-
regulation model, which works in three phases: Planning,
Execution and Self-reflection.

The Autoregulate tool specifically supports seven strate-
gies from the three phases of self-regulation of learning. The
planning phase supports goal setting and strategic planning;
the Execution phase supports time-management strategies,
help-seeking, self-monitoring, self-registration (take note);
and finally, the self-reflection phase supports the self-
assessment strategy [19].

A. DEVELOPMENT METHODOLOGY

The creation of Autorregulate, considered the recommenda-
tions of the SCRUM framework for agile development [45].
The process followed to develop the Autorregulate tool is
shown in Figure 4.

The Autorregulate tool development team consisted of
five members: the Product Owner, the Scrum Master, and
a Development team with three individuals as indicated in
Table 2.

The Product Owner provided a backlog to the SCRUM
Master. Three modules were defined to be developed:
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TABLE 3. Tool feature list.

Nro. | Module Description
1 Self- The services to support the seven learning self-
regulation regulation strategies are Goal Setting, Strategic
strategies Planning, Time Management, Help Seeking,
Self-Monitoring, Self-Recording (Take Note),
and Self-Assessment.

2 Analytics The module monitors the participation of
individuals while using the services that support
the self-regulation strategies during the MOOCs
execution.

3 Help This module provides help to users, providing
videos corresponding to the menus of the Self-
regulate tool are created.

Scriptcase
Interet or intranet

Production
Intenet or ntranet

Database Deployment

Developer 1 Developer 2 Developer N

FIGURE 5. Scriptcase structure.

1) self-regulation strategies, 2) analytics, and 3) help. These
modules are described in Table 3.

As mentioned before, the selection of the seven
self-regulation strategies to be supported by Module 1 was
based on the findings of the systematic literature review [26].
In particular, we have selected the most useful to students and
some less supported by the available software tools.

After defining the modules, a work plan was designed with
a schedule organised in days and hours for executing the
sprints corresponding to the project’s development.

B. DEVELOPMENT ECOSYSTEM

On the ecosystem used in the development process, the
Scriptcase software development tool was used to generate
the application code under the Rapid Application Devel-
opment (RAD) scheme. Scriptcase covers a framework
composed of an element series and complements to generate
grids, filters, graphs, pdf reports, forms, navigation menus,
data export to doc, xls, CVS, and XML, security modules with
login and user and group levels [46].

Scriptcase offers the flexibility to install the software
locally or on an internet server, such as an intranet or hosting
platform; this allows for easy access to the tool from any
browser, enabling multiple users to work on the same project
simultaneously, as illustrated in Figure 5.

As Rouse [47] described, the MySQL database man-
agement system was used to create the database. It is
an open-source relational database management system
(RDBMS) based on Structured Query Language (SQL).
MySQL offers a fast and robust multi-user server for
executing instructions in parallel, meaning multiple users
distributed throughout a local network or the Internet will be
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able to execute different tasks on the databases located on the
same server [48].

For the development of the tool, we also worked
with PHP, which stands for Hypertext Pre-Processor.
It is a general-purpose programming language with an
Open-Source license that runs on the server side and has
multiple uses since it can be with scripts, in a structured way,
or with object programming.

The development of the tool involved the utilisation of
HTMLS, which is the latest HTML language specifica-
tion and includes remarkable advantages such as promoting
semantic (meaningful) markup, separating design from con-
tent, promoting accessibility and design responsiveness,
reducing overlap between HTML, CSS, and JavaScript, sup-
port rich media experiences, and eliminate the need for
plugins like flash or java [49].

CSS3 was employed for style management, utilising a
technology that has undergone significant advancements and
is denoted by the acronym ‘““Cascading Style Sheets™ [50].

As for the web server, Apache was used, which is a free
web server created by the Apache Server Project [51].

It should be taken into account that the MOOC courses
used in the research were implemented in the educational
platform LMS Moodle, integrating the Autoregulate tool into
this platform to work with course data such as activities, ques-
tionnaires, database records, and more. Data were needed
in the tool in such a way that it could be used to generate
analytics regarding self-regulation strategies.

C. AUTORREGULATE DEVELOPMENT METHOD
1) DESIGN PHASE
During the design phase was modeled how the Autorregulate
tool would support students in the self-regulation process of
learning. Table 4 compares student activities using and not
using the self-regulate tool. To be more specific, a comparison
was to support what the student would receive regarding self-
regulation strategies.

Table 5 shows the functionalities offered to the student in
Autorregulate for each self-regulation strategy.

In next section, it is explained how supporting each of these
strategies was implemented in the Autorregulate tool.

2) DEVELOPMENT
Each functionality associated with supporting the seven self-
regulation strategies, supported by the Autorregulate tool,
is described below.

GOAL SETTING

The goal-setting strategy is one of the first actions carried
out in Autorregulate, listing all the activities created in the
MOOC and making it easier for the participant to set their
goals for each week, regardless of how they set out in the orig-
inal scheme of the MOOC. In this sense, the student in a week,
according to the availability of time, can decide whether to do
one or several activities, managing their achievements in the
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TABLE 4. Changes in learning self-regulation processes due to the use of

the autorregulate tool.

Current activities

Proposed activities

Goal Setting: Students create their
goals manually.

The created Objectives are made
with the tool and saved in the
database.

Stratenning: Students cannot carry
out strategic planning where they
can create objectives with their
respective times.

Students can plan strategically by
analysing the best way to develop
the objectives in the proposed
times.

Time management: In certain
programs, students manage their
time  without linking their
activities to the relevant ones on
the platform.

Students can manage time,
connecting directly with the
activities created on the Moodle
platform.

Seeking Help: Students seek help
in a traditional way using Internet
search engines or by contacting
their classmates through external
means.

Students seek help within the tool
by creating forums according to
the activities proposed, where the
resolved doubts serve other
students.

Self-monitoring: Students cannot
monitor activities already done.

Students can self-monitor the
activities they are engaged in by
using the tool provided by
Autorregulate.

Self-Registration: Students' notes
are made in a physical document
or online without an order.

The notes are stored in the tool's
database in chronological order.

Self-assessment: Students do not
have the tools to self-assess their

Students can have their academic
process evaluated weekly.

process.

TABLE 5. Autorregulate tool design.

Learning Self-regulation Action to take

Strategy
Goal Setting Create goals from Moodle activities
Strategic planning Carry out planning, combining objectives

and time management.
Distribute the times in minutes, hours, and

Time management

Semana (DD/IMWAAAA)

Semana e manA2 Desde " 20/0372021 Hasta®  04/0472021

Planificar Actividades

Dias *

@ LUNES
MARTES
MIERCOLES
JUEVES
VIERNES
@ SABADO
@ DOMINGO

Tiempo de Dedicacion por Actividad

Horas Minutos

Actividades *

‘ 4. Semana 0 - Autorreguiacién del Aprendizaje | Video: ¢ Qué es laa ¥

FIGURE 6. Goal setting.

Actividades Planificadas Actividades Cumplidas Actividades Pendientes

FORD: s iNo hay actividades!
¥ (fimo Accesc: frace 0

YOUTUBE:
Video: {Qué es
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much autorregulacion
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FIGURE 7. Strategic planning.

semana

SLMANA 2 Desde * 2000372021 Hasta® 040422021

Planificar Actividades

Dias -
LUNES
MARTES
MIERCOLES
JUEVES
VIFRNES
SABADO
DOMINGO

Actvidades
pi sy gy ey ——Tp—— |

Tiempo de Dedicacion por Activided

Horas Minutos

effective day of the week.

The student adds notes of the most
relevant to be able to consult at any time.
The student has a dashboard where she
can evaluate her learning process per
week.

Self-registration

Self-assessment

development of the MOOC. Figure 6 shows a screenshot of
this functionality.

STRATEGIC PLANNING

Strategic planning is of vital importance when participating
in a MOOC. Autorregulate allows the participant to create an
entire schedule of activities, discriminating between planned,
completed, and pending activities. Figure 7 shows a screen-
shot of this functionality.

TIME MANAGEMENT
Time management is considered one of the most crucial and
definitive strategies that a MOOC participant must adopt to
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days for each activity.
Help-seeking Ask their peers, creating forums.
Self-monitoring Check video statistics like views, pauses, FIGURE 8. Time management.
total plays
Last accesses to the course, and the most
Sistemas Operativos Gamificado B viaeo Totonal

Acceso en los dltimos 30 dias Su dia més efectivo es MIERCOLES Su Hora mas efectiva es 16 pm

Tiempo Dedicado Por Semana Tiempo Por Tipo Actividades

T

FIGURE 9. Time management analytics.

complete the course. Figure 8 shows the functionality offered
in Autorregulate that allows participants in a MOOC to man-
age their time, either in days of the week, hours, or minutes.
The analytics generated by the tool allow the participant to
know which day and hour has been the most effective time
dedicated per week and the time for activities, as shown in
Figure 9.
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FIGURE 10. Forums.

Duracién del video vs Tiempo visuslizado

FIGURE 11. Video analytics.

HELP-SEEKING

Help-seeking self-regulation strategies allow participants to
overcome problems they encounter during the MOOC. The
functionalities offered by Autorregulate enable participants
to know the best answers to specific queries since the posts
in the forums have a score that helps generate a ranking.
This strategy also increases the motivation to collaborate.
Figure 10 shows a screenshot of this functionality.

SELF-MONITORING

The self-monitoring strategy in Autorregulate allows the
MOOC participant to be able, in real-time, to observe the
different actions carried out in the MOOC and thus improve
or correct situations as they arise. Autorregulate shows the
participant the video statistics as views, pauses, and total
reproductions, as shown in Figure 11.

SELF-RECORDING

Autorregulate facilitates the MOOC participant’s self-
recording or annotation, creating notes of the most relevant
topics seen in the MOOC and allowing them to consult in
real-time. Figure 12 shows a screenshot of this functionality.

SELF-ASSESSMENT
In the self-assessment strategy, students can visually analyse
their progress in the MOOC weekly. The functionality high-
lights the activities that remain to be developed, as shown
in Figure 13. As can be seen, among other activities, tasks,
forums, and questionnaires already completed or pending are
detailed. Also, it shows the dates of access.

As mentioned before, previous studies shown limitations
in the evaluation concept, which was frequently based on one
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8 Video Tutorial
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FIGURE 12. Notes.
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FIGURE 13. Self-assessment.

feature. To overcome this limitation next section introduce
the multi-dimensional evaluation designed to validate the
Autorregulate tool.

3) EVALUATION

The Autorregulate evaluation considered three fundamen-
tal dimensions: 1) the effect of Autorregulate on the
self-regulation of the participants’ learning; 2) the usability
and usefulness of Autorregulate as a tool and 3) the behaviour
of the participants’ interactions for self-regulation strategies
with Autorregulate.

ASSESSMENT SCENARIO
The self-regulate evaluation was carried out in the context
of the execution of the MOOC called ‘““Operating Systems”’,
with the main objective of facilitating the competence to man-
age an operating system, including the ability to administrate
the hardware.

The MOOC was implemented in the domain https://
vivelaeducacion.com/cursos/.

The access link to Autorregulate tool was: https://
vivelaeducacion.com/autorregulate/. It was available main
page of the course as shown in Figure 14.
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FIGURE 14. Access to the tool.

TABLE 6. Gender of the participants.

Gender Quantity %
Men 122 54,5
women 102 45,5
Total 224 100
PARTICIPANTS

The MOOC was offered for all the Luis Carlos Galdn
school students in Villagarzén city, located in the Depart-
ment of Putumayo in Colombia. 224 students participated
in the study. The participants were 102 women (45.5%) and
122 men (54.5%), aged between 11 and 13 years, as indicated
in Table 6. As can be noticed the course shows a balanced
sample.

An informed consent was requested to be signed by the
students’ parents due participants in the study were minors.

METHOD

The MOOC course began on April 5, 2021, and ended on
April 30, 2021. Completion dates were estimated for each
module, distributed as follows:

eFrom April 5 to April 9, 2021, the development and
fulfilment of all activities by students of modules 0 and 1.

eFrom April 12 to April 16, 2021, development and com-
pletion of all modules two activities.

eFrom April 19 to April 23, 2021, the completion of the
activities by the students of module 3.

eFrom April 26 to April 30, 2021, the last module of the
operating systems course, module 4, should be completed.

After the development of the MOOC, the participants filled
out the data collection instruments.

On the other hand, the participant’s interactions with the
self-regulation tools were recorded in real-time in the appli-
cation’s storage system.

The consent of the Luis Carlos Galdn School’s ethics com-
mittee regarding the research design of the study is available
at the project repository [https://osf.io/download/x6zms
/1direct%26mode=render].
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TABLE 7. Reliability coefficients for OSLQ.

Num. Strategy ftems Cronbach alpha
1 Goal setting

5 0.73

Environmental

2 structuring

4 0.79
3 Task strategies

4 0.71
4 Time management

3 0.82
5 Help-Seeking 4 0.67
6 Self-Assessment 4 0.76
Total 24 0.75

TABLE 8. Levels of self-regulation scenario 2.

Range Likert Scale Levels of self-regulation

0al,99 Totally disagree Insufficient

2a2,99 Disagree Low

3a3,99 Neither  agree nor | Basic

disagree

424,59 Agree High

4,6a5 Totally agree Superior
INSTRUMENTS

The instruments used as data collection tools are detailed
below.

Online Self-Regulated Learning Questionnaire (OSLQ)

Online Self-Regulated Learning Questionnaire [52] is a
questionnaire that consists of 24 items with a Likert-type
response format of 5 points with values from totally agree
(5) to totally disagree (1). OSLQ assesses six self-regulation
strategies: environment structuring, goal setting, time man-
agement, help-seeking, task strategies, and self-assessment.

The scores obtained from the measure showed an adequate
internal consistency of scores with o =.75. Nunnally [53]
suggested that the score reliability of.70 or higher is accept-
able when used in basic social science research, as in this
study. When checking the internal consistency of the subscale
scores, Cronbach’s alpha values ranged between 0.67 and
0.82, which reveals sufficient reliability of the score at the
subscale level. Table 7 contains internal consistencies for the
scores obtained from each subscale.

Regarding the five-point Likert scale, a new variable called
self-regulation level was calculated based on the rating scales
of the questionnaire items. Table 8 shows that the five scales
are grouped into five levels of self-regulation: insufficient,
low, basic, high, and superior.

Strategies not evaluated using the OSLQ are assessed using
participants interaction in the provided tools. On the other
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hand, environment structuring is a strategy not supported by
the Autorregulate tool, but the instrument evaluates it.
Usability and usefulness survey of Autorregulate.
To evaluate the usability and usefulness of Autorregulate,
the instrument designed by [54] was used, and its voluntary
completion is depicted in Table 9.

DATA ANALYSIS
The statistical analysis of the data in the present study was
carried out using IBM SPSS version 26.

RESULTS
Results of the evaluation of the effect of Autorregulate on
the self-regulation of the participants’ learning

The descriptive statistical analysis of the data collected
through the OSLQ instrument showed a general mean of 4.3,
with a standard deviation of 0.85, which indicates a high
degree of self-regulation strategies in the participants. (See
Table 10).

As in Table 9, a high level of self-regulation at the level of
each of the six scales, ranging from a mean of 3.96 with SD
0.91 in the help-seeking strategy, to a mean of 4.66 with SD
0.80 for the environment structuring strategy.

The relationship between the two regulation strategies sub-
scales was also analysed. Pearson’s correlation was applied to
conduct the analysis. Consequently, the result was a strong
relationship between the scales when tested in pairs since
the significance value of all the pairs was p >.001, and the
correlation was between 0.409 and 0.787. As seenin Table 11,
the strongest relationship between the two strategies was time
management and goal setting, with a correlation of 0.787.
P<.01.

From the analysis of the OSLQ survey, it is possible to con-
clude that the participants in the “Operating Systems” course
self-regulated their learning in the context of the designed
MOOC.

Results of the evaluation of usability and usefulness of
the Autorregulate tool.

The results report that 60.8% of the students answered
that the tool was straightforward, 31.1% easy, and only 8.1%
said it was somewhat easy, as seen in Figure 15. Therefore,
we conclude that the Autorregulate tool is easy to use for
almost all participants.

The results on the usefulness of the tool report that 68.9%
of the students said it was very useful, 28.4% said it was
useful, and only 2.7% said it was somewhat useful, as seen
in Figure 16. Based on the information provided, evidence
suggests that the tool effectively serves its intended purpose
of assisting students in regulating their learning, particularly
by supporting the implementation of six SRL strategies.

Results of the Evaluation of the Interactions of
Self-regulation Strategies with the Autorregulate Tool

As indicated, the interactions analysed are related to the
functionalities associated with the self-regulation strategies
as indicated in Table 12.
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TABLE 9. Usability and usefulness instrument.

CATEGORY DESCRIPTION

The tool informs me about the action I am
developing.

For each action I perform on the tool, I can
know the results of the action.

The tool only performs the actions that I have
instructed it to do.

The written texts used in the tool are easy to
interpret.

The visualisations presented in the tool are
easy to interpret.

Information is accessible in a logical and easy-
to-understand order.

I can freely select the information to display.

I can exit the tool anytime I want.

The tool works the way I want it to work.

The convention used (standards or how the
information is presented) is consistent on all
the tool pages.

The convention used in the tool is similar to
those I have used in other tools.

The same graphical components are used to
perform the same actions on all tool pages.

13 There is a clear relationship between the
| controls used in the tool and its actions.

| 14 | Instructions on how to use the tool are visible.
Used objects, such as graphics and toolbars,
are visible.

Each page used in the tool contains the
information that I need.

17 The use of graphics or images in the tool is
| appropriate.

18 The selection objects and menus present me
with the options required to be able to choose
between the options.

19 The information presented in the visualisations
| is relevant or important to me.

20 The information presented in the visualisations
allows us to know what my interaction with the
course has been.

21 The information shown in the visualisations
allows me to know what my commitment to
the course has been.

22 The information presented in the visualisations
allows me to know how I have spent my time
| in the course.

23 | USEFULLNESS | The information presented in the visualisations
allows you to know what my interaction with
the course activities has been.

24 The visualisations provide information that
can help me be aware of the time I spend in the
course.

25 Dialog boxes (messages that visualisations
show when you hover over them) present
relevant information.

26 The tool presents information that allows me
to reach conclusions about the use of the
course.

USABILITY

—_— —_
NS} —

—_ [—
[=)} w

Table 13 summarises the interactions by students of the
MOOC course with each of the seven supported strategies:
Self-assessment, Self-monitoring, Self-registration, Help-
seeking, Goal-setting, Time-management, and Strategic-
planning.
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TABLE 10. Descriptive statistical analysis of the OSLQ instrument.

Levels of | Standard
No Strategy N Mean self- Deviation
regulation | (SD)
1 Goal setting 224 4.39 High 0.76
Environmental Superior
2 structuring 224 4.66 0.80
3 Task strategies 224 4.14 High 0.86
Time High
4 management 224 434 0.92
5 Help-Seeking 224 3.96 Basic 0.91
Self- High
6 Assessment 224 4.30 0.88
Total | 224 4.30 High 0.85

Usability of the Autoregulate tool

0% 0% 8.10%

m Very difficult = Difficult
Something easy m Easy
m Very easy

FIGURE 15. Usability of the Autorregulate tool.

Usefulness of the Tool AUTORREGULATE
0% 0% .. 2.70%

m Nothing useful = Little useful
Something useful = Useful
= Very useful

FIGURE 16. The usefulness of the Autorregulate tool.

Figure 17 shows the percentage of interactions carried out
in each of the strategies. The figure shows that the most
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TABLE 11. Pearson correlation between SRL scales.

1 2 3 4 5 6
1 GS |-
2| BS g2 |-
30 TS 10633 |0481 |-
41 ™ o987 Jos17 [oeo |-
5 HS 10 543 0.409 |0.574 |0.553 |-
6 SA

0.717 0.523 0.617 ]0.625 0.742 |-
Units: GS= Goal setting, ES= Environment structuring, TS= Task strategies,
TM= Time management, HS= Help-Seeking, SA= Self-assessment.

TABLE 12. Self-regulation strategies for learning and interactions.

Strategies Interactions

Goal Setting Interactions made from Moodle activities are set
as goals in the tool.

Strategic planning | Related to the interactions made with the
Planning menu.

Time management | These are the interactions regarding dedicated
time per activity.

Help-Seeking Interactions are made with the forum, where the
user can ask for and obtain help on topics
presented in the MOOC.

Self-monitoring Interactions are made with the summary menu,

where a series of actions such as video statistics
(views, pauses, total reproductions), Last
accesses to the course, and the most effective day
of the week are given to the participant.

Self-registration Interactions related to the note’s menu.

Self-Assessment The interactions generated when students access
the dashboard may evaluate their learning process
per week.

TABLE 13. Interactions of the participants with self-regulation strategies.

Self-regulation Strategies
STRATEGY INTERACTIONS STUDENTS
Self-assessment 30 16
Self-monitoring 181 56
Self-registration 40 18
Help-seeking 64 23
Goal setting 87 23
Time management 127 22
Strategic planning 122 25

used strategy by students was self-monitoring at 27.8%, time
management at 19.5%, and strategic planning at 18.7%.

DISCUSSION

Results provide promising evidence that the Autoregulate
tool can effectively support participants’ implementation of
self-regulated learning strategies in MOOC settings.

High self-regulation scores on the OSLQ indicate that
participants successfully regulated their learning while using
Autoregulate during the “Operating Systems”” MOOC; this
aligns with previous research showing the benefits of incor-
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FIGURE 17. Percentage of interactions by strategy.

porating support for self-regulated learning into online
courses [13], [32], [36].

In particular, the OSLQ results demonstrated high levels
of goal setting, environmental structuring, task strategies,
time management, and self-assessment among the partici-
pants, which suggests that the tool’s functionalities made it
easier for students to implement these key SRL strategies.
Moreover, the help-seeking score was lower compared to
the others, although still in the basic self-regulation range.
Additional scaffolding within the Autoregulate help-seeking
forums may be needed to facilitate this strategy further.

The strongest correlations between time management and
goal-setting strategies indicate the interdependence of these
two processes. The previous idea aligns with Zimmerman’s
emphasis on anticipatory planning, such as goal setting and
strategic planning [18], and the idea that time management is
necessary to support goal achievement. Perez-Alvarez et al.
similarly, these authors found positive impacts by supporting
these strategies in their NoteMyProgress tool [55].

The overall ratings derived from the usability and use-
fulness survey demonstrate high students’ acceptance and
perceived value of the Autoregulate tool. In particular, they
showed that the Autorregulate tool is very easy to use (60.8%)
and handy (68.9%). This extends the usability results of
previous tools, such as NoteMyProgress and video annotation
tools [40], [54].

Furthermore, analysing student interactions on the
Autoregulate tool provides information on their use during
the MOOC. The intensive use of self-monitoring features sug-
gests that participants found these progress-tracking features
helpful in maintaining their engagement and learning in the
course. Giving visibility to their learning processes seemed to
allow for better self-reflection. This reinforces the importance
of self-control and metacognition in self-regulated learning
models [19], [21].
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LIMITATIONS

This study presents some limitations that should be addressed
in future research. The sample consisted of high school
students. Additional research is needed to assess the
self-regulation support provided by the Autorregulate tool
within a more diverse MOOC learners. On the other hand,
longer-term studies with students from diverse areas of
knowledge could also enrich evidence regarding the tool’s
impact on MOOC completion rates.

V. CONCLUSION

This research aimed to present the design and evaluation
process of Autorregulate, a tool designed to support the
implementation of SRL strategies by students in MOOCs.
We present the design and development process, followed
by an evaluation in a MOOC called Operative Systems by
224 students.

According to this study, the Autorregulate tool highly sup-
ports goal setting, environmental structuring, task strategies,
time management, and self-assessment among the partici-
pants. On the other hand, Autorregulate allows participants
to self-monitor their advantage at any time during the course.

This research contributes to the state of the art on SRL
supported by ICT, giving inputs to reinforce the importance
of SRL in the MOOC context, providing additional tools to
monitor and promote the implementation of SRL strategies
by participants and providing results to compare with other
related studies.
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