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Abstract

A central challenge for humans is changing their behavior, even when they want to. Conversely,
people often seek alternative methods to monitor and control their cognitive processes, mediating
behavior through self-regulation with metacognitive strategies encompassing goal setting, planning,
monitoring, evaluating, and adjusting their learning behaviors. This includes modern technology-
mediated tools like Moodle as behavior change support systems (BCSS). We conducted a case study
within a master’s degree module (Sustainability and IT) of LUT University, Finland, where students
earned credits by engaging in self-study online via Moodle. We examined their course feedback to
assess their Self-Regulated Learning (SRL) and evaluated whether the self-study online module met
their SRL needs. The study’s results indicated that students were satisfied with the self-study module
facilitated by Moodle. The metacognitive strategies are effective when there is a direct link to the
module's practical implementation. However, goal setting and planning always present challenges,
while other components of metacognitive strategies (monitoring, evaluating, and adjusting) help
promote effective learning behaviors. Future research should consider designing BCSSs that prioritize
goal setting in self-study using Moodle and similar tools
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1. Introduction

SRL (Self-Regulated Learning) describes active and dynamic processes whereby learners
monitor and control their own cognitions, affects, and behaviors to achieve personal learning
goals [1][2]. When engaging in SRL, learners use various strategies to optimize their learning
process and to achieve their goals. These SRL strategies include cognitive (e.g., rehearsal,
elaboration), metacognitive (e.g., planning, monitoring), and resource management (e.g., time
management, help-seeking) strategies [3]. In empirical studies, SRL strategies have been linked
to learning performance [4][5].

The continuous rapid evolution of digital technologies has fundamentally transformed the
educational paradigm, especially in higher education institutions (HEIs). Moreover, the
increasing complexity of the curricula in software engineering programs, coupled with the
digitalization of education in HEIs, demands that students develop effective self-regulated
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learning (SRL) skills to manage their learning processes effectively and autonomously [6].
Metacognitive strategies enable students to effectively monitor, evaluate, and plan/adjust their
learning processes. They have been shown to enhance academic performance and problem-
solving skills, particularly in STEM fields [4][7]. However, fostering these strategies in HEIs,
particularly in the context of software engineering education, remains a challenge.

With the rise of digital learning environments, Learning Management Systems (LMS) such
as Moodle offer an opportunity to integrate structured Behavior Change Support Systems
(BCSSs) to facilitate self-regulated learning [8]. A BCSS is designed to guide, motivate, and
reinforce positive behavioral change through digital interventions [9]. BCSS principles—such
as goal-setting prompts, self-reflection exercises, and progress tracking—can enhance students'’
metacognitive engagement when strategically embedded within Moodle.

Software engineering master’s students are characterized by high technological literacy and
complex learning demands, including technical and advanced metacognitive skills [10].
Metacognitive awareness enhances learning efficiency and develops more significant problem-
solving capacities in technical disciplines [1]. Yet, limited research has systematically examined
its implementation and effectiveness in engineering education at the master’s level [11]. While
some studies suggest that technology-enhanced platforms can integrate metacognitive
strategies into engineering curricula, empirical evidence assessing their impact remains scarce
[12][13]. Addressing these gaps is crucial to optimizing educational methodologies and
preparing students for lifelong learning in a rapidly evolving technological landscape. Despite
the increasing adoption of Moodle-based interventions, research on its efficacy as a BCSS tool
for fostering metacognitive learning strategies remains limited, particularly within the software
engineering domain. Given engineering education's self-directed and project-based nature,
understanding whether Moodle can effectively scaffold SRL behaviors is crucial.

This study investigates the impact of metacognitive strategies implemented via structuring
Moodle as a BCSS to enhance SRL among software engineering students in an MSc-level course
(module code: Sustainability and IT). We evaluate how Moodle-based interventions influence
students ' ability to regulate their learning by using empirical data collected through Moodle
interactions, self-reported surveys, and academic performance metrics. By examining how
targeted digital interventions can promote SRL, we seek to contribute empirical insights into
technology-enhanced learning methodologies and their potential to transform educational
practices in the software engineering discipline.

2. Self-regulated learning (SRL)

According to self-regulated learning (SRL) theories, learners engage in their learning processes
and can track and control various aspects of their education [1][2]. The authors proposed that
SRL comprises three cyclical phases. This includes 1) the forethought phase, in which learners
analyze the learning task, set goals, and develop plans to achieve these objectives; 2) the
performance phase, in which learners execute the previously created plan while monitoring and
managing their learning progress; 3) the self-reflection phase: learners evaluate their
performance and learning goals. This assessment may prompt them to adjust their strategies
for future learning sessions and can impact subsequent forethought phases [14]. All learners
self-regulate their learning process to some degree [15].



Nevertheless, effective self-regulators are characterized by their standard utilization of SRL
strategies [16]. SRL strategies have been conceptualized differently across SRL theories, but they
can be widely classified into cognitive, metacognitive, and resource management strategies
[17]. Cognitive  strategies facilitate processing information from learning materials
[18]. Metacognitive strategies entail second-order cognitions that support learners in monitoring
and controlling their cognition and applying cognitive strategies. Metacognitive strategies
involve goal setting and planning, monitoring, evaluating, and adjusting one’s learning
behavior. Resource management strategies outline strategies for regulating internal and external
resources (such as time and effort) besides cognition [1][17].

Self-regulated learning promotes practices that cultivate students’ metacognition,
motivation, and strategic action development. These essential learning competencies improve
students' academic performance and learning outcomes [19]. Therefore, in this study, we
analyzed their course feedback and whether the self-study-based online module fulfilled their
self-regulated learning needs to evaluate their Self-Regulated Learning (SRL) behavior.

3. LUT Sustainability and IT module as a case study

In this study, we applied for a master-level course (Sustainability and IT) at LUT University,
Finland. Case studies can describe, explain, or explore events or phenomena in the daily contexts
in which they occur [20]. For instance, it can help understand and explain causal links and
pathways resulting from a new service development [20], such as a master-level course
facilitated by the LMS-based platform Moodle, by integrating the concept of BCSS. The case
study approach allows, among other things, to study critical events, interventions, policy
developments, and program-based service reforms in a real-life context [21].

At LUT University in Finland, master's level courses are designed for software engineering
students to further explore sustainability by linking IT with aspects of 21st-century
applications. The entire course or module offers 6 ECTS credits; students can complete it online
or on-site. Our current study focused on the online format for the fall semester, which is
structured explicitly for self-study. This course includes materials such as a textbook for reading
and extracting key insights; other assignments involve reflective writing, pre-task activities
based on videos, and current news on sustainability. All study materials and task-related
activities are accessible through the LUT student's Moodle account. The course provides
schedules, timelines, a detailed description, and announcements regarding completing and
submitting readings and assignments online. Students are always encouraged to contact the
instructors via Moodle queries for study-related inquiries. An online forum is available within
Moodle for sharing and seeking feedback on self and peer evaluations (see Figure 1).
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Figure 1: Sustainability and IT Course Design into Moodle LMS platform

In this study, we chose two consortia. We gathered data on the course design and students'
data related to the assignments to analyze whether SRL increases learning behavior among
them (see Table 1-3).

Table 1
LUT Sustainability and IT course and student details
Student Course design  Learning Feedback Enrolled Course
group methods (score survey students completion,
(range from 0- range from  (completed rate
5) 0-5) students)
Consortium 4.5 4.3 4 23 12 (52%)
fall 2024
Consortium 3.4 3.7 15 34 17 (52%)
fall 2023

In the consortium for fall 2023, 15 out of 34 registered students completed the feedback
survey, while 4 out of 23 enrolled students completed the course feedback survey (on a Likert
scale of 0-5) in the consortium for fall 2024. The average responses from the students are
presented below (Table 1). Survey questions focused on the workload related to study credits,
teaching methods, course design (specifically whether the course supported their learning),
and whether the course enhanced their knowledge, understanding, and education, among
other aspects. However, only four students completed the feedback survey in 2024. This may



be attributed to the exam period, which could have limited students' time to complete the

survey questions

Table 2

The table provides an overview of different SRL strategies identified in previous literature and

the features we applied to our Sustainability and IT course. It utilizes Moodle as a BCSS tool to
connect the metacognitive strategies.

Strategy

Description

Moodle feature connecting the
metacognitive strategies

Goal setting

Self-monitoring

Self-evaluation and reaction

Self-satisfaction

Metacognitive self-
regulation

Thinking about what needs to be
learned, setting learning goals,
and building a plan (e.g., a study
schedule) to approach these
goals [17]
Self-observing the present
learning progress, knowledge, or
mastery of the learning contents
(17]

Reflecting and assessing one's
learning performance about
learning goals and altering an
individual's learning behavior
for future learning sessions
[16][17]

Recognizing the intrinsic value
of the present learning activity
(e.g., its relation to long-term
goals or personal interests [22]

Composite score of
metacognitive strategies

including planning, monitoring,

and regulating learning
processes [16]

The course timeline and details
are provided in the introduction

Download the course materials,
read, observe and track if all the
books and reading files has been
studied and need to further study
or not for the final assignment
submission

Task submission into sub-section
online link - as a chapter review
assignment submission, and
thinking about the next
submission by judging the
previous one

Reading the books and other
submitted materials. Submitting
the course quizzes and
assignments, and showing the
“submitted” green gamified
option

Repitatively looking to study
materials from the sub-sections of
study phases
Repitatively focusing on learning
outcomes as per mentioned by
the course structure

Following Table 2, we have constructed our Sustainability and IT Moodle course by merging

the SRL metacognition strategy of goal-setting, self-monitoring, self-evaluation,

and

metacognitive self-regulation. This was done by systematically analyzing the weekly structure of

the entire module, followed by the learning method (see Table 3).



Table 3
Sustainability and IT Moodle course linking up SRL.

Time Method of learning Metacognition
strategy

Pre-week Videos and materials Self-monitoring
Week 1 Lecture on introduction to the module Summary of Goal setting

the module Self-evaluation

Week 2 Self-study of book chapters Self-monitoring

Own Assesment of chapter review assigment Self-evaluation

Week 3 Self-study of book chapters Self-monitoring

Own assesment of chapter review assigment Self-evaluation

Week 4 Self-study of book chapters Self-monitoring

Own assesment of chapter review assigment Self-evaluation

Week 5 Self-study of book chapters Self-monitoring

Final deliverables submission Self-satisfaction

Week 1-5 Iterative self-task of quizzes Meta-cognitive self-

regulation

Students submitted written feedback after completing their course timeline. An automated
email was sent with a 5-point Likert scale (ranging from very true to not true). The feedback
questions primarily focused on the course design method and learning experiences.
Additionally, semi-structured interviews [23] were conducted with selected students who had
completed the self-study courses. They were asked about external contexts and their opinions
and feelings regarding the Moodle-based Sustainability and IT course, which emphasizes their
metacognitive strategies, including goal setting, self-monitoring, self-evaluation, and
metacognitive self-regulation. The first author performed conventional content analysis to
evaluate the responses to open-ended questions. Microsoft Excel (Microsoft Corp, Redmond,
WA) was used to store and organize the data collected during the interviews. The analysis
unfolded in three steps: (1) the data were read multiple times for familiarity, (2) words relating
to key themes were identified and coded, and (3) the context and frequency of theme-related
sentences were recorded.

4. Principal findings

4.1. Course feedback

The course feedback from the consortium in the fall 2024 session was more productive
regarding course design methods and self-study learning modes (see Table 1). This
enhancement resulted from the feedback received in the 2023 session, which prompted us to
update the materials and improve the complexity of the quizzes, making it easier for students



to complete self-assignments. Yet, the course workload is almost identical for both consortiums
(see Fig 2).
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Figure 2: Workload data from students' feedback survey (the upper screenshot is from the
Consortium Fall 2023 session, while the lower screenshot is from the Consortium Fall 2024).

4.2. Open questions

Seven students who completed an online study were interviewed semi-structuredly [23]. The
questions focused on their experience with goal-setting, self-monitoring, self-satisfaction, and
self-evaluation.



4.2.1. Goal-setting

Most participants (6/7, 85%) noted that goal setting can be hectic and time-consuming. Engaging
in self-study is often tricky, making completing the course on time challenging. Others
suggested that this may stem from a lack of motivation to finish the course, which should be

engaging.
4.2.2. Self-monitoring

Students (7/7, 100%) highlighted that they accessed the course materials and tracked whether all
the books and reading files had been studied and needed further study. In this way, they re-iterate
self-monitoring by analyzing and checking the assignment submission or re-submission from time
to time, as well as the tasks needed to proceed to the next section of the module.

4.2.3. Self-satisfaction

Participants found self-satisfaction with the course and realized the online self-study option
(7/7,100%). A participant stated, “I found it very good that we were allowed to choose between
the option to do the course online or in class, so everyone could decide what fits best to their
learning style.” The course excellently conveyed the intricate relationship between IT and
sustainable development, providing a holistic understanding of both the negative and positive
impacts while imparting practical strategies to reduce IT footprints and leverage technology for
broader sustainability goals”.

4.2.4. Self-evaluation

Students (5/7, 71%) mentioned that the course online portal from the Moodle platform
downloads the materials to read, and when submitting their tasks to the online portal. This
allowed them to submit tasks as chapter review assignments and consider the next submission
by judging the previous one.

4.2.5. Metacognitive self-regulation

Students (7/7, 100%) felt some metacognitive self-regulation as they read the books and other
submitted materials. By submitting the course quizzes and assignments and seeing the
“submitted” green gamified option, they reported, "The course provides a solid foundation on IT's
role in sustainability but could benefit from more practical applications and updated content
reflecting the latest advancements in green technology."

5. Lesson-learned

5.1. Students do not like complex quizzes for self-evaluation

For the online implementation, the quizzes are challenging, making them time-consuming and
hectic for students. The course materials come from previous years, so updated content is
necessary if available. The issue regarding the ‘quizzes’ is somewhat complex to address. This
relates to critical thinking tests [24], which some students may find challenging; however, it is
beneficial as it encourages the exploration of sustainability. Future designs may modify some
aspects of these or their structure.



5.2. Self-study students don’t seek bonus points; they aim to learn and
complete their work

Students are more likely to strive for knowledge and complete their work. They highlighted
course independence and described it as “Independent learning, not forced to watch lectures,
self-studying, and interesting topics (especially the hardware part). " This may stem from their
intrinsic motivation to learn and natural curiosity [25], which drives students to seek challenges
and develop the skills necessary to complete their work.

5.3. No craving for early grading as students were competent and felt four
learning outcomes

Students did not request early grading after submitting their assignments. They wanted to wait
and monitor themselves until the right time came to realize whether they had successfully
finished the course. This may be because they felt satisfied with their quizzes and assignment-
related tasks and believed they were competent [26]. Also, students may feel four
possible learning outcomes of increasing levels of effectiveness in our self-study-based Moodle
course: entertainment, updating knowledge and skills, unexpected learning, and effective
learning [27].

5.4. Recommendations

This study has contributed to SRL theory [19], giving students greater control over their
learning. Students focused on implementing a project-based self-study model to apply their
knowledge in practical environments. However, after completing the course, they felt uncertain
about how to utilize their knowledge. Students’ levels of autonomy are relatively low [26],
possibly due to difficulties in setting personal goals. The study’s results indicated that students
were satisfied with the self-study module facilitated by Moodle. Engaging students in a planned
manner, such as through a Moodle-based course incorporating student reflection, planning,
goal setting, and self-assessment, positively impacts self-efficacy and writing outcomes [28].
Metacognitive strategies are effective when directly linked to the module's practical
implementation. However, goal setting and planning consistently present challenges, while
other components of metacognitive strategies (monitoring, evaluating, and adjusting) promote
effective learning behaviors.

5.5. Further directions

Future research should focus on designing BCSSs that prioritize goal setting in self-study using
Moodle and/or similar tools. This could be done by setting a timeline to set goals in a gamified
environment with avatars so that students enjoy their self-study and task submission [29].
We conducted interviews only with students who completed self-study courses, but we also
needed to identify those who dropped out or did not finish the online self-study course, and
the real causes. Furthermore, future studies should aim to develop a Moodle course that helps
students set goals to facilitate their course completion. The empirical analysis should be
conducted with students e.g., collecting blind peer-review feedback from other students and
teachers [30].
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