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The integration of technology into educational contexts has profoundly reshaped how
learners monitor, control, and reflect on their cognitive processes collectively known as
Metacognition. In tandem, self-regulated learning (SRL) has emerged as a crucial educational
outcome and process, deeply intertwined with metacognitive skills. This paper explores the
conceptual underpinnings of technology-mediated Metacognition within the broader
framework of self-regulated learning. It examines the theoretical foundations of Metacognition
and SRL, the evolving role of digital tools in scaffolding metacognitive strategies, and the
affordances and limitations of these technologies. Drawing from contemporary research and models such
as Zimmerman’s SRL model, Winne and Hadwin’s model of self-regulation, and the ICAP (Interactive,
Constructive, Active, and Passive) framework, the paper investigates how various technologies - including
intelligent tutoring systems, learning analytics dashboards, and metacognitive prompts - supportlearners
in becoming more self-regulated. The paper concludes by outlining implications for educational practice
and future research directions.
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1. Introduction Among the most critical components of effective

As digital technologies increasingly permeate
education, they offer unprecedented opportunities to
transform traditional learning into a more
autonomous, reflective, and personalized experience.
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learning is Metacognition - defined as the awareness
and regulation of one’s own cognitive processes
(Flavell, 1979). Metacognition is a central element of
self-regulated learning (SRL), which refers to
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learners’ ability to plan, monitor, and evaluate their
learning.  Educational and  communication
technologies can be used to help students develop
SRL, either prior to or outside of course instruction or
as technology embedded within online learning
environments and used during learning. Ready-made
online tools such as blogs, podcasts, social media
(Twitter, Instagram, Facebook, etc.), and wikis are
considered, as is the potential of learning analytics to
enhance SRL. Broadbent, et.al. (2020). With the
advent of educational technologies, metacognitive
processes can now be externally supported or
“mediated” through tools that provide feedback,
scaffolding, and interactivity. This paper investigates
the conceptual foundations of this intersection—

b) Self-Regulated Learning (SRL)

ISSN: 2583-7354
technology-mediated ~ Metacognition—and  its
influence on fostering self-regulated learning (SRL)

2. Metacognition and Self-Regulated Learning:
Theoretical Overview
a) Defining Metacognition

The term Metacognition was coined by James
H. Flavell (1979). While it was originally described
as “Knowledge and cognition about cognitive
phenomena”. It is commonly divided into two
components: metacognitive knowledge (knowledge
about one’s cognitive processes, strategies, and tasks)
and metacognitive regulation (planning, monitoring,
and evaluating one’s learning strategies) (Schraw &
Dennison, 1994).

Zimmerman conceptualized SRL as a cyclical process involving three phases:
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Self-regulated learning (SRL) thus incorporates Metacognition alongside motivation and behavioural

control. (Zimmerman, 2000)

c) Metacognition as the core of SRL

Metacognition functions as a foundational mechanism in Self-regulated learning (SRL) by enabling
learners to manage and optimize their own learning processes. It supports goal orientation, strategic thinking,
and adaptive learning—qualities critical in today’s dynamic educational environments.
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Comparison Table: Tool Functionalities vs. Self-Regulated Learning Phases-—Forethought,
Performance, and Self-Reflection.

Tool Functionality

Forethought Phase
(Goal setting,
planning, motivation)

Performance Phase
(Monitoring, strategy
use, focus)

Self-Reflection Phase
(Evaluation, self-
judgment, adjustment)

Goal-Setting Tools (e.g.,
digital planners, SMART

goal apps)

"1 Helps students set
specific, measurable
goals

1 Not directly used

1 Used for reviewing
goal completion

Task Management
Systems (e.g., Trello,
Notion)

1 Aids in planning
tasks and timelines

"1 Tracks task
progress and time-on-
task

1 Reflects on task
completion and time
management

Learning Analytics
Dashboards

1 Provides insight into
past performance for
goal setting

[] Offers real-time
data to adjust
behaviour

] Supports reflection
through performance
data

Mind-Mapping &
Concept Mapping Tools
(e.g., Coggle, Mind
Meister)

1 Assists in organizing
thoughts and planning

) Helps during
strategy
implementation

1 Limited role in post-
task reflection

Metacognitive
Prompts/Scaffolds

1 Activates prior
knowledge and
planning strategies

] Encourages
thinking about
thinking during task

1 Promotes reflective
questioning (e.g., “What
worked? Why?”)

Time-Tracking &
Pomodoro Apps (e.g.,
Forest, Focus To-Do)

1 Encourages realistic
planning of study
sessions

) Supports self-
monitoring and time
management

1 Helps evaluate time
usage and productivity

Adaptive Learning
Systems (e.g., Khan
Academy, Smart Sparrow)

1 Assesses prior
knowledge to
personalize learning
paths

1 Adjusts content
difficulty to maintain
engagement

[] Provides feedback
and performance
summaries

Annotation & Note-

1 Helps organize key

] Supports active

[1 Notes are used to

Taking Tools (e.g., ideas in advance engagement with reflect and revise
OneNote, Hypothesis) content understanding
“ Helos test "1 Facilitates self-
Self-Assessment 1 Not commonly used P . evaluation and
. SR - | understanding during
Quizzes/Forms during initial planning learning knowledge gaps

identification

Reflection Journals / e-
Portfolios

1 Students may set
intentions or goals in
journals

) Used during
learning to record
observations

1 Key tool for deep
self-reflection and
strategy adjustment

Keys: Functionality aligns well with that SRL phase; Limited or indirect support in that phase.

3. Conceptualizing
Metacognition

a) What Is Technology-Mediated Metacognition?

Technology-mediated Metacognition refers to

the use of digital tools to foster, support, or enhance

learners' metacognitive processes. This mediation can

be direct (e.g., through meta-cognitive prompts or

Technology-Mediated
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dashboards) or indirect (e.g., by encouraging
reflection through online discussion).

b) Theoretical Frameworks Supporting Mediation
» ICAP Framework (Chi & Wylie, 2014): This
framework classifies learning engagement into

four modes—Interactive, Constructive, Active,

and Passive—arguing that Metacognition is
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best supported through constructive and
interactive engagements. Technologies that
promote reflection, dialogue, or construction of
knowledge are particularly conducive to
metacognitive development.

» Winne and Hadwin’s Model (1998): This
model posits Self-Regulated Learning (SRL) as
an information-processing activity in which
learners continuously interact with task
conditions, monitoring and adjusting their
strategies. Technology can serve as an external
aid in each phase of this recursive process.

4. Digital Tools and Strategies for Supporting
Metacognition
a) Intelligent Tutoring Systems (ITS)

ITS are designed to provide individualized
instruction and feedback. Many Intelligent Tutoring
Systems (ITS) include features that prompt learners to
reflect on their answers or strategies. For example,
‘Meta Tutor’ explicitly supports metacognitive
strategy use, such as planning and evaluation, by
prompting students during learning (Azevedo et al.,
2009).

b) Learning Analytics and Dashboards

Learning analytics dashboards offer learners a
visual representation of their progress and behaviour
in digital environments. These tools can promote self-
monitoring and strategy adjustment (Matcha et al.,
2019). When designed with Metacognition in mind,
such dashboards encourage learners to reflect on their
pacing, time on task, and performance.

c) Metacognitive Prompts and Scaffolds
Metacognitive prompts embedded in e-
learning environments can encourage learners to

ISSN: 2583-7354
articulate their goals, predict outcomes, and evaluate
their understanding. Tools like ‘prompted self-
explanation and reflection journals’ enhance
regulation by triggering metacognitive processes
(Davis, 2003). Moreover, Rajcoomar et al. (2022)
framed Seven-phase socio-cultural metacognitive
model to promote a growth mindset and creativity in
physical sciences. Real world context and indigenous
knowledge must be integrated within the teaching and
learning process to promote the holistic approach toa
culturally integrated multiple worlds view to the
physical sciences course to resolve conflict among the
indigenous culture, lived experience, and the micro
culture of modern science.

d) Digital Portfolios and Reflection Tools
Platforms like Seesaw or Mahara allows
learners to curate evidence of learning and reflect on
their process. Such environments support goal-setting
and self-evaluation, aligning with Zimmerman’s
reflective phase of Self-Regulated Learning (SRL). In
Self-Regulated Learning (SRL), learners are
encouraged to take charge of their own learning
through reflective, goal-oriented and adaptive
behaviours (Ramya & Rajeswari, 2025)

e) Game-Based Learning and Simulations

Educational games and  simulations
increasingly incorporate metacognitive features, such
as decision-making feedback or adaptive challenges.
For instance, ‘Quest-based learning’ allows learners
to make choices and reflect on consequences, thus
engaging metacognitive awareness.

5. Some More Digital Tools Supporting Metacognition

Digital Tools

Its functions

Learning Journals

/Blogs improvement

Google Docs allow to learn, track their progress and identify their areas for

KWL (Know, Want to
know, Learned) Charts

Help students organize their thoughts before, during, and after learning,
promoting active engagement with the material.

Mind mapping tools

Applications like Mindmeister or Xmind facilitate the creation of visual
representations of concepts and relationships.

Interactive whiteboards | It allows for collaborative brainstorming, concept mapping and visual
organization of ideas, fostering discussions and reflection

Response walls

Digital response walls enable students to share their understanding, ask
questions, and provide feedback, promoting peer learning and metacognitive
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Poll everywhere

concepts

This tool allows for quick polls and surveys, enabling teachers to gauge
student understanding and prompt metacognitive reflection on specific

Exam wrappers

Online templates or forms can be used to guide students in reflecting on their
test performance, identifying areas of strength and weakness, and developing
strategies for future improvement

Digital portfolios

Platforms like Google sites or WordPress can be used to showcase student
work and provide a space for ongoing reflection and Self-assessment

Al Powered chatbots

Some Al tools can engage students in conversations, prompting them to think
critically and articulate their understanding of the material

Video games

Certain video games can be designed to promote metacognitive skills by
requiring players to plan, monitor their progress, and adjust their strategies

6. Empirical Evidence and Case Studies
a) MetaTutor and SRL

Students using MetaTutor showed increased
use of metacognitive strategies compared to
traditional e-learning platforms. The ITS prompted
learners to plan, monitor, and evaluate, enhancing
both awareness and control over learning. (Azevedo
et al.,2012)

b) Learning Analytics Tools in Higher Education

University students using dashboards became
more effective at pacing their study habits and setting
realistic goals, crucial elements of metacognitive
regulation. (Matcha et al.,2019)

c) MOOCs and Reflective Learning

Research on Massive Open Online Courses
(MOOCs) indicates that when learners are guided to
reflect on their engagement, course completion rates
and understanding improve (Kizilcec et al., 2017).
This supports the role of self-monitoring in tech-
mediated learning contexts.

7. Challenges in
Metacognition

a) Overload and Misuse
One challenge is cognitive overload, where

too many tools or prompts may overwhelm learners

(Kirschner et al., 2006). Additionally, without

adequate training, learners may misuse or ignore

metacognitive supports.

Technology-Mediated

b) Equity and Access

Not all students have equal access to
technologies  that  facilitate ~ Metacognition.
Socioeconomic  disparities can  hinder the
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effectiveness of digital tools, exacerbating learning
gaps.

c) Design Issues

Poorly designed tools that fail to align with
pedagogical goals or cognitive models may offer little
benefit or even hinder metacognitive development
(Winne, 2017).

8. Implications for Practice and Policy
a) Educator Training

Educators must be trained to integrate
metacognitive scaffolding into their digital pedagogy.
This includes selecting appropriate tools and guiding
students in their effective use.

b) Learner Agency

Technology should be used to enhance learner
agency, not automate or dictate it. Metacognitive
support should be flexible and adaptable to individual
learners’ needs.

c¢) Curriculum Integration

Curricula  should  explicitly  include
metacognitive objectives and embed opportunities for
reflection, monitoring, and goal setting using
technological tools. As Al -powered Chatbots are
engaging students in conversations, the controlled
environment of Self-regulated learning tools to be
implemented instead of free learning on scrolling.

9. Research Gap

In the line of the previous studies reviewed,
revealed that metacognition is best supported through
constructive  and  interactive = engagements,
“MetaTutor’ explicitly supports metacognitive
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strategy during learning. Learning analytics
dashboards tool can promote self-monitoring and
strategy adjustment. Moreover, tools like ‘prompted
self-explanation and reflection journals’ tools enhance
regulation by triggering metacognitive processes.
However, research studies have yet to address the
empirical bases of technology-mediated
metacognition within the broader framework of self-
regulated learning. Thus, the present study focuses on
the conceptual foundations of this intersection—
technology-mediated ~ Metacognition—and  its
influence on fostering self-regulated learning (SRL)

Recommendations for Teachers to Integrate
Metacognitive Prompts in Learning Management
System (LMS) Platforms (like Google Classroom,
Moodle, Canvas, Blackboard, etc.) to enhance
students’ metacognitive awareness and self-regulated

learning:

» Embed Reflection Questions in Each Module

» Use LMS Discussion Forums  for
Collaborative Metacognitive Dialogue

» Add a Reflection Field to Assignment
Submissions

» Incorporate Metacognitive Check-ins via
Polls or Surveys

> Integrate Prompted Journals or e-Portfolios

> Design Quizzes with Embedded
Metacognitive Prompts

» Use Automated Feedback with Reflective
Prompts

> Create Pre- and Post-Learning Prompts

» Embed Visual Metacognitive Tools (Mind
Maps, Checklists)

» Gamify Metacognitive Engagement

» Award badges or points for completed

reflections, strategy explanations, or journal
entries to motivate participation.

9. Future Directions

Future research must explore:

» Al- driven learning analytics to detect
planning, monitoring, and evaluation
behaviours.

> Intelligent tutoring systems that adjust based
on metacognitive feedback loops.

» Micro learning tools that encourage goal
setting and reflection during fragmented
learning.

» Encourage the use of ambient data (e.g.,
location, time) to personalize metacognitive
nudges.

» Longitudinal tracking of SRL habits across
contexts can be done.
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» Correlation of EEG (electroencephalogram),
eye-tracking, and physiological signals with
self-reported or system -inferred SRL
strategies to be focused.
» Increase the role of shared regulation tools in
peer learning environments.
» Needed more designs for neuro-diverse or
marginalized learners.
Additionally, interdisciplinary collaboration
between educators, psychologists, and technologists
is essential to design effective systems.

10. Conclusion

Technology-mediated Metacognition presents
a transformative opportunity to deepen and
democratize self-regulated learning. When grounded
in robust theoretical models and pedagogical
principles, digital tools can empower learners to take
control of their educational journeys. As educational
systems evolve, aligning technological innovation
with cognitive science will be crucial in preparing
reflective, self-regulated learners for the future.
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