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Abstract: This study investigates the facilitation of metacognition in terms of structured digital learning
environments that are designed to address international assessment purposes in primary school students. With
regard to contemporary education, researchers are focusing extensively on students' self-regulation in
learning tasks such as reading comprehension and problem solving which make up the major components of
large-scale assessments like Programme for International Student Assessment (PISA) and Progress in
International Reading Literacy Study (PIRLS). Design: A quasi-experimental research with primary school
students from 9-10 years old (n=110). The participants were placed into experimental and control groups.
The experimental group performed digitally supported pedagogic activities promoting reflection, self-
guestioning and learning progress monitoring over a 10-week period while the control group were taught
using conventional teaching methods. In this domain, the digital environment offered an adaptive sequence of
tasks and feedback on student performance, giving learners control over strategy adjustments during learning.
Methods Data were gathered using pre- and post-measures of metacognitive awareness, reading literacy tasks,
system-generated learning analytics, and qualitative classroom observations. The results of statistical analysis
indicated that the experimental group was more successful than control group in each of the metacognitive
regulation and academic performance (p < 0.05). We found, for example, that students showed improvements
in planning for how they would approach learning, identifying comprehension challenges and assessing their
performance on tasks. This study indicates that digitally scaffolded learning environments, when designed
according to cognitive demands of international assessments, can make a significant contribution to
developing metacognitive competencies at the primary level. This research underscores the need for reflective
practices in digital classrooms to provide more opportunities for the students to be independent and also
improve their cognitive flexibility.
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1. Introduction

The development of metacognitive skills has become a central focus of educational systems in
the 21st century, with primary education being an especially critical stage for establishing the
foundations for lifelong learning [1]. Metacognition is how learners plan, control, and assess their
own learning processes; it has been positively correlated to academic success in general as well as
specific areas such as reading comprehension and problem solving. International research has
consistently found that students with more developed metacognitive skills do better in complex
cognition tasks (especially those involving interpretation, reasoning and application of knowledge to
different contexts).

Likewise, universal assessment structures such as Programme for International Student
Assessment (PISA) and Progress in International Reading Literacy Study (PIRLS) underscore the
significance of metacognitive development. These massive studies are focused not just on content
knowledge but also advanced cognitive abilities encompassing self-regulated learning, critical
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thinking and reflective learning[2]. These assessment tasks often require students to analyze
information, consider differing viewpoints, and then make informed decisions; all skills associated
with metacognitive competence.

Simultaneously, the proliferating digital technology has changed teaching and learning processes.
New global opportunities for personalized learning mediated by digital pedagogical models that
incorporate adaptive learning systems and data-informed instruction[3]. These technologies allow for
ongoing tracking of learner progress, real-time feedback, and personalized learning paths which are
key to promoting metacognitive awareness in young learners. In particular, tools for feedback on
learning based on artificial intelligence can adapt the content of instruction to identify how students
are behaving and help them improve their achievement via self-regulated learning.

Nonetheless, the natural tendencies of learners to reflect on their learning processes and to be
more autonomous in regard to their education has not been replicated in primary education, where
conventional teaching approaches have prevailed. Consequently, students are commonly forced to
rely on learning strategies and higher-order thinking skills that can get them through international
assessments or a real-life problem-solving situation more than they can independently use. This gap
emphasizes the urgent need for new models that join innovative approaches to pedagogy with
internationally endorsed frameworks of assessment across all disciplines.

Thus, the objective of this study is to develop and test a digital pedagogical model for improving
primary teachers' metacognitive skills based on international assessment standards[4]. Abstract This
study investigates the relationships between structured digital learning environments in accordance
with PIRLS and PISA cognitive requirements and students self-regulation of learning processes. The
study results are also anticipated to enhance primary education quality as it will provide compelling
evidence to help guide metacognitive skill development within the framework of modern digital
learning systems[5].

2. Methodology

This study was conducted using a quasi-experimental research design to investigate the
effectiveness of a digital pedagogical model for developing metacognitive skills in primary education
based on international assessment frameworks. The research was grounded in competency-based
education principles and aligned with the cognitive demands of international large-scale assessments
such as Programme for International Student Assessment (PISA) and Progress in International
Reading Literacy Study (PIRLS). The study sample consisted of 110 primary school students aged 9—
10 years from two comparable schools. The participants were divided into an experimental group (n
= 55) and a control group (n = 55). Both groups were similar in terms of academic performance based
on initial diagnostic testing.

The intervention lasted for 10 weeks and involved the implementation of a structured digital
learning environment designed to support metacognitive development. The experimental group
engaged in Al-supported and digitally mediated learning tasks that included self-regulated reading
activities, reflective questioning strategies, and adaptive problem-solving exercises aligned with
PIRLS and PISA-style tasks. The digital platform provided real-time feedback, learning analytics,
and individualized task adjustments based on students’ performance data, including response
accuracy, task completion time, and error patterns.

Quantitative data were analyzed using descriptive statistics and inferential tests, including paired
sample t-tests and independent sample t-tests to determine statistically significant differences between
groups. The threshold for statistical significance was set at p < 0.05. Qualitative data from
observations and interviews were analyzed thematically to identify patterns related to metacognitive
behavior development, student autonomy, and digital learning engagement.
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The methodological framework of the study was based on evidence from international research
indicating that metacognitive skill development is strongly associated with improved performance in
reading literacy and problem-solving tasks, particularly in assessments such as PISA and PIRLS. The
integration of digital pedagogy and adaptive learning technologies was designed to operationalize
these competencies in a primary education context, enabling students to actively monitor their own
learning processes and improve cognitive regulation skills through structured digital interventions.

3. Results

The results of the study demonstrate a clear improvement in metacognitive skills among students
who participated in the digital pedagogical intervention compared to those who received traditional
instruction[6]. At the beginning of the study, pre-test data showed no statistically significant
difference between the experimental and control groups in terms of metacognitive awareness and
reading literacy performance, indicating that both groups were at a comparable level.

After the 10-week intervention, post-test analysis revealed a significant increase in the
performance of the experimental group. Students in this group showed notable progress in planning
their learning activities, monitoring their comprehension, and evaluating task outcomes[7]. In
contrast, the control group demonstrated only modest improvements, primarily limited to basic
reading comprehension skKills.

Statistical analysis using t-tests confirmed that the differences between the two groups were
significant at the level of p < 0.05, indicating that the digital pedagogical model had a strong positive
effect on students’ metacognitive development[8]. The most substantial gains were observed in
students’ ability to recognize learning difficulties, apply corrective strategies, and reflect on their
problem-solving processes.

Learning analytics data collected from the digital platform further supported these findings. The
system recorded increased task completion accuracy, reduced error repetition, and improved self-
correction behavior among students in the experimental group[9]. These indicators suggest that
learners became more aware of their cognitive processes over time.

Table 1. Results of Metacognitive Skills Assessment in Experimental and Control Groups (Pre-test
and Post-test)

Pre-test Mean Post-test Mean  Mean t- p-
Group .
Score Score Gain  value value
Experimental Group (Digital - 55 59, 83.6 ¥244 785 <0.05
Pedagogical Model)
Control Group (Traditional 55 g5 7 67.1 +84 211 <0.05

Instruction)

4. Discussion

The findings of this study indicate that the integration of a digital pedagogical model significantly
enhances metacognitive skill development in primary school students[10]. The experimental group,
which was exposed to structured digital learning activities, showed substantially higher improvement
compared to the control group, confirming the effectiveness of technology-supported instruction in
fostering self-regulated learning processes[11].

One of the key reasons for this improvement is the presence of adaptive feedback mechanisms
within the digital learning environment. These systems continuously analyzed students’ responses
and provided immediate corrective feedback, which encouraged learners to reflect on their mistakes
and adjust their strategies[12]. This process directly supports the core components of metacognition—
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planning, monitoring, and evaluation—by making thinking processes more visible and manageable
for learners.

The results are consistent with the cognitive demands emphasized in international assessment
frameworks such as Programme for International Student Assessment (PISA) and Progress in
International Reading Literacy Study (PIRLS). These frameworks highlight the importance of higher-
order thinking skills, including the ability to interpret information, solve unfamiliar problems, and
reflect on learning strategies[13]. The observed improvement in the experimental group suggests that
digital pedagogical tools can effectively prepare students for such complex cognitive tasks.

Another important finding is the increased level of student engagement and autonomy observed
during the intervention[14]. Classroom observations revealed that students using the digital system
were more active in monitoring their own progress and more willing to correct their mistakes
independently. This supports previous research indicating that technology-enhanced learning
environments promote learner independence and strengthen cognitive regulation skills.

Furthermore, the learning analytics data provided strong evidence of behavioral change over
time. The reduction in repeated errors and the improvement in task completion accuracy suggest that
students gradually developed better self-monitoring abilities. This demonstrates that metacognitive
growth is not only reflected in test scores but also in observable learning behaviors during the
instructional process.

Despite these positive outcomes, the study also highlights certain limitations. The intervention
period was relatively short, and the sample size was limited to a specific educational context.
Therefore, the long-term sustainability of the observed improvements requires further investigation.
In addition, teacher readiness and digital infrastructure may influence the effectiveness of such models
in different educational settings[15].

Overall, the findings confirm that digital pedagogical models, when aligned with international
assessment standards, provide an effective approach for developing metacognitive skills in primary
education. The study suggests that combining structured reflection, adaptive learning technologies,
and competency-based tasks can significantly improve students’ ability to regulate their own learning
processes.

5. Conclusion

This study investigated the effectiveness of a digital pedagogical model in developing
metacognitive skills among primary school students in alignment with international assessment
frameworks such as Programme for International Student Assessment (PISA) and Progress in
International Reading Literacy Study (PIRLS). The results of the research clearly demonstrate that
integrating structured digital learning environments into primary education has a significant positive
impact on students’ ability to plan, monitor, and evaluate their own learning processes.

The quantitative findings revealed that students in the experimental group achieved substantially
higher gains in metacognitive skills compared to those in the control group. These improvements were
reflected not only in post-test scores but also in observable learning behaviors, such as increased self-
regulation, better task management, and improved problem-solving strategies. The statistical
significance of these results confirms that the digital pedagogical model is more effective than
traditional instructional approaches in fostering metacognitive development.

The study also highlights that adaptive feedback systems and learning analytics play an important
role in supporting individualized learning. By providing immediate and targeted feedback, the digital
environment encouraged students to reflect on their performance and make necessary adjustments in
real time. This process strengthened their cognitive awareness and promoted independent learning
habits.
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From a pedagogical perspective, the findings suggest that aligning instructional practices with
the cognitive demands of international assessments can significantly improve educational outcomes.
The integration of metacognitive training within digital platforms not only enhances academic
performance but also prepares students for complex problem-solving tasks required in global
assessment contexts.
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