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Abstract

Learning Arabic poses considerable challenges for Persian-speaking learners despite its profound
cultural, religious, and scientific significance. These challenges stem from the language's complex
syntactic structure, extensive vocabulary, and the predominance of rote memorization over deep and
meaningful learning. Traditional instructional approaches often fail to equip learners with essential
metacognitive skills, including planning, monitoring, and regulating their own learning processes. This
may result in superficial understanding, increased cognitive load, and reduced motivation. Although
technological advancements have led to the development of smart learning environments capable of
personalizing instruction, a significant research gap remains concerning the integration of cognitive and
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metacognitive theories into such technologies for Arabic language instruction. Most existing systems
primarily focus on content delivery rather than fostering the self-regulatory and reflective capacities
required for autonomous learning. The present study addresses this gap by designing and evaluating a
smart learning environment grounded in metacognitive principles and Cognitive Load Theory, with the
aim of optimizing both learning processes and outcomes. The primary objective of this study was to
investigate the effect of a smart learning environment designed around core metacognitive principles—
planning, monitoring, and regulation—on reducing cognitive load and enhancing metacognitive self-
regulation skills and academic achievement among eighth-grade male students learning Arabic.

This study employed a quasi-experimental pretest—posttest design with a control group. The statistical
population comprised all eighth-grade male students enrolled in public schools in Ahvaz, Iran, during
the 2024-2025 academic year (N > 15,000). Using a multistage cluster sampling method, 120 students
were selected and randomly assigned to an experimental group (n = 60) and a control group (n = 60).
The experimental group learned Arabic through a smart learning environment implemented using
predefined prompts on the free version of Microsoft Copilot. The learning environment consisted of three
modules corresponding to the three targeted metacognitive skills: (1) Planning, in which students set
learning goals before each lesson; (2) Monitoring, in which the system prompted students to assess their
level of understanding during instruction; and (3) Regulation, in which the system provided targeted
feedback and supplementary resources based on students' performance. The control group received
traditional teacher-centered instruction based on the same curriculum over a 10-week period. Data were
collected using three instruments: (a) the Junior Metacognitive Awareness Inventory (Jr. MAI) to assess
metacognitive self-regulation skills, including planning, monitoring, and regulation; (b) the Cognitive
Load Questionnaire developed by Leppink et al. (2013) to measure intrinsic, extraneous, and germane
cognitive load; and (c) a researcher-developed Arabic language achievement test. The content validity of
the achievement test was confirmed by experts, and its reliability was established, with Cronbach's alpha
coefficients ranging from 0.85 to 0.86. Data were analyzed using descriptive statistics, independent-
samples t-tests, and multivariate analysis of covariance (MANCOVA) in SPSS version 27.

Main Hypothesis 1: The use of a smart learning environment based on metacognitive principles leads to
a significant improvement in learning outcomes among Arabic language learners. Sub-Hypothesis 1-1:
After controlling for pretest scores, the mean score of students in the experimental group on the
metacognitive planning component will be significantly higher than that of students in the control group.
Sub-Hypothesis 1-2: After controlling for pretest scores, the mean score of students in the experimental
group on the metacognitive monitoring component will be significantly higher than that of students in
the control group. Sub-Hypothesis 1-3: After controlling for pretest scores, the mean score of students in
the experimental group on the metacognitive regulation component will be significantly higher than that
of students in the control group. Sub-Hypothesis 1-4: After controlling for pretest scores, the mean
academic achievement score of students in the experimental group, as measured by their mastery of
complex Arabic grammatical rules, will be significantly higher than that of students in the control group.
Main Hypothesis 2: The use of a smart learning environment based on metacognitive principles optimizes
cognitive processes during learning. Sub-Hypothesis 2-1: The mean extraneous cognitive load reported
by students in the experimental group will be significantly lower than that reported by students in the
control group.

Sub-Hypothesis 2-2: The mean germane cognitive load reported by students in the experimental group
will be significantly higher than that reported by students in the control group.

The analysis revealed no significant differences between the experimental and control groups on any of
the pretest measures, confirming the initial equivalence of the two groups. The MANCOVA results
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indicated a significant overall effect of the intervention on the combined dependent variables of
metacognitive skills and academic achievement (Wilks' A = 0.65, F(4, 114) = 15.10, p < 0.001, n?*p =
0.35). Specifically, after controlling for pretest scores, the experimental group demonstrated significantly
higher posttest mean scores than the control group in monitoring (F(1, 117) =45.17, p < 0.001, n*>p =
0.281), regulation (F(1, 117) = 51.34, p < 0.001, n?p = 0.305), and academic achievement (F(1, 117) =
89.65, p <0.001, n*p = 0.434). However, no statistically significant difference was observed between the
two groups in the planning component (p = 0.092). Regarding cognitive load, independent-samples t-
tests showed that students in the experimental group reported significantly lower extraneous cognitive
load (M = 3.85, SD = 1.15) than those in the control group (M = 6.95, SD = 1.28), t(118) =—13.88, p <
0.001. Conversely, students in the experimental group reported significantly higher germane cognitive
load (M = 7.15, SD = 1.30) than those in the control group (M = 4.50, SD = 1.45), t(118) = 10.95, p <
0.001.

The findings demonstrate that a smart learning environment deliberately designed around metacognitive
scaffolding can significantly enhance students' higher-order monitoring and regulation skills while
simultaneously optimizing their cognitive load. The reduction in extraneous cognitive load and the
increase in germane cognitive load suggest that the environment's structured presentation of content and
targeted feedback helped free learners' cognitive resources, enabling them to engage more deeply with
Arabic language content. These findings are consistent with Cognitive Load Theory (Sweller, 1994) and
support recent research on the effectiveness of metacognitive scaffolding in technology-enhanced
learning (e.g., Pan et al., 2025). The significant improvement in academic achievement further supports
the practical relevance of these gains in cognitive and metacognitive processes. However, the absence of
a significant effect on planning skills represents an important finding. It suggests that planning, as a
higher-order executive function, may require more explicit and sustained instruction and practice than
the goal-setting prompts provided in the present intervention. It may also be less readily internalized by
young adolescents without additional pedagogical support. From a theoretical perspective, this study
contributes to a more nuanced understanding of self-regulated learning by demonstrating that different
components of metacognitive self-regulation—planning, monitoring, and regulation—may respond
differently to the same instructional intervention. From a practical perspective, the findings provide
useful implications for educators, instructional designers, and educational policymakers. Teachers can
incorporate metacognitive prompts and feedback into their daily instructional practices, while designers
of e-learning systems can focus on developing tools that scaffold cognitive and metacognitive processes
rather than merely delivering content. In conclusion, the findings provide evidence that intelligently
designed, theory-driven learning environments can support the transformation of Arabic language
learners from passive recipients of information into more active and self-directed learners. Such
environments can help bridge the gap between theoretical principles and effective instructional practice.
Nevertheless, the development of all dimensions of self-regulation remains an ongoing pedagogical
challenge. Overall, the study highlights the potential of metacognitive-oriented instruction to promote
deeper learning and address persistent challenges in language education.

Keywords: Smart learning environment; Metacognition; Cognitive load; Self-regulated learning;
Arabic language instruction; Educational technology.
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