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Abstract

The growing use of augmented reality and virtual reality technologies has fundamentally
transformed the nature of interactive learning environments, particularly in STEM education,
which emphasizes experiential and exploratory learning. However, the effectiveness of these
immersive environments is not determined solely by their technological features, but by the
cognitive organization that regulates learner interaction within them. This study provides an
explanatory analysis of the interaction between immersive learning environments (augmented
reality and virtual reality) and discovery learning modes (guided and unguided) in developing
cognitive achievement and 21st-century skills among secondary school students in STEM
learning contexts.

The study adopts an integrative explanatory framework linking perceptual immersion, cognitive
regulation of exploratory activity, conceptual knowledge construction, and higher-order skill
development. The analysis indicates that the educational impact of immersive environments
depends on the dynamic interaction between the level of perceptual immersion and the degree of
cognitive guidance. Deep learning emerges when a balanced relationship is achieved between

exploratory freedom and cognitive load regulation. The findings further suggest that the
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development of 21st-century skills is closely associated with the nature of cognitively demanding
tasks that involve complex problem solving and decision-making within interactive environments.
The study concludes that immersive learning environments function as complex regulatory
learning systems whose effectiveness depends on the integration of technological design and
structured learning strategies.
Keywords. Augmented Reality, Virtual Reality, Discovery Learning, STEM Education, 21st-
Century Skills
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