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Abstract

In an era where technology is an integral part of the learning environment, this study
examined the impact of using a digital pneumatics laboratory on three key aspects: academic
achievement, problem-solving skills (PBL — Problem Based Learning), and student
motivation levels. The research was based on the constructivist paradigm and focused on
challenges including cognitive load, complexity in understanding abstract concepts, and
infrastructural limitations in traditional science laboratories.

The study was conducted in two high schools, involving 87 eleventh-grade students majoring
in mechanics, combining quantitative and qualitative methodologies. Participants were
divided into two groups: an experimental group exposed to the digital laboratory and a control
group that studied using traditional methods. Data was collected through knowledge
exercises, learning experience questionnaires, personality component questionnaires,
structured observations, and semi-structured in-depth interviews.

Initial findings indicate advantages for the experimental group across all measures: higher
motivation levels, improved academic achievements, and development of advanced problem-
solving skills. The results emphasize the potential of the digital pneumatics laboratory in
promoting meaningful learning, developing critical thinking, making complex content
accessible, and reducing gaps between educational institutions with differential resources.
The relatively low cost of digital simulations, compared to traditional physical laboratories,
offers the possibility of equitable access to quality laboratory experience. The research
demonstrates how integrating advanced technologies in science education promotes
autonomous learning and deepens understanding of the studied material.

Keywords: Digital Pneumatics Lab, Problem Based Learning (PBL), Motivation, Academic
Achievement.
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