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Abstract: This study aimed to explore the challenges facing virtual
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laboratories in Saudi university science colleges alongside their activation
requirements. Adopting a qualitative research design, the study utilized
semi-structured interviews with 12 faculty members and laboratory
assistants at Yanbu College of Science, complemented by in-depth
observation and thematic analysis of over 70 organizational documents and
prior studies. Results revealed structural, logistical, and safety-related
impediments constraining traditional laboratories, contrasted by highly
positive attitudes among faculty and assistants toward virtual labs as a
strategic imperative that enhances cognitive empowerment, academic
sustainability, and higher-order thinking. Findings further indicated that
effective activation demands an integrated ecosystem encompassing digital
infrastructure  development, professional qualification of academic
personnel, institutional governance reinforcement, and alignment with
Saudi Vision 2030 targets. Consequently, the study derived a strategic
roadmap to advance governance, modernize digital infrastructure,
implement hybrid integration, foster TPACK competencies, activate
biosafety protocols, and assess higher-order thinking skills, thereby
overcoming traditional laboratory barriers to ensure a sustainable
educational environment. Finally, future studies were recommended to
evaluate the impact of virtual labs on practical skills and laboratory safety
while assessing educator competencies through the TPACK framework.

Keywords: Virtual Laboratories, Digital Transformation, Science Education,

TPACK Framework.
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