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The Fourth Industrial Revolution (4IR) demands engineering graduates who possess not only technical proficiency but also higher-order cognitive adaptability. However, a persistent "procedural gap" exists in technology-intensive courses, where students master software operations without achieving deep conceptual synthesis. This study evaluates the UMS-ALIEN Protocol, a transformative instructional framework that integrates Technological Pedagogical Content Knowledge (TPACK) with the Structure of Observed Learning Outcomes (SOLO) taxonomy to bridge this gap. Adopting a retrospective mixed-methods design, the research analyzed five years of longitudinal data (2021–2025) from two core chemical engineering courses at Universiti Malaysia Sabah (UMS): Process Simulation and Engineering Programming. The protocol’s efficacy was measured by triangulating quantitative Course Learning Outcome (CLO) attainment and grade distributions with qualitative thematic coding of student reflective journals. Results indicate a significant shift from a standard bell curve toward a "J-curve of excellence". Following full implementation in 2025, combined top-tier grades (A/A-) reached 58% in Process Simulation, up from 23% in 2021. Qualitatively, student reflections showed a marked transition from unistructural technical descriptions to relational and extended abstract reasoning, with 20% of the 2025 cohort demonstrating the ability to generalize simulation data for design optimization. The findings confirm that the UMS-ALIEN Protocol functions as a robust Continuous Quality Improvement (CQI) vehicle, aligning digital transformation with COPPA/MQA accreditation standards. By intentionally mapping technological tools to cognitive progression, the protocol ensures that digital innovation serves as a catalyst for deep learning rather than a barrier. This study provides a replicable blueprint for engineering faculties to cultivate 4IR-ready professionals through evidence-based pedagogical alignment.
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