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Abstract
This mixed-methods tracer study examines how alumni of the Philippine Science High School–Central Visayas Campus (PSHS‑CVisC) describe (a) competencies that have been most valuable in work and society and (b) perceived gaps that, in hindsight, could strengthen preparation for engineering-related study and practice. We analyzed 61 alumni responses spanning graduation cohorts 2010–2023. Quantitative items were summarized descriptively, while open-ended responses were coded using a hybrid deductive–inductive thematic analysis anchored in engineering competency frameworks (ABET, 2025; International Engineering Alliance, 2021). Most respondents had completed an undergraduate degree () and were employed at the time of response (). Degree pathways were diverse, with substantial representation in Natural Sciences () and Engineering (). Alumni most frequently credited PSHS‑CVisC with developing critical thinking and problem solving, research orientation, foundational STEM knowledge, work ethic/resilience, and self-directed learning habits. Reported gaps clustered around communication (technical writing and speaking), teamwork/people skills, practical and field-based exposure, computing/programming, financial literacy, and structured career guidance. When mapped to ABET and International Engineering Alliance attributes, these gaps align particularly with outcomes for communication, teamwork, experimentation/real-world practice, and project management and finance. The findings suggest a targeted set of high-impact enhancements for secondary STEM programs that feed into engineering education, including communication across the curriculum, team-based design-and-research projects, computational thinking integration, and authentic community/industry exposure.
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1. Introduction
Secondary STEM schools can be a critical part of the engineering education pipeline because they shape foundational knowledge, dispositions, and study habits long before students enter undergraduate engineering programs. In the Philippines, the Philippine Science High School System (PSHSS) aims to prepare scholars to become globally competitive Filipino scientists equipped with 21st‑century skills and imbued with the core values of Integrity, Excellence, and Service to the Nation (Philippine Science High School System, 2024). However, empirical evidence on which competencies alumni perceive as most transferable—and which areas they wish had been strengthened—remains limited for selective public STEM high schools.
Tracer studies (also termed graduate or alumni surveys) are standardized follow-up surveys of graduates conducted after completion of education or training and are commonly used to assess education-to-work transitions and inform curriculum improvement (UNESCO‑UNEVOC, n.d.). For engineering-oriented improvement, tracer evidence is especially useful because engineering practice requires not only technical competence but also communication, teamwork, ethical judgment, experimentation, and continuous learning (ABET, 2025).
This paper analyzes PSHS‑CVisC alumni responses from cohorts 2010–2023 and asks:
(RQ1) What are the educational and employment trajectories of respondents?
(RQ2) Which competencies from PSHS‑CVisC do alumni report as most valuable in work and society?
(RQ3) What gaps do alumni identify that could strengthen preparation for engineering-related learning and practice?
(RQ4) How do reported competencies and gaps align with widely recognized engineering graduate attributes?
2. Conceptual framing: engineering competency expectations
To interpret alumni feedback through an engineering education lens, we drew on two outcomes-based references. First, ABET Engineering Accreditation Commission criteria articulate student outcomes for baccalaureate engineering programs, including complex problem solving, engineering design with constraints, communication with diverse audiences, ethical and professional responsibility, teamwork, experimentation and data analysis, and the ability to acquire and apply new knowledge using appropriate learning strategies (ABET, 2025). Second, the International Engineering Alliance (IEA) Graduate Attributes and Professional Competencies framework (Washington Accord) specifies an international benchmark that includes communication, ethics, sustainable development, teamwork, project management and finance, and lifelong learning (International Engineering Alliance, 2021).
These frameworks are not intended as direct standards for secondary education. Rather, they provide a structured vocabulary for describing how pre-tertiary competency development may scaffold later engineering learning and professional formation, and for identifying gaps that align with widely recognized engineering outcomes.
3. Methods
3.1 Design and data source
We conducted a convergent mixed-methods analysis (Creswell & Plano Clark, 2018) of an institutional alumni tracer survey of PSHS‑CVisC graduates (2010–2023). The survey included closed-ended items on demographics, education, and employment, plus open-ended prompts on (a) valuable competencies and (b) skills and curricular areas that alumni wish had been more emphasized.
3.2 Participants
The analytic dataset contained 61 valid alumni responses spanning cohorts 2010–2014 (), 2015–2018 (), and 2020–2023 ().
3.3 Quantitative analysis
Closed-ended responses were summarized using descriptive statistics (counts and percentages). For degree and sector variables with free-text responses, entries were grouped into interpretable categories (e.g., Engineering, Natural Sciences).
3.4 Qualitative analysis
Open-ended responses were analyzed using a hybrid deductive–inductive thematic analysis (Braun & Clarke, 2006). A preliminary codebook was derived from ABET and IEA competency domains (deductive) and refined through iterative reading of responses (inductive). Responses could receive multiple codes. Theme prevalence is reported as the number and percentage of respondents providing substantive responses that mentioned each theme.
3.5 Ethics and reporting
The analysis used de-identified tracer responses and reports results in aggregate. Short excerpts are presented as illustrative quotations with no personal identifiers.
4. Results
4.1 Respondent profile and trajectories
Table 1 summarizes respondent characteristics. Most respondents were employed () and had completed an undergraduate degree (). Degree pathways were diverse, with the largest groups in Natural Sciences () and Engineering ().
Note. Percentages are based on  respondents and may not sum to  due to rounding.
Table 1. Respondent characteristics ()
	Characteristic
	Category
	
	

	Sex
	Female
	
	

	
	Male
	
	

	Graduation cohort
	2010–2014
	
	

	
	2015–2018
	
	

	
	2020–2023
	
	

	Undergrad degree completed
	Yes
	
	

	
	No
	
	

	
	Ongoing undergraduate studies
	
	

	Current status
	Employed
	
	

	
	Further studies (postgraduate)
	
	

	
	Still studying (undergraduate)
	
	

	
	Self-employed
	
	

	
	Unemployed
	
	

	
	Studying and employed
	
	

	Undergraduate degree field
	Natural Sciences
	
	

	
	Engineering
	
	

	
	Not yet/NA
	
	

	
	Health/Medicine
	
	

	
	Computing
	
	

	
	Agri/Food
	
	

	
	Architecture/Design
	
	

	Current sector (grouped)
	Healthcare
	
	

	
	Engineering/Industry
	
	

	
	Academe/Education
	
	

	
	STEM (other)
	
	

	
	IT/Software
	
	

	
	Public service
	
	

	
	Business
	
	

	
	Not specified
	
	

	
	Agri/Food
	
	

	
	Regulatory/Compliance
	
	


4.2 Perceived valuable competencies from PSHS‑CVisC
Among alumni who provided substantive responses to the competency prompt (), the most frequently cited competencies included critical thinking/problem solving, work ethic/resilience/time management, STEM fundamentals/content knowledge, and research/inquiry (Table 2).
Table 2. Perceived valuable competencies (substantive responders )
	Theme
	
	

	Critical thinking/problem solving
	
	

	Work ethic/resilience/time management
	
	

	STEM fundamentals/content knowledge
	
	

	Research/inquiry
	
	

	Laboratory/technical skills
	
	

	Computing/programming/digital tools
	
	

	Communication
	
	

	Values/ethics/service
	
	

	Teamwork/leadership/people skills
	
	

	Self-directed learning/study habits
	
	

	Well-roundedness
	
	


Illustrative excerpts include statements emphasizing critical thinking and problem solving, research skills, discipline, self-study habits, public speaking and writing, programming exposure, and values formation.
4.3 Perceived skill gaps and recommendations
When asked what skills should have been emphasized more (combined gap prompt; substantive responders ), alumni most frequently highlighted teamwork/people skills, practical exposure, communication, computing/programming, and financial literacy (Table 3).
Table 3. Perceived gaps and recommended emphasis (substantive responders )
	Theme
	
	

	Teamwork/leadership/people skills
	
	

	Practical/real-world/industry exposure
	
	

	Communication (technical writing & speaking)
	
	

	Computing/programming & modern tools
	
	

	Laboratory/technical skills & facilities
	
	

	Financial literacy & life skills
	
	

	Career guidance & transition support
	
	

	Co-curricular/leadership opportunities
	
	

	Humanities/social sciences & holistic formation
	
	

	Well-being/mental health & resilience
	
	

	Values/ethics/service formation
	
	

	Innovation/entrepreneurship
	
	


Illustrative excerpts emphasize communication, interpersonal skills, more laboratory/field exposure, more rigorous computing education (e.g., algorithms), financial literacy (including taxation), and structured opportunities to explore academic/career tracks.
4.4 Alignment with engineering graduate attribute frameworks
Across themes, alumni-reported strengths map most directly to engineering outcomes related to problem analysis, experimentation/research, and lifelong learning (ABET, 2025; International Engineering Alliance, 2021). In contrast, the most salient gaps correspond to outcomes on communication and teamwork, as well as to broader professional competencies emphasized internationally, such as project management and finance. This pattern suggests that PSHS‑CVisC is perceived as strong in developing cognitive and research dispositions, while alumni recommend additional structured opportunities to practice professional and socio-technical competencies in authentic contexts.
5. Discussion
Viewed through ABET and IEA attributes, the tracer results suggest that PSHS‑CVisC is perceived as strong in cognitive and research-oriented competencies (problem analysis, inquiry orientation, and self-directed learning) but comparatively weaker in structured opportunities to practice professional and socio-technical competencies. Three implications follow. First, alumni strongly attribute later success to problem-solving, critical thinking, research orientation, and study habits—foundations that plausibly support later complex problem analysis, experimentation, and lifelong learning. Second, the most frequently requested improvements—communication, teamwork/people skills, practical exposure, and computing/programming—align with outcomes frameworks that position communication and teamwork as core engineering outcomes and emphasize modern tools and inclusive collaboration (ABET, 2025; International Engineering Alliance, 2021). These findings support a shift from treating these competencies as peripheral to integrating them systematically into academic tasks. Third, financial literacy emerged as a notable gap, resonating with international expectations that engineers apply elements of project management and economic decision-making (International Engineering Alliance, 2021). Although secondary schools are not expected to deliver full professional formation, targeted modules (e.g., budgeting for projects, basic taxation, and cost-constrained design decisions) may provide early scaffolding.
Building on these insights, we propose a set of high-impact enhancements that can be implemented within existing constraints: (1) communication across the curriculum through discipline-specific writing and speaking tasks integrated into research and STEM subjects; (2) team-based design-and-research challenges with structured roles, peer evaluation, and leadership rotation; (3) computational thinking integration through programming and data analysis embedded in laboratory and research tasks; (4) authentic exposure through community-engaged STEM projects, industry or university laboratory visits, and mentorship from alumni practitioners; and (5) career guidance through earlier and more explicit orientation to STEM and engineering pathways, including portfolio and interview preparation. Taken together, these changes target the highest-frequency gaps while reinforcing PSHS core values by situating technical learning in service-oriented, ethical, and collaborative practice (Philippine Science High School System, 2024).
6. Limitations
This analysis is limited by the non-comprehensive and self-selected nature of tracer survey responses. The dataset represents 61 alumni and may not capture the full diversity of PSHS‑CVisC cohorts and pathways. Employment and competency perceptions are self-reported and may be subject to recall bias, especially for earlier cohorts. Qualitative coding summarizes theme prevalence but cannot substitute for direct measures of competency performance. Future work can strengthen validity by increasing response rates, incorporating employer perspectives, and triangulating with curriculum artifacts and performance data.
7. Conclusion
PSHS‑CVisC alumni perceive their secondary STEM education as a strong foundation for analytical problem solving, research orientation, and self-directed learning. However, they consistently recommend more structured opportunities to practice communication, teamwork, practical exposure, modern computing tools, and basic finance/life skills. Framed through ABET and IEA outcomes, these findings provide a clear agenda for engineering education-oriented enhancements at the secondary level. Regular tracer study cycles, coupled with explicit outcome mapping, can create a sustainable feedback loop for continuous improvement.
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