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ABSTRACT 

Design-engineering competence—an integrated set of knowledge, procedural skills, professional values, and reflective habits for 
solving open-ended technical problems—is a core outcome of contemporary engineering education. This article substantiates 
pedagogical conditions that most effectively cultivate this competence in undergraduate programs: authentic problem contexts 
aligned with industry standards; iterative, model-based design supported by digital tools; structured collaboration and 
communication regimes; formative assessment embedded in the design process; and a reflective culture that links theory, modeling 
decisions, and evidence from tests or simulations. Drawing on competence-based education, experiential and sociocultural learning 
theories, and the CDIO/ABET outcome frameworks, we propose a program-level implementation that sequences progressively 
complex design experiences, ensures interoperability of tools and standards, and builds faculty capacity for coaching rather than 
mere software instruction. Findings from implementation in a polytechnic context indicate improved performance in problem 
framing, parametric modeling, trade-off analysis, and design communication, as well as greater transfer of learning to internships 
and capstone projects. The article concludes with implications for curriculum architecture, assessment design, and institutional 
policy to sustain equitable access and academic integrity in AI-enriched design environments. 

Keywords: Design-engineering competence; project-based learning; CDIO; ABET outcomes; formative assessment; reflective 
practice; parametric modeling; teamwork; simulation literacy. 

INTRODUCTION 

In the past two decades, engineering work has shifted toward 
interdisciplinary, model-centric, and lifecycle-oriented 
practices. Graduates are expected to transform ill-structured 
needs into validated concepts, maintain traceable design 
rationales, and communicate solutions across mechanical, 
electrical, software, and manufacturing boundaries. 
Consequently, the central promise of pre-service engineering 
education is the formation of design-engineering competence—
beyond isolated knowledge of mechanics or circuits—to include 
problem framing, systematic ideation, modeling and analysis, 
feasibility assessment, communication, ethics, and teamwork. 
International frameworks such as ABET and CDIO codify these 
expectations through outcomes related to design under 
constraints, experimentation, and professional skills. Yet 
translating such outcomes into everyday teaching requires 
deliberate pedagogical conditions rather than ad-hoc projects or 
tool-centric training. 

The purpose of this study is to identify and justify the 
pedagogical conditions that reliably foster design-engineering 
competence in undergraduate engineering programs and to 
describe a feasible implementation model for polytechnic 
institutions. We focus on conditions that align curriculum, 
learning environments, assessment, and institutional supports 
with the cognitive and social demands of authentic design work. 

The proposed model was piloted in a four-year program with a 
sequence of course-embedded design experiences. Pedagogical 
design followed competence-based and experiential learning 
principles. In the first year, students learned visualization, 
descriptive geometry, and basics of design thinking alongside 
mentoring in collaborative norms. In the second and third years, 
discipline-specific studios integrated parametric modeling, 

simulation literacy, rapid prototyping, and documentation 
practices. The final year culminated in a capstone involving 
external stakeholders. Across all years, instructors foregrounded 
socio-technical constraints—cost, sustainability, safety, 
manufacturability, and regulatory compliance—and required 
explicit articulation of trade-offs. 

To evaluate the model, we used mixed methods. Quantitatively, 
we applied analytic rubrics to design artifacts and presentations, 
measuring problem definition clarity, modeling coherence, 
verification strategy, and communication quality. We analyzed 
version-control histories to capture collaborative processes 
(branching, merges, commit messages) and gathered pre/post 
metrics of design self-efficacy. Qualitatively, reflective journals 
and semi-structured interviews elicited students’ reasoning 
about assumptions, parameter choices, and iterative decisions. 
Faculty development workshops and peer observations 
documented instructional changes. 

The analysis revealed that design-engineering competence 
develops most robustly under a set of mutually reinforcing 
pedagogical conditions. 

First, authenticity of problems proved decisive. When challenges 
were supplied by local industry or campus facilities, students 
framed constraints more realistically, negotiated conflicting 
criteria, and justified decisions with evidence rather than 
preferred tools. Authenticity anchored motivation and created 
natural opportunities to practice professional communication, 
including requirements elicitation and stakeholder briefings. 

Second, model-based learning with interoperable tools enabled 
deeper conceptual understanding. Students who were required 
to encode intent through parameters, constraints, and design 
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histories learned to reason about dependency and sensitivity. 
Simulation literacy—finite-element analysis, kinematics, 
thermal models, or energy modeling in the built environment—
shifted validation earlier in the process. Instead of relying on 
retrospective explanation, students iteratively compared 
alternatives with explicit assumptions, which improved the 
rationality and repeatability of choices. Interoperability via open 
standards ensured that learning generalized across platforms 
and reduced tool lock-in. 

Third, structured collaboration turned teamwork from an 
implicit expectation into a teachable skill. Version control, design 
logs, and change-request workflows made contributions visible 
and accountable. Students practiced role rotation (lead designer, 
analyst, manufacturing liaison, documentation lead), which 
surfaced the interdependence of technical and organizational 
decisions. As a result, teams produced more coherent assemblies 
and fewer integration errors. 

Fourth, formative assessment embedded in the design cycle 
accelerated learning. Instructors provided feedback at 
milestones—problem statement, concept set, modeling plan, 
verification protocol, and risk register—rather than only at 
submission. Oral design reviews required students to defend 
constraints, boundary conditions, and tolerance stacks under 
questioning, which exposed shallow reasoning and rewarded 
principled iteration. Rubrics emphasized traceability of 
decisions over cosmetic perfection of drawings, gradually re-
weighting toward performance against specifications as projects 
matured. 

Fifth, a reflective culture consolidated competence. Reflection 
prompts asked students to connect theory to modeling moves: 
why a constraint was locked, how a mesh density affected 
convergence, what uncertainty remained after a test, and how 
ethics and safety informed choices. This metacognitive work 
reduced superficial tool use and supported transfer to new 
contexts. 

Implementation also surfaced boundary conditions. Tool-
centrism was mitigated by explicitly teaching conceptual 
primitives (free-body diagrams, material models, dimensional 
analysis) before or alongside software features. Equity concerns 
(hardware access, licensing) were addressed through cloud 
access, scheduled lab time, and open-source alternatives without 
compromising standards. The emergence of AI-assisted drafting 
and coding required integrity policies that allowed 
augmentation while demanding verification: students 
documented when assistance was used, justified acceptance 
criteria, and reproduced key steps during live reviews. 

Quantitatively, rubric scores improved most in problem framing 
and verification strategy; students became more precise in 
translating stakeholder needs into measurable requirements 
and in designing tests or simulations aligned with those 
requirements. Version-control analytics showed fewer 
emergency merges and more descriptive commit messages, 
indicating maturing collaboration. Interviews suggested 
increased confidence in handling ambiguity and a shift from “tool 
first” to “principle first” reasoning. 

Design-engineering competence flourishes when programs 
orchestrate authenticity, model-based learning, structured 
collaboration, formative assessment, and reflective practice 
within a coherent curricular spine. These conditions transform 
scattered course projects into a developmental trajectory where 
students learn to frame problems rigorously, construct and 
interrogate models, manage trade-offs under constraints, and 
communicate design intent responsibly. Institutions that commit 
to interoperability, equitable access, faculty coaching, and ethical 
AI policies can sustain this trajectory and align graduate 
capabilities with contemporary professional standards. Future 
work should refine analytics that unobtrusively capture design 
reasoning in digital traces and explore cross-disciplinary studios 
that integrate hardware, software, and human factors in socially 

consequential contexts. 
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