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ABSTRACT

Engineering institutions generate numerous student projects each year, but many technically successful projects
terminate at prototype demonstration without progressing toward user validation, commercialization, startup
development, or societal deployment. This paper addresses this practical gap by proposing an Al-Enabled
Problem-to-Startup Conversion Framework (PSCF) for transforming engineering student projects into validated
innovation and entrepreneurship opportunities. Unlike conventional entrepreneurship approaches that frequently
begin with business ideation, the proposed framework begins with an authentic industrial or societal problem
and progresses through evidence-based problem validation, Al-assisted ideation, engineering design, prototype
development, user validation, techno-economic assessment, business-model development, and societal-impact
evaluation. A Startup Conversion Readiness Index (SCRI) is additionally proposed to evaluate projects across
five dimensions: problem validation, technical feasibility, user value, commercial feasibility, and societal
impact. The framework positions artificial intelligence as an augmentation technology for information
exploration, alternative generation, design support, and decision assistance while retaining human engineering
judgement and verification. The proposed approach establishes a structured bridge between project-based
engineering education and entrepreneurship by identifying whether a student project should remain an academic
prototype, progress as a validated innovation, enter incubation, or be considered for startup or social-enterprise
development.

Index Terms— Artificial intelligence, engineering education, innovation, societal impact, startup readiness,
student entrepreneurship, technology commercialization.

INTRODUCTION

Engineering education has traditionally emphasized technical knowledge, analytical ability, laboratory practice,
and project-based learning. These capabilities remain essential; however, contemporary engineers increasingly
operate in environments characterized by rapid technological change, uncertain markets, multidisciplinary
collaboration, and complex societal problems.

Consequently, an engineering graduate is increasingly expected not only to design a technically functional
solution but also to identify meaningful problems, understand users, evaluate alternatives, assess economic
feasibility, communicate value, and contribute to innovation.

This creates a practical question: What happens after an engineering student completes a successful project
prototype?

In many educational settings, the answer is limited to project evaluation, demonstration, exhibition, or academic
documentation. The project may subsequently remain unused even when it addresses a genuine problem. This
creates a discontinuity between engineering project learning and innovation or entrepreneurship.

Recent research has highlighted the distinctive requirements of entrepreneurship education for engineering
students and the value of integrating design thinking, real-life customer problems, and lean approaches into
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engineering education [1]. Research on entrepreneurial thinking in engineering design further emphasizes
opportunity recognition, resource leveraging, risk management, and value creation as important capabilities for
engineers [2].

At the same time, artificial intelligence (Al) is creating new possibilities for ideation, information exploration,
design support, and entrepreneurial learning [3]-[5]. However, Al adoption alone does not solve the transition
problem between a student project and a viable innovation.

This paper therefore proposes an Al-Enabled Problem-to-Startup Conversion Framework (PSCF) designed to
provide a structured pathway from an authentic problem to a validated engineering solution and, where
appropriate, a startup or societal implementation.

Problem Definition

The research problem addressed in this study is the weak conversion pathway between engineering student
projects and real-world innovation.

Five practical issues are identified: technology-first development; insufficient problem evidence; prototype-
centric evaluation; weak commercialization pathways; and project discontinuity after academic assessment.

These limitations indicate the need for a structured project-conversion mechanism.
Research Gap and Motivation

Existing research provides important foundations for integrating entrepreneurship and engineering education.
Design thinking has been proposed as an appropriate approach for entrepreneurship education among
engineering students [1]. Recent work has also characterized entrepreneurial thinking as incorporating
opportunity recognition, resource leveraging, strategic risk management, and sustainable value creation [2].

Al-supported entrepreneurship and design-thinking approaches are receiving increasing research attention,
including creativity development, entrepreneurial competency, and human-Al co-design [3], [4]. However, these
approaches primarily focus on learning processes or competency development.

A different practical question remains: How can an institution systematically determine which completed
engineering projects are ready to move beyond academic demonstration toward innovation, incubation, startup
formation, or societal deployment?

The present study addresses this question through two proposed contributions: (1) Problem-to-Startup
Conversion Framework (PSCF), and (2) Startup Conversion Readiness Index (SCRI).

Research Objectives

To develop an Al-enabled framework for converting engineering student projects into validated innovation
opportunities.

To integrate problem validation, engineering design, Al-assisted ideation, prototype development, user
validation, and business-model development into a single process.

To develop a multidimensional index for assessing readiness for further entrepreneurial development.
To incorporate societal impact into engineering innovation assessment.

To establish a pathway connecting engineering projects with incubation, industry collaboration,
commercialization, and social innovation.
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Research Questions

RQ1: How can engineering student projects be systematically converted into innovation and entrepreneurship
opportunities?

RQ2: Which dimensions determine readiness for commercialization or societal deployment?

RQ3: Can technical feasibility, user value, commercial feasibility, and societal impact be integrated into a single
project-readiness measure?

RQ4: How can Al support engineering innovation without replacing human engineering judgement?

RQS5: Can the framework provide an institutional pathway from academic project development to incubation and
startup readiness?

Proposed Problem-To-Startup Conversion Framework

The proposed PSCF consists of nine sequential stages with iterative feedback loops.

A. Problem Discovery. Identify an authentic industrial, community, environmental, educational, agricultural,
healthcare, transportation, manufacturing, or household problem. The first design principle is: Problem before
technology.

B. Problem Evidence. Establish measurable evidence concerning affected users, frequency, impact, existing
solutions, limitations, approximate cost, and constraints. Recommended evidence: Observation + User
Interaction + Documentary/Quantitative Evidence.

C. Opportunity Definition. Convert the validated problem into an opportunity statement rather than prematurely
selecting a technology.

D. Al-Assisted Ideation. Introduce Al after problem validation to support alternative solution generation,
technology comparison, design-space exploration, risk identification, scenarios, business-model alternatives,
and documentation. Human verification remains mandatory: Al generates possibilities; engineers establish
evidence.

E. Engineering Design and Prototype Development. Use appropriate engineering methods such as CAD,
simulation, sensors, [oT, robotics, embedded systems, automation, data analytics, Al, additive manufacturing,
or conventional manufacturing. Sequence: Concept — Design — Prototype — Test — Redesign.

F. User Validation. Evaluate usefulness, usability, affordability, reliability, safety, maintenance, satisfaction, and
willingness to adopt. Sequence: Prototype — User Feedback — Modification — Retest.

G. Techno-Economic Validation. Evaluate performance, reliability, durability, manufacturability,
maintainability, scalability, cost, selling price, margin, payback, customer, competition, differentiation, and
scalability.

H. Business Model Development. Define customer segments, value proposition, channels, customer
relationships, revenue streams, key resources, key activities, key partners, and cost structure.

I. Societal Impact Assessment. Evaluate social, economic, environmental, and educational/technological value.
A project may progress as a commercial startup or social innovation/community deployment.
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Engineering Design And Prototype Development

A prototype is an intermediate validation artifact rather than the final outcome. Development follows Concept
— Design — Prototype — Test — Redesign and may use CAD, simulation, sensors, IoT, robotics, embedded
systems, automation, data analytics, Al, additive manufacturing, or conventional manufacturing.

User Validation

Technical functionality does not automatically establish innovation value. The prototype is tested with
representative users for usefulness, usability, affordability, reliability, safety, maintenance, satisfaction, and
willingness to adopt. A technically successful prototype that does not address user requirements returns to the
design stage.

Techno-Economic Validation

Technical assessment includes performance, reliability, durability, manufacturability, maintainability, and
scalability. Economic assessment includes raw-material, manufacturing, labour, operating, selling-price, margin,
and payback estimates. Market assessment includes target customer, need, alternatives, competitive advantage,
market accessibility, and scalability.

Business Model Development

A Business Model Canvas translates the engineering solution into a potential enterprise. The project team defines
customer segments, value proposition, channels, customer relationships, revenue streams, key resources, key
activities, key partners, and cost structure. The central questions are: “Can we build it?”” and “Who needs it, why
would they use it, and how can it be sustained?”

Societal Impact Assessment

Entrepreneurial success should not be defined exclusively by financial return. The framework evaluates social
value, economic value, environmental value, and educational/technological value. Therefore, a student project
may follow a Commercial Startup pathway or a Social Innovation / Community Deployment pathway.

Startup Conversion Readiness Index

The Startup Conversion Readiness Index (SCRI) is proposed across five dimensions: Problem Validation (PV),
Technical Feasibility (TF), User Value (UV), Commercial Feasibility (CF), and Societal Impact (SI), each
initially weighted at 20%.

SCRI = 100(0.20PV + 0.20TF + 0.20UV + 0.20CF + 0.20S])

Each component is normalized from 0 to 1. Equal weighting is an initial research proposition and requires
empirical validation.

Project Readiness Classification

Proposed research thresholds are: 0-39 Concept; 40—-59 Emerging Innovation; 60—74 Validated Innovation; 75—
89 Commercialization Candidate; 90-100 High-Readiness Candidate. These are proposed thresholds, not
empirical findings, and require validation using real project data.

RESEARCH METHODOLOGY

The proposed empirical validation uses a mixed-method intervention design. Participants are
engineering/polytechnic students undertaking project-based learning. Student teams are guided through PSCF
over an 8—12 week period.
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Data sources include student-level measures (innovation competency, entrepreneurial self-efficacy, Al
competency, problem-solving confidence, startup readiness), project-level measures (prototype performance,
user feedback, estimated cost, technical feasibility, SCRI), and mentor-level assessments from faculty, industry,
and incubator/entrepreneur experts.

Proposed Research Instrument

Five constructs are proposed: Innovation Competency, Entrepreneurial Competency, Al-Assisted Innovation,
Societal Innovation, and Startup Readiness. Each construct contains multiple Likert-scale statements covering
problem identification, alternative generation, prototype development, customer identification, business
modelling, Al evaluation, affordability, environmental consideration, value proposition, cost estimation, and
commercialization pathways. Responses may use a five-point scale from 1—Strongly Disagree to 5—Strongly
Agree.

Project Evaluation Rubric

Project evaluation should be independent from the questionnaire. Five criteria are used: Problem Validation,
Technical Feasibility, User Value, Commercial Feasibility, and Societal Impact. This distinction is important
because student competency and project quality are not identical.

Proposed Data Analysis

The empirical study can use descriptive statistics, Cronbach’s alpha for reliability, exploratory factor analysis
where sample size is appropriate, pre-test/post-test analysis, correlation analysis, and regression analysis.

A proposed model is:
SR = B0 + B1IC + B2EC + B3AI + B4SI + &

where SR is Startup Readiness, IC is Innovation Competency, EC is Entrepreneurial Competency, Al is Al-
Assisted Innovation Competency, and SI is Societal Innovation Orientation. Coefficients must be estimated from
collected data and must not be assumed in advance.

illustrative engineering application

A representative manufacturing problem illustrates the framework. Small manufacturing workshops may
experience machine downtime but may not have access to sophisticated predictive-maintenance systems because
of cost, complexity, or lack of technical expertise.

Under PSCF, students first identify the downtime problem, gather evidence, define the opportunity, use Al to
explore sensor configurations and architectures, build a prototype, obtain user feedback, calculate component
and service costs, define target customers and pricing, evaluate societal value, and calculate SCRI. This
illustrates the difference between building a project and building an innovation opportunity.

DISCUSSION

The framework extends conventional project-based engineering education by adding a structured transition from
technical development to opportunity evaluation. Existing research establishes the importance of design thinking
and entrepreneurial thinking in engineering education [1], [2], while recent work explores Al-supported design
thinking, entrepreneurship, and human-Al collaboration [3]-[5].

The contribution of the present framework is its connection of these ideas to a specific institutional decision
problem: which student projects deserve further investment after academic completion? The SCRI is therefore
proposed as a screening mechanism, not a declaration of commercial success. Technical success, innovation
success, commercial readiness, and societal value are treated as distinct dimensions.
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Human-Ai Collaboration Principle

Al is not treated as an autonomous inventor. It operates as an Explorer, Challenger, Accelerator, and Simulator.
Students remain responsible for evidence, calculations, experimental validation, safety, technical decisions,
ethical judgement, and final design. This human-Al division is consistent with emerging research on Al as a
technical assistant and co-creative partner [5].

Institutional Implementation Model

The framework can be integrated into an existing project ecosystem. The proposed pipeline is:

Student Project Repository — Problem Validation — Innovation Screening — Prototype Development — User
Validation — SCRI Assessment — Incubation / Industry Review — Patent / Technology Transfer / Startup /
Social Deployment.

Faculty can provide technical mentoring, industry partners can provide problem statements and validation
environments, entrepreneurs can support business development, and incubators can support commercialization.

Expected Contributions

Educational: connects project-based engineering learning with entrepreneurship.
Methodological: introduces PSCF as a project-conversion methodology.
Assessment: proposes SCRI as a multidimensional screening index.

Societal: recognizes community and social innovation alongside commercialization.
Limitations

The proposed framework and SCRI require empirical validation. Equal weighting is an initial design assumption.
The proposed readiness ranges also require validation using real student projects. Future studies should test the
framework across engineering disciplines, diploma and degree programmes, and different institutional and
socioeconomic contexts.

Future Work

Future work will implement PSCF with engineering student teams and examine changes in innovation
competency, entrepreneurial self-efficacy, customer-needs identification, AI competency, SCRI predictive
validity, mentor agreement, and project progression to incubation. A 12—24 month longitudinal study would
provide evidence beyond academic evaluation.

CONCLUSION

This paper proposed an Al-Enabled Problem-to-Startup Conversion Framework (PSCF) to address the
discontinuity between student project completion and real-world innovation.

The framework begins with an authentic problem and progresses through problem validation, Al-assisted
ideation, engineering design, prototype development, user validation, techno-economic assessment, business-
model development, and societal-impact evaluation.

The proposed Startup Conversion Readiness Index (SCRI) provides a structured mechanism for assessing project
readiness across problem validation, technical feasibility, user value, commercial feasibility, and societal impact.

The framework shifts an engineering project from a final academic deliverable to a potential starting point for
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innovation, incubation, entrepreneurship, technology transfer, or societal deployment. It does not assume every
project should become a startup; rather, it identifies projects requiring further technical, user, commercial, or
societal validation.

Future empirical and longitudinal studies can establish whether PSCF and SCRI are practical tools for
transforming student project activity into sustainable innovation and entrepreneurship outcomes.

Table I. Proposed Scri Dimensions

Dimension Symbol Weight
Problem Validation PV 20%
Technical Feasibility TF 20%
User Value uv 20%
Commercial Feasibility CF 20%
Societal Impact SI 20%

Table Ii. Proposed Project Readiness Levels

SCRI Status Recommended Action

0-39 Concept Further problem investigation
40-59 Emerging Innovation Prototype improvement

60-74 Validated Innovation User and market validation
75-89 Commercialization Candidate Incubation/industry evaluation
90-100 High-Readiness Candidate Startup/deployment assessment

Table lii. Project Evaluation Dimensions

Criterion Example Indicators

Problem Validation Evidence, severity, affected users

Technical Feasibility Performance, reliability, manufacturability

User Value Usefulness, usability, affordability

Commercial Feasibility Cost, customer, market, scalability

Societal Impact Social, economic, environmental value
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