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Abstract

Introduction: Software development faces
challenges due to the diversity of methodologies.
Objective: This article introduces INCEPTA,
a framework combining agile and traditional
practices from an educational perspective.
Method: The framework was applied in
academic settings and evaluated through
surveys.

Results: INCEPTA

understanding, planning, and model use in

lmproves  process
teaching software engineering.

Conclusions: It is a valuable educational and
technical tool for teaching software engineering.

Keywords: incremental development; model-
driven approach; software engineering; software
iterative

framework; agile methodologies;

process.

Resumen

Introduccion: El desarrollo de software
enfrenta desafios significativos debido a
la diversidad de metodologias, generando
incertidumbre sobre qué actividades realizar
en cada fase.

Objetivo: Proponer un marco que combine
practicas agiles y tradicionales desde una
perspectiva educativa.

Método: Se disené el marco INCEPTA y se
aplicé en contextos académicos, evaluando su
utilidad mediante encuestas. Resultados: El
marco facilitdé la comprensién del proceso, la
planificacién de entregas y el uso de modelos
para la ensenanza de ingenieria de software.
Conclusiones: INCEPTA resulta 1til como
herramienta pedagodgica y técnica para la
ensenanza de ingenieria de software.

Palabras clave: desarrollo incremental;
enfoque basado en modelos; ingenieria de
software; marco de software; metodologias
agiles; proceso iterativo.
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I. INTRODUCTION

Software development has undergone several methodological transformations in pursuit
of a balance between structure, flexibility, and efficiency. Early development models followed
a sequential and rigid approach, such as the Waterfall model introduced by Royce in 1970
[1], which outlined a series of defined phases (analysis, design, implementation, testing, and
maintenance) that had to be completed sequentially. However, the model’s inability to adapt
to changing requirements led to the emergence of more iterative approaches [2].

Boehm proposed the spiral model in 1986 [3], and Jacobson, Booch, and Rumbaugh
developed the Rational Unified Process (RUP) in the 1990s [4]. These models introduced
structured iterations and risk management, providing greater flexibility in development
processes.

The need for a standardized notation for representing software artifacts led to the Unified
Modeling Language (UML) proposed by Booch, Jacobson, and Rumbaugh in the mid-1990s
[6]. UML was adopted by the Object Management Group (OMG) in 1997 [6], becoming the
standard for modeling object-oriented systems and serving as a communication bridge among
developers, analysts, and clients. Its evolution has supported the growth of model-driven
engineering and Computer-Aided Software Engineering (CASE) tools [7].

The increasing demand for adaptive and rapid software solutions culminated in
the publication of the Agile Manifesto in 2001 [8]. Agile methodologies such as Extreme
Programming (XP) [9], Scrum [10], Kanban [11], Crystal [12], and Feature-Driven Development
(FDD) [13] emerged, emphasizing collaboration, continuous delivery, and responsiveness to
change.

Despite the availability of various methodologies, many developers and organizations
adopt agile approaches without assessing their suitability for the specific context [14]. This
often results in disorganized processes, unclear requirement management, and difficulties
in project planning. Additionally, there is widespread uncertainty regarding which activities
to perform, which models and tools to use, and how to define deliverables and timelines [15].

Software development continues to face challenges due to the lack of methodologies
tailored to specific project contexts, which reflects a limited understanding of software
engineering principles and results in reduced efficiency and productivity [16]. In many cases,
methodologies are selected or applied without considering the project type, organizational
environment, or team competencies, leading to delays, cost overruns, poor product quality,
and overall low development productivity [17]. This scenario highlights a persistent lack of
awareness regarding fundamental software engineering principles and the value of sound
methodological practices [18]. Agile methodologies, for instance, have proven effective in
dynamic and collaborative settings; however, they require a deep understanding of their
core principles and contextual adaptation to prevent misuse [19]. The absence of precise
alignment between development processes and project objectives often leads to disorganized
efforts, limited traceability, and products that fail to meet customer expectations fully [20].

To address these issues, this article proposes the INCEPTA framework, which combines the
strengths of traditional and agile approaches. It integrates client-centered practices such as
user stories with analyst-driven requirement specifications, supports model-based software
design, employs continuous testing, and promotes bi-weekly delivery cycles. It also advocates
for an initial release with at least 70% of the functional requirements implemented.

The framework has been tested in academic environments, where qualitative feedback was
collected through surveys administered to students and professionals. The following sections
present the INCEPTA structure and analyze its pedagogical and practical contributions.

II. METHODOLOGY

Figure 1 illustrates the INCEPTA framework, which is composed of five primary activities
and two cross-cutting practices:
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Fig. 1- INCEPTA FRAMEWORK. Source: Authors

The INCEPTA framework employs an iterative and incremental approach, utilizing 15-
day iterations, which integrate practices from requirements engineering, software design,
construction, and testing to develop functional software incrementally. INCEPTA is structured
around five core activities and two cross-cutting ones:

Core Activities:
* User Requirements Inquiry — An initial interaction with stakeholders using elicitation
techniques to define a high-level vision of the system.
* Requirements Engineering — Refinement of requirements through detailed specifications
and use case modeling.
+ Software Design — Progressive creation of architectural models and design diagrams
(e.g., domain models, class diagrams, activity diagrams, state diagrams).
+ Software Construction — Iterative implementation of functionalities based on the
generated models.
+ Software Deployment — System release occurs once 60-70% of the functionality is
considered stable.

Cross-Cutting Activities:
+ Testing — Applied in every phase to ensure quality and detect defects early.
+ Feedback — Evaluation at the end of each iteration to adjust requirements and improve
subsequent iterations.

INCEPTA follows a cyclical development process, where each iteration begins with a review
of progress and feedback on the functional software developed so far.

* First Iteration:

Stakeholders initially explore the problem. Elicitation techniques generate a general use
case diagram and user stories. These serve as input for the software construction phase, where
a first functional prototype is built. Concurrently, the prototype informs the Requirements
Engineering and Software Design phases, which begin to generate more detailed models.

* Subsequent Iterations:

The Requirements Engineering phase builds upon the prototype outputs to produce formal
Requirements Specification and detailed use case models. Software Design begins with a
domain model outlining general classes and relationships. As iterations progress, additional
models, such as analysis class diagrams, activity diagrams, and state diagrams, are developed.
The number and complexity of models depend on the problem’s depth and the required level
of detail. The Software Construction phase receives updated requirements and design models
and continues to develop new functionalities accordingly.
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* Ongoing Iterations (every 15 days):

Each phase’s output feeds the next, enabling continuous refinement. New models and
functionalities are developed in each cycle until 60—-70% of the software is functional and
stable.

+ Software Deployment:

Once a sufficient level of maturity is achieved, the system is released into a production
environment. Initial deployment is targeted when 70% of the implemented requirements are
met.

ITI. RESULTS

To validate the applicability of INCEPTA, a practical case study was developed in an
academic setting aimed at solving a real-world problem related to academic degree verification.
The framework was applied in Software Engineering courses with 62 students. The challenge
consisted of building a system enabling companies, professionals, and educational institutions
to reliably and automatically verify the authenticity of academic certifications.

A. Problem Identification and Stakeholders

During the Inception phase, the primary issue identified was that companies face challenges
in verifying the authenticity of academic degrees presented by job applicants. This analysis
recognized three key stakeholders: the employer, the candidate or professional, and the
educational institution.

B. Requirements Elicitation

Using INCEPTA'’s collaborative analysis techniques, user stories were created to capture
the needs from both the client and analyst perspectives. Ten functional requirements (FR) and
five non-functional requirements (NFR) were identified and prioritized through an iterative
approach based on their relevance to each stakeholder. Among the most notable requirements
were role-based registration (FR1), automatic degree validation (FR3), company queries
(FR4), and the generation of verification certificates (FR10). The non-functional requirements
emphasized availability, security, performance, and regulatory compliance.

C. Object-Oriented Modeling and Design
In line with INCEPTA guidelines, a set of models was created using UML, including:
A Level 0 Use Case Diagram to visualize general actor-system interactions (Figure 2).
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Fig. 2. Level-0 Use Case Diagram. Source: Authors

Two Level-1 Use Case Diagrams detailing functionalities such as service and user
management.
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Fig. 3. Level-1 Use Case Diagram (Service Management). Source: Authors
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A Class Diagram representing the key objects and their relationships (User, Degree,
Institution, Verification).
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Fig. 5. Class Diagram of the Problem Domain. Source: Authors

An Activity Diagram illustrates the operational flow of the verification process.
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Fig. 6. Activity Diagram for Review Creation. Source: Authors

A State Diagram for the “Inconsistency” class object.

|F|! eqistered |

¥ AR

Linder Roview -
To revie ‘HH""--L
it

Revised —

Accepled
if-”'rﬂr essad |

Ends

Rejeciod

Archived

Fig. 7. State Diagram of the Inconsistency Class. Source: Authors

These models served as the foundation for the technical design and guided the early
development iterations.
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D. Development Cycle and Deliverables

Continuous delivery and frequent feedback were implemented over two 15-day iterations.
A functional prototype was delivered in the first iteration, supporting user registration,
document uploads, and basic verification. The notification module, verification history, and
PDF certificate generation features were integrated in the second iteration.

E. Framework Evaluation

Upon completing the case study, a survey was conducted with the 62 participating students.
The results indicated a high acceptance of the framework, emphasizing INCEPTA’s clarity in
structuring the development process, its effectiveness in supporting requirements traceability,
and 1its educational value in integrating agile practices with structured documentation.
Figures 8 and 9 illustrate the results of the survey.
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Fig. 8. Survey results part 1. Source: Authors
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Fig. 9. Survey results part 2. Source: Authors

Survey results reflect a positive perception of the INCEPTA framework in educational
contexts. A high percentage of participants indicated that using the framework facilitated a
structured understanding of the software development process, particularly highlighting the
clarity brought by the 15-day iterations and the integration of UML models in the early design
phases. Students also recognized the value of having a guide that harmonizes traditional and
agile practices, allowing for greater coherence between theory and practice.

In terms of planning and delivery management, the data obtained indicates that INCEPTA
enabled students to anticipate activities better, organize work teams, and distribute
responsibilities more efficiently. This organization also contributed to increased motivation
and engagement during project development, which 1s crucial in educational environments.
These findings reaffirm the potential of INCEPTA not only as a technical tool but also as a
pedagogical one, by fostering key skills such as collaboration, adaptability, and autonomy.

IV. CONCLUSIONS

The INCEPTA framework has established itself as a methodological proposal thatintegrates
classical and agile approaches, offering a structured guide for the iterative management
of software projects. Its application in academic contexts has not only strengthened the
understanding of development processes but also promoted essential transversal skills in the
training of software engineers, such as planning, decision-making, and teamwork.

The results obtained through the application of surveys confirm the framework’s relevance
and usefulness from both technical and pedagogical perspectives. However, a recognized
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need exists to continue evaluating its impact in various academic and professional settings
and enhancing its implementation through templates, practical guides, and case studies.
Looking ahead, INCEPTA is envisioned as an adaptable tool that evolves in line with industry
dynamics and the needs of educational environments.

In academic settings, where a vast body of literature presents software engineering concepts
through diverse and sometimes conflicting approaches, students often experience confusion
when reconciling theory with practice. INCEPTA provides a unified and coherent path that
helps mitigate this fragmentation by offering a consistent framework grounded in theory and
iterative, hands-on practices.

Compared to established methodological frameworks such as Scrum, RUP, XP, and DAD,
the INCEPTA approach proves to be a balanced and adaptable alternative that leverages the
strengths of both agile and traditional methods. Its ability to integrate formal requirement
specifications with user-centered practices, model-based design, and bi-weekly delivery cycles
positionsit asarobustoptionincontextsthat demand traceability, ongoing client collaboration,
and continuous product evolution. This combination makes INCEPTA particularly suitable
for teams operating under institutional constraints while striving to maintain agility and
development efficiency.

Moreover, INCEPTA addresses a critical academic challenge: the diminishing perceived
value of software modeling among younger students. Students often prioritize coding and
immediate development tasks, overlooking the importance of analysis and design models
such as UML. By integrating modeling activities into an agile, time-boxed development cycle,
INCEPTA repositions models as practical tools that directly support project success. This
approach not only reinforces the relevance of modeling but also cultivates a mindset that
values planning and structured thinking, skills that remain essential in the professional
world of software engineering.Articulo de investigacion cientifica derivado del proyecto de

ivestigacion “Titulo del proyecto”, financiado por “Entidad (es) financiadoras”. Ano de inicio:
2019, ano de finalizacion: 2020.
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