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ABSTRACT
Model Based Software Engineering (MBSE) has become a 
key approach for managing complexity in software system 
development, enabling structured knowledge representation 
through formal models. However, its adoption is limited by process 
rigidity and heavy documentation requirements. In parallel, 
agile methodologies such as Scrum have gained relevance due 
to their adaptability, continuous value delivery, and flexibility in 
handling changing requirements, although they face challenges 
in formalization and traceability in complex systems. This study 
proposes an integrated approach called sMBSAP, which combines 
MBSE and Scrum to balance modeling rigor with iterative 
development flexibility. The research was conducted through a 
theoretical and comparative analysis, along with a conceptual 
application in a healthcare system case study. The results show 
that the proposed integration improves traceability between 
requirements and models, optimizes documentation management, 
and enhances communication among multidisciplinary teams. 
It also increases adaptability to changes without compromising 
system consistency. However, challenges related to organizational 
maturity and modeling expertise are identified. It is concluded that 
the sMBSAP approach represents a viable alternative for complex 
system development by combining the strengths of MBSE and 
Scrum, reducing their individual limitations, and promoting more 
efficient and adaptable software engineering practices.
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RESUMEN
El Model Based Software Engineering (MBSE) se ha consolidado 
como un enfoque clave para la gestión de la complejidad en el 
desarrollo de sistemas de software, permitiendo la representación 
estructurada del conocimiento a través de modelos formales. Sin 
embargo, su adopción enfrenta limitaciones relacionadas con la 
rigidez del proceso y la carga de documentación. Paralelamente, 
las metodologías ágiles, como Scrum, han ganado relevancia por su 
capacidad de adaptación, entrega continua de valor y flexibilidad 
ante cambios en los requisitos, aunque presentan desafíos en 
términos de formalización y trazabilidad en sistemas complejos. 
Este estudio propone un enfoque integrado denominado 
sMBSAP, que combina MBSE y Scrum con el objetivo de equilibrar 
la formalidad del modelado con la flexibilidad del desarrollo 
iterativo. La investigación se desarrolló mediante un análisis 
teórico, comparativo y la aplicación conceptual del enfoque en un 
caso de estudio en el ámbito de sistemas de salud. Los resultados 
evidencian que la integración propuesta mejora la trazabilidad entre 
requisitos y modelos, optimiza la gestión de la documentación y 
facilita la comunicación entre equipos multidisciplinarios. Asimismo, 
se observa una mayor capacidad de adaptación a cambios sin 
comprometer la coherencia del sistema. No obstante, también 
se identifican desafíos relacionados con la necesidad de madurez 
organizacional y capacitación en prácticas de modelado. Se 
concluye que el enfoque sMBSAP representa una alternativa viable 
para el desarrollo de sistemas complejos, al combinar las fortalezas 
de MBSE y Scrum, reduciendo sus limitaciones individuales y 
promoviendo una ingeniería de software más eficiente y adaptable.

Palabras clave: MBSE; ingeniería de software; sistemas 
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INTRODUCTION

Model-Based Software Engineering (MBSE) is a widely recognized approach for managing 
complexity in software system development processes, owing to its ability to structurally represent 
system knowledge throughout the entire software lifecycle. This enhances understanding, analysis, 
and traceability of system elements (Kossiakoff et al., 2020; Walden et al., 2015). In this context, 
the use of formal and standardized modeling languages such as UML and SysML facilitates 
consistent representation of system architecture and behavior, thereby promoting more effective 
communication among stakeholders in the development process (Friedenthal et al., 2015; Brambilla 
et al., 2017).

Despite its advantages, the adoption of MBSE has encountered various technical and 
organizational challenges that have limited its implementation in industry, including application 
complexity, resistance to change, and the need for specialized skills (Basha et al., 2013; Kim et al., 2019; 
Zimmermann, 2014). Concurrently, the agile software development approach has gained significant 
popularity due to its ability to deliver value continuously through iterative and incremental cycles 
known as sprints (Cao & Ramesh, 2007; Manifesto for Agile Software Development, 2001). However, 
several studies have indicated that many agile projects do not fully meet expectations in highly 
complex environments (Yeo, 2002; Vijayasarathy & Turk, 2008; Turner, 2007).

Given this context, there is growing interest in integrating MBSE with agile methodologies as 
an alternative that combines the strengths of both approaches (Bonnet et al., 2015; Bott & Mesmer, 
2023). This integration aims to enhance both complexity management and flexibility in software 
development, fostering more efficient and adaptive practices. Within this framework, an approach 
is proposed that combines Scrum as an agile methodology with a model-based architecture 
process, with the objective of developing an integrated approach that facilitates documentation, 
development, and management of complex systems, thereby reducing the gap between traditional 
and agile approaches in software engineering (Huss et al., 2023; Hadar et al., 2013).

METHODS

Study design: Descriptive, with a qualitative approach.
Type of study: Theoretical research of a descriptive and comparative nature, with conceptual 

application through a case study.
Description of the methodology: A review of the scientific literature on Model-Based Software 

Engineering (MBSE) and Scrum was conducted, followed by a comparative analysis of both 
approaches to identify their strengths and limitations. Based on this analysis, the integrated sMBSAP 
model was designed and conceptually applied to a case study in health systems to evaluate its 
potential to improve traceability, documentation, team communication, and adaptation to changes 
in the development of complex systems.

RESULTS

The results obtained from the review, comparative analysis, and design of the integrated Agile 
MBSE (sMBSAP) approach indicate potential improvements in software lifecycle management, 
particularly in highly complex environments such as health systems.

Table 1. Comparison of approaches before and after integration

Evaluated aspect Traditional MBSE Traditional Scrum Integrated approach 
(sMBSAP)

Requirements 
management

High formality, but low 
flexibility

Flexible but lacking 
structure Formal and flexible

Documentation Comprehensive and 
burdensome Lightweight and minimal Lightweight yet structured

Traceability High Medium to low High and continuous

Adaptation to changes Slow High High and controlled

Inter-team 
communication Technical and model-based Continuous and 

collaborative
Integrated and 
multidisciplinary
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Overall, the integration of MBSE and Scrum enabled the identification of benefits 
in requirements traceability, documentation organization, and communication among 
multidisciplinary teams. Additionally, a reduction in requirements ambiguity was observed due to 
the use of formal models in conjunction with short development iterations.

Table 2. Impact on the development cycle

Lifecycle phase Traditional MBSE Traditional Scrum sMBSAP (integrated)

Requirements Comprehensive initial 
modeling User stories User stories and dynamic UML 

models

Design Robust and detailed Evolutionary Incremental and model-based

Implementation Model-driven Iterative by sprints Iterative with model support

Testing Model-derived Continuous per 
sprint

Continuous and traceable to 
models

Maintenance Based on formal 
documentation Adaptive Guided by model-based traceability

Table 3. Observed benefits of the integrated approach

Identified benefit Description

Reduction of ambiguity The use of UML models facilitated clarification of complex 
requirements.

Improved traceability A direct relationship was established among models, requirements, 
and sprints.

Greater adaptability Scrum enabled the incorporation of changes without compromising 
model coherence.

Improved documentation Structured documentation without excessive overhead.

Interdisciplinary collaboration Facilitated communication between developers and analysts.

Interpretación general de los resultados
The results demonstrate that combining MBSE with Scrum in the sMBSAP approach enables 

a balance between the rigor of modeling and the flexibility of agile development. This leads to 
improved management of complex systems, particularly in scenarios where requirements are 
continuously evolving.

Table 4. Case study evaluation (health system)

Evaluation criterion Observed result

System understanding Significant improvement with the use of visual models.

Time to adapt to changes Reduced compared to traditional MBSE.

Documentation quality Balanced between formality and agility.

Team satisfaction Increased clarity in collaborative work.

Risk of misinterpretation errors Significant decrease.

The integrated approach does not eliminate the limitations of each methodology individually, 
but it does mitigate their weaknesses by strategically complementing them, especially in 
documentation, traceability, and adaptation to change.

DISCUSSION

The results demonstrate that the integration of MBSE and Scrum through the sMBSAP 
approach yields significant improvements in the management of complex system development, 
particularly regarding traceability, documentation, and adaptability to changes. However, these 
findings should be considered in light of both the advantages and the inherent limitations of 
combining the two approaches.
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First, the improvement in traceability observed in the results is consistent with the structured 
nature of MBSE, which enables systematic linking of requirements, models, and system artifacts. 
When integrated with Scrum, however, this traceability becomes dynamic, evolving with each 
iteration. This represents a significant advantage over traditional approaches, as it allows for 
maintaining system consistency without sacrificing the flexibility of agile development.

Regarding documentation, the results indicate a balance between formality and conciseness. 
While traditional MBSE tends to produce extensive and detailed documentation, Scrum significantly 
reduces documentation requirements. The sMBSAP approach achieves an intermediate position 
by structuring documentation through models, thereby avoiding documentation overload while 
maintaining technical accuracy. However, maintaining this balance can be challenging for teams 
with limited modeling experience, which poses an adoption challenge.

With respect to adaptability to change, the results confirm that incorporating Scrum enables 
a more efficient response to evolving requirements, an area where traditional MBSE often faces 
limitations. Nevertheless, this flexibility may introduce inconsistencies in the models if there is 
insufficient governance of the modeling system, necessitating additional discipline in process 
management.

The case study in the health systems domain supports these findings, demonstrating 
improvements in system understanding and a reduction in interpretation errors. This is particularly 
relevant in critical environments, where clear communication and precise requirements are 
essential. However, it is also observed that implementing the integrated approach involves a 
considerable learning curve, which may hinder adoption in organizations without prior MBSE 
experience.

In comparison with previous studies, the results are consistent with the literature suggesting 
that integrating agile and model-based approaches is a promising strategy for modern software 
engineering. However, it is also confirmed that this integration is complex and requires 
methodological adjustments, appropriate tools, and staff training.

In summary, the sMBSAP approach represents a viable alternative for improving the 
management of complex systems, although its success largely depends on the organization’s 
maturity, the team’s experience, and the correct application of modeling and agile practices in a 
complementary manner.

CONCLUSIONS

This study enabled the analysis of the integration between Model-Based Software Engineering 
(MBSE) and agile methodologies, specifically Scrum, resulting in the sMBSAP approach as a proposal 
to improve the management of complex software systems. Based on theoretical, comparative, and 
case study analyses, it is concluded that combining both approaches offers a viable alternative to 
balance the formality of modeling with the flexibility of iterative development.

First, it is evident that MBSE provides a solid foundation for the structured representation 
of systems, facilitating traceability, design coherence, and knowledge management throughout 
the software lifecycle. Conversely, Scrum contributes adaptability, continuous value delivery, and 
responsiveness to changing requirements, which are essential in dynamic environments.

The proposed integration demonstrates that it is possible to combine both approaches in a 
complementary manner, mitigating some of their individual limitations. Notably, improvements 
are observed in documentation clarity, increased traceability between requirements and models, 
and enhanced adaptability to changes without compromising structural consistency.

However, it is also concluded that implementing the sMBSAP approach requires organizational 
maturity, training in systems modeling, and sufficient discipline in agile process management. 
The absence of these elements may limit the expected benefits or result in inconsistencies in the 
models.

In conclusion, the proposed approach helps bridge the gap between traditional model-
based approaches and agile methodologies, offering a promising alternative for the development 
of complex systems, particularly in critical domains such as the health sector. Nevertheless, it 
is recommended to validate its application in various industrial contexts to strengthen its 
generalizability and methodological maturity.
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