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ABSTRACT

Modern learning environments increasingly rely on multidisciplinary student teams to 
address complex engineering challenges under limited resources and strict performance 
requirements. University aircraft design competitions, such as SAE AeroDesign, 
represent high-impact educational settings that demand not only advanced technical 
solutions but also effective project management practices. However, traditional 
predictive project management approaches, while strong in planning and control, often 
lack flexibility when facing uncertainty, whereas agile approaches promote adaptability 
but may lack the level of documentation required for high-responsibility engineering 
projects. This study proposes and validates a hybrid project management methodology 
aimed at optimizing the design and construction of aircraft in competitive academic 
environments. The proposed approach integrates predictive practices aligned with the 
PMBOK® Guide with collaborative agile frameworks such as SCRUM. A cross-sectional 
mixed-methods case study was conducted within a multidisciplinary university 
AeroDesign team at  Tecnológico de Monterrey. Qualitative data were collected through 
observation and document analysis, while quantitative data were obtained from 
performance indicators and surveys administered to 50 students across ten competition 
cycles. The results indicate improvements in time management, clarity of deliverables, 
early risk identification, and adaptability to changing requirements. Additionally, the 
methodology contributed to the development of professional competencies such as 
teamwork, leadership, and problem-solving. The study concludes that hybrid, human-
centered project management models represent an effective approach for complex 
engineering education contexts.

Keywords:  Hybrid project management, Agile and predictive methods, Engineering education, 
Project-based learning, Multidisciplinary teams, Aerospace engineering projects,  Human-centered 
project management.

INTRODUCTION

University engineering competitions have gained prominence as experiential 
learning environments that foster creativity, innovation, and professional 
skill development. These competitions require multidisciplinary student 
teams to design, build, and validate complex engineering systems under 
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strict technical regulations, limited resources, and demanding timelines. 
In particular, university aircraft design competitions represent a highly 
challenging context due to the integration of aeronautical standards, systems 
engineering principles, and collaborative teamwork.

Despite their educational value, student-led aerospace projects face 
significant organizational challenges. Teams are often composed of students 
with diverse academic backgrounds and varying levels of experience, with 
high turnover rates driven by academic cycles. Additionally, these projects 
must balance learning objectives with competitive performance while 
responding to evolving technical requirements and constraints. Within this 
context, effective project management becomes a critical success factor.

Predictive project management approaches, grounded in international 
standards such as the PMBOK® Guide, provide structured planning, 
documentation, and control mechanisms that are essential in high-
responsibility engineering projects. However, their sequential nature can 
limit adaptability in uncertain environments. Conversely, agile approaches 
emphasize flexibility, collaboration, and iterative development, but may 
lack the formal rigor required for complex systems such as aircraft. These 
limitations have motivated the emergence of hybrid project management 
models that integrate the strengths of both paradigms.

This study proposes and validates a hybrid project management 
methodology tailored to university aircraft design competitions. The approach 
integrates predictive planning and control practices with agile, collaborative 
mechanisms, emphasizing both technical performance and human factors 
such as teamwork and communication. The authors applied the proposed 
methodology in practice with students from a university AeroDesign team 
throughout the aircraft design and construction process, allowing for direct 
observation and evaluation of its effectiveness in a real competitive setting. 
By analyzing its implementation within this university AeroDesign team, this 
research contributes to the understanding of hybrid project management in 
competitive engineering education contexts.

HYBRID PROJECT MANAGEMENT FRAMEWORK DESIGN

This study adopts a case study research strategy to develop and validate 
a hybrid project management methodology for university aircraft design 
competitions. The case study approach is appropriate for investigating 
complex socio-technical systems within real-life contexts, particularly 
when the boundaries between the phenomenon and its environment are not 
clearly defined (Yin, 2018). Given the strong interaction between technical 
processes, human factors, and educational outcomes, this approach allows 
for an in-depth understanding of project management practices within a 
multidisciplinary academic team.

The research was conducted within a multidisciplinary university 
AeroDesign team at Tecnológico de Monterrey, Campus Estado de México. 
A cross-sectional mixed-methods research design was employed, integrating 
qualitative and quantitative techniques to capture both process-oriented 
and performance-related aspects of project management (Creswell & Plano 
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Clark, 2023). Mixed-methods designs are particularly suitable in engineering 
education research, as they enable the triangulation of technical metrics with 
human-centered and experiential data.

Data Collection and Sample

Qualitative data were collected through non-participant observation and 
document analysis, focusing on project planning artifacts, technical reports, 
risk registers, and meeting records. These data sources provided insights 
into decision-making processes, team coordination, and the integration of 
predictive and agile practices throughout the project lifecycle. Observation 
and documentation analysis are widely used methods for capturing human 
and organizational factors in project-based environments (Reason, 2016).

Quantitative data were obtained from project performance indicators, 
including schedule adherence, milestone completion rates, rework frequency, 
and competition performance outcomes. Additional data sources included 
project schedules, progress reports, and structured surveys administered to 
team members, aimed at assessing perceived effectiveness, collaboration, and 
competency development. The sample consisted of 50 students, considering 
participation across the last ten competition cycles, which ensured 
longitudinal representation of team dynamics while maintaining a cross-
sectional analytical perspective.

Research Design and Procedure

The research design was structured into sequential phases, following 
methodological recommendations for applied engineering and project 
management research (Saunders et al., 2023). The first phase focused 
on project planning, during which the research objectives, scope, and 
evaluation criteria were defined. In the second phase, sample delimitation 
was conducted by identifying relevant competition cycles and participants. 
The third phase involved the design and validation of research instruments, 
including observation protocols and survey questionnaires. These instruments 
were subsequently applied during ongoing project activities. Finally, a 
comprehensive data analysis phase was conducted, integrating qualitative 
thematic analysis with quantitative descriptive and comparative techniques.

Table 1: Summary of the research methodology.

Dimension Description

Research strategy Case study

Research design Cross-sectional mixed-methods

Context University AeroDesign team

Sample 50 students, 10 competition cycles

Qualitative methods Observation, document analysis

Quantitative methods Performance indicators, schedules, surveys

Focus Hybrid project management, human 
factors, learning outcomes
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Data Analysis

Qualitative data were analyzed using thematic analysis, allowing the 
identification of recurring patterns related to planning practices, adaptability, 
teamwork, and decision-making (Braun & Clarke, 2024). Quantitative 
data were analyzed using descriptive statistics to evaluate trends in project 
performance and perceived competency development. The integration of 
both data streams enabled methodological triangulation, enhancing the 
validity and reliability of the findings (Creswell & Plano Clark, 2023).

Figure 1: Triangulation design: Convergence model. (Adapted from Creswell and 
Plano Clark, 2018).

By combining technical performance metrics with human-centered 
qualitative insights, this methodology supports a holistic evaluation of hybrid 
project management in competitive engineering education environments. 

RESULTS

This section presents the results obtained from the application of surveys, 
document analysis, and performance indicators used to evaluate the impact 
of the proposed hybrid project management methodology within a university 
AeroDesign team. The results are organized according to participant profile, 
planning effectiveness, execution and adaptability, project outcomes, and 
perceived impact of project management practices.

Figure 2 shows that most participants entered the project with limited 
formal exposure to project management practices, highlighting the educational 
relevance of structured management frameworks in multidisciplinary student 
teams.

Figure 2: Prior knowledge of project management before joining the team.
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Results related to planning activities show a predominantly positive 
perception of early project definition. Most respondents indicated that 
project objectives and scope were defined either “completely” or “to a great 
extent” at the beginning of the project. Similarly, stakeholder identification 
and involvement were perceived as adequate or highly effective in most cases.

Additionally, responses regarding the level of planning before project 
execution—measured on a five-point scale—showed a tendency toward 
higher values, indicating that participants perceived the planning phase 
as structured and meaningful. These findings suggest that the predictive 
components of the hybrid methodology contributed to greater clarity, 
alignment, and shared understanding among team members, even within a 
dynamic academic competition context.

Figure 3: Clarity of objectives, scope, and stakeholder identification.

During the execution phase, participants reported positive perceptions 
regarding process optimization, resource utilization, and the implementation 
of lessons learned. Most responses fell within the categories of “adequate” 
or “very effective,” indicating that continuous improvement practices were 
present throughout the project lifecycle.

The incorporation of iterative practices and feedback mechanisms—
characteristic of agile approaches—enabled the team to adapt to technical 
challenges, resource constraints, and evolving competition requirements. 
These results support the effectiveness of integrating agile-inspired practices 
within a structured project framework, fostering adaptability while 
maintaining technical control.

Figure 4: Optimization of processes, lessons learned, and adaptability.
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In terms of project performance, most respondents indicated that projects 
were delivered within the planned schedule and budget, although minor or 
moderate deviations were reported in some cases. Regarding stakeholder 
expectations, the majority of participants perceived that expectations were 
partially or fully met, reflecting a balanced view of success beyond competition 
rankings.

Although not all projects achieved podium positions, respondents 
acknowledged that the projects generated valuable outcomes in terms of 
technical learning, system integration, and team performance. This reinforces 
the notion that success in educational engineering projects should be 
evaluated using multidimensional criteria that include learning outcomes, 
stakeholder satisfaction, and process effectiveness.

Figure 5: Project success, expectations, and competition results.

Participants consistently perceived project management as a critical 
factor for project success. Furthermore, respondents largely agreed that the 
use of a hybrid project management approach improved execution quality, 
communication, and goal achievement throughout the project lifecycle. 
Participants also reported that the hybrid methodology promoted continuous 
communication, clarity of responsibilities, and collaborative problem-solving, 
all of which are critical human factors in multidisciplinary team environments.

Figure 6: Importance of project management.

Table 2: Summary of key findings.

Dimension Main Finding

Initial PM knowledge Mostly low

Planning effectiveness High

Adaptability and learning High

Project performance Moderate to high

Perceived PM importance Very high
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Overall, the results demonstrate that the proposed hybrid project 
management methodology positively influenced both project performance 
and the development of professional competencies, including teamwork, 
leadership, decision-making, and problem-solving. These findings provide 
empirical support for the adoption of hybrid, human-centered project 
management models in competitive engineering education settings.

Related Work

University engineering projects, particularly those developed for international 
competitions, require management approaches capable of addressing 
technical complexity, uncertainty, and intensive teamwork. Prior research 
in project management and engineering education highlights three main 
approaches relevant to this study: predictive, agile, and hybrid project 
management models.

Predictive and Agile Project Management in Engineering Education

Predictive project management approaches, grounded in international 
standards such as the PMBOK® Guide, emphasize structured planning, 
formal documentation, and systematic control. These characteristics are 
especially relevant in engineering projects where safety, traceability, and 
compliance are critical, including aerospace systems development (PMI, 
2021; Kerzner, 2025). In educational contexts, predictive models expose 
students to professional practices aligned with industry expectations. 
However, their sequential nature can limit adaptability when projects face 
evolving requirements and resource constraints, which are common in 
academic competition environments (Bianchi et al., 2021).

Agile project management approaches emerged to address uncertainty 
and change through iterative development, continuous feedback, and close 
collaboration (Beck et al., 2001). In engineering education, agile practices have 
been associated with higher student engagement, improved communication, 
and enhanced teamwork (Serrador & Pinto, 2015). Nevertheless, purely 
agile frameworks may lack the level of documentation, risk management, 
and systems integration required for complex engineering projects such as 
aircraft design. 

Hybrid Project Management and Human-Centered Approaches

Hybrid project management models seek to integrate the strengths of 
predictive and agile approaches by combining structured planning and 
governance with iterative execution and adaptability (Székely, Késmárki-
Gally & Lakner, 2025). Empirical studies indicate that hybrid models are 
particularly effective in projects characterized by high complexity and 
uncertainty, offering improved performance compared to purely predictive 
or agile approaches (Gemino, Reich & Serrador, 2020).

From a human factors perspective, project management is increasingly 
understood as a socio-technical system in which human interaction, 
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communication, and collaboration play a central role (Reason, 2016). 
In multidisciplinary student teams, differences in disciplinary backgrounds 
and experience levels introduce additional coordination challenges. 
Research in engineering education highlights the importance of management 
frameworks that support teamwork, leadership, and decision-making while 
maintaining technical rigor (Pazos, Pérez-López & González-López, 2022). 
Hybrid project management models provide mechanisms to address both 
technical and human-centered requirements, making them particularly 
suitable for competitive academic engineering projects.

Table 3: Comparison of project management approaches in academic engineering 
projects.

Dimension Predictive Agile Hybrid

Planning structure High Low Moderate

Adaptability to change Low High High

Documentation level High Low Balanced

Human-centered collaboration Moderate High High

Suitability for aerospace projects High Limited High

Educational effectiveness Moderate High High

CONCLUSION

This study demonstrates that hybrid project management models represent an 
effective and human-centered alternative for managing complex engineering 
projects in university competition environments. By integrating predictive 
planning and control with agile adaptability and collaboration, the proposed 
methodology improved project execution, enhanced communication, and 
supported the development of professional competencies among students.

The main contribution of this work lies in the empirical validation of a 
hybrid project management framework tailored to aerospace engineering 
education, addressing both technical and human factors. The methodology 
provides a structured yet flexible reference that can be transferred to other 
engineering disciplines characterized by uncertainty, innovation, and high 
technical demands.

Future research should explore longitudinal implementations of the 
proposed framework, incorporate comparative analyses with other teams or 
institutions, and examine the integration of quantitative performance metrics 
with advanced human factors assessment tools. Additionally, further studies 
could investigate the scalability of the methodology and its applicability to 
industry–academia collaborative projects.

In conclusion, the strategic integration of predictive and agile approaches 
within a hybrid, human-centered project management framework offers 
significant value for both project performance and engineering education, 
aligning closely with the objectives of creativity, innovation, and human 
factors emphasized by the AHFE community.
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