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Abstract: This research article presents an exhaustive investigation into the shifting paradigms of software 

engineering, focusing specifically on the transition from purely technical "hard" skills to a holistic competency 

model that prioritizes human-centric "soft" capabilities and agile values. In the contemporary landscape of 

software development, characterized by rapid deployment cycles, cloud-native architectures, and the rise of 

DevOps, the traditional definition of engineering excellence is being redefined. Through a systematic review 

of foundational and contemporary literature, this study explores how personality traits, psychological profiles, 

and interpersonal competencies directly influence project outcomes, requirements engineering, and team 

cohesion. The analysis delves into the evolution of the Software Engineering Body of Knowledge (SWEBOK) 

and the Software Engineering Competency Model (SWECOM), examining the widening gap between 

academic curricula and industry demands. Furthermore, the research investigates the role of leadership in 

engineering management and the impact of organizational structures-ranging from small startups to enterprise-

level monolithic systems-on competency requirements. The findings suggest that while technical proficiency 

remains a baseline requirement, the ultimate success of modern software initiatives is predicated on 

communicative agility, emotional intelligence, and the ability to navigate complex, collaborative 

environments. This article concludes with a theoretical framework for future educational models and industrial 

training programs aimed at bridging the identified competency gaps. 

 

Keywords: Agile Software Development, Software Engineering Competency, Soft Skills, Human Factors, 
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Introduction 

The field of software engineering has undergone a profound transformation since its inception, evolving from a niche 

mathematical and technical discipline into a complex socio-technical ecosystem. Historically, the primary focus of 

software development was the mastery of algorithmic efficiency, hardware constraints, and procedural logic. However, 

as systems have grown in complexity and scale, the industry has come to recognize that the most significant challenges 

in software production are often not technical, but human. The introduction of agile methodologies at the turn of the 

21st century marked a definitive shift in this perspective, emphasizing individuals and interactions over processes and 

tools (Abrahamsson, Salo, Ronkainen, and Warsta, 2002). This ideological pivot necessitated a re-evaluation of what 

constitutes a "competent" software engineer, moving beyond the binary of coding proficiency toward a multi-

dimensional understanding of professional capability. 

Despite the proliferation of agile frameworks and the subsequent rise of DevOps, which seeks to unify development and 

operations (Debois, 2011), many organizations continue to struggle with project failures, budget overruns, and 

misaligned requirements. These issues are frequently traced back to a fundamental disconnect between the human actors 

involved in the software lifecycle. Research has consistently shown that the success of software projects is deeply 

intertwined with the personalities and attitudes of the engineers (Feldt, Angelis, Torkar, and Samuelsson, 2010). If the 

psychological and interpersonal dimensions of development are ignored, even the most technically advanced teams can 

succumb to communication breakdowns and poor role alignment. 

The problem is further exacerbated by the rapid evolution of the technological landscape. The shift toward cloud-native 
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applications and the need for proactive monitoring through logging and tracing patterns have introduced new layers of 

technical demand (Albuquerque and Correia, 2024; Albuquerque and Correia, 2025). Simultaneously, the move to 

refactor enterprise monolithic systems into more modular, AI-augmented frameworks requires a unique blend of legacy 

knowledge and modern architectural intuition (Hebbar, 2023). These technical shifts do not exist in a vacuum; they 

require engineers who can manage high levels of ambiguity and collaborate across diverse functional silos. 

There exists a significant gap in both academic literature and industrial practice regarding the systematization of these 

human-centric competencies. While frameworks like SWEBOK provide a structured view of the technical knowledge 

areas (Bourque and Fairley, 2014), they often struggle to capture the nuance of "soft" skills such as empathy, conflict 

resolution, and leadership. Similarly, while universities strive to produce "employable" graduates, there remains a 

persistent "competence gap" where new entrants lack the business knowledge and interpersonal savvy required by the 

modern industry (Andrews and Higson, 2008; Colomo-Palacios, Casado-Lumbreras, Soto-Acosta, García-Peñalvo, and 

Tovar-Caro, 2013). 

This research aims to bridge this gap by synthesizing decades of research on software engineering competencies. By 

analyzing the intersection of agile values, personality research, and modern operational demands (such as DevOps and 

cloud-native monitoring), this article seeks to provide a comprehensive theoretical foundation for the next generation of 

software engineering. The objective is to move toward a model where human capabilities are not seen as "secondary" 

or "soft," but as the foundational infrastructure upon which all technical success is built (Acuña, Juristo, and Moreno, 

2006). 

Methodology 

The methodology employed in this research follows a rigorous systematic literature review (SLR) and qualitative content 

analysis approach. The goal was to aggregate and synthesize diverse findings from over twenty years of software 

engineering research to construct a unified narrative on competency evolution. The process was guided by the 

established principles for conducting systematic reviews in the software engineering domain (Kitchenham and Charters, 

2007). 

The initial phase involved the identification of core themes through a comprehensive search of academic databases, 

including Scopus, IEEE Xplore, and the ACM Digital Library. The search strategy focused on several key pillars: agile 

methodology impacts, human factors in software development, competency modeling, and the transition to modern 

operational paradigms like DevOps and cloud-native engineering. Foundational texts, such as the review of agile 

methods by Abrahamsson et al. (2002) and the longitudinal study of personality by Cruz, Fabio, and Fernando (2015), 

served as the anchor points for the historical context. 

Following the identification of the literature, a qualitative content analysis was conducted (Hsieh and Shannon, 2005). 

This involved coding the retrieved documents based on specific competency dimensions: technical (hard) skills, 

interpersonal (soft) skills, personality traits, and organizational/contextual knowledge. Special attention was paid to the 

descriptive studies of specific roles, such as the requirements analyst profile (Calazans et al., 2017) and the 

characteristics of great engineering managers (Kalliamvakou et al., 2019). 

The research also incorporated a comparative analysis of existing formal models. This included the evaluation of the 

IEEE Software Engineering Competency Model (SWECOM) and the Software Engineering Body of Knowledge 

(SWEBOK) against empirical findings from the industry (IEEE, 2014; Bourque and Fairley, 2014). This comparison 

allowed for the identification of areas where formal standards either align with or diverge from the practical realities of 

software startups and large-scale enterprise environments (Berg, Birkeland, Nguyen-Duc, Pappas, and Jaccheri, 2018). 

Finally, the study utilized a "snowballing" technique, where the references of key papers were examined to find 

additional relevant studies, ensuring that the theoretical elaboration was as exhaustive as possible (Fink, 2010). The 

synthesis phase focused on interpreting these findings through the lens of modern challenges, such as the need for AI-

augmented refactoring and proactive monitoring in cloud environments (Hebbar, 2023; Albuquerque, Relvas, Correia, 

and Brown, 2025). This holistic approach ensures that the resulting article is not merely a summary of past work, but a 

forward-looking analysis of the engineering profession's trajectory. 

Results 

The results of this extensive analysis reveal a clear and irreversible trend toward the "humanization" of software 

engineering. The data indicates that as software systems become more integrated into every aspect of human life, the 
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competencies required to build them must become equally multi-faceted. The findings are categorized into four primary 

domains: the evolution of agile and its cultural impact, the primacy of personality and soft skills, the shift in requirements 

engineering, and the challenges of modern operational complexity. 

The Agile Cultural Shift and Theoretical Grounding 

Agile software development is no longer a "new" approach but has become the industry standard. However, the results 

show that the implementation of agile is often superficial, focusing on ceremonies (like daily stand-ups) rather than 

values. The review of agile methods (Abrahamsson et al., 2002) underscores that the core of agile is the empowerment 

of the individual and the fostering of a collaborative team environment. Empirical studies conducted over the last decade 

(Dyba and Dingsoyr, 2008) confirm that agile teams outperform traditional "waterfall" teams not because of the tools 

they use, but because of the increased communication and rapid feedback loops inherent in the methodology. 

This has profound implications for competency. An engineer in an agile environment must possess more than just 

technical skill; they must have the ability to self-organize, the courage to be transparent about mistakes, and the 

flexibility to pivot as requirements change. The data suggests that "agile collaboration" is a skill that must be explicitly 

taught and practiced, rather than assumed (Kropp, Meier, and Perellano, 2016). 

Personality and the Software Engineer Profile 

One of the most significant findings of this research is the critical link between personality traits and software 

engineering performance. For decades, the industry operated under the "lone coder" myth-the idea that software 

development is a solitary, purely logical task. However, mapping studies spanning forty years of research (Cruz et al., 

2015) debunk this notion. Personality traits such as openness to experience, conscientiousness, and agreeableness are 

strong predictors of an engineer’s ability to function within a modern team. 

Furthermore, the data indicates that there is a strong correlation between an engineer's personality and their attitudes 

toward specific development practices (Feldt et al., 2010). For instance, engineers with high levels of conscientiousness 

are more likely to adhere to rigorous testing and documentation standards, while those with high openness are more 

likely to embrace innovative architectural patterns. This suggests that the process of "assigning people to roles" (Acuña 

and Juristo, 2004) should be a sophisticated psychological matching process rather than a simple assessment of technical 

CVs. 

The "Soft Skill" Gap in Industry and Education 

Despite the clear evidence that soft skills-communication, teamwork, empathy, and business acumen-are essential for 

project success (Ahmed, Capretz, Bouktif, and Campbell, 2013), there remains a significant "competence gap." The 

results show that graduates often enter the workforce with high levels of theoretical knowledge but lack the "soft" 

business knowledge required to navigate real-world organizational politics and client interactions (Andrews and Higson, 

2008). 

This gap is not just an entry-level problem. A multi-organizational study (Colomo-Palacios et al., 2013) found that even 

experienced software personnel often lack key competencies in areas such as emotional intelligence and conflict 

management. This finding is critical because, as engineers move into management roles, their success becomes almost 

entirely dependent on their "soft" capabilities. Great engineering managers are characterized by their ability to foster 

trust, provide mentorship, and shield their teams from organizational distractions (Kalliamvakou et al., 2019), yet these 

skills are rarely the focus of technical training programs. 

Requirements Engineering as a Human-Centric Discipline 

The study of requirements engineering (RE) further highlights the importance of human factors. The requirements 

analyst is the bridge between the technical team and the business stakeholders. Descriptive studies of analyst profiles in 

Brazil and Mexico (Calazans et al., 2017) show that the most successful analysts are those who possess high levels of 

communicative agility and the ability to empathize with the end-user. 

In RE, "soft competencies" like negotiation and active listening are as important as the ability to model a database 

(Holtkamp, Jokinen, and Pawlowski, 2015). If the requirements analyst cannot effectively extract the true needs of the 

customer-often through navigating ambiguous and conflicting statements-the subsequent technical work, no matter how 

perfect, will result in a product that fails to meet market needs. 
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The New Frontier: DevOps, Cloud-Native, and AI 

Finally, the results address the emerging challenges of the modern era. The "DevOps revolution" (Debois, 2011) has 

effectively collapsed the wall between development and operations, requiring engineers to understand the entire lifecycle 

of an application. This has led to the need for new patterns in cloud-native engineering, specifically around proactive 

monitoring, logging, and tracing (Albuquerque and Correia, 2024; Albuquerque et al., 2025). 

The technical complexity of modern systems-often involving the refactoring of monolithic legacy codebases into AI-

augmented microservices (Hebbar, 2023)-requires a higher level of cognitive flexibility. The findings suggest that the 

modern "competent" engineer must be a "T-shaped" professional: possessing deep expertise in one technical area but 

broad competency across many others, including the ability to collaborate with AI tools in the refactoring process. 

Discussion 

The synthesis of the findings presented in this article suggests that software engineering is currently facing a 

"competency crisis." As the technical landscape shifts toward increasingly complex, distributed, and intelligent systems, 

the human element-the ability to communicate, collaborate, and adapt-is becoming the primary bottleneck for 

organizational success. This discussion explores the theoretical implications of these findings, the counter-arguments to 

a human-centric focus, and the future trajectory of engineering education. 

The Theoretical Primacy of the Human Factor 

The research strongly supports the transition from a "process-centric" to a "human-centric" view of software 

development. For years, the industry sought the "silver bullet" of the perfect development process (Waterfall, Spiral, 

RUP, etc.). However, as Ghezzi and Mandrioli (2005) argued, the real challenge lies in the education and cultivation of 

the people who execute those processes. If the human actors lack the necessary soft skills and personality alignment, no 

amount of process optimization can save a project. 

The theoretical implication here is that we must move toward a formal model of "IT professional competence" that treats 

human capabilities with the same rigor as technical ones (Havelka and Mermout, 2009). This means that competency 

frameworks like SWECOM (IEEE, 2014) must be continuously updated to reflect the psychological and interpersonal 

realities of the modern workplace. We need a formal model for assessing individual competence that goes beyond a 

checklist of programming languages (Harzallah, Giuseppe, and Vemadat, 2002; Harzallah and Vernada, 2002). 

Navigating the Hard vs. Soft Dichotomy 

A common counter-argument in the software engineering community is that "soft skills are secondary" and that an 

engineer’s primary value lies in their ability to write clean, efficient code. While technical excellence is undoubtedly 

the "ticket to entry," the findings of this research suggest that technical skill in isolation is increasingly insufficient. In 

a cloud-native, DevOps environment, a "brilliant" coder who cannot communicate their architectural decisions to the 

operations team, or who refuses to engage in proactive monitoring (Albuquerque and Correia, 2024), becomes a liability 

rather than an asset. 

The real challenge is not choosing between hard and soft skills, but finding the "synergy" between them. For example, 

the ability to design an AI-augmented refactoring framework (Hebbar, 2023) is a hard technical skill. However, the 

ability to convince a skeptical management team to invest in such a refactoring effort is a soft skill. The two are 

inextricably linked. 

The Role of Education and Training 

The persistent "competence gap" identified in the results (Andrews and Higson, 2008; Colomo-Palacios et al., 2013) 

points to a fundamental failure in traditional computer science education. Most university programs are designed to 

teach students how to solve well-defined technical problems in isolation. However, the modern industry requires 

students who can solve ill-defined human problems in collaboration (Frezza et al., 2018). 

To address this, software engineering education must undergo a radical shift. Programs must move beyond the 

"classroom" model and into "high competency" experiential models (Kobata et al., 2013). This includes teaching agile 

values through large-scale team projects (Kropp et al., 2016) and integrating soft skills training-such as negotiation, 

ethics, and emotional intelligence-directly into the technical curriculum. We must also prepare students for the future of 
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services and applications, which will require a deep understanding of cloud-native patterns and AI-driven development 

(Casale et al., 2016). 

Leadership and Organizational Dynamics 

The discussion of competency must also include the role of management. As software engineering becomes more 

collaborative, the role of the manager shifts from "taskmaster" to "facilitator." The research by Kalliamvakou et al. 

(2019) highlights that great managers are those who understand the human needs of their engineers. This has significant 

implications for how we identify and train future leaders within engineering organizations. We must stop promoting the 

"best coder" to manager and start promoting those who possess the highest levels of interpersonal competency. 

In the context of software startups, these human factors are even more critical. Startups operate under extreme 

uncertainty and resource constraints (Berg et al., 2018). In such environments, the personality and "grit" of the 

engineering team are often the only things keeping the project afloat. The ability to pivot, to learn quickly, and to 

maintain high morale under pressure are the defining competencies of the startup engineer. 

Limitations and Future Scope 

This study, while comprehensive, is not without its limitations. The primary limitation is the inherent subjectivity 

involved in defining and measuring "soft skills" and "personality traits." Unlike technical skills, which can be measured 

through coding tests and certifications, interpersonal competencies are often context-dependent and difficult to quantify. 

Future research should focus on the development of more robust, objective metrics for measuring human-centric 

competencies. There is a need for longitudinal studies that track the impact of specific soft-skill interventions on long-

term project outcomes. Additionally, as AI tools become more integrated into the development process (Hebbar, 2023), 

we must investigate how the "human-AI" collaboration changes the competency requirements for engineers. Will the 

ability to "prompt" or "guide" an AI become a new form of technical-soft skill? 

Furthermore, the geographical scope of the research should be expanded. While some studies have looked at specific 

regions like Brazil and Mexico (Calazans et al., 2017), the majority of the literature is focused on Western contexts. A 

truly global understanding of software engineering competency must account for cultural differences in communication 

styles, hierarchy, and teamwork. 

Conclusion 

The evolution of software engineering from a purely technical discipline to a human-centric profession is the defining 

trend of the 21st century. This research has demonstrated that the success of modern software initiatives-whether they 

involve the deployment of cloud-native applications, the refactoring of enterprise monoliths, or the management of agile 

teams-is fundamentally dependent on the human capabilities of the engineers involved. 

The analysis confirms that personality traits, emotional intelligence, and communicative agility are not merely "nice-to-

have" additions to a technical resume; they are the critical infrastructure of engineering excellence. The "competence 

gap" that currently exists between academia and industry is a significant threat to the future of the field, and it can only 

be bridged through a radical reimagining of engineering education and professional development. 

As we move forward into an era of AI-augmented development and increasingly complex service architectures, the 

"human factor" will only become more important. The engineers who thrive will be those who can blend technical 

mastery with deep interpersonal wisdom. The challenge for organizations and educators alike is to foster an environment 

where these "soft" skills are valued, measured, and cultivated with the same rigor as the code itself. The future of 

software engineering is not just in the machines we build, but in the people who build them. 
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