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This article examines the implementation of leadership and mentorship models within software quality management. 
Establishing a sustainable culture in software engineering demands not only technical rigor but also well-developed human-
centered managerial practices. Existing approaches in this field are often fragmented: leadership is frequently reduced to 
administrative oversight, while mentorship is treated as an auxiliary rather than a strategic practice. In the context of 
digitalization and the growth of distributed teams, such reduction becomes critical. This study aims to conceptualize a 
model in which leadership and mentorship function as complementary constructs in management, directly influencing 
software quality metrics. The analysis of the literature revealed methodological inconsistencies—some authors focus solely 
on behavioral aspects while overlooking metrics, whereas others formalize QA processes at the expense of the personal and 
team dimensions. This article presents a typology of the models examined in the QA context; the author’s contribution lies 
in a systemic interpretation of disparate studies and in justifying the need to integrate mentorship models into the strategic 
framework of leadership. The material will be valuable to project management researchers, QA department heads, quality-
process architects, and HR professionals focused on developing engineering competencies.
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IntroductIon
Modern software quality assurance practices are undergoing 
a profound shift in management paradigms, driven by both 
accelerated digitalization and the increasing complexity 
of software systems. Traditional methods for leading QA 
teams—anchored in linear hierarchies—have shown limited 
effectiveness in environments characterized by rapidly 
changing requirements, brief iterative cycles, and distributed 
project-team structures.

Both academia and industry grapple with a shared challenge: 
the absence of a cohesive leadership and mentorship model 
capable of fostering sustainable development of quality 
specialists’ competencies, synchronizing team processes, 
and cultivating an adaptive environment amid uncertainty.

This research seeks to identify, critically evaluate, and 
integrate prevailing models in the domain of software 
quality management. Special attention is devoted to their 
transformational potential, scalability, and compatibility with 
continuous integration and testing engineering practices.

MaterIals and Methods
In contemporary literature on this topic, several enduring 
streams emerge, each illuminating particular facets of 
organizational and methodological dynamics in quality 

assurance. On the basis of thematic proximity, three source 
groups are distinguished:

Research focused on leadership models and managerial • 
competencies;

Studies that analyze mentorship as an institutional or • 
individualized knowledge-transfer practice;

Publications examining the nuances of integrating • 
leadership and mentorship within Agile methodologies 
and the digital transformation of QA.

S. D. Mirkhan and colleagues [6] emphasize that delegation 
and distributed leadership in software development foster 
the emergence of self-regulating QA teams and reduce 
managerial inertia. In turn, A. Manzoor and B. Zhang [5] 
highlight a knowledge-oriented leadership model where 
expertise sharing serves as a “bridge” between management 
and innovative outcomes. G. Parker et al. [7] identify key 
managerial meta-skills—emotional resilience, rapid decision-
making, and communicative flexibility—that, despite their 
sector specificity, resonate strongly in software quality 
management, especially during crisis-driven iterations. H. 
Roodt and co-authors [8] further enrich this perspective by 
introducing the concept of digital leadership competence, 
underscoring its critical role in overseeing distributed QA 
teams.
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C. Bonaconsa et al. [2] argue that mentorship is undervalued 
as a strategic resource for competency development and 
call for its institutionalization at all organizational levels. 
L. Luo and H. Stoeger [4] similarly portray mentoring as 
a transformative mechanism for both professional and 
personal growth, particularly in interdisciplinary and 
project-based learning contexts. In an applied QA setting, V. 
Yurukov [10] reports on the implementation of a mentoring 
model within a large enterprise guided by Agile practices, 
demonstrating how an adaptive mentorship architecture 
lowers the onboarding threshold for new testers and 
enhances the reproducibility of quality standards.

A. Alami and O. Krancher [1] examine Scrum’s impact on 
transparency and collective accountability. C. Ebert [3] 
addresses the challenge of aligning QA activities with 
regulatory requirements (security and reliability)—a 
concern of paramount importance in highly regulated 
sectors, where leaders must ensure both team performance 
and product compliance. Complementing these studies, a 
reference article on defect density [9] records one of the key 
quality metrics that quantitatively links shifts in managerial 
approaches to actual QA outcomes.

The review of these materials reveals a fragmented 
conceptualization of leadership and mentorship in the 
QA context. Despite the diversity of approaches, research 
predominantly emphasizes either managerial practices or 
training initiatives; comprehensive models that describe 
leader-mentor interactions and their influence on QA-team 
evolution remain scarce. In particular, mechanisms for 
establishing mentorship relationships in distributed teams, 
leadership dynamics in multicultural environments, and 
quantitative validation of leadership-mentorship strategies 
in QA have been insufficiently explored.

For this study, the following methods were applied: 
comparative method, retrospective analysis, systematization, 
expert assessments, and synthesis.

results and dIscussIon
First, it is necessary to articulate the author’s understanding 
of the models under study, as formed on the basis of recent 
scholarly publications.

A leadership model in the field of software quality management 
is an integrated managerial construct that defines how to 
mobilize, coordinate and motivate a QA team in order to 
sustain a high level of product quality. It comprises a set of 
behavioral strategies and role configurations that enable 
the leader to guide and structure the testing process and to 
create an environment for the continuous development of an 
engineering culture of quality [1, 6, 7].

Regarding the definition of a mentorship model in this 
domain, it refers to a structured system of professional 
support aimed at transferring both technical and 
metacognitive competencies within the context of software 
quality assurance. It is implemented through contextual 

learning methods, knowledge sharing and the cultivation 
of reflective practices tailored to evolving development 
conditions, testing objectives and team members’ maturity 
levels [2, 10].

The analysis of leadership and mentorship models should 
be carried out using an interdisciplinary approach that 
combines elements of:

organizational theory;• 

cognitive psychology;• 

software engineering;• 

socio-technical research.• 

Historically, quality assurance management was dominated 
by a bureaucratic style—characterized by rigid hierarchies, 
formalized procedures and centralized control. However, 
the rise of DevOps practices and the adoption of agile 
methodologies have exposed the limitations of these 
traditional approaches. This has driven demand for 
new leadership configurations that possess several key 
characteristics (Fig. 1).

Figure 1. Characteristics of new leadership configurations 
(compiled by the author based on [1, 3, 5–8])

Thus, transformational leadership has proven particularly 
effective in environments where it is critical to motivate 
staff toward innovative thinking and active participation in 
quality improvement. A leader who acts not as a controller 
but as a “driver” of change fosters an intellectual ecosystem 
capable of self-regeneration rather than a mere disciplinary 
hierarchy.

Mentorship in the QA context has undergone profound 
transformation. Previously regarded as a means of 
transmitting technical skills from senior to junior colleagues, 
it is now a comprehensive support system comprising:
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cognitive accompaniment;• 

development of critical thinking;• 

adaptation to rapidly changing technology stacks.• 

It is appropriate to mention the following models associated 
with mentorship (Table 1):

Table 1. Characteristics of mentoring models in the field of 
software quality management (compiled by the author based 
on [2, 4, 10])

Variant Description
Paired Facilitates horizontal knowledge 

exchange, especially in distributed 
teams.

Contextual Involves real-time learning based on 
specific tasks, which is effective in CI/
CD environments.

Metacompetency-
oriented mentoring

Includes the development of soft 
skills (e.g., tolerance for uncertainty, 
guided procrastination, empathetic 
interaction).

Consider the following hypothetical example. A company 
implemented a contextual mentorship model in a team of ten 
QA engineers. Measurements were taken over two sprints 
(before and after the launch of the mentoring initiative). 
Defect density is calculated using the formula [9]:

                        

Before the mentorship model was introduced:

Total number of detected defects – 132• 

Code volume – 40 thousand lines• 

Defect density = 132 / 40 = 3.3 defects per 1,000 lines of code

After the mentoring program was implemented:

Total number of detected defects – 88• 

Code volume – 42 thousand lines• 

Defect density = 88 / 42 ≈ 2.1 defects per 1,000 lines of code

After the introduction of mentorship, the measured value 
decreased by:

Δ = 3.3 – 2.1 = 1.2 defects per 1,000 lines of code

Or

(1.2 / 3.3) × 100% ≈ 36.4% reduction

Although this calculation is illustrative and does not account 
for all factors (defect types, task complexity, team maturity, 
etc.), it demonstrates the potential of mentoring models both 
as a tool for cognitive support and as a direct influence on 
quality metrics.

It is important to emphasize that leadership and mentorship 
models should not be regarded as separate elements. Their 

effectiveness increases substantially when integrated. In 
particular:

A leader–mentor cultivates a feedback culture in which • 
errors are viewed not as failures but as stimuli for 
learning;

Decentralized mentoring structures embedded within • 
Agile – Scrum teams help not only to accelerate the 
onboarding process (adapting new employees or users 
to a new environment) but also to reduce the likelihood 
of critical defects by promptly disseminating best 
practices;

Dynamic redistribution of roles—where leadership • 
functions shift according to the current sprint or 
engineering task—increases QA engineers’ engagement 
and accountability.

Despite the clear advantages of these models, their 
implementation encounters a number of systemic barriers 
(Figure 2).

Figure 2. Systemic barriers to the integration of leadership 
and mentoring models in the field of software quality 

management (compiled by the author based on [1-3, 6]).

Resolving the problems outlined above requires both 
organizational maturity and the development of metapractices 
for assessing intangible assets (such as a team’s intellectual 
capital). Within the framework of this study, the following 
authorial recommendations are proposed:

Implementation of a hybrid mentoring model based • 
on behavioral auditing of QA processes. The novelty of 
this approach lies in integrating observational data on 
practitioners’ work nuances with mentoring scenarios 
tailored to individual development trajectories;

Code volume (thousand lines of code)

Total number of detected defects
Defect density = 
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Development of an adaptive leadership matrix for QA • 
teams, which takes into account project phase, team 
maturity, and software-product type. This will help avoid 
rote application of leadership strategies and enhance 
managerial precision;

Creation of a digital archive of mentoring case studies, • 
structured by error type, intervention, etc. This resource 
is intended to serve as a metaplatform for internal 
training and the elimination of recurring defects;

Institutionalization of the QA evangelist role—a specialist • 
combining leadership, mentoring, and communication 
competencies, capable of scaling a culture of quality 
both within the team and across the organization.

An additional tool for the quantitative assessment of 
mentoring and leadership practices is the proprietary 
Grading Metric, developed and piloted at CareMetx. This 
metric leverages data extracted from Jira — including 
velocity, number of reopened bugs, individual contribution 
patterns, story grooming precision, and participation in pull 
request reviews — to build a flexible model for evaluating the 
maturity and performance of QA teams. Unlike conventional 
KPIs, the Grading Metric accounts for the specific context 
of each team, its stage of development, project type, and 
engagement in cross-functional initiatives.

In particular, the metric is applied for:

assessing team progress before and after the • 
implementation of mentoring initiatives;

sprint review processes to identify growth • 
opportunities;

generating individual development recommendations • 
(growth plans);

serving as an input for designing internal training • 
programs (Figure 3).

Figure 3. Grading Metric Scheme (compiled by the author).

At the time of writing, the methodology had been piloted 
across 15 independent teams, each consisting of 4 to 8 
engineers, and demonstrated a stable correlation between 
high metric scores and both a reduction in the number 
of reopened defects and an increase in engagement with 
QA practices beyond core project responsibilities (such as 
preparing bug databases and test documentation for other 
teams).

conclusIons

The challenges of leadership and mentorship in software 
quality management extend beyond traditional management, 
calling for a comprehensive reevaluation of underlying 
methodologies.

The hybridization of approaches and the synthesis of 
behavioral strategies, combined with the cultivation of role 
flexibility within team structures, pave the way for building 
resilient, self-adjusting quality assurance systems.

The author’s recommendations presented in this article 
provide a foundation for next-generation management 
practices capable of overcoming the cognitive and 
organizational barriers of the digital era.

The article presents the implementation of the Grading 
Metric — an adaptive evaluation system for QA team 
performance based on behavioral and process data from 
Jira. Unlike static KPIs, this metric enables managers and 
mentors to dynamically monitor team synergy, fine-tune 
mentoring interventions, and assess the return on leadership 
initiatives. The methodology can be applied both within 
Agile transformations and in mature Waterfall processes 
incorporating DevOps elements.

Future investigations should focus on empirically validating 
the relationship between specific leadership-mentorship 
models and the evolution of key quality metrics in distributed 
software development teams.

references

Alami A., Krancher O. How Scrum adds value to achieving 1. 
software Quality? // Empirical Software Engineering. – 
2022. – No. 27(7).

Bonaconsa C., Nampoothiri V., Mbamalu O., et al. 2. 
Mentorship as an overlooked dimension of research 
capacity strengthening: How to embed value-driven 
practices in global Health // BMJ Global Health. – 2024. 
– No. 9(1).

Ebert C. Standards zu Security, Safety und UNECE 3. 
effizient umsetzen // ATZelektronik. – 2020. – No. 15(9). 
– Pp. 42-47.

Luo L., Stoeger H. Unlocking the transformative power 4. 
of mentoring for youth development in communities, 
schools, and talent Domains // Journal of Community 
Psychology. – 2023. – No. 51(8). – Pp. 3067-3082.



Page | 5Universal Library of Engineering Technology

Frameworks for Guidance and Coaching in Software Quality Assurance

Manzoor A., Zhang B. Revising the links of Knowledge-5. 
oriented leadership on innovation in higher education 
institutions: The mediating role of knowledge Sharing // 
Journal of Data, Information and Management. – 2024. – 
No. 6(2). – Pp. 149-160.

Mirkhan S.D., Omer S.K., Ali H.M., et al. Effective 6. 
Delegation and Leadership in Software Management 
// URL: https://arxiv.org/abs/2405.01612v1 (date of 
request: 05/23/2025).

Parker G., Smith T., Shea C., et al. Key Healthcare 7. 
Leadership Competencies: Perspectives from Current 
Healthcare Leaders // Healthcare Quarterly. – 2022. – 
No. 25(1). – Pp. 49-56.

Roodt H., Bracht E.M., Van Dick R., et al. Navigating 8. 
Through the Digital Workplace: Measuring Leader Digital 
Competence // Journal of Business and Psychology. – 
2024. – No. 40(1). – Pp. 179-205.

Software Testing – Defect Density // URL: https://www.9. 
geeksforgeeks.org/software-testing-defect-density/ 
(date of request: 05/18/2025).

Yurukov V. Agile Software Development Assisted 10. 
Implementation of a Mentoring Solution in a Large 
Enterprise // Natural Science and Advanced Technology 
Education. – 2023. – No. 32(3-4). – Pp. 201-212.

Copyright: © 2025 The Author(s). This is an open access article distributed under the Creative Commons Attribution License, 
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.


