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ABSTRACT
Software architecture plays a central role in sustaining quality
in systems developed using agile methodologies, particularly in
large-scale environments. However, the pressure for rapid deliver-
ies and the decentralization of decision-making can compromise
attention to quality attributes and exacerbate the accumulation of
architectural technical debt. This paper presents the results of an
exploratory empirical study involving 14 software architects from
a Brazilian financial institution. Using a case study approach with
structured interviews, the study investigated professionals’ per-
ceptions regarding the most relevant quality attributes during the
architectural design phase and the management of technical debt
after the product is released to production. The mixed-methods
analysis revealed that functional suitability, security, and reliability
are the most prioritized attributes during the design phase, while
efficiency and maintainability become more prominent in the post-
production phase. Qualitative responses indicated heterogeneous
practices, a lack of formalization process for managing technical
debt, and weaknesses in the application of architectural tactics. As
a contribution, the study offers empirical insights to support future
initiatives aimed at systematizing architectural decision-making in
agile environments, with attention to quality attributes and organi-
zational factors. This study also adheres to open science principles,
making all researchmaterials, anonymized data, and analysis scripts
publicly available to foster transparency, reproducibility, and reuse.
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1 Introduction
Since the publication of the Agile Manifesto, a significant transfor-
mation has taken place in how organizations develop software, em-
phasizing continuous value delivery and adaptability to change [9].
While agile methods foster greater flexibility and collaboration[24],
their focus on rapid delivery can, in some cases, undermine rig-
orous software engineering practices, particularly with regard to
software architecture planning, which often requires upfront strate-
gic thinking that may conflict with agile’s preference for minimal
initial design.

In agile contexts, approaches such as Design Thinking and Lean
Inception are commonly used to guide the design of digital products.

However, these approaches tend to emphasize business vision over
a systematic and intentional architectural process [2]. As a result,
traditional practices like Big Design Up Front (BDUF), character-
ized by extensive documentation and detailed specifications before
implementation, are often replaced by more flexible approaches
aligned with the notion of emergent design.

As a response to the lack of formal architectural planning in
agile environments, the concept of Minimum Viable Architecture
(MVA) has emerged. MVA advocates for a minimal architectural
foundation that supports essential product functionality during the
early stages of development. However, adopting MVA can lead to
the accumulation of architectural technical debt, especially when
quality attributes are overlooked, necessitating future architectural
refactoring [19].

To address these challenges, some authors [18] recommend
adopting intentional architecture. This approach involves making
proactive architectural decisions to guide system evolution while
maintaining alignment with strategic goals and quality attributes
from the outset. Strategies such as Architecture Haiku [33] and
Architectural Hoisting [21] have been proposed to incrementally
integrate quality attributes into the architecture as part of the agile
development cycle.

The role of software architecture in enabling quality attributes
such as security, modifiability, and usability is widely acknowl-
edged [8]. However, applying intentional architecture in large-scale
contexts, such as programs involving multiple agile teams, poses
additional challenges, including coordination among teams and
managing distributed architectural decisions [22, 28, 58].

Although the literature discusses the management of architec-
tural technical debt and strategies for incorporating quality at-
tributes, these practices remain infrequently applied in the industry.
Bridging this gap requires empirical investigations involving soft-
ware architects working in Large-Scale Agile Development (LSAD)
settings to explore their perceptions, current practices, and the
factors influencing quality attribute prioritization and architectural
debt management.

This study, therefore, seeks to investigate software architects’
perceptions of the most critical quality attributes during the early
design phase of products developed in LSAD contexts. It also aims to
identify which attributes are considered essential for managing ar-
chitectural technical debt after the product is released to production.
Findings from this study can contribute to improving architectural
decision-making in LSAD settings by providing empirical insights
into how quality is prioritized in practice.

https://orcid.org/0000-0003-0470-5350
https://orcid.org/0000-0003-0470-5350
https://orcid.org/0000-0002-0929-1874
https://orcid.org/0000-0001-9430-7713


SBCARS’25, September 22–26, 2025, Recife, PE Silveira Neto, et al.

2 Theoretical Background
2.1 Software Quality
Software quality is a core concern in software engineering, as
it directly affects user satisfaction, maintainability, and the long-
term sustainability of software solutions. According to ISO/IEC
25010:2023, quality refers to the "totality of characteristics of a soft-
ware product that confer its ability to satisfy stated and implied
needs" [30]. While stated needs are documented as requirements,
implied needs are often essential for delivering a satisfactory user
experience.

In software architecture, these characteristics influence struc-
tural decisions and critical system attributes. In [8] highlight that
architecture directly impacts quality attributes such as availability,
modifiability, and usability, which can be supported through archi-
tectural tactics like redundancy, partitioning, and load balancing.

Authors such as [44] and Richards and Ford [25] emphasize that
in modern architectures, especially those based on microservices
and distributed systems, attributes such as observability, moni-
toring, and operational efficiency become increasingly important.
These attributes allow developers to track system behavior in pro-
duction, enabling rapid failure recovery and continuous improve-
ment.

Applying these quality attributes effectively throughout the soft-
ware lifecycle ensures that systems not only meet functional re-
quirements but also maintain performance, security, and reliability
over time. This is particularly relevant in large-scale agile projects,
where pressure for rapid delivery may compromise long-term ar-
chitectural quality and increase the risk of accumulating technical
debt.

2.2 Software Architecture, Intentional
Architecture, Architectural Tactics, ADD,
and Large-Scale Agile Development

Software Architecture (SA) defines the high-level structure of com-
plex systems, bridging the gap between requirements and imple-
mentation [1]. It plays a key role in addressing cross-cutting con-
cerns such as scalability, robustness, and security [26, 34]. In ag-
ile environments, the traditional Big Design Up Front (BDUF) ap-
proach [16] has been largely replaced by emergent design and iter-
ative architectural refactoring (ARf), as highlighted by empirical
studies [4, 62].

Integrating quality attributes early in the project lifecycle is crit-
ical for mitigating the accumulation of technical debt (TD) [12]. In
large-scale environments, the absence of intentional architecture
can jeopardize attributes such as security, performance, and main-
tainability. The intentional architecture (IA) approach addresses this
by promoting deliberate architectural decisions that remain aligned
with business goals and quality attributes from the outset [27].

To operationalize these decisions, architectural tactics provide
concrete design strategies to address specific quality attributes [6, 8].
Examples include load balancing, component isolation, and data
replication, which contribute to enhancing system reliability, perfor-
mance, and maintainability. Complementarily, the Attribute-Driven
Design (ADD) method [60, 61] supports architectural modeling by

prioritizing quality attributes and iteratively guiding design deci-
sions based on domain knowledge and system constraints.

The Agile Manifesto encourages emergent architecture driven
by self-organizing teams [9], but this approach may fall short in
complex, large-scale environments [49]. Large-Scale Agile Devel-
opment (LSAD) refers to the application of agile methods within
large, structured organizations [17, 58], where architectural gover-
nance, coordination among teams, and scaling practices are critical
success factors. Recent research highlights the unique challenges
LSAD faces in domains such as finance, where architectural prac-
tices must balance agility with stringent regulatory and operational
requirements [29, 46].

In this study, these concepts form the theoretical foundation
for examining how quality attributes are prioritized and how ar-
chitectural technical debt is managed in large-scale agile financial
environments.

2.3 Architectural Technical Debt
Technical debt arises when best practices are compromised, often
due to short-term priorities [14]. Architectural technical debt (ATD),
in particular, compromises long-term system qualities and is fre-
quently associated with deadline pressure [35]. Studies show that
ATD leads to high maintenance costs and system rewrites [20, 37,
40]. Several models have been proposed for identifying, measuring,
and prioritizing ATD [11, 15]. One such model, PriorTD [15], sup-
ports informed decision-making based on the architectural impact
of technical debt.

In agile contexts, constant delivery pressure and limited architec-
tural awareness exacerbate the accumulation of technical debt [52].
Architectural refactoring is often required to recover key attributes
such as security and reliability [30]. Failure to address ATD under-
mines scalability and system sustainability1.

Moreover, while Continuous Software Engineering (CSE) prac-
tices, such as Continuous Integration (CI), Continuous Delivery
(CD), and DevOps are broadly adopted, architectural technical debt
remains underrepresented in these practices. In [13] found that
most studies do not comprehensively address ATD across the full
CSE lifecycle.

Recently, [3] proposed a manifesto that reframes ATD as a so-
ciotechnical and strategic concern. The manifesto calls for traceable
decisions, transparency, and alignment with business goals, while
critiquing current tools and advocating for stronger integration
between research, practice, and governance.

3 Related Work
Several studies address quality attributes in software architecture
from different perspectives. Lichtenthaler [36]2 proposed a model
focused on cloud applications, synthesizing characteristics extracted
from books and scientific literature, and validating it with 42 pro-
fessionals. Although the results generally support the model, they
also highlight areas for improvement, leading to an updated version
grounded in empirical and theoretical evidence.

1https://martinfowler.com/articles/bottlenecks-of-scaleups/01-tech-debt.html
2Available at: https://github.com/r0light/cna-quality-model
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Study [39], also discussed by [41], analyzed reference architec-
tures and cloud service components, identifying five recurring qual-
ity attributes: reliability, scalability, performance, availability, and
security, the latter being strongly associated with various architec-
tural tactics.

In [42], scalability is treated as a key concern for microservices-
based architectures. The authors identified nine architectural frame-
works that address scalability from different perspectives, along
with five reusable design decisions that help achieve it. The system-
atic review [47] reported 44 academic and 80 industrial architectural
patterns, many of which are related to DevOps and IoT. The most
commonly cited quality attributes in these studies were scalability,
flexibility, testability, performance, and elasticity.

Energy efficiency is emphasized in [50, 51] as an emerging con-
cern in the ICT domain. These studies advocate for its inclusion in
software quality models. In a survey involving 16 professionals, [48]
found that maintainability and performance were the most valued
attributes, while portability was the least mentioned. Notably, none
of the participants reported using modeling techniques to assess
quality early in the project lifecycle, instead relying on commercial
tools during implementation.

According to [41], there is a lack of empirical evidence on the
use of architectural tactics in industry. Although security is the
most frequently addressed attribute, 75% of the reviewed studies
do not clearly indicate the sources or techniques used to identify
the tactics. Furthermore, many of the reported tactics diverge from
the original definitions presented in [8], pointing to a need for
formalization. This reinforces the urgency of conducting further
empirical research on architectural tactics in industrial contexts.

In [56] performed a mapping study on continuous architecture
evaluation within the context of Continuous Software Engineering
(CSE), including scenario-based approaches, metrics, simulations,
and modeling techniques. Despite the methodological diversity,
such approaches are rarely adopted in practice, especially in agile
environments, contributing to the lack of systematic mechanisms
for evaluating architectural quality.

In [38], operational and development-related quality attributes
were analyzed in internet banking architectures using the SAAM
method. The study demonstrated the method’s effectiveness in
quality assessment through measurable metrics.

The survey conducted in [31] examined the influence of quality
requirements on architectural decisions. It revealed several gaps,
including insufficient documentation of patterns, weak quality man-
agement practices, and limited alignment between development
methods and quality attributes. The authors also emphasized the in-
herently subjective and qualitative nature of the concept of software
quality.

In [5], the authors criticized methods such as ATAM for requiring
co-location of stakeholders, which can be costly and impractical in
distributed development contexts. As an alternative, they proposed
a groupware-based approach that enables distributed architectural
evaluations—both synchronous and asynchronous—better suited
for agile and dispersed teams.

In summary, the literature has broadened the understanding of
software quality attributes and architectural tactics, particularly in
cloud and microservices contexts. However, notable gaps remain
in the systematization of tactics used in industry, as well as in

the integration of architecture with domains such as DevOps, IoT,
and energy sustainability. Furthermore, attributes such as portabil-
ity and energy efficiency remain underexplored. In response, the
present study adopts ISO/IEC 25010:2023 [30] as a conceptual foun-
dation, prioritizing standardized quality characteristics to support
sustainable architectural practices in agile and scalable environ-
ments.

4 Research Method
This study adopts a study case [63] as its methodological approach,
which is appropriate for understanding perceptions within real-
world agile development contexts, as highlighted by [59].

The development of the data collection instrument was guided
by the Goal–Question–Metric (GQM) model, proposed by [7], a
widely adopted framework in software engineering for structuring
goal-oriented measurements. The GQM model consists of three
main components: Goal – what one aims to understand or improve;
Question – specific questions that translate the goal into observable
terms; and Metric – indicators used to evaluate responses to those
questions.

In this study, the defined goal was: “Identify the most relevant
software quality characteristics for software architecture in order
to understand their importance from the perspective of software
architects working on agile projects, both during the initial design
phase and in themanagement of architectural technical debt”. Based
on this goal, a structured interview was developed.

To analyze the open-ended responses, we employed the Qual-
itative Analysis methodology proposed by [54], which aims to
extract categories and emerging patterns through an iterative cod-
ing process. The analysis was conducted in two cycles: First cycle –
applying open, descriptive, and provisional coding based on prior
concepts and emergent categories; Second cycle – grouping and ab-
stracting codes into higher-level explanatory categories to identify
recurring patterns in reported practices.

This combination of GQM and qualitative coding (inspired by
Grounded Theory) enabled the integration of quantitative and qual-
itative data analyses, providing a comprehensive and in-depth un-
derstanding of architects’ practices and perceptions regarding ar-
chitectural quality and technical debt in agile contexts.

4.1 Research Context
The software architects who participated in this study work di-
rectly within agile teams at a financial institution comprising 32
development teams, 16 of which follow agile methodologies and
are structured according to the Spotify Model. Each agile team
(squad) typically consists of around eight members, including a
Product Owner (PO), Team Leader (TL)3., a Software Architect, and
members of the DevTeam4.

In this context, the software architect plays a strategic role in
defining solution design, orchestrating interactions with infras-
tructure, and ensuring operational excellence through monitoring,
observability, and cost optimization practices. These responsibil-
ities are amplified by the adoption of a hybrid and multi-cloud

3Role like Scrum Master ou Agile Coach
4Squads usually include backend, frontend, and mobile developers, as well as quality
assurance analysts (testers).
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infrastructure, supported by microservices and event-driven archi-
tecture. Architects are also co-responsible for assessing scalability
and managing infrastructure costs, given the intensive use of cloud
computing.

Each architect works with one or more agile teams and actively
participates in agile ceremonies and refinement sessions alongside
the PO and the team. During these sessions, new features and bug
fixes are discussed, prioritized by the PO and Product Manager, and
broken down into user stories, epics, or features. This process is
aligned with the Zipper Model described by [10], which empha-
sizes integrating architectural decisions into strategic planning and
continuous delivery cycles.

Strategic initiatives are prioritized through the use of Objec-
tives and Key Results (OKRs)5 during quarterly planning meetings
known as Quarterly Business Reviews (QBR)6. Within this planning
cycle, architects are also responsible for identifying architectural
technical debt and collaborating with a software engineering com-
mittee to evolve the intentional architecture.

As discussed by [45], the architects in this study operate across
three interconnected domains: (i) system architecture, (ii) organi-
zational development structure, and (iii) production infrastructure.
This multifaceted role highlights the need for the continuous in-
volvement of architects in decision-making processes that affect
technical sustainability, strategic alignment, and architectural evo-
lution in agile environments.

One of the researchers was employed as a software architect at
the institution during the time of the study and received formal
authorization from the organization to conduct the research. How-
ever, despite being an employee, this researcher did not participate
as a respondent in the study and had no influence on the answers
provided by the participants.

4.2 Research Planning and Execution
The study was conducted using a structured interview with 14
software architects working at a Brazilian financial institution. The
support instrument included eight questions (Q1–Q8), combining
closed and open-ended questions to capture both quantitative data
and qualitative perceptions: (Q1) How many months of experience
do you have in software/solution architecture? (Q2) How long
have you worked for this company (in months)? (Q3) How long
have you worked with agile methodologies (in months)? (Q4) How
do you perceive the importance of quality attributes in software
architecture? (Q5) Describe how quality attributes are addressed
during architectural design. (Q6) Which quality attribute do you
consider most important for managing architectural technical debt?
(Q7) Describe how architectural technical debt is managed. (Q8)
Describe how architecture evaluations are performed.

As a preparatory activity for the interview, participants were
provided with an introduction about quality attribute definitions
of the ISO/IEC 25010:2023 [30], ensuring a shared conceptual un-
derstanding.

5OKRs were popularized by Andrew Grove at Intel and are described in the book
High Output Management. See: https://rework.withgoogle.com/guides/set-goals-with-
okrs/steps/introduction/.
6QBRs are periodic meetings with stakeholders to assess the business value and
outcomes of products or services.

Prior to the main data collection, a pilot study was conducted
with two software architects from the same company participating
in the research. The pilot was carried out remotely over a four-week
period in the first semester of 2024, using an asynchronous online
form. Its purpose was to validate the clarity, terminology, and se-
quence of the structured interview questions, as well as to estimate
the average completion time. Based on the feedback received, mi-
nor adjustments were made to the wording of certain questions
and the inclusion of illustrative examples to ensure a consistent
understanding of the ISO/IEC 25010:2023 quality attributes. The
results obtained in the pilot study were used exclusively to refine
the data collection instrument and were not included in the final
analysis. For the main study, the researcher conducted a virtual
meeting with all 14 participating software architects to present
and explain the structured interview form, clarify definitions, and
ensure consistent interpretation of the questions. After this ses-
sion, the participants completed the form remotely through an
asynchronous online submission.

Only professionals who signed an Informed Consent Form par-
ticipated. In compliance with Brazil’s General Data Protection
Law (LGPD), no sensitive personal data were collected, exempting
the study from formal ethics committee approval. Nevertheless,
anonymity and the academic use of information were strictly main-
tained.

4.3 Results Analysis
A mixed-methods approach was adopted to analyze the responses,
combining quantitative and qualitative techniques.

Quantitative Analysis: Responses to Q1–Q3 were analyzed
using descriptive statistics (mean, minimum, and maximum values)
to characterize the participants’ profiles. For Q4, the Analytic Hier-
archy Process (AHP) [53] method was used to rank and prioritize
the importance of the quality attributes. Q6 was examined using a
weighted scoring model.

Qualitative Analysis: Open-ended responses to Q5, Q7, and
Q8 were analyzed following the coding methodology described
by [55], structured in two cycles. In the first cycle, open, descriptive,
and provisional coding techniques were employed. Open coding
helped deconstruct the text into smaller analytical units, while
provisional codes were guided by a predefined list derived from
literature, the researchers’ prior experience, and insights from the
pilot study. According to [55], this step aims to capture the essence
of participants’ statements through representative labels.

In the second cycle, pattern coding was applied to group and
abstract first-cycle codes into broader explanatory categories. This
step followed Grounded Theory principles to reveal recurring pat-
terns in the participants’ architectural practices and perceptions
of quality and technical debt management. The use of Computer-
Assisted Qualitative Data Analysis Software (CAQDAS) tools7 fa-
cilitated the systematic organization, segmentation, and analysis of
the qualitative data.

This combined approach allowed the study to capture general
trends (via quantitative analysis) and nuanced interpretations (via
qualitative analysis), providing a rich and comprehensive view of

7Computer-Assisted Qualitative Data Analysis Software (e.g., NVivo, Atlas.ti) supports
coding, analysis, and interpretation of textual data.

https://rework.withgoogle.com/guides/set-goals-with-okrs/steps/introduction/
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the role of quality attributes in software architecture within large-
scale agile environments.

5 Results
The main findings of the study are presented below.

5.1 Respondents’ Experience Profile (Q1-Q3)
This subsection presents an overview of the participants’ profes-
sional experience, including their tenure in software architecture
roles, duration of employment at the organization, and background
with agile methodologies. The aim is to contextualize the respon-
dents’ perspectives by mapping their expertise and familiarity with
the organizational and methodological environments in which they
operate. The analysis of questions Q1, Q2, and Q3 was conducted
using IBM SPSS8 and a Python script, both of which are available
in Section 8. Table 1 presents descriptive statistics (in years) for
each of the three dimensions assessed.

Table 1: Summary of respondent experience

Question Mean Min Max Median

Q1 – Experience with Architecture 4.00 0.08 13.83 2.38
Q2 – Time at Current Company 2.73 0.33 12.00 1.92
Q3 – Experience with Agile 6.33 2.50 13.00 5.75

The results show that participants have, on average, 4 years
of experience in software architecture, with values ranging from
less than one year to over 13 years. The median value (2.38 years)
indicates a moderately experienced group. Regarding tenure at
the current company (Q2), the average is 2.73 years, reflecting a
relatively high turnover rate typical in agile environments. As for
agile experience (Q3), respondents report an average of over 6 years,
suggesting strong familiarity with agile practices and frameworks.

5.2 Perceived Importance of Quality Attributes
(Q4)

Table 2 and Figure 1 present the AHP-based ranking of software
quality attributes according to respondents’ perceptions within ag-
ile development contexts. This analysis applies the AHP to quantify
and prioritize the relative importance of quality characteristics,
transforming subjective judgments into an objective and compara-
ble ranking.

The attribute Security emerged as the most valued, receiving the
highest AHP weight (13.89%), which reflects a strong concern with
preserving system integrity andmitigating risks such as operational
failures, data breaches, and cyberattacks.

Next, both Functional Suitability andReliability shared equal
weights (13.10%), indicating a balanced emphasis on ensuring that
the system fulfills its intended functionalities and operates consis-
tently over time.

Attributes such asMaintainability, Performance Efficiency,
and Safety also received notable weights (around 12%), reinforcing
the relevance of operational effectiveness and long-term evolvabil-
ity in agile environments.

8Available at: https://www.ibm.com/br-pt/analytics/spss-statistics-software

Conversely, Flexibility received the lowest weight (5.16%), which
may indicate a lower perceived importance compared to attributes
directly associated with security and robustness. This result could
be related to the inherent adaptability of agile practices, which
may compensate for architectural inflexibility through iterative
development and continuous feedback.

Table 2: Q4 – AHP Ranking of Software Quality Attributes

Attribute AHPWeight Total Score

Security 0.1389 140
Functional Suitability 0.1310 132
Reliability 0.1310 132
Maintainability 0.1210 122
Performance Efficiency 0.1210 122
Safety 0.1210 122
Interaction Capability 0.1071 108
Compatibility 0.0774 78
Flexibility 0.0516 52

5.3 Addressing Quality Attributes During
Architectural Design (Q5)

The responses to question Q5 were analyzed qualitatively using
Atlas.ti software9, following the coding methodology proposed
by [55]. The analysis revealed significant heterogeneity in the ap-
proaches adopted by software architects for addressing quality
characteristics during the architectural design phase. The results
were grouped into five distinct patterns, as shown in Table 3. Inter-
viewees are anonymized and identified as RESP1, RESP2, ..., RESP14
throughout the text.

These patterns range from decision-making based solely on per-
sonal experience, with no methodological foundation, to the sys-
tematic application of mature architectural practices. This diversity
underscores the importance of having structured evaluation models
that can guide architectural decisions from the early stages of the
software development lifecycle, particularly in agile contexts.

5.4 Key Quality Attributes for Managing
Architectural Technical Debt (Q6)

The objective of Q6 was to identify which quality characteristics
from the ISO/IEC 25010:2023 standard are perceived by profession-
als as most relevant for the management of architectural technical
debt (ATD). ATD refers to the accumulation of design decisions
that, while expedient in the short term, compromise the system’s
maintainability, performance, security, and evolvability over time.
Understanding which characteristics are perceived to most directly
influence this form of debt is essential to support effective monitor-
ing and mitigation strategies.

Respondents were asked to rank the quality characteristics in
order of importance for architectural technical debt management.
Each characteristic received a rank from 1 (most important) to 9
(least important).

To synthesize the data, a weighted scoring method was applied:
each ranking position was assigned a score inversely proportional
9https://atlasti.com

https://www.ibm.com/br-pt/analytics/spss-statistics-software
https://atlasti.com


SBCARS’25, September 22–26, 2025, Recife, PE Silveira Neto, et al.

Figure 1: Q4 – Distribution of AHPWeights for Quality Attributes

Table 3: Q5 – Patterns in the Treatment of Quality Characteristics and Corresponding Respondents

Pattern Description Respondents
Empirical / Subjective Decisions are made based on individual experience, without formal guidelines, explicit criteria, or

established processes.
RESP14, RESP3,
RESP4

Reactive / Post-Failure Quality attributes are only addressed after the occurrence of failures, production incidents, or
external pressure.

RESP10, RESP14,
RESP3, RESP2

Initial Functionalism Primary focus is on delivering minimum viable functionalities (MVP), with the treatment of other
quality attributes deferred.

RESP14, RESP5,
RESP6, RESP8, RESP2

Pragmatic / Minimal Engi-
neering

Basic practices are adopted (e.g., unit testing, containerization, exception handling), but without
systematic processes or formal architectural definitions.

RESP12, RESP6,
RESP9

Structured / Systematic Consistent use of architectural best practices such as design patterns (e.g., DDD), test automation,
and validation through metrics and tools.

RESP11, RESP13,
RESP5, RESP7, RESP9,
RESP1

to its position (e.g., priority 1 = 9 points, priority 2 = 8 points, ...,
priority 9 = 1 point). This approach captures both the frequency
and intensity of perceived importance.

Figure 2 presents a heatmap visualizing the weighted scores as-
signed by each respondent. Darker shades represent characteristics
more frequently considered high-priority in the context of architec-
tural technical debt. Table 4 presents the consolidated total scores,
ranking the quality characteristics in terms of their perceived rele-
vance to managing architectural technical debt.

Table 4: Q6 – Weighted Ranking of Quality Characteristics

Characteristic Total Score Rank

Functional Suitability 96 1
Performance Efficiency 89 2
Maintainability 82 3
Reliability 73 4
Security 69 5
Safety 66 6
Interaction Capability 62 7
Compatibility 49 8
Flexibility 45 9

The results indicate that Functional Suitability was rated the
most important characteristic, with a total of 96 points. This sug-
gests that, in the respondents’ view, architectural debt directly
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Figure 2: Q6 – Heatmap of Weighted Scores by Respondent

threatens the system’s ability to fulfill its functional requirements
over time, highlighting functional misalignment as a critical conse-
quence of architectural decay.

Ranked second,Performance Efficiency accumulated 89 points,
reflecting concerns that performance degradation is often a visible
symptom of technical debt, especially in legacy or poorly optimized
architectures.

Maintainability ranked third with 82 points, reaffirming its
conventional link to technical debt. Maintainability reflects the
effort required to modify and evolve a system and is one of the
most impacted dimensions as debt accumulates.

Reliability, Security, and Safety followed in intermediate posi-
tions, suggesting these non-functional requirements are perceived
as susceptible to architectural degradation, though to a lesser extent.

Conversely,Compatibility and Flexibility received lower rank-
ings, possibly indicating that respondents associate these charac-
teristics more with integration and technology strategy than with
direct manifestations of architectural technical debt.

In summary, the Q6 findings highlight that professionals perceive
architectural technical debt as primarily threatening functionality,
performance, and maintainability. These perceptions can inform
architectural monitoring strategies by emphasizing the quality char-
acteristics that require closer observation to prevent or mitigate
the accumulation of architectural debt throughout the software
lifecycle.

5.5 Strategies for Managing Architectural
Technical Debt (Q7)

This question aimed to explore the practices and routines adopted
by teams to manage ATD, as perceived by the study participants.
The responses underwent qualitative analysis through open coding,
resulting in a set of emergent categories that represent the identified
management approaches, as shown in Table 5.

The responses reveal a diverse set of practices for managing
architectural technical debt, with a predominance of informal and
reactive strategies. One of themost frequentlymentioned categories
is business-based prioritization, in which ATD is handled only when
it impacts critical functionality or delays high-priority deliverables
(RESP2, RESP4, RESP9, RESP10). In many cases, this prioritization
emerges from alignment with technical leadership and POs (RESP1,
RESP3, RESP13), often in the absence of objective criteria and based
instead on subjective assessments of urgency or business value.

Other responses indicate the practice of incorporating ATD into
the backlog, allowing debt to be addressed during regular sprint
planning and execution (RESP6, RESP7, RESP14). A subset of par-
ticipants described more systematic approaches based on mapping
the criticality and impact of technical debt items (RESP5, RESP11),
suggesting analytical awareness and structured decision-making.

Conversely, ATD was also described as invisible or neglected
(RESP6, RESP8, RESP12), often being deprioritized or overlooked
until it becomes a blocker. In such cases, remediation tends to
occur only through top-down mandates or specialized task forces
(RESP12, RESP14).
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This variety of strategies points to the absence of a unified or
standardized policy for managing architectural technical debt. In-
stead, the findings reveal a spectrum of practices ranging from
opportunistic to more deliberate and structured approaches. These
results underscore the need for transparent, objective, and value-
driven mechanisms to manage ATD effectively in complex and
dynamic organizational settings.

These findings further support the results of Q6, which identified
maintainability, performance, and functional suitability as
key quality attributes impacted by architectural technical debt. How
teams handle this debt has a direct impact on these attributes, un-
derscoring the need for alignment between architectural evaluation
and daily development practices.

5.6 Architecture Evaluation Practices (Q8)
The objective of Q8 was to understand how software architecture
evaluations are performed in agile teams. Qualitative analysis of the
responses revealed that, although some recurring practices exist,
these evaluations are predominantly technical and pragmatic, often
lacking explicit support from evaluation models, metrics, or quality
attributes.

Table 6 presents the qualitative categories that emerged from this
analysis. The results indicate that, even when evaluations involve
checkpoints, code reviews, deployment pipelines, or alignment
with stakeholders, they are generally informal and not guided by
recognized frameworks or systematic criteria.

The findings suggest that architecture evaluations are embedded
in teams’ technical routines, typically occurring during refinement
meetings, technical discussions, and release checkpoints. These
evaluations rely on established practices such as code reviews, unit
testing, and CI/CD pipelines.

However, a notable gap emerges concerning the use of objective
criteria. Most teams do not apply systematic methods to evaluate
quality attributes such as maintainability, scalability, performance,
or security. Several participants also mentioned uncertainty about
whether the architecture is actually “healthy” or what steps would
be needed to improve it.

This lack of structured architectural assessment limits the teams’
ability tomake informed decisions regarding architectural evolution
and can contribute to the progressive accumulation of technical
debt. The adoption of more formalized evaluation practices—such
as the use of methods like ATAM (Architecture Tradeoff Analysis
Method) [32] or the structured assessment of quality attributes
based on ISO/IEC 25010 [30]—could provide a more objective and
business-aligned basis for architectural evaluation and evolution.

These findings reinforce the results observed in Q6 and Q7. In Q6,
maintainability, performance efficiency, and functional suitability
emerged as the most critical attributes for managing architectural
technical debt. Yet, as seen here, such attributes are rarely evalu-
ated systematically. Q7 revealed that technical debt management is
often reactive and negotiated informally, and the lack of structured
architectural evaluations identified in Q8 helps explain the fragility
of these management practices.

These observations are consistent with the findings of [56], who
argue that architectural evaluation practices remain poorly inte-
grated into agile and continuous development processes. The au-
thors emphasize that the absence of systematic and automated
approaches is one of the main industry challenges in maintaining
architectural quality over time.

Although the qualitative analysis was supported by CAQDAS,
such as Atlas.ti, the decision was made not to include graphical
visualizations of code and category networks. This choice is jus-
tified by the study’s focus on identifying recurring interpretive
patterns, which are synthesized textually and presented in tabular
form. Including such diagrams, while useful for internal analysis,
would not significantly enhance the communication of results in
this article format and could compromise the space allocated for
discussion.

6 Discussion
The integrated analysis of the results reveals significant perceptions
and practices related to software architecture in agile contexts,
particularly regarding quality, technical debt management, and
architectural evaluation mechanisms.

Initial Design and Quality Criteria: The findings indicate
that, during the early stages of project development, most architects
prioritize functional suitability, emphasizing the delivery of core
features aligned with business goals. While this focus aligns with
agile values, it often occurs at the expense of structural attributes
such as security, maintainability, reliability, and usability, which
tend to be addressed reactively or deprioritized. This tension reflects
the classic trade-off between agility and architectural sustainability,
as discussed by [35], where rapid design decisions may compromise
structural health in the medium and long term.

Explicit Consideration of Quality Characteristics:Although
participants recognize the relevance of ISO/IEC 25010 attributes,
their integration into architectural decision-making is generally
implicit and fragmented. These attributes are often treated as good
engineering practices rather than formal evaluation criteria. There
is no evidence of systematic use of frameworks, such as ATAM, for
comparing architectural trade-offs. This underscores a fragility in
quality governance, as highlighted by the Dagstuhl Manifesto [3],
which advocates for transparency, traceability, and a strong techni-
cal foundation in architectural decisions.

Prioritization ofQualityCharacteristics for Technical Debt
Management: The quantitative data show that Functional Suitabil-
ity (96 points), Performance Efficiency (89 points), andMaintainabil-
ity (82 points) were the top-prioritized attributes in the context of
architectural technical debt. These preferences highlight a concern
for delivering value-generating features while preserving system
performance and evolvability. Conversely, lower prioritization of
Flexibility (45 points) and Compatibility (49 points) suggests that
long-term systemic attributes remain undervalued.

Technical Debt Management Practices: Three main patterns
emerged from participants’ responses: (i) ad hoc negotiation with
the Product Owner, based on urgency and perceived impact; (ii)
reactive handling, where debt is addressed only after it becomes crit-
ical; and (iii) structured alignment with technical leadership, which
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Table 5: Q7 – Qualitative Categories on Architectural Technical Debt Management

Category Description Respondents

Business-Based Prioritization ATD is addressed based on its impact on value delivery or its
direct effect on product functionality.

RESP2, RESP4, RESP5, RESP6,
RESP9, RESP10, RESP11

Alignment with Technical Leader-
ship/PO

Prioritization is negotiated with TLs, POs, or PMs, often infor-
mally and without structured criteria, relying on consensus.

RESP1, RESP3, RESP4, RESP13

Backlog and Sprints ATD items are logged in the backlog and planned for resolution
during development sprints.

RESP6, RESP7, RESP10, RESP14

Mapping and Criticality Management is guided by identification, impact analysis, criti-
cality assessment, and effort estimation.

RESP3, RESP5, RESP11

Neglect and Invisibility ATD is often forgotten or ignored until it becomes critical or
blocks development.

RESP6, RESP8, RESP12

Task Forces and Top-Down Actions Debt is addressed through top-down initiatives such as archi-
tecture committee mandates or dedicated task forces.

RESP12, RESP14

Table 6: Q8 – Qualitative Categories on Architecture Evaluation

Category Description Respondents

Unstructured Technical Evaluation Architecture is reviewed informally based on team experience and basic
engineering practices such as version control and automated testing.

RESP2, RESP4, RESP12,
RESP14

Focus on Functional Delivery Architectural decisions are validated primarily in terms of feasibility
for delivery and expected system behavior.

RESP3, RESP6, RESP10

Lack of Objective Criteria No use of quality metrics, architectural tactics, or formal patterns to
guide or justify architectural decisions.

RESP1, RESP8, RESP13

Continuous but Subjective Review The architecture is reviewed continuously, but with no clear under-
standing of its long-term sustainability or measurable health.

RESP5, RESP7, RESP9,
RESP11

reflects greater maturity and strategic perspective. Notably, no par-
ticipant mentioned the use of systematic prioritization mechanisms
based on architectural value or technical complexity, revealing a
gap in the continuous management of technical debt. This high-
lights the importance of practices such as Architecture Decision
Records (ADRs) and traceability metrics, as also pointed out by
initiatives like PriorTD [15].

Software Architecture Evaluation: Qualitative analysis re-
vealed that, although architectural review practices are present—such
as refinement meetings, checkpoints, and peer reviews—they are
primarily driven by engineering practices (e.g., CI/CD, testing, code
review) rather than formal quality attributes. Table 6 summarizes
four identified categories: unstructured technical evaluation, focus
on functional delivery, lack of objective criteria, and continuous but
subjective review. These findings indicate that, despite adherence to
technical practices, there is an overarching uncertainty regarding
the actual architectural quality and its long-term sustainability.

Taken together, the findings suggest a disconnect between ar-
chitectural intent and quality governance throughout the system
lifecycle. While teams demonstrate strong technical skills, they
often operate without systematic architectural evaluation mecha-
nisms or formal criteria for prioritizing technical debt. The absence
of structured metrics, complexity indicators, or evaluation frame-
works limits informed decision-making and fosters reactive rather
than proactive approaches.

This reinforces the importance of adopting standards such as
ISO/IEC 25010 to guide architectural decision-making and methods
like ATAM to explicitly support trade-off analysis. Furthermore,
mechanisms for continuous management of architectural techni-
cal debt, such as dashboards, structured reviews, and visual tools
for assessing technical impact, could increase team maturity and
promote more sustainable decision-making in agile environments.

The lack of specific metrics for continuous architectural evalua-
tion, as reported by participants, is also noted by [23], who iden-
tified a shortage of mathematical models and metrics capable of
quantifying architectural impacts holistically across sustainability
dimensions. This gap limits the potential for predictive analysis and
evidence-based decision-making throughout the system lifecycle.

Based on these findings, future research should explore the im-
plementation of hybrid frameworks that integrate agile practices
with formal architectural evaluation methods, as well as the de-
velopment of maturity or capability models specifically tailored to
architectural quality management in agile environments.

7 Threats to Validity
Conducting empirical research presents methodological and inter-
pretative challenges that may affect the validity of the results. This
study considered four key dimensions of validity:

External Validity. The results should not be generalized to all
software development organizations, especially those operating
outside the financial sector. Although the study was conducted in a
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single organization, steps were taken to mitigate threats to external
validity. The participating architects had substantial experience in
large-scale agile environments, which increases the likelihood that
their practices and perceptions reflect broader industry patterns.
The interview protocol was designed to elicit practices independent
of company-specific terminology, and the results were reviewed by
the authors, including one of the authors who is an experienced
software solutions architect who did not participate in the study,
to confirm their interpretability. In addition, the data collected was
made openly available to facilitate replication in other contexts,
which is part of our future research agenda.

Construct Validity. There may have been variability in how
participants interpreted the quality characteristics defined by the
ISO/IEC 25010:2023 standard, particularly during the prioritization
task in Q6. To reduce this risk, operational definitions and illustra-
tive examples were shown. Nonetheless, the absence of technical
terminology, such as “architectural tactics” or “evaluation models”,
in the responses may reflect the participants’ practical orientation
and familiarity with software engineering rather than formal aca-
demic constructs.

Conclusion Validity. The quantitative analyses, such as the
weighted ranking in Q6, are based on a small sample and do not
support robust statistical inference. However, triangulation of data
through the integration of quantitative methods (e.g., ranking,
heatmaps) and qualitative techniques (e.g., categorization, textual
analysis) — reinforces the interpretative validity of the findings. The
consistency observed across questions, such as the lack of objective
evaluation criteria in Q8, the functional emphasis in Q4, and the
reactive nature of technical debt management in Q7, supports the
internal coherence of the conclusions drawn.

8 Conclusion
This study explored software architects’ perceptions regarding qual-
ity attributes and practices for managing architectural technical
debt (ATD) in large-scale agile projects. The integrated analysis
of questions Q4 through Q8 reveals a landscape characterized by
tensions between agility, architectural sustainability, and the lack
of systematic evaluation mechanisms.

Findings from Q4 and Q5 indicate that attributes such as Func-
tional Suitability, Usability, and Security are prioritized during the
initial design phase due to their direct alignment with rapid and
reliable delivery. In contrast, structural attributes such as Main-
tainability and Performance Efficiency tend to gain prominence
only after the system is in production, often triggered by incidents,
reinforcing concerns raised by [35] about architectural decisions
made under time pressure.

Q6 showed that participants identify Functional Suitability, Per-
formance Efficiency, and Maintainability as the most critical at-
tributes for managing ATD, emphasizing the centrality of functional
and evolutionary sustainability in practice.

In Q7, three distinct patterns of ATD management emerged: (i)
negotiation with the Product Owner; (ii) reactive resolution; and (iii)
structured alignment with technical leadership. Although the latter
reflects greater maturity in architectural governance, none of the
approaches involved systematic employ metrics, formal evaluation

practices such as ATAM, or architectural tactics referenced in the
literature.

Q8 revealed that architecture evaluations are frequent but pre-
dominantly informal and based on software engineering practices
such as version control, code reviews, and CI/CD pipelines. How-
ever, there is no clear consensus or objective evidence regarding the
effectiveness of these evaluations or the actual state of architectural
health, a challenge summarized in Table 6.

These findings underscore the need to institutionalize archi-
tecture evaluation practices guided by quality attributes (ISO/IEC
25010), prioritization mechanisms such as PriorTD [15], and collab-
orative initiatives like Technical Debt Guilds [16]. This aligns with
the principles of the Dagstuhl Manifesto [3], which advocate for
traceability, shared accountability, and evidence-based architectural
decision-making.

The consistency between the empirical data and recent litera-
ture [57] highlights the importance of developing continuous ar-
chitectural evaluation practices integrated into agile and DevOps
processes, as a strategy for mitigating architectural technical debt.

As its primary contribution, this work proposes an interpretive
model of architectural practice in large-scale agile development
(LSAD) environments, emphasizing the articulation of continuous
evaluation cycles, quality attributes, and sustainable architectural
decisions. The study addresses a gap in the literature by offering a
detailed empirical analysis of quality attribute prioritization based
on the ISO/IEC 25010 standard and real-world technical debt man-
agement strategies, both still underexplored in industrial settings.
The findings reveal recurring patterns and critical gaps, provid-
ing insights for the advancement of value-driven and intentional
architectural practices.

Future research directions include: (i) empirical validation of
architectural prioritization mechanisms that consider both techni-
cal impact and business value; and (ii) development of diagnostic
instruments for the continuous assessment of architectural health
in agile and dynamic contexts.

ARTIFACT AVAILABILITY
This study adopts open science practices to promote transparency
and replicability. All empirical materials, including the structured
interview, anonymized responses, analysis scripts, and visualiza-
tions are publicly available at: https://github.com/manoelvsneto/
asapqatdm [43]. In addition to enhancing the traceability of findings,
this open-access repository encourages reuse by researchers and
practitioners interested in investigating architecture and technical
debt management practices in agile environments.
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