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Abstract: As software systems continue to grow more complex, evaluating software quality becomes increasingly
critical. This study analyzes existing software quality models, including McCall, Boehm, FURPS, and ISO Systems and
Software Engineering — Systems and Software Quality Requirements and Evaluation (SQuaRE), with a specific focus
on the ISO/IEC 25010:2023 standard. The research aims to assess the completeness of these models and explore
interdependencies among key quality attributes relevant to software requirements engineering. The paper identifies key
characteristics and associated metrics based on ISO/IEC standards using comparative analysis and a literature review.
Findings show that ISO/IEC 25010:2023 provides the most comprehensive structure, with Functional Suitability and
Compatibility identified as essential due to their universally recommended metrics. Survey data from 328 practicing
analysts in Ukraine and internationally demonstrate a gap between theoretical models and real-world requirements
documentation practices, particularly for non-functional requirements. The identified dependencies between quality
attributes enable a more integrated and structured approach to identifying and analyzing non-functional requirements in
IT projects. The study emphasizes that software quality models must be tailored to project-specific goals and constraints,
with attention to trade-offs and stakeholder needs during the requirements specification, prioritization, and validation
processes. The findings support the adaptation of quality models to specific project constraints and emphasize the
business analyst’s role in tailoring quality criteria for practical use in software development.

Index Terms: Software Quality Model, Software Requirements, Quality Attribute.

1. Introduction

Modern society relies heavily on software systems integrated into daily life. As the functionality of most software
products has advanced to address critical user needs and applications grow more complex, ensuring high quality
becomes crucial. High-quality software ensures user satisfaction and loyalty, providing a significant competitive
advantage in a competitive market.

In the article [1], five key characteristics of software quality were defined, emphasizing that these characteristics
describe both the subjective aspect — the user's perception of the product under certain conditions — and the objective
aspect — conformance with requirements and the absence of defects. During the software development process, user
needs are transformed through business analysis techniques into requirements, which are then used to create the
software. These requirements are the fixed and measurable needs of an average user, which allows them to be used as a
basis for assessing the final product's conformity to the needs of end users.

Thus, the subjective aspect of software quality - how well the implementation meets the user's needs and
expectations - is a derivative of two main factors: how well the documented requirements align with the user's real
needs (requirements quality) and how well the final implementation fulfills these requirements.

This article focuses on the quality of software assessed under the documented requirements; the quality of the
requirements is not considered here. Quality assurance and the application of quality management methods primarily
rely on evaluating the quality level. Quality models are used for evaluation, in which separate components of quality
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characteristics, sub-characteristics (attributes), and specific criteria and metrics for measurement are distinguished.
Quality measurement and evaluation are key aspects of delivering software products to users. As a result, researchers
have adopted diverse methods of quantifying software quality. Software quality models serve as frameworks that
provide a systematic approach to classifying and evaluating various characteristics, collectively defining the overall
quality of a software product.

These models provide a standardized and structured approach for understanding and effectively managing the
multifaceted nature of software quality. The first quality models appeared in the late 1970s. The papers [2, 3] review the
evolution from basic models, such as those by McCall [4] and Boehm [5], to tailored quality models that are specific to
a particular domain of application. It should be noted that [6] conducted an in-depth study based on the then-existing
models of 31 authors and 55 different quality attributes and criteria, emphasizing the high importance of the issue and
the significant differences of opinion among researchers. It is also worth noting that most tailored models are based on
the ISO 9126 standard [7].

2. Related Works

Given the increasing demands on the quality of IT systems and their increasing complexity, research continues into
quality models and the possibilities of their practical application within the software development process. In [8],
existing software quality models were comprehensively reviewed, with a focus on their applicability to commercial off-
the-shelf (COTS) and open-source software components. The findings highlight that while traditional models, such as
those by McCall and Boehm, provide a foundation, they often lack standardized approaches for integration into diverse
IT systems. This lack of standardization consistently hinders the assessment and comparison of software quality across
different development paradigms. In [9], the authors conducted a systematic literature review of existing software
quality meta-models. 75% of the analyzed models were proposed for generic purposes and to evaluate custom software
products. ISO 9126 was previously considered the leading model, but ISO/IEC 25010 has since superseded it.

The article [10] explores the evolution of perspectives on software quality by comparing viewpoints from
academia and industry. It reveals that while researchers traditionally emphasize abstract, model-driven definitions of
quality (such as ISO standards or theoretical frameworks), practitioners often focus on tangible outcomes like
maintainability, performance, and customer satisfaction. The authors emphasized the need for adaptable and context-
aware models that better align with both theoretical and practical concerns. It is worth noting that several studies have
been devoted to the influence of the project context and approaches to constructing quality assessment models. In [11],
the impact of project context and business analysis techniques on the structure of documents, including non-functional
requirements, is examined. The study [12] examined how cultural factors influence the design, application, and
interpretation of software quality assessment models. It finds that national, organizational, and team cultures can
significantly impact the prioritization and evaluation of quality attributes. The paper advocates for developing culturally
adaptive quality models and encourages researchers to incorporate sociotechnical dimensions into software quality
assessments. In [13] examines which classes of non-functional requirements are most often used by practicing business
analysts and requirements engineers in IT projects. It also examines how the project context (subject area, company
type, team size, etc.) influences the choice of non-functional requirements for solution quality assessment. The study
[14] emphasizes the significant impact of development team members on producing high-quality software products. It
proposes a qualitative model that focuses on team characteristics, such as team experience, cohesion, and
communication, which are crucial in determining software quality. The study's findings were obtained through
interviews with seven experts and a survey. The statistical reliability of the results was not assessed due to the small
number of respondents. Article [15] confirms the significant role of quality requirements on project success and team
satisfaction. In [16], a software quality forensics framework was proposed for forensic investigation into software
quality. Implementing this framework has reportedly improved the efficiency and effectiveness of investigating and
managing incidents related to software quality. The study acknowledges that the proposed framework requires further
empirical validation. The study [17] presents a recommendation system that leverages machine learning to suggest
appropriate software quality characteristics tailored to the dynamic requirements of software projects. While the
proposed model shows promise, its effectiveness is demonstrated only through simulations. Additionally, the model's
adaptability to diverse software development environments and varying requirements remains to be thoroughly
evaluated.

An analysis of works on studying quality models of IT solutions reveals that defining a quality model remains a
relevant approach. A universal quality model is also necessary for creating narrowly focused quality models adapted to
specific classes of information systems.

However, the issues of practical application of quality models and the use of quality attributes in requirements
within the context of specific projects remain open, although this forms the foundation for providing software quality in
general.

3. Software Quality Models and Characteristics

To conduct a structured comparative analysis of Software Quality Models, we selected a representative set of such
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models based on four key criteria: historical significance, industry adoption, architectural perspective, and
standardization status:

« McCall's [4] and Boehm's [5] models were included due to their foundational role in defining quality
frameworks.

. FURPS represents a widely used industry model embedded in the Rational Unified Process (RUP) and other
engineering practices.

« Dromey's [18] model and the arc42 [19] Quality Model were selected for their emphasis on the architectural
link between quality attributes and system components.

« The BABOK [20] model was included to reflect the current practices of business analysts in using quality
characteristics in requirement specifications.

. ISO/EC 25010:2023 [21] and ISO/IEC 25019:2023 [22] were used as benchmarks due to their status as
current international standards, offering the most comprehensive and structured taxonomy of quality
characteristics, sub-characteristics, and associated metrics. It is worth noting that the ISO SQuaRE series of
standards comprises four models: the Product Quality Model, the Service Quality Model, the Data Quality
Model, and the Quality-in-Use Model. The Product quality and Quality-in-use models directly relate to
software properties, while the Data quality and Service quality models are complementary to each other.

Table 1 compares the basic quality models based on their main characteristics. It was constructed using key
characteristics and sub-characteristics of various models [4, 5, 18, 19, 20, 21, 22]. Considering that [21] provides for
using 39 sub-characteristics combined into nine main characteristics, the table uses these characteristics. Italicized
characteristics include sub-characteristics listed in other models for comparison purposes. This approach highlights the
comprehensive nature of the ISO/IEC 25010:2023 model while illustrating how different models emphasize various
aspects of software quality.

Table 1. Comparison of the factors in software quality models

McCall's Boehm's FURPS Dromey's arc42 BABOK. IIBA |ISO/IEC 25010:2023+25019:2023
Reliability Reliability Reliability Reliability Reliable Reliability Reliability
Correctness Functionality | Functionability Suitable Functionality Functional suitability
Efficiency Efficiency Performance Efficiency Efficient Pgrfté)grelgg;e Performance Efficiency
Integrity Secure Security Security
Usability Human engineering Usability Usability Usable Usability Interaction capability
Maintainability Maintainability Supportability | Maintainability Operable | Maintainability Maintainability
Testability Testability M(E}lggzgi?tl;)ty
Flexibility Modifiability Flexible Flexibility
Portability Portability Portability Portability Flexibility (Adaptability)
Reusability Reusability Maintainability (Reusability)
Interoperability Compatibility Compatibility
Understandability Recogﬁigg?ﬁgagr?;srzaion)
Safe Safety
Auvailability Reliability (Availability)
Scalability Flexibility (Scalability)
Localization | Interaction capability (inclusivity)

As shown in Table 1, the quality characteristics and sub-characteristics presented in the ISO SQuaRE series cover
all the quality properties highlighted in other models. It should be noted that the characteristics of Certification and
Compliance, as highlighted in the BABOK guide, can be aligned with the acceptability characteristic of the Quality in
Use model and its sub-characteristics—Trustworthiness and Compliance, respectively, according to [22]. Also,
according to [23], assigned properties are not quality characteristics. Service Level Agreements, highlighted in the
BABOK guide, are assigned properties; therefore, they're not part of software quality models, as they can be changed
without altering the software. Therefore, the ISO standards provide the most comprehensive coverage of software
properties; consequently, this article's further analysis will be based on this approach. According to [24], the SQuaRE
quality model provides a structured approach to representing these characteristics by dividing them into sub-
characteristics, each of which can be measured using specific quality metrics. Based on stakeholder requirements, these
measures enable the quantification of ICT product quality.

Furthermore, [25] provides essential guidance on selecting and applying quality measures for each characteristic
and its corresponding sub-characteristics. The measures may be classified as internal or external, depending on whether
they are used during development or operation. Additionally, they can be categorized as either generic or specific,
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meaning they apply broadly or in particular situations.

The standard also defines recommendation levels — Highly Recommended (HR), Recommended (R), and Used at
User's Discretion (UD) — to assist in the selection and use of these measures. Each application or business domain
encounters a unique set of software quality challenges. Therefore, software quality should be tailored for each specific
context to ensure that software meets the specific needs of a particular business or domain. Figure 1 illustrates the
distribution of quality characteristics proposed in the [21] standard, categorized by the metrics included in these
characteristics according to the ISO/IEC 25023:2016 standard [25].

As shown in Figure 1, every metric for Functional Suitability is rated as Highly Recommended, generally
applicable, and covers both internal and external contexts. It suggests that organizations should prioritize thorough
assessments of functional completeness, correctness, and appropriateness when establishing quality evaluation
processes. Compatibility is similar to Functional Suitability, which includes the most general and highly recommended
metrics. Unlike Functional Suitability, Compatibility incorporates 25% specific and 25% external metrics. It indicates
that while it primarily adheres to broad interoperability standards, it also requires context-specific assessments in
specific settings. Consequently, organizations should evaluate Compatibility with the same rigor as Functional
Suitability and conduct operational testing to address its external metric components. Performance Efficiency also
mainly uses generally applicable metrics (83%). Notably, 42% of its metrics target external aspects, emphasizing
operational relevance. This distribution highlights a sustained focus on performance efficiency from development
through maintenance. Therefore, organizations should prioritize metrics that align with their operational constraints and
specific performance needs, ensuring optimal resource utilization and user satisfaction regarding system responsiveness.
Interaction Capability is distinguished by a high proportion of specific metrics (74%) and User Discretion metrics
(48%), highlighting its dependence on contextual nuances. Unlike Functional Suitability and Performance Efficiency,
which rely on general criteria, Interaction Capability requires a tailored evaluation approach. Moreover, Interaction
Capability metrics maintain relevance throughout the development lifecycle, as they apply equally to internal and
external contexts. Organizations should develop customized evaluations for Interaction Capability characteristics that
align with their business context and user experience objectives rather than relying solely on standardized quality

metrics.
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Fig.1. Quality characteristics distribution by metric types

Reliability and Flexibility display similar distributions of metrics while representing contrasting approaches to
quality assessment from a business perspective. Each maintains a balanced mix of general and specific metrics,
reflecting comparable contextual adaptability, and both emphasize external metrics to highlight operational significance.
The similarity in these patterns suggests that despite their contrasting business objectives, both characteristics require
balanced assessment frameworks. Consequently, organizations should implement complementary measurement
strategies that acknowledge their operational focus. Maintainability and Security are categories that include the
recommended internal metrics, making them essential for early-stage evaluation. In contrast, Reliability and Flexibility
are typically evaluated later. Security mainly includes general metrics (64%), while Maintainability is more specific
(54%).
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Thus, the requirements for Functional Suitability and Compatibility should serve as the basis for developing a
quality assessment system, as they encompass the most significant number of generally recommended metrics. When
creating software quality requirements, businesses should pay special attention to characteristics with a significant
percentage of specific metrics, such as Interaction Capability, as well as characteristics evaluated in an external context,
including Performance Efficiency, Reliability, and Flexibility. Requirements for these characteristics can be developed
in conjunction with user requirements, unlike Maintainability and Security requirements, which necessitate an internal
assessment. This implies that the requirements for these characteristics depend on the requirements for external
characteristics.

Therefore, ISO standards represent the most comprehensive approach to covering software properties. Based on
the analysis of quality metrics distribution according to ISO/IEC 25023:2016, it can be concluded that not all quality
attributes have equal importance and applicability in the process of software requirements formation within the context
of a specific project. The structure of metrics and their classification provide clear guidelines for prioritizing quality
characteristics.

Functional Suitability and Compatibility should be included in requirements as foundational characteristics, since
all their metrics are highly recommended and universally applicable. These attributes form the foundation of the quality
assessment system. Performance Efficiency, Reliability, and Flexibility, which are characterized by a significant
proportion of external metrics, should be developed at the initial stages in parallel with user requirements and tested in
the operational environment. Requirements for Interaction Capability should be formulated in consideration of the
specific business context and user experience objectives. Maintainability and Security, which include predominantly
internal metrics, should be specified at an early development stage as requirements for architecture and internal system
structure.

Thus, it is recommended to distribute quality requirements documentation in phases: first, basic and internal
attributes (Functional Suitability, Compatibility, Maintainability, Security), then operational and context-dependent
ones (Performance Efficiency, Reliability, Flexibility, Interaction Capability).

However, the universality and completeness of the standard do not enable the determination of the project context's
influence on the selection of the most critical quality attributes, which may be necessary due to the project's time and
budget constraints. The domain can also influence the choice of a set of quality attributes. Projects in safety-critical
domains (e.g., healthcare, acrospace) or highly regulated industries (e.g., finance) often require domain-specific
attributes or advanced interpretations (e.g., security, compliance) that are not well represented in the base model.

To address this problem, updated frameworks adapted for Agile and DevOps environments are being developed.
For example, ISO/IEC 29110 [26] provides guidance for very small entities with simplified quality processes tailored
for agile-compatible workflows. DORA (DevOps Research and Assessment) metrics [27] are used to evaluate the
performance of software development teams and measure the effectiveness of their DevOps practices, which in turn
impact software quality. Furthermore, emerging approaches using machine learning and Al-driven tools [28] for quality
prediction and anomaly detection are being explored, particularly in the context of continuous integration and
continuous deployment. While these models are not as formalized as ISO standards, they reflect the growing need for
context-aware and automation-friendly quality evaluation. At the same time, it is worth noting that despite the ISO/IEC
25010:2023 providing a comprehensive and structured taxonomy of software quality attributes, particular difficulties
and limitations arise regarding its practical application in software development.

4. Software Quality Attributes Interdependencies

Software quality attributes are interdependent and often have complex relationships. Optimizing one attribute may
impact others, making it difficult to achieve an ideal balance across all quality factors simultaneously. So, compromises
are an integral aspect of the software development process. Understanding these interrelationships is crucial for making
informed design decisions and prioritizing quality attributes in accordance with project requirements. Several studies
have been devoted to studying the relationships between quality criteria [29, 30], as well as in the annexes to the
ISO/IEC 25030:2019 standard. An example of these relationships is given [31]. Table 2 provides a general picture of
the identified relationships between quality criteria. If the quality attribute from the first column is enhanced, then
quality attributes from the "Influence+" column will also be enhanced, and quality attributes from the "Influence-"
column will be degraded.

Table 2 illustrates the interdependencies between the eight Product quality attributes of software, as outlined in the
ISO/IEC 25010:2023 standard [20]. Given that the characteristic "Safety" was added only in the latest revision and the
current ISO/IEC 25030:2019 standard does not include it [31], this characteristic is not listed in the table. However, its
relationship with other characteristics can be determined logically and experimentally while developing a quality
assessment system for a specific project.
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Table 2. Software quality attributes interdependencies

Quality attribute Influences + Influences -

Interaction capability, Reliability, Maintainability, Performance efficiency, Security, Reliability,
Flexibility Compatibility, Maintainability, Flexibility
Compatibility, Interaction capability, Security,

Functional suitability

Performance efficiency Interaction capability Maintainability, Flexibility, Reliability
Compatibility Flexibility, Malntalna‘t_)lhty .(pamally), Functional Security, Malntalnablllt){ (partially), Performance
suitability efficiency
Interaction capability Functional suitability, Reliability, Performance Flexibility, Performance efficiency (partially),
(Usability) efficiency (partially), Maintainability (partially) Maintainability (partially), Security

Functional suitability, Interaction capability,

Reliability Maintainability (partially), Security Maintainability (partially), Flexibility
. L Performance efficiency, Compatibility, Interaction
Security Reliability capability, Flexibility, Functional suitability
Maintainability Functional suitability, Compatibility, Flexibility, Performance efficiency, Reliability (partially), Security

Reliability (partially), Security (partially) (partially)

As shown in Table 2, improving Functional suitability positively influences interaction capability, which is
mutually positive. However, the impact on Reliability, Maintainability, and Flexibility is ambiguous and may worsen
Performance Efficiency, Security, and Compatibility. Functional suitability primarily affects the quality-in-use for
primary users, for whom implementing functions that meet their needs may include increasing software usability. At the
same time, expanding functionality to more fully cover requirements can reduce the overall performance of the software,
complicate its maintenance, and negatively impact the ability to interact with other products. Improving Performance
efficiency also undoubtedly enhances the user experience. However, optimizing for speed and resource usage may
require compromising particular aspects of security, flexibility, or reliability. Enhancing Compatibility and Reliability
can positively influence the system's functional suitability to user needs and the software's ability to operate in different
environments. The impact on Maintainability is ambiguous. To ensure compatibility with other systems, the product
may become more complex and require constant support and updates to maintain these interactions.

On the other hand, integrations can expand the product's modification capabilities. Interaction with other products
requires a certain level of openness, so increasing Compatibility may negatively affect Security. Increasing Reliability
improves user experience and functional suitability to needs, even if such needs are not explicitly stated. Reliability also
increases the level of Security, unlike other categories where improvements may require lowering the level of security.
However, ensuring stable operation can complicate software maintenance and adaptability to different environments.

Ensuring software security is often a stumbling block in product development and can hinder the improvement of
other qualities. Therefore, increasing the level of Security negatively affects most other quality characteristics, and
conversely, improving other characteristics may increase the likelihood of vulnerabilities. Maintainability shows
favorable relationships with many attributes, suggesting that high-quality support contributes to the possibilities of
functional expansion and integrations with other systems. However, modifications can sometimes lead to a decrease in
the product's security level or performance.

Increasing Flexibility, as the software's ability to adapt to changes in the environment and usage contexts,
undoubtedly positively influences the ability to interact with other systems, increases the number of integrations, etc.
However, it may harm performance and security.

Therefore, the conducted analysis demonstrates that ensuring software quality requires a systematic approach to
prioritizing quality characteristics and considering their interdependencies. Table 2 illustrates the potential impacts of
specific quality characteristics on others, which should be considered when developing metrics, a quality assessment
system, and software requirements, taking into account the specific context and business features of a particular project.
Requirements elicitation processes should incorporate trade-off analysis techniques to identify potential conflicts
between quality characteristics specific to a project. Requirements specifications should clearly delineate the desired
quality attributes, their relative importance, and the acceptable compromise thresholds. Furthermore, validation metrics
should be designed to evaluate individual quality attributes and their systemic effects on other characteristics,
acknowledging that optimization in one dimension may precipitate degradation in others. The requirements elicitation
processes should include trade-off analysis techniques and a dependency matrix to predict potential conflicts between
quality attributes. Requirements specifications should clearly outline the desired quality attributes, their relative
importance, and acceptable compromise thresholds. The business analyst plays a central role in implementing these
principles, being responsible for adapting theoretical quality models to the specific project conditions. This includes
identifying relevant quality attributes, forming a balanced set of criteria considering interdependencies, correctly
formulating requirements with specific metrics and threshold values, ensuring traceability between quality requirements
and functional requirements, and documenting acceptable compromises between conflicting attributes.

5. Practices of Working with Quality Criteria at the Stage of Defining Requirements in I'T Projects
To collect information on the practices of working with quality criteria when identifying and analyzing
requirements for IT solutions, as well as the influence of project context, a survey was conducted. The survey involved

328 practicing business analysts and requirements engineers from Ukrainian and international companies. The structure
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of the questionnaire, in terms of information about the project context, was based on the NAPIRE initiative
questionnaire [11]. Survey participants were asked to indicate current work practices, namely:

«  What types of classes of non-functional requirements do they document in software requirements?
«  What sections are present in their documents?
«  What problems do they encounter in their work?

The problem of missing or ignoring non-functional requirements was also identified as one of the most important,
according to the survey results. Twenty-four percent of respondents indicated it as the most important, along with
«Moving targets (changing goals, business processes and/or requirements» (43%), «Incomplete or hidden
requirements» (41%), «Weak access to customer needs and/or (internal) business information» (33%).

According to the survey results illustrated in Figure 2, only nine percent of respondents do not specify non-
functional requirements. The current practices of business analysts and requirements engineers show a clear
prioritization pattern that partially aligns with recommended approaches but reveals significant gaps in coverage of
critical quality attributes. Most often, business analysts and requirements engineers capture requirements for usability
(64%), security (60%), and performance (57%).

Usability I 64%
Security I 0%

Performance efficiency I 57 %6
Regulatory compliance I 4 2%

Reliability I 36%

Maintainability I 27 %
Compatibility I 2%
Safety I 17%
Portability N 15%
We do not specify the NFRs I 9%

0% 10% 20% 30% 40% 50% 60% 70%

Fig.2. Types of Non-functional requirements in software requirement documents

It can be concluded that analysts intuitively give the highest priority to the user and operational quality
characteristics reflected in the ISO model, which have immediate business impact. At the same time, characteristics
related to maintenance and system architecture (e.g., Maintainability, Portability, Compatibility) are documented much
less frequently. This practice-based prioritization creates a concerning disconnect with the recommended systematic
approach to documenting quality requirements. This can be explained by:

« focus on short-term tasks and functionality;
. insufficient involvement of architects in the analysis phases;
. lack of tools for assessing these qualities at early stages.

While Security is appropriately prioritized and aligns with the recommendation to specify it as an early-stage
internal architectural requirement, the relatively low documentation rates for Maintainability (27%) and Compatibility
(24%) represent significant risks. They can lead to technical debt and operational problems. According to the
recommended phased approach, both Maintainability and Compatibility should be treated as foundational
characteristics requiring early specification. The data reveal that Reliability (36%) receives moderate attention, although
it should be developed in parallel with user requirements at the initial stages, according to best practices. Most
concerning is the minimal documentation of Portability (15%) and Safety (17%), despite their potential critical
importance in specific project contexts. Therefore, in practice, the recommended step-by-step distribution, which
includes starting with the main and internal attributes before moving to operational and context-dependent, is not
systematically performed, underestimating the long-term effects of architectural and operational characteristics.

Figure 3 illustrates the most often used section in requirements documents. Sixty percent of respondents indicated
that they describe non-functional requirements in a separate section of requirements documents. Thus, this section is
among the five most frequently used, along with functional and business requirements, glossary, and user interface

requirements. Note that user interface requirements are also closely related to non-functional requirements and
receive special attention. The fact that functional requirements are a key deliverable of the business analyst's work
supports the focus on Functional Suitability as a key quality attribute. This indicates recognition of the importance of
NFRs and their formalization in the requirements structure (at least at the level of a dedicated section).
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Functionalrequirements I  60%
Businessrequirements IEEEEEGEEEEEEEEEEEEEE  63%
Glossary GG 225
Non-functional requirements GGG 0%
Userinterface(s) I 54%
Dependencies/Integrations GGG 53%
Usage scenarios NG 520
Assumptions NG 49%
Open questions G 6%
Constraints G 5%

0% 10% 20% 30% 40% 50% 60% 70% 80%

Fig.3. Top 10 most common sections in requirements documents

The analysis of the influence of the project context on the work of business analysts in IT projects, carried out in
works [11, 13, 32], allowed us to identify the following dependencies:

. Having a dedicated business analyst role on the team increases the likelihood of identifying and documenting
non-functional requirements;

. Using techniques such as user stories, use cases, and acceptance criteria to document functional requirements
increases the likelihood of having a separate section for non-functional requirements

« The problem of the lack of non-functional requirements often occurs in projects with a team size of more than
30 people. This can be explained by the fact that in large teams, there is an increased need for a detailed
description of requirements, including non-functional ones, for the transfer of information, the long-term use of
information, as well as the increased complexity of the solutions being created.

« The use of document templates increases the likelihood of describing non-functional requirements.
Implementing such templates at the company or project portfolio level should be recognized as a
recommended practice that improves the completeness and clarity of requirements for IT solutions.

« There is a direct correlation between the number of years of experience of a business analyst and the presence
of a separate section on non-functional requirements. If for analysts with up to three years of experience, the
frequency of creating such a section is 45%, then for analysts with over 5 years of experience, the probability
is already 71%. From this, we can conclude that it is advisable to include the study of approaches to working
with non-functional requirements in training programs for young specialists. Another solution may be to use
templates of requirements documents adapted to specific types of projects created by more experienced
analysts and requirements engineers.

« The project category also influences how non-functional requirements are handled. In from-scratch
development projects, a dedicated section for non-functional requirements (NFRs) is present in 69% of cases,
indicating a systematic focus on specifying performance, security, usability, and reliability parameters at early
development stages. For user interface (UI) engineering projects, where the primary goal is redesigning the
front-end layer of existing systems, NFRs are documented separately in 61% of instances, reflecting sustained
attention to quality attributes despite a Ul-centric scope. In reengineering projects, the proportion of separate
NFR sections decreases to 57%. This reduction may be attributed to the focus on restoring or improving
functional aspects, assumptions regarding existing non-functional requirements (NFRs) in legacy systems, and
resource limitations. In such contexts, NFRs are often embedded within functional requirements or addressed
through informal communication channels. The lowest separation rate (42%) is observed in product or
platform customization projects, where NFRs are frequently integrated into general documentation or
implicitly derived from platform standards. These differences suggest that the inclusion and visibility of NFRs
vary depending on the type of project, with greenfield initiatives necessitating greater formalization, while
customization projects leverage pre-established frameworks.

The analysis revealed a diverse approach to working with quality criteria in IT projects, as well as a significant
difference between current practices and recommended methodological approaches. Although 91% of respondents work
with non-functional requirements, their priorities are primarily determined by their understanding of the significance of
user and operational features, resulting in an underestimation of the architectural and internal attributes of quality. The
importance of professional competence in transforming theoretical quality models into practical tools is confirmed by
the growing emphasis on documenting non-functional requirements and the experience of a business analyst. The
completeness of quality criteria specification is greatly impacted by contextual factors such as team size, project type,
and the use of document templates, which suggests the need to adapt approaches to specific project conditions. The
findings indicate the importance of standardizing approaches to working with quality attributes by implementing
structured methodologies, creating context-specific documentation templates, and training business analysts in software
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quality models.
6. Conclusions

This study investigated the applicability of established software quality models from the perspective of IT business
analysis and requirements engineering, with particular emphasis on ISO/IEC 25010:2023. By combining comparative
analysis and empirical data from a survey of practitioners from Ukrainian and international companies, the research
demonstrated that although software quality is widely recognized as a critical success factor, the practical use of
structured models remains inconsistent.

The ISO/IEC 25010 model was found to offer the most comprehensive taxonomy of quality characteristics,
including clearly defined metrics suitable for both internal and external evaluation. The analysis of metric distribution
revealed that quality attributes have varying levels of importance and applicability in the formation of requirements.
Functional Suitability and Compatibility emerged as foundational characteristics forming the basis for quality
assessment systems. Performance Efficiency, Reliability, and Flexibility require operational testing and should be
developed in parallel with user requirements. Interaction Capability demands tailored evaluation approaches that align
with specific business contexts and user experience objectives.

The investigation of interdependencies between quality attributes demonstrated that software quality characteristics
are interconnected and often have complex relationships. Ensuring software quality requires making balanced decisions
regarding the prioritization of quality characteristics, considering their mutual influences. Requirements elicitation and
validation processes should include trade-off analysis, and requirements specifications should define not only the
desired attributes but also their relative importance and acceptable compromise levels for a specific project. Validation
metrics should evaluate individual attributes and their systemic impact on other characteristics. Requirements
specifications should define not only the desired attributes but also their relative importance and acceptable compromise
levels. The study established that quality requirements documentation should follow a phased approach: initially
focusing on foundational and internal attributes (Functional Suitability, Compatibility, Maintainability, Security),
followed by operational and context-dependent characteristics (Performance Efficiency, Reliability, Flexibility,
Interaction Capability).

Empirical results revealed that non-functional requirements are analyzed and specified in most cases (only 9% of
practitioners do not work with them) and are more likely to be documented separately in large, from-scratch projects
and by experienced analysts. Analysis shows a significant gap between current IT project practices for handling quality
criteria and recommended methodologies. Practice-based prioritization, which often skips a systematic, step-by-step
approach, can result in long-term technical debt and operational issues. Templates and organizational practices were
found to have a positive influence on the completeness of requirements regarding quality attributes. These findings
underscore the importance of institutional support, methodological guidance, and training in implementing a structured
approach to handling quality within the requirements elicitation, analysis, and specification phases of IT projects.
Business analysts play a pivotal role in tailoring theoretical quality models to project-specific contexts by: selecting
domain- and business-relevant quality attributes; composing balanced, interdependency-aware criteria sets; specifying
measurable non-functional requirements with precise metrics, thresholds, and acceptance conditions; maintaining
traceability between quality and functional requirements; and documenting justified trade-offs among conflicting
quality attributes.

Future research should explore the integration of agile-oriented standards (e.g., ISO/IEC 29110), operational
metrics (e.g., DORA), and Al-based tools into a unified quality assessment approach that is adaptable to iterative and
dynamic development environments.

Overall, this study contributes to the discourse on bridging formal quality models and real-world business analysis
practices, emphasizing the need for contextualized, practical frameworks that strike a balance between completeness,
project limitations, stakeholder preferences, and alignment with business requirements.
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