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Abstract

Agile teams often struggle to translate business requirements into maintainable, high-quality
software due to the persistent ambiguity in the roles and relationships of behavior-driven
development (BDD), Acceptance Test-driven Development (ATDD), and Test-driven Devel-
opment (TDD). These approaches are frequently misunderstood, inconsistently applied,
and only loosely connected within a unified delivery lifecycle. This article introduces
BLOW (Behavior-Driven Development in a Layered Organization of Work-Centers), a
systematic approach that establishes BDD as the coordinating methodology between ATDD
(business-focused) and TDD (technology-focused). BLOW structures scenario-driven de-
velopment across layered domains of accountability with clearly defined roles and re-
sponsibilities, organizing delivery through nested work-centers that transform user stories
into executable specifications and production code. This approach integrates two com-
plementary collaboration practices: the Three Amigos for discovering and formulating
business scenarios, and the proposed Technical Three Amigos for linking those scenarios
to Technical Domain Contexts, identifying required Enablers, and deriving technical sce-
narios when additional architectural support is needed. The proposed operating model
emphasizes observability through executable scenarios as first-class artifacts, introducing
native, test-anchored metrics that support reasoning about progress, technical effort, and
value delivery within scenario-driven development. An exploratory longitudinal case
study, consisting of a single-sprint proof of concept followed by an 18-month production
deployment, reports patterns in which technical enablement precedes business value de-
livery and reusable infrastructure supports sustained growth of business scenarios over
time. The findings also indicate that changes in the applied operating model are associ-
ated with measurable shifts in scenario evolution and internal quality indicators. Overall,
BLOW provides a governance-compatible, end-to-end approach for organizing scenario
driven development and improving alignment between stakeholder intent and technical
implementation in complex software systems.

Keywords: Behavior-Driven Development (BDD); Acceptance Test-Driven Development
(ATDD); Test-Driven Development (TDD); systematic approach; software development;
software engineering governance; executable specifications; empirical software engineering
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1. Introduction

The effective translation of complex business requirements into high-quality, maintain-
able software remains a significant and persistent challenge in modern software engineering,
particularly within dynamic agile development contexts [1,2]. To address this challenge,
practices such as behavior-driven development (BDD), Acceptance Test-driven Develop-
ment (ATDD), and Test-driven Development (TDD) have been widely adopted. These
approaches are valued for their potential to bridge the gap between business intent and
technical implementation, fostering collaboration, and improving software quality [3,4].
To anchor these paradigms within their established historical foundations, we leverage
their canonical definitions: TDD as popularized through the test-first disciplined cycle by
Beck [5], BDD as a communication and specification methodology originated by North [6],
and ATDD as formalized through business-driven acceptance requirements within agile
governance frameworks [7].

Despite their widespread adoption, the practical integration of BDD, ATDD, and TDD
within a coherent development lifecycle remains unclear. Both the academic literature
and industrial practice reveal substantial ambiguity regarding their definitions, scope, and
interrelationships. Several studies describe BDD as a direct evolution or refinement of
TDD, emphasizing its roots in test-first development and executable specifications [8-10].
In contrast, other authors portray BDD as a synthesis of acceptance-level and unit-level
practices, positioning it closer to ATDD and focusing on behavioral specification over
technical design [11,12].

Additional perspectives further complicate this landscape. Fontela and Garrido [13]
treat ATDD and BDD as largely interchangeable, while also describing ATDD as a specific
form of TDD. Garner [14] distinguishes ATDD from TDD primarily by its focus on accep-
tance criteria rather than code structure, thereby viewing the approaches as complementary
but loosely coupled. Ferguson et al. [15] advance a clearer hierarchical interpretation by
identifying ATDD as a related practice that enables, but does not replace, BDD. Meanwhile,
comparative empirical studies such as those by Cui et al. [4] implicitly assume the existence
of distinct models for BDD and TDD without resolving their operational overlap within a
unified lifecycle.

Existing definitions of BDD also exhibit significant variability. While some definitions
emphasize its relationship with test-first development, others foreground collaboration and
specification as executable examples [3,8-10]. Other definitions adopt a practice-centric
perspective, describing BDD primarily as a set of practices aimed at deriving automated
tests from team communication rather than as a coordinating methodology spanning the
development lifecycle [16]. Although these definitions are valid, they tend to focus on
observable characteristics of BDD rather than on its methodological role within software
development. This limitation is particularly evident in practice-oriented studies that
emphasize the use of ubiquitous language in BDD, which, while valuable, are often not
situated within a clearly defined end-to-end development model [17].

The absence of a shared conceptual and operational framework has tangible con-
sequences. Although TDD has achieved a relatively stable position within the software
development lifecycle and aligns naturally with DevOps practices, the positioning of ATDD
and BDD remains less clear. As a result, organizations frequently adopt these practices in
isolation, apply them selectively, or abandon them altogether due to unclear responsibili-
ties, coordination overhead, and tooling mismatches [9,18]. Empirical studies repeatedly
show that the benefits attributed to acceptance- and behavior-driven approaches, such
as improved collaboration, faster feedback, and higher quality, depend more on disci-
plined coordination between people, processes, and tools rather than on test automation
itself [19,20].
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Taken together, these observations suggest that the core challenge is not the absence of
techniques, but the absence of a unifying operating model that explicitly situates ATDD,
TDD, and BDD within a shared organizational and methodological structure. Without such
a model, scenario-driven practices struggle to scale and to remain sustainable over time.

In response to these challenges, this paper introduces BLOW(Behavior Driven-
Development in a Layered Organization of work-centers), a systematic approach that
establishes an operating model for scenario driven development. BLOW positions BDD
as a coordinating methodology that explicitly integrates ATDD as a business-focused
framework and TDD as a technology-focused framework within a layered structure of ac-
countability. The proposed approach organizes development through nested work-centers
and complementary collaboration practices, making technical enablement explicit and
observable alongside business value delivery.

To clarify the nature of the contribution, we distinguish three levels of novelty. First,
BLOW introduces or formalizes BLOW-specific constructs for scenario-driven governance:
(a) scenario-anchored metrics that use executable scenarios as formal units of value for
tracking cost, progress, and completeness; (b) the Technical Three Amigos, a dedicated
collaboration practice for technical scenario discovery; (c) a layered operating model with
nested work-centers that distributes BDD, ATDD, and TDD across distinct organizational
boundaries with explicit push—pull dynamics; and (d) the formal distinction between
business scenarios and technical scenarios as disjoint unit-of-value types with separate ac-
countability paths. Second, BLOW adapts and scopes established concepts, including SAFe
Enablers, Lean-inspired work-center flow, and the Three Amigos practice, integrating them
within a unified governance structure. Third, BLOW provides a positioning contribution
by situating BDD as a coordinating methodology between ATDD and TDD, helping to
clarify the definitional ambiguity documented in the literature and in the empirical survey
presented in Section 2.

Beyond conceptual clarification, BLOW introduces native, test anchored metrics that
leverage executable scenarios as first class artifacts for reasoning about progress, tech-
nical effort, and value delivery. The proposed operating model is evaluated through a
longitudinal case study, spanning a single sprint proof of concept and an 18 month produc-
tion deployment, to explore its practical implications for coordination, observability, and
internal software quality.

The remainder of the paper is structured as follows: Section 2 presents an empirical
survey examining current perceptions and adoption patterns of BDD, ATDD, and TDD
among practitioners and academics. Section 3 establishes a unified conceptual foundation
by analyzing the fragmentation of knowledge between business and technical domains
and by delineating the roles of TDD and ATDD within a BDD-led development lifecycle.
Section 4 introduces the BLOW systematic approach, detailing its layered organizational
structure, core principles, and collaboration practices. Section 5 defines the native metrics
associated with BLOW, providing a formal basis for reasoning about cost, value, and
progress through executable scenarios. Section 6 reports the longitudinal case study used to
evaluate the proposed approach. Section 7 discusses the limitations of the study. Section 8
interprets the empirical findings and discusses their methodological and organizational
implications. Finally, Section 9 concludes the paper and outlines directions for future work.

2. BDD Perception: An Empirical Survey

In order to validate the hypothesized conceptual confusion identified in the literature,
an empirical perception survey was conducted. The objective of this study was to assess
the extent of ambiguity surrounding BDD, ATDD, and TDD among active practitioners
and experts in the field.
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The survey was designed to capture both the theoretical understanding and the
practical application of these methodologies. To ensure a representative sample of the
industry, we targeted two distinct populations:

*  Population 1 (industry): This cohort consists of active software professionals surveyed
during an international software development summit. It represents a broad cross-
section of the industry, including roles such as software architects, DevOps engineers,
and technical leads. This population provides empirical insight into the interpretation
and application of BDD, ATDD and TDD in the industry.

¢  Population 2 (academia): This group comprises postgraduate students enrolled in
a Master’s degree program in Software Development. Participants had undergone
rigorous training in modern agile frameworks and formal development methodologies.
This population serves to capture the perception of BDD from a theoretical and
structured educational perspective, relatively untainted by legacy industrial habits.

All the participants were assured that their personal data would be anonymized, and
their consent was formally obtained prior the assessment.

The questionnaire was organized into two blocks: (i) audience composition and
(ii) opinions on the definition and adoption of BDD. The BDD-related items were organized
into two categories: (i) BDD adoption and understanding and (ii) BDD perception. The
reference total for the number of potential responses was determined by the first question
in the survey, resulting in 52 expected responses for Population 1 and 20 expected responses
for Population 2.

For the respondents who answered the audience composition questions but omitted
responses in the adoption and perception blocks, we implicitly assigned the default option
”I do not have an opinion”. This conservative imputation treats non-responses as uncom-
mitted to avoid artificially inflating support or consensus for any particular viewpoint
during the baseline data organization.

2.1. Audience Composition

Two questions (RQ1-RQ2) were conducted in order to characterize the respondents
according to their roles and levels of experience. Table 1 shows a comparison between both
target populations.

Table 1. Comparison of Target Populations 1 and 2: Survey demographics.

Population 1 Population 2

Question/Category Percentage Answer Percentage Answer
RQ1: Your role fits better in:

Development team member 71.15% 37 90.00% 18
Product owner 15.38% 8 5.00% 1
Stakeholder 13.46% 7 5.00% 1
RQ2: Years of working experience:

More than 10 years 69.39% 34 15.00% 3
5-10 years 14.29% 7 0.00% 0
0-5 years 16.33% 8 85.00% 8

Specifically, Population 1 included an audience of 52 participants and was composed
mainly of senior technologists with extensive software development experience. In this
population, 71.15% identified as members of the development team, 15.38% as product
owners, and 13.46% as stakeholders. Regarding experience, 69.39% reported more than
10 years, 14.29% reported 5-10 years, and 16.33% reported 0-5 years. Three individuals did
not answer and are not considered in the table.

https://doi.org/10.3390/computers15070405


https://doi.org/10.3390/computers15070405

Computers 2026, 15, 405

5of 61

In contrast, Population 2 consisted of 20 participants, primarily individuals who
had only recently completed their grade studies and therefore possessed an up-to-date
academic background. Most participants identified as development team members (90%),
with very few product owners or stakeholders. As expected, the vast majority (72.73%)
reported 0-5 years of working experience. In this case, nine individuals preferred to avoid
answering and are not considered in the table.

A direct comparison of role composition is provided in Figure 1, which offers a visual
overview of the observed outcomes. Across both conditions, the predominant portion of
the audience consists of members of the development team, allowing us to regard them as
the principal represented group.

40
35
30
25
20
15
10

37 (71.15%)

18 (90.00%)

8(15.38%)

7 (13.46%)
5
1(05.00%) 1 (05.00%)
— —
Population1 Population 2

MW Developer Team Members ~ ® Product Owners M Stakeholders

Figure 1. RQ1: Graphical representation of the audience composition.

The distribution of experience is illustrated in Figure 2. The distribution spans a
broad range of experience levels, suggesting substantial heterogeneity within the sample.
This pattern indicates that both senior and junior practitioners are well represented in the
dataset, rather than the data being skewed toward a particular experience group.

40

15 34 (69.39%)

30

25

20

15

10 7(429%) ~ B8(1633%) 8 (85.00%)
- Ham e .. il
0 B 0 000%)

Population 1 Population 2
m More Than 10 years m 5-10years mO0-5Syears
Figure 2. RQ2: Experience distribution. When the survey responses were aggregated, the resulting
sample was primarily composed of individuals with substantial professional experience, with the
majority having more than five years in their respective roles.

2.2. BDD Adoption and Understanding

Two questions were formulated to evaluate the participants’ familiarity with BDD and
the extent to which BDD is applied in their development processes, as it is shown in the
Table 2.

For Population 1, most participants categorized BDD either as a development method-
ology or as both a testing and development methodology, plausibly influenced by the
explicit presence of the word “development” in the term BDD. Nonetheless, as reported in
Table 2, most respondents had little or no direct exposure to BDD in professional settings.
Furthermore, when combining those who did not select any predefined option with those
who left the question unanswered, a substantial proportion can be classified as not having a
clearly defined position regarding BDD. Overall, the collected data suggests for Population
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1 that, although BDD is generally regarded by the respondents as a valuable driver for
software development practices, its actual, systematic application in real-world projects
remains limited.

Table 2. Comparative analysis of BDD adoption between P1 and P2.

Population 1 (P1) Population 2 (P2)

Question/Category Answer with Default Percentage Answer with Default Percentage
RQ3: Your perception of BDD is:

Development methodology 5 5 09.61% 3 3 15.00%
Both testing and dev. methodology 30 30 57.69% 3 3 15.00%
Testing methodology 0 0 00.00% 0 0 00.00%
Neither testing nor dev. methodology 0 0 00.00% 2 2 10.00%
(DEFAULT) I don’t have an opinion 4 17 32.69% 12 12 60.00%
RQ4: Have you ever applied BDD in your daily work?:

Occasionally read 8 8 15.38% 2 2 10.00%
Tried but abandoned 3 3 05.77% 1 1 05.00%
Used to work on it 5 5 09.61% 0 0 00.00%
Trying but not able to apply 4 4 07.69% 0 0 00.00%
Key stone in dev. practices 0 0 00.00% 0 0 00.00%
(DEFAULT) Never 20 32 61.54% 17 17 85.00%

In Population 2, 60% of the respondents reported having no clear opinion on the topic,
while the remaining 40% were distributed across the other response options. Only a small
fraction had experimented with or read about BDD. The detailed distribution is presented
in Table 2. Comparing the “Answer” and “With Default” columns serves as a sensitivity
check. Excluding the default-imputed entries leaves the overall distribution of substantive
choices unchanged, confirming that the descriptive findings are not driven by imputation
strategy. These findings suggest that most students, who had only recently graduated, had
not received formal academic instruction on BDD principles, which likely contributes to
the lack of a structured perspective on BDD within their educational programs.

Figure 3 comparatively displays BDD perception assuming default counts.

30 (57.69%)

12 (60.00%)

5(09.61%
( ) 17 (32.69%) 3(1500%) 3 (15.00%)

: ] = -
2 (10.00%)
0(00.00%) 0 (00.00%) 0 (00.00%)
0 [ | [ ]

Population 1 Population 2
mDevelopment Msthodology ™ Both testing and dev. Methodology M Testing Methodology M Neither testing nor dev. Methodology — m (DEFAULT) | don't have an opinion

Figure 3. RQ3: BDD perception comparisson with default counting displaying the percentage.

Similarly, Figure 4 displays the BDD adoption comparison among the two populations.

35 32 (61.54%)

30
25

20 17 (85.00%)

15

10 8 (15.38%)

5 5 (09.61%) 4 (07.69%)

3 (05.77%)
2(10.00%) 1 (05.00%)
0 [ | - 0(00.00%) — 0(00.00%) 0 (00.00%) 0 (00.00%)
Population 1 Population 2
m Ocassionally read 1 Tried but abandoned m Used towork on it m Trying but not able to apply m Kev ston in dev. practices m(DEFAULT) Never

Figure 4. RQ4: BDD adoption comparison between both populations.

https://doi.org/10.3390/computers15070405


https://doi.org/10.3390/computers15070405

Computers 2026, 15, 405

7 of 61

2.3. BDD Perception

Two questions assessed how the audience perceived BDD in relation to TDD and
ATDD: the potential relationship between TDD and BDD (Figure 5), and the potential
relationship between ATDD and BDD (Figure 6). The RQ questions and results are shown
in Table 3.

30

25 (48.08%)
25
20

15 (28.85%)
15

10 8 (15.38%) 8 (40.00%) 7 35.00%)
5 3 (05.77%) 2 (1000%) 3 (15.00%)
1(01.92%)
0 —— || - 0(00.00%)
Population 1 Population 2

W Completely differentthings W TDD is partof BDD mBDDispartof TDD mArethe samething ®(Default)| don't have an opinion

Figure 5. RQ5: How BDD and TDD are related one to the other?

40
35 (67.31%)
35
30
25
20

15 13 (65.00%)

9(17.31%)
10 6 (11.54%)
5 2 (03.85%) 3U500%) 5 (1000%) 2 (10.00%)
0(00.00%) [ 0 (00.00%)
0 | S .
Population 1 Population2

m Completely different things m ATDD is partof BDD m BDD is part of ATDD | Are the same thing m (Default) | don't have an opinion

Figure 6. RQ6: How BDD and ATDD are related one to the other?

Table 3. Comparison of BDD, TDD, and ATDD perceptions between P1 and P2.

Population 1 (P1) Population 2 (P2)

Question/Category Answer with Default Percentage Answer with Default Percentage
RQ5: Your perception of BDD and TDD are:

Completely different things 25 25 48.08% 2 2 10.00%
TDD is part of BDD 8 8 15.38% 8 8 40.00%
BDD is part of TDD 3 3 05.77% 3 3 15.00%
Are the same thing 1 1 01.92% 0 0 00.00%
(DEFAULT) I don't have an opinion 6 15 28.85% 7 7 35.00%
RQ6: Your perception of BDD and ATDD are:

Completely different things 6 6 11.54% 3 3 15.00%
ATDD is part of BDD 9 9 17.31% 2 2 10.00%
BDD is part of ATDD 2 2 03.85% 2 2 10.00%
Are the same thing 0 0 00.00% 0 0 00.00%
(DEFAULT) I don’t have an opinion 6 35 67.31% 13 13 65.00%

In Population 1, the results show a lack of consensus on the understanding of TDD,
ATDD, and BDD and their relationships in Population 1. Approximately 50% of the Popu-
lation 1 respondents perceive a disconnection between TDD and BDD, while a significant
proportion either do not consider this or have no opinion. This may be due to intuitive
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responses or confusion, as indicated by the high number of non-responses to the question
about BDD and ATDD.

Regarding Population 2, the limited presence of structured instruction in academic
settings is reflected in the responses from master’s degree students. When asked about
the relationship between BDD and TDD, the uncommitted default rate was 35.00%, while
the relative majority (40.00%) actively indicated that TDD is part of BDD. However, when
queried about the relationship between BDD and ATDD, the proportion reporting no
opinion remained high (65.00%). These findings are summarized in Table 3.

2.4. Discussion and Research Implications

The survey analysis presented in this section is descriptive and exploratory in nature
and does not incorporate formal inferential statistical procedures. The primary objective of
the survey is to characterize the extent of conceptual ambiguity surrounding BDD, ATDD,
and TDD, rather than to identify statistically significant differences between populations.
Given the sample sizes of N = 52 and N = 20, conventional tests of group differences
would be associated with limited statistical power, and assessing convergence (rather than
divergence) would necessitate equivalence-testing designs that fall beyond the scope of
this exploratory investigation.

The findings from the survey underscore a pronounced absence of consensus concern-
ing the specific definitions and interconnections among BDD, TDD, and ATDD. Notably,
approximately two-thirds of the participants affirm their recognition of BDD as a pivotal
methodology for driving development processes. However, the majority of these attendees
seem to lack substantiated practical experience in applying BDD effectively. This deficit
in practical exposure is hypothesized to contribute significantly to the prevailing confu-
sion surrounding how these development approaches relate to one another. Furthermore,
even though nearly half of the respondents perceive BDD and TDD as distinctly separate
frameworks, there persists a noteworthy segment of respondents who either hold divergent
viewpoints or abstain from expressing any opinion. This observation implies that their
perceptions could be driven by intuitive inclinations or by an incomplete understanding of
the intricate details characterizing these methodologies.

The substantial volume of unanswered questions and the wide range of conflicting
opinions regarding BDD and ATDD highlight an urgent necessity for more explicit def-
initions and structured educational efforts. Although a sensitivity check confirms that
unanswered items do not distort the study’s descriptive findings, we acknowledge that this
strategy cannot definitively separate genuine uncertainty from survey fatigue; thus, future
studies should include explicit opt-out mechanisms to disambiguate both states. While
this survey is not a formal TAM/UTAUT-based adoption study, the observed absence of
structured instruction and operational clarity is consistent with broader adoption concerns
related to perceived ease of use and facilitating conditions.

These outcomes reinforce the argument advocating for the development of a system-
atic approach to BDD that can rectify these misunderstandings and offer a more transparent
framework for its adoption and integration into software development practices. This
requirement is the fundamental driver behind the BLOW method proposed in this work.
BLOW addresses the identified lack of structural clarity by formalizing the boundaries be-
tween business-centric requirements and technical implementation, transforming intuitive
practices into a repeatable engineering process.

Finally, the survey results show a striking consistency across both professional and
academic cohorts. Although responses from students might be subject to inherent cognitive
biases due to limited practical exposure, their high degree of alignment with industry prac-
titioners is significant. This convergence suggests that current educational and industrial
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models lack a sufficiently robust backbone for understanding BDD and its integration
into the software development lifecycle. Such a widespread lack of conceptual clarity
underscores the necessity for a systematic method like BLOW. By providing a structured
method that can be integrated into both academic curricula and industrial workflows,
BLOW enables future and current engineers to move beyond intuitive interpretations,
providing the theoretical and practical foundation required to effectively bridge the gap
between business specifications and technical implementation.

3. Harmonizing Knowledge Domains Through BDD

To provide a rigorous foundation for the BLOW method, this section establishes a
unified conceptual framework for behavior-driven development (BDD) and its constituent
practices. We first analyze the systemic “split of knowledge” between business and tech-
nical domains, identifying the communication “gray zones” where modern agile projects
often fail. Subsequently, we delineate the operational boundaries of Test-driven Devel-
opment (TDD) and Acceptance Test-driven Development (ATDD). By redefining these
frameworks not as isolated practices, but as integrated layers within a BDD-led software
development lifecycle (SDLC), this section provides the necessary taxonomy to understand
how BLOW automates the transition from natural language specifications to executable
technical verification.

3.1. Problem Statement: The Split of Knowledge Domains

In 1994, Hedlund theorized about two types of knowledge [21] developing the con-
cepts stated by Polanyi [22], articulated knowledge and tacit knowledge. Although ar-
ticulated knowledge can be represented by structured ways of communication, such as
written documents, or verbalized instructions, tacit knowledge represents a wider set of
knowledge where intuition and experience are the main source of information. Along these
two areas of knowledge, a set of different vectors or dimensions was established for the
heading of knowledge, individual, group, organization, and interorganizational domain.
To illustrate it, in the same work Hedlund (1994) [21] posed the following examples shown
in Table 4.

Table 4. Classification of articulated and tacit knowledge at various organizational levels. The table
highlights the different types of knowledge and their relevance at individual, group, organizational,
and interorganizational levels.

Individual Group Organization Interorgan{zatlon
Domain
. uality circle’s Supplier’s patent
Articulated . Q y . - PP P
Knowing Calculus  documented analysis ~ Organization chart and documented
Knowledge . .
of its performance practices
o Customer’s attitudes
. Cross-cultural Team coordination in
Tacit Knowledge - . Corporate culture to products and
negotiation skills complex work

expectations

Hedlund’s work is instrumental to understand the problem statement. As organiza-
tions are becoming larger, the knowledge finds difficulties in mutual understanding in the
so called “gray zones” of knowledge. A “gray zone” can be defined as knowledge that
cannot fit in a single domain. That means a discipline in a gray zone can not be localized in
a specific domain area. In other words, as an organization size increases, there is a greater
interdependence among the knowledge treasured by the different domains composing the
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organization. At the same time, the speed with which knowledge is increased can limit the
amount of information that those domains can share.

The separation of knowledge domains problems is widely documented even in ancient
history. As an example, the transition from mythos to logos in ancient Greece could be
considered. Mythos (word or speech) was the word used to describe knowledge in homeric
poems. The semantic area of Homeric mythos correspond to the area that would later
be covered by therm logos [23]). The Homeric poems were written in the eight century
b.c. By the times of Plato the term mythos tends to specialize in the sense of fiction,
subject of a tragedy. That is, as the knowledge on nature matter was increased, the mythos
stopped meaning the knowledge of mankind to become in fictional not covered by the logos.
So, in ancient Greece, the priests were focusing on the mythos knowledge through the
religion, while philosophers were focusing on the logos knowledge through the philosophy.
Several centuries later, the philosophical domain would be split into modern philosophy
and science.

Then, the more a specific domain knowledge size increases, the more difficult the
exchange of information can be. That also applies to computer science.

By mapping Hedlund’s knowledge dimensions onto the SDLC, the structural roles of
testing frameworks are clarified: ATDD formalizes the Articulated Business Domain, while
TDD ensures the Articulated Technical Domain. However, a “gray zone” often exists where
original business intent is lost in technical translation. In this scenario, BDD acts as the
bridge for tacit knowledge, capturing the intuition of the “Three Amigos” and translating
it into a Unified Language. By externalizing these tacit needs into articulated technical
behaviors, BDD ensures the resulting software is both technically robust and functionally
aligned with the organizational vision.

3.2. Test-Driven Development

In agile environments, Test-driven Development (TDD) is a evolutionary software
development framework where unit test cases are written incrementally before the im-
plementation of any functional code [5,24]. TDD is commonly described as a “test-first”
programming practice, requiring developers to introduce new production code only in
response to a failing automated test, followed by systematic refactoring to remove dupli-
cation and improve internal design [5,25]. Then, TDD is fundamentally enabled by the
complementary practices of Unit Testing and Refactoring, which together form a tightly
coupled development discipline.

The TDD process consists of the iterative building of unit tests and the correspond-
ing minimal amount of code required to pass these unit tests. Each iteration includes a
refactoring of resulting code to generate a clean and sustainable route towards a valid
technical solution.

Conceptually, TDD is mainly intended to create defect-free code as fast as possi-
ble by developing the minimal required functional code required to pass a specific test
suite [14,18]. Consequently, this method yields a comprehensive set of unit tests that
validate the precision of the proposed solution (Figure 7).

This characterization is consistent with the definition provided by the Agile Al-
liance [26]. According to this organization, TDD refers to a style of programming in
which three activities are tightly interwoven: coding, testing (in the form of writing unit
tests), and design (in the form of refactoring). Design decisions emerge implicitly through
continuous refactoring, rather than being specified upfront.

According to Kent Beck [5], the TDD execution follows the following steps:

e TDD starts by writing a single-unit test describing part of the required functionality.
This test must fail the first time that is run as the functionality is not implemented yet.
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*  The developer runs the minimal and simplest amount of code to pass the test.

*  When necessary, the code is refactored to optimize it, verifying that the functionality
is still working through existing previous tests.

¢  Finally, the source code is committed to keep the value and revert to the previous state
if necessary.

*  The cycle is repeated for each new added functionality.

Framework Test-driven development
Practices Refactoring Unit Testing

. TECHNICAL DOMAIN

Figure 7. Test-driven Development is a development framework focusing on technical domains
enabled both by Refactoring and Unit Testing practices.

This iterative and incremental cycle is depicted in Figure 8, emphasizing the role of
TDD as a disciplined mechanism for constructing and validating technical solutions.

<" New Feature "™
. cycletime starts
T '”W“Ijere Iterate

Describe an
increment by
designing a new
unit test

Code the minimal
and simplest code
to pass new test

New Feature
Qr
Enabler

Incremental
Value Delivered

Commit source Refactor code to
code locally optimize

.
Geeeeeiae

Figure 8. Iterative and incremental cycle enabled by Test-driven Development.

Consequently, TDD serves as a robust working framework for verifying and simplify-
ing the coded solutions. However, it does not inherently address the acceptance criteria
defined by stakeholder, nor does it validate whether the implemented functionality satisfies
business intent [14,18]. Therefore, TDD is strictly focused on the technical domain and
supports disciplined verification rather than validation to ensure that the solution is built
right (verification) [15]. Table 5 summarizes the role of TDD within this context.

Table 5. Main area of TDD is the Technical Domain which enables verification.

Framework Domain Enabled Process

TDD Technical Domain Verification Process
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The benefits of TDD are well-documented in the literature. Empirical studies associate
TDD with improved code maintainability, enhanced program comprehension, and reduced
defect injection rates, without significantly increasing overall development time when
assessed over the full lifecycle [24,27]. Furthermore, controlled experiments by Williams
et al. [28] report defect reductions of up to 40%, even in teams with limited prior TDD
experience. These results reinforce the role of TDD as a robust technical foundation for
larger and more comprehensive development method such as BLOW.

3.3. Acceptance Test-Driven Development

As TDD is primarily focused on unit testing within the technical domain, its scope is
inherently limited with respect to validating business requirements. In fact, Soeken et al.
assert ‘While unit tests check the correct implementation of single atomic components in the software,
acceptance tests check a scenario of the system as a whole without considering how the system is
actually implemented’ [29]. Consequently, TDD ensures the technical integrity of the code
but lacks the necessary link to the business domain required to ensure functional validity.

Bridging this gap is the main scope of Acceptance Test-driven Development (ATDD). In
ATDD, stakeholders, developers, and testers collaboratively define acceptance tests before
implementation begins, thereby making business requirements explicit and executable early
in the development lifecycle [30]. These acceptance tests describe system behavior from the
user’s perspective and serve as a contract that guides subsequent development activity.

A central practice enabling ATDD is the Three Amigos. This collaborative practice
brings together representatives from the business, development, and testing domains
to collectively explore requirements and define acceptance tests prior to implementation.
Wang and Gémez [31,32] emphasize the importance of the Three Amigos as a socio-technical
coordination mechanism that improves shared understanding and reduces ambiguity
between business intent and technical realization. Similarly, Aggarwal [33] characterizes
the practice as “first writing acceptance test cases for a solution or product, and then using
those tests to drive development.” Figure 9 summarizes the focus of ATDD as a framework
operating primarily within the business domain.

Framework Acceptance Test-driven development
Practice The Three Amigos

. BUSINESS DOMAIN

Figure 9. Acceptance Test-driven Development is a development framework focusing on business
domains enabled by the Three Amigos practice.

As indicated by Soeken et al. [29], it is clear that ATDD and TDD operate at different
levels of abstraction and serve complementary roles. Unambiguously, the engagement of
stakeholders in ATDD aligns with a business perspective, whereas engineer involvement
in TDD aligns with a technical perspective. This means that stakeholders direct ATDD
towards business-centric areas, while test engineers steer TDD towards technology-centric
areas. Therefore, ATDD emerges as an appropriate framework for supporting business-
centric domains.
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The distinction between ATDD and TDD is fundamental: the involvement of stake-
holders in ATDD ensures a business-centric perspective (validation), whereas the engineer’s
focus in TDD ensures a technology-centric perspective (verification). Therefore, ATDD
functions as the operational bridge for the articulated business domain. Table 6 details the
specific roles and focus areas of each team member within this collaborative framework.

Table 6. Three Amigos roles and their main focus during the practice.

Perspective Focus Voice of Role
Business Oriented To define the problem to be solved Stakeholder
Development Oriented To define a technical solution Technical
Testing Oriented To challenge the solution Tester

By establishing acceptance tests early through the Three Amigos practice, ATDD
integrates validation activities into the initial stages of development. This early incorpora-
tion reduces the number of feedback cycles required with stakeholders and limits rework
caused by misinterpreted requirements. Figure 10 illustrates the application of the Three
Amigos practice in integrating acceptance tests within the development lifecycle. Once
the acceptance tests have been defined, the technical team (e.g., developers) can proceed
with the implementation in accordance with the aforementioned tests. This integration
ensures that validation is not a final, disconnected phase, but a continuous driver of the
development lifecycle.

<informed>
Y. HE Asa
: : Developer |
As a H implement on
stakeholder | H targeted

express needs . programming

ve ELE O ®
e —> 5| <@

As a test i - Acceptance Tests Developer

b Working
leader, | The Three Amigos ™ g
N oy sol
challenge the N - g As a technical solution
environment. - = Stakeholder ) Iea#er_l
’ ) identify the
= Architect/ Developer
solution
= Tester
< -{  Business Domain } s § o { Technical Domain N

Figure 10. In Acceptance Test-driven Development, acceptance tests are defined prior the develop-
ment and incorporated into the development lifecycle in an early stage.

3.4. Behavior-Driven Development

The BLOW method is primarily grounded in the definition of behavior-driven devel-
opment (BDD) provided by Axelrod [34], who describes BDD as ‘a methodology that is
derived from Test-driven Development but adds to it an emphasis on bridging the gap
between the natural language description of the behavior of a feature [...] and the tests that
verify that the feature indeed behaves according to description’. The concept, originally
introduced by Dan North [6], proposes redefining tests as behaviors (structured as scenarios
or examples) to describe the functional behavior of the code to be tested. Consequently,
the effective adoption of BDD is achieved by defining the desired set of solution behaviors
necessary to overcome a specific engineering problem.

As defined by Dan North, a scenario is intended to define the behavior of the solution
in response to specific preconditions when an event is triggered. From this distinction, BDD
can be considered an improvement (in Design Science, an improvement is a new solution
for a known problem) of TDD. This defines a common language understandable among
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the different participating roles (technical and nontechnical) to express the behavior that a
software system should do.

According to the Agile Alliance, BDD, also known as Specification by Example, is
defined as “a synthesis and refinement of practices stemming from Test-driven Development
(TDD) and Acceptance Test-driven Development (ATDD)” [35]. This perspective is crucial as it
positions BDD as the overarching methodology that orchestrates TDD within the technical
domain (verification) and ATDD within the business domain (validation), as summarized
in Table 7. From a technical perspective, BDD synthesizes the basic principles of TDD
with object-oriented analysis and domain-driven design with the aim of optimizing and
maximizing the effectiveness of the software development process [35].

Table 7. Functional domains and processes coordinated by BDD.

Behavior-Driven Development

Framework Domain Enabled Process
TDD Technical Domain Verification Process
ATDD Business Domain Validation Process

In this work, the distinction between methodology and framework is used to separate
the coordinating logic of BDD from the supporting structures provided by TDD and
ATDD. Accordingly, BDD is treated as a methodology, while TDD and ATDD are treated as
frameworks that support specific verification and validation activities [36-39].

To complete this taxonomy, two further levels are introduced. A practice denotes a
specific, repeatable pattern of interaction or execution carried out by defined roles. Ex-
amples include the Three Amigos and Technical Three Amigos practices, which organize
collaboration between business and technical stakeholders. A tool represents a software
artifact that automates or support one or more such practices. Examples include Cucum-
ber and SpecFlow, which support the automated execution of scenarios created during
BDD practices. This four-tier structure (methodology — framework — practice — tool)
forms the conceptual foundation for the organizational scheme encoded in BLOW. Conse-
quently, BDD is treated in this work as a methodology supported by the TDD and ATDD
frameworks, as it is illustrated in Figure 11.

Methodology Behaviour Driven Development
Frameworks Acceptance test-driven development Test driven development
Practices Three Amigos Refactoring Unit Testing

. Business Domain Technical Domain

Figure 11. BDD as methodology, ATDD and TDD as frameworks, and their practices mapped against
business and technical domains.

In all cases, BDD encourages the use of an ubiquitous natural language driven to cover
the needs of stakeholders that can be implemented in the software system. These scenario
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descriptions, due to the nature of the way in which they are written, represent a way to
reduce miscommunications between stakeholders and technical teams. As a consequence,
ambiguities that traditionally result in miscommunication between the business domain
and the technical domain are reduced, and stakeholder satisfaction can meet expectations.

Traditional interpretations of BDD often face a dilemma similar to the chicken-and-egg
situation. On the one hand, implementing ATDD scenarios derived from the Three Ami-
gos practice necessitates a technical solution for integration. On the flip side, a technical
solution requires business relevance to be impactful. Irshad et al. documented this prob-
lem [40], noting that BDD often fails at large-scale since no product development is done
yet. Their analysis of theoretical BDD-related works demonstrated the absence of industrial
evaluation within the community. They then propose a systematic approach whereby
technical scenarios (system-level feature files) are introduced to align with business sce-
narios (behaviors in the original). This systemic gap—the lack of industrial evaluation for
large-scale BDD—is precisely what the BLOW method seeks to address by introducing a
layered organizational approach with work-centers.

The application of BDD is usually a complex task because it requires seamless col-
laboration of business and technical teams to derive test cases and their corresponding
implementations.

The Operational Cycle: Discovery, Formulation, and Automation

The practical application of BDD is traditionally organized into three iterative stages,
as proposed by Rose and Nagy [41]: Discovery, Formulation, and Automation.

Discovery

This stage focuses on collaborative exploration. Business stakeholders and technical
teams engage in “Three Amigos” conversations to agree on the desired behavior of a
feature [42]. The output is a set of acceptance criteria categorized by business rules. In
Figure 12) an example of the outcome of a discovery session is shown for the functionality
of a shopping cart.

Rule: A persona can check in products without purchasing
Scenario: A persona can check in a single product

Scenario: A persona can check in the same product several times
Scenario: A persona can also check in several products

Rule: A persona can purchase a previously checked in product
Scenario: A persona purchases a checked in product
Scenario: A persona shall checked in at least one product to purchase

Figure 12. Example of the outcome of a discovery session for the functionality of an e-commerce cart.

Formulation

Once rules and scenarios are approved, the writing of the scenario is initiated in
Formulation phase. In this stage, scenarios are articulated in a specific language, such as
Gherkin, which is widely recognized as the industrial standard. Due to its extensive use in
BDD, many studies closely associate Gherkin with BDD. For example, Tianyao Li et al. [43]
defines Gherkin as the BDD test specification language.

Gherkin provides a set of grammar rules (https:/ /cucumber.io/docs/gherkin/, ac-
cessed on 17 June 2026) to define scenarios in terms of the following reusable steps:

*  Given steps: These set the initial context for a scenario, for example; Given my bank
account has a balance of 3400 USD.

*  When steps: These define or trigger an action or sequence of actions that set the
scenario in motion, for example; When I withdraw 300 USD cash.
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¢  Then steps: These specify the expected outcomes, for example; Then after the with-
drawal my bank account will have a balance of 3100 USD.

Furthermore, Gherkin utilizes background conditions to define the relevant infor-
mation about the environment that can impact the scenarios within a feature. Despite
background conditions can appear during the discovery stage, they are formalized here
to ensure consistency across the test suite. In Figure 13 the background conditions for the
execution of a specific scenario are illustrated.

Feature: Basket cart

As a customer

I want to get information about checked in products in cart
So I can know the total cost of my purchase

Background
Given the catalogue has following products

| product | price | currency | discount |
| motion-cam-hero-09-2020 | 10 | EUR | 10% |
| motiom cam-hero-10-2023 | 10 | EUR | 0% |
| phone-hero-13-2024 | 1342 | EUR | 0% |
| phone-hero-12-2021 | 999 | EUR | 5% |
And these personas are registered

| Persona | Fidelity discount | Preferred currency |

| David | 0% | EUR |

| Maria | 20% | EUR |

| Paul | 0% | USD |

| Oshiro | 10% | JPY |

| Jules | 5% | JPY I

And the following exchange rates at the time of operation

| From currency | To currency | Rate |

| EUR | UsD | 1.134 |

| USD | EUR | 0.881 |

| USD | YPD | 114.386 |

| JPY | USD | 0.009 |

| JPY | EUR | 0.008 |

| EUR | JPY | 129.737 |

Rule: Persona can check in products without purchasing

Scenario: A persona can check in a single product
Given I am David
And Iam having an empty cart
And I check in a product ‘motion-cam-hero-10-2023°
When I list checked in products
Then there will be a single product with code ‘motion-cam-hero-10-2023°
And cart total will be 10 EUR

Figure 13. The first scenario of Figure 12 is developed here. Notice that the background conditions
include conditions from other scenarios which are not displayed.

The formulation stage requires specific Gherkin syntax knowledge and automation
skills. For this reason, the Gherkin formulation is usually written by testing engineers,
although optionally stakeholders and customers can contribute to scenario writing. The
resulting specifications must be validated by such stakeholders in two ways, by involving
the stakeholder during the writing process or by getting stakeholder’s approval offline, to
ensure the “Executable Specification” remains faithful to the business intent.

Automation: BDD Enabled by Gherkin-Supported Tools

After developing a collection of scenarios in a designated language such as Gherkin,
these scenarios are then mapped to code functions (step definitions) using BDD frameworks
such as Cucumber, SpecFlow (C#), or Behave (Python), which are tailored to a particular
programming language. This process automates the creation of both unit and acceptance
tests, ensuring that every automated verification directly tracks back to a validated business
requirement.

Figure 14 provides an example of a Python function decorated with Behave annota-
tions. These functions execute assertions using standard unit testing frameworks (such
as xUnit or PyTest). Since the Gherkin scenario prescribes a strict execution order, the
corresponding functions are carried out in that exact sequence, maintaining the integrity of
the behavioral flow.
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from behave import given, when, then

@when(’the search phrase ‘‘{string}’’ is entered’)
def _the_search_phrase_is_entered(context, string):
#TODO: Implement code to execute a search
pass

Figure 14. Step definition in Python (Behave) illustrating the binding between Gherkin steps and
executable code.

The reusability during the automation is one of the significant advantages of Gherkin-
supported tools. Indeed, once the steps have been linked to their corresponding functions,
alternative scenarios can be defined without writing additional code, as shown in Figure 15.

Feature: Google searching

As a web surfer,
I want to search Google,
so I can learn new things.

Scenario: Searching for panda
Given a web browsers is on the Google page
When the search phrase ‘‘panda’’ is entered
Then results for ‘‘panda’’ are shown

And the related results include °‘Panda Express’’
But the related results do not include °‘pandemonium’’

Scenario: Searching for chaos
Given a web browsers i on the Google page
When the search phrase ¢‘chaos engineering’’ is entered
Then results for ‘‘chaos engineering’’ are shown
And the related results include ‘Home of Chaos Monkey’’

Figure 15. Reusing existing steps to create more tests to cope with different scenarios based on illus-
trative scenario from https://automationpanda.com/2017/01/27/bdd-101-gherkin-by-example/
(accessed on 17 June 2026) .

By securing stakeholder agreement on these automated tests, these tests are inherently
correct. This suggests that the mechanism is applicable at both the verification and valida-
tion stages. Consequently, tools that support Gherkin ensure that verification outcomes
can be extended to validation outcomes, thereby anticipating the validation results and
reducing the risk of defects in delivered features. A significant consequence of automating
these tests is the subsequent automation of acceptance tests, which in turn enables the
automation of procedures for validation.

3.5. BDD Tools
3.5.1. Gherkin as Domain Specific Language

Gherkin is widely recognized for its effectiveness in the development of scenarios.
The objective of Domain-Specific Languages (DSLs) is to improve the efficiency of software
developers by removing the need for repetitive, low-level boilerplate code [44]. In this con-
text, Gherkin serves as a structured DSL to outline the behaviors required to address both
user stories and technical stories. Essentially, the validation criteria require the adherence
to these scenario-based specifications. Numerous scholars have identified Gherkin as an
essential element of BDD. For instance, Saeed Parsa’s 2023 publication [45] describes BDD
as a novel approach that employs the Gherkin language to deliver executable specifications.
The syntax of Gherkin is notably effective for the implementation of BDD practices. It
relates to the problem statement (Section 3.1) by facilitating clearer communication between
technical and nontechnical stakeholders, ensuring a mutual understanding of the project
objectives. Gherkin, defined within the Cucumber testing framework, enables the depiction
of BDD specifications through scenarios in any language, including plain English.

Then, Gherkin is the most prevalent natural language-based format for the implemen-
tation of technology-agnostic scenarios. Consequently, Gherkin can be regarded as both a
test specification language (TSL) [46] and a domain specification language (DSL) [47]. This
enables technical and non-technical users to reach a consensus on a functional specification
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or behavioral specification and its acceptance criteria, thereby ensuring a common under-
standing. Conversely, Gherkin can also be employed by technical domain actors to define
the behavior of their solution, thereby facilitating the formulation of unit tests for Enablers,
otherwise known as technical stories.

The structure of Gherkin consists of three primary entities: Features, Scenarios, and
Business Rules (Figure 16). A feature describes the behavior of a solution to cover a need
defined by a story or a technical story; in other words, it states what the software needs to
do and how it should behave under different circumstances. An example of a feature is
the display of the bank account balance associated to a debit card in an automated teller
machine (ATM).

<compound by> <aggregates> v —
- 9 x o - <receives> ’ <releases>
= » ! # ST s 5 A comomoooond ~1¢/>
o x —
— = [ |
Feature Scenarios Steps Defect Free
(User Story) (Acceptance Conditions) and
<specwahzat\ons> Acceptable
Code
E Given When Then
\Pre -Conditions) (Actions) (Verification)
Natural Language " Technological Language  *s..»

(i.e. English) . (i.e. nodeJs)

Figure 16. Hierarchical structure of Gherkin specifications: Features, Rules, and Scenarios.

A feature is typically composed of one or more scenarios, which are stored within a
designated feature file. Each scenario describes the necessary acceptance conditions and
the actions required to achieve the desired outcome. Consequently, a feature narrates a
story, and the scenarios detail the acceptance conditions of that story related to the feature.
These scenarios are often subject to the constraints of business rules. Adhering to these
rules enables the organization of the resulting scenarios. For example, a business rule for
ATM machines states that the machine is unable to dispense cash if it is out of money.
This leads to two potential scenarios: firstly, a message is displayed to the user indicating
the location of the nearest available ATM; secondly, the ATM transmits a notification to a
monitoring center.

Furthermore, each scenario is structured into a series of repeatable steps that follow
specific grammatical guidelines. These steps outline the necessary actions or behaviors.
Given their applicability to a multitude of different scenarios and features, it is possible to
reuse scenarios and steps. For instance, a step requiring the user to input a valid PIN at an
ATM can be employed in both checking account balances and withdrawing cash, as both
processes need PIN verification.

Steps included into a scenario have been split into the following keyword blocks:

¢  Given, including steps to establish preconditions of actions to be executed.
¢ When, expressing the conditions taken by actions to be executed.
*  Then, indicating the definition of the expected outcome(s) from the executed actions.

In Figure 17 there is a specification of a Gherkin example for a simple scenario for a
specific feature. The story is described by specifying a behavior or a scenario.

Gherkin specifications can be effectively automated for BDD by converting Gherkin
scenarios into executable specifications through specific tools such as Cucumber. Cucum-
ber is the most popular tool because it is closely linked to Gherkin, as it was originally
released as part of Cucumber. In fact, Gherkin scenario steps can be associated with code
functions that developers may enhance. These code functions transform into executable
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specifications that establish preconditions with Given steps, perform actions in When steps,
and evaluate the results in Then steps. Integrating these functions creates executable tests
in a technological language, maintaining a link between the Gherkin specifications and the
results of the tests. Tools compatible with Gherkin enable the automation of BDD.
Popular tools, such as Xray for testing management in Jira, include Gherkin to define
tests cases and assign them into test plan, enabling traceability between Stories and their
acceptance criteria.
Feature: User login
As a user
I want to log in to the application
To access my personalized dashboard
Scenario: Successful login with valid credentials
Given the user is on the login page
When the user enters a valid username and password

And clicks on the login button
Then the user should be redirected to the dashboard page

Figure 17. Illustrative Gherkin feature file for a login scenario.

3.5.2. Enabling BDD Through Tools

There are multiple BDD tools in the market ready to enable BDD automation. Table 8
shows an extensive list of these tools. Many of them are specific to a technology such as
JBehave and JDave that is oriented specifically to Java technologies. However, BDD is
mainly technology agnostic, because the methodology can be applied regardless of the
supported technology. Then, BDD tools can usually be supported by different programming
languages. According to the study by Binamungu et al. [49], the most popular tools best
suited to BDD were Cucumber, FitNesse, JBehave, Concordion, Spock, and Specflow as
shown in Table 8.

Table 8. Key BDD automation frameworks and their technological alignment.

Tool Technology Web Page
Cucumber Java, nodeJs, Python, Go, C#, C++ and others https://cucumber.io/ (accessed on 17 June 2026)
JBehave Java https:/ /jbehave.org/ (accessed on 17 June 2026)
FitNesse Java, nodeJs, Python, Go, Scala, C#, C++ http://docs fitnesse.org/ (accessed on 17 June 2026)
JDave Java https:/ / github.com/jdave/JDave (accessed on 17 June 2026)
Concordion Java, C# https://concordion.org/ (accessed on 17 June 2026)
TestLeft C#, Java, Visual Basic.NET https:/ /smartbear.com/product/testleft/overview/ (accessed on
17 June 2026)
Spock Java, Groovy https:/ /spockframework.org/ (accessed on 17 June 2026)

A trending search in Google Trends for these BDD tools [48], as shown in Figure 18,
reveals similar results to the study conducted by Binamungu et al. [49]. While some of
these tools (such as JDave, Concordion, and TestLeft) appeared to be marginal compared to
the others, Cucumber emerged as the most popular one.

Different specification languages can be found in the BDD tools to define scenar-
ios. However, Gherkin is usually the most used by tools such as EasyB, JBehave, Test-
Spec and Cucumber. For instance, Cucumber is composed of a set of packages with
a common architecture which implements the principles of the BDD methodology in
different programming languages, such as Java, Javascript, Python, Go, C# and oth-
ers. The maintained implementations are classified as official, semi-official, and unofficial
(https://cucumber.io/docs/installation/ accessed on 17 June 2026). Official implemen-
tations are hosted directly by the Cucumber community. Semi-official ones, implement
Cucumber standards which are recognized by the Cucumber community. Finally, unofficial
ones claim to become a Cucumber standard implementation, but without the recognition
of the Cucumber community.
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Figure 18. Trend analysis identifying the market dominance of identified BDD tools (2010-2024).

Despite the robustness and multi-language support of the tools identified in Table 8,
their implementation in industrial environments often lacks a clear organizational struc-
ture, leading to the “gray zones” and “chicken-and-egg” dilemmas previously discussed.
Although frameworks like Cucumber provide the “how” (automation), they do not pre-
scribe the “where” or “who” within a complex SDLC. This is where the BLOW systematic
approach intervenes. Rather than proposing a new automation tool, BLOW establishes a
structured orchestration of these existing frameworks. By distributing TDD and ATDD
practices across specialized work-centers and Layers, BLOW provides the necessary gover-
nance to ensure that tools like Cucumber or SpecFlow are utilized not just for testing, but
as a systematic bridge for knowledge externalization.

The maintenance of large Gherkin test suites represents a practical challenge that has
been widely documented in the literature. Binamungu et al. [49] observed that development
teams frequently struggle with the growing volume of feature files in fast-changing agile
environments, leading some organizations to gradually deprecate or completely abandon
BDD practices. This maintenance bottleneck is inherent to Gherkin-based specifications and
to large-scale test datasets in general, and it is not fully resolved by any current approach.
However, the BLOW approach mitigates the organizational dimension of this problem by
providing a structured mapping between automated scenarios, work-centers, layers, and
domain contexts, facilitating their modular classification and lifecycle management. While
this governance structure does not eliminate the underlying maintenance burden of large
scenario suites, it reduces cross-team coordination overhead and helps teams locate, reuse,
and evolve scenarios within clearly bounded responsibilities.

4. The BLOW Approach: A Systematic Approach to BDD

The BLOW approach (Behavior-driven development in a Layered Organization of
Work-centers) is proposed as a systematic approach to orchestrate software delivery in
high-complexity environments. Its primary objective is to address the persistent decoupling
of business and technical knowledge domains, transforming BDD from an isolated testing
technique into a comprehensive methodology for value-stream governance. Although
BDD provides a conceptual bridge between business requirements and technology, its
industrial application often suffers from a lack of organizational governance in large-scale
engineering. BLOW addresses this by structuring the delivery lifecycle into specialized
execution units, governed by four core pillars.
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To operationalize this governance, the BLOW is structured as a layered operating
model, defining how responsibilities, execution boundaries, and transformation flows are
distributed across multiple levels of abstraction within the software development lifecycle.

As a structured approach, BLOW is designed to accelerate the creation of efficient and
effective software systems through the application of BDD and its associated frameworks
within organizational contexts. This orchestration integrates ATDD and TDD into a unified
workflow, ensuring that every technical activity, from initial discovery to final implemen-
tation, directly traces back to a strategic business objective. This integration is governed
through scenario-driven execution, where business and technical scenarios act as first-class
artifacts that guide development progress and decision-making. This approach ensures
seamless compatibility with established advanced software development models while
maintaining a rigorous focus on the behavior of the system.

By organizing delivery around executable business and technical scenarios, BLOW
establishes the basis for scenario-driven observability. The approach makes development
progress traceable through the definition, refinement, and execution of scenarios across the
layered operating model, enabling the later definition of native metrics for reasoning about
project state, technical effort, and value realization. Accordingly, BLOW is presented here
as a structured measurement and coordination mechanism, while the empirical behavior of
quality-related indicators is examined later in the case study.

The core conceptual structure of BLOW combines layered organizational governance
with scenario-driven development as the fundamental execution paradigm. This is summa-
rized in Figure 19.

Methodology

—
Methodology BDD
f— TODO STORIES RECEIVER
ATDD TDD STORIES WORK CENTER WORK
Frameworks I Technical — (Backlog) CENTER
Domain SETE [Push PuID [Push PuID
1 IT

BDD

"""" WORK CENTERS
LAYERED @OW __________ ORGANIZATION

HILINIO HHOM

" A &

t Layer 1
Layer 2

Stakeholder Contributor

t
& &—L&

< As Product Owner> <As Developer> <As Tester>

VALUE REALIZATION

Figure 19. The foundational principles of BLOW are encapsulated in a set of core values. Central to
the BLOW is the BDD approach, which serves as a guiding inspiration. Additionally, the organization
incorporates a layered structure emphasizing value realization and work specialization. The estab-
lishment of work centers as distinct domains of accountability, coupled with robust organizational
principles, further enhances this operating model.

4.1. Foundations and Core Principles

BLOW is based on four core principles that align development practices with organiza-
tional business goals: Behavior-driven development, Layered coordination, Organization,
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and Work centers. Together, these principles provide a systematic structure for delivering
software that provides demonstrable value, ensuring that every technical activity remains
synchronized with the overall strategic objectives (Figure 19). Collectively, these principles
define BLOW not merely as a set of practices, but as a layered operating model in which
responsibilities, decision boundaries, and execution flows are explicitly structured across
the software development lifecycle.

Behavior-driven (B) development is the core inspiration of the approach. It shifts
the focus from isolated implementation details to the overall behavior and actions of the
system from a user-centric perspective. By establishing a common, unambiguous language,
BDD enhances communication and collaboration between developers, testers, and business
stakeholders. This alignment ensures that requirements are not just documented but
understood as executable contracts of intent, eliminating the traditional “gray zones”
between business needs and technical delivery. Within BLOW, these executable contracts
are expressed concretely as Scenarios, which become the primary mechanism through
which behavior is specified, validated, and realized throughout development.

Layered (L) coordination in software development provides the structural hierarchy
necessary to manage complexity in large-scale engineering. In BLOW, a “layer” refers
to a nested organizational structure where activities and responsibilities are distributed
across distinct levels of abstraction. This approach, rooted in Lean principles, allows
teams to streamline processes, minimize waste, and eliminate non-essential features. By
organizing development into layers, the operating model ensures that the transition from a
broad business idea to a specific technical verification is governed, efficient, and supports
informed decision-making at every level. These layers constitute the backbone of the
BLOW operating model, ensuring that each transformation step operates at a well-defined
abstraction level while remaining traceable to validated business behavior.

Organization (O) revolves around the strategic concept of “Unit of Value” (UOV).
BLOW emphasizes the decomposition of complex features into the smallest self-contained
units of functionality that deliver direct value to the user. By identifying and prioritizing
UOVs, as integral components of the value stream, the approach ensures that the develop-
ment effort is always focused on the most impactful features. This organization-oriented
approach guarantees that the resulting software provides real-world utility and remains
strictly aligned with evolving business objectives.In BLOW, Scenarios are identified as the
fundamental Units of Value, establishing a scenario-driven development paradigm in which
progress, cost, and value realization are governed by the completion of executable behavior.

Work centers (W) represent the specialized domains of accountability where value
is physically realized. Derived from Lean Manufacturing, a work-center in BLOW is a
designated workspace where specific activities transform inputs (termed Work Items) into
outputs with incremental value. BLOW manages these work-centers within the layered
coordination framework, creating an interconnected chain through which work flows via
“push/pull” dynamics; the output of one work-center becomes the necessary input for
the next. This structure provides a governed environment for development and testing,
supported by a clear chain of command and optimized communication channels. By
assigning specific scenario transformations to dedicated work-centers, BLOW ensures that
scenario execution is both governed and observable across organizational boundaries.

The integration of these four pillars is intended to enhance system visibility and
encourages the formation of business-oriented self-organizing teams. By incorporating
specifications as executable tests early in the lifecycle, BLOW supports the continuous
automation of end-to-end processes. This systematic transformation of user stories into
working code (Figure 20) supports disciplined development through executable specifica-
tions, scenario-driven traceability, and test-anchored feedback. This provides an observable
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structure for monitoring progress, technical effort, and value realization through scenarios
and their associated tests, while the empirical behavior of quality-related indicators is
analyzed later in the case study.

User |:—[\ |: Working
Stories Software

| N
M 1

Figure 20. The approach consumes Stories (also known as user stories) to incrementally deliver
Working Software.

4.2. Structural Components and Operational Taxonomy

To facilitate the systematic transformation of requirements into working code, BLOW
operates with a structured set of fundamental entities. These components define what
is being transformed, how its value is measured, and where the transformation occurs.
These structural building blocks required by BLOW, which will later be composed and
orchestrated by the BLOW layered operating model.

4.2.1. Work Item Taxonomy: Features, Stories and Scenarios

The fundamental unit of production in BLOW is the Work Item (W). A Work Item is
defined as any entity that carries potential value and is subject to transformation within the
system. To manage the complexity of high-scale engineering, Work Items are organized
into a clear taxonomy based on their nature and their level of decomposition.

Within this hierarchy, the Feature (F) represents the first level of functional or technical
intent. A Feature is defined as any item with a behavior that can be described in natural
language terms and that is intended to increment the value of a software product. Following
the Scaled Agile Framework (SAFe) [50,51], features are first classified into two disjoint sets:

*  Stories or User Stories (U): Small pieces of desired functionality written in the user’s
language, representing an increment in business value [50].

*  Enablers (E): Technical Work items intended to support the activities needed to extend
the “Architectural Runway,” providing the necessary infrastructure or architecture
for future business functionality [51]. In BLOW, the targeted Enablers are restricted
to technical items whose acceptance criteria can be formalized as technical scenarios;
non-executable activities (such as research spikes) remain essential to the lifecycle but
are governed outside BLOW’s metrics framework.

Let P a product, and U(P) the set of Stories of P :
VP, 3U(P) (1)
Similarly, E(P) is the necessary set of Enablers enabling those Stories:
VP, 3E(P) )
The set of Features F(P) is the union of U(P) and E(P):
VP, 3F(P) : F(P) = U(P) UE(P) 3)

However, E(P) and U(P) are conceptually separated sets, since they represent distinct
domains of knowledge and responsibility; thus:

U(P)NE(P) =@ (4)
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The taxonomy is completed by the Scenario (S), which represents the most granular
level of a Work Item. Scenarios are generated from features during the BDD discovery stage
(see Section The Operational Cycle: Discovery, Formulation, and Automation) and serve as
the definitive acceptance conditions. Consequently, a Story is a feature defined by Business
Scenarios, whereas an Enabler is a feature defined by Technical Scenarios. By introducing
Scenarios at this stage, BLOW establishes a uniform abstraction for expressing behavior,
postponing decisions about implementation flow and organizational responsibility to later
stages of the approach.

By establishing the Work Item as the root concept and the Feature as the behavioral
unit, BLOW ensures that every element in the backlog, regardless of its scale or domain, is
treated as a traceable, executable unit of production. Under this representation, backlog
management is grounded on the identification and evolution of Scenarios rather than on
task decomposition.

4.2.2. Unit of Value Items vs. Incremental Items

A fundamental premise of BLOW is the formalization of how value is quantified and
tracked within the software development lifecycle. To achieve high levels of observability,
BLOW distinguishes between the atomic units that constitute progress and higher-level
items that accumulate this progress. Work Items (W) are categorized based on their capacity
to realize value into two distinct types: Unit of Value items and Incremental Items.

The Unit of Value (UOV) Item is an atomic, measurable item that serves as the standard
to evaluate the realized value of larger elements. In BLOW, the Scenario (whether Business
or Technical) is established as the fundamental Unit of Value. These are “doable” elements.
This means that they possess a binary nature, either they are implemented and validated,
or they are not. Once a Scenario is “Done”, it provides a fixed, non-reducible increment of
validated behavior.

In contrast, Incremental Value Item is a high-level work item whose total value is
the aggregate of its constituent Units of Value. In this approach, Stories and Enablers are
categorized as Incremental Value Items. Unlike scenarios, they are “completable” elements;
their total value is not static but fluctuates and grows as new Scenarios are discovered,
refined, or modified during the discovery and implementation process.

Formally, for a software product P, W(P) is the union of doable WD(P) and com-
pletable W (P) Work Items but the intersection is the empty set:

VP, 3W(P) | W(P) = WD(P) UWc(P) and WD(P) N WC(P) = @ 5)

This categorization allows the proposed approach to shift from traditional binary
tracking (e.g., “the story is 50% done”) to a precise value-realization metric. A Story
is no longer viewed as a single task, with an arbitrary completion percentage, but as a
container of value whose realization depends on the completion of its associated Scenarios.
By separating atomic value units from aggregating structures, BLOW establishes a clear
conceptual basis for value tracking that remains independent of the execution mechanisms
and organizational coordination strategies.

4.2.3. Work-Centers: Domains of Accountability

A work-center is the operational environment where requirements are transformed
into value. Adopted from Lean Manufacturing, a work-center in BLOW represents a
specialized functional domain where specific activities transform inputs into outputs with
incremental value. The primary entities flowing through these work-centers are the Work
Items (W) categorized in Section 4.2.1.

https://doi.org/10.3390/computers15070405


https://doi.org/10.3390/computers15070405

Computers 2026, 15, 405

25 of 61

This concept establishes the foundation for execution accountability within BLOW.
Each work-center is responsible for applying a well-defined type of transformation to the
Work Items it receives, ensuring that transformation outcomes can be explicitly associated
with a specific domain of responsibility. As an illustrative analogy, in a manufacturing
context such as a car factory, a work-center transforms individual components (inputs)
into a functional subsystem or final product (output), whose value exceeds that of its
isolated parts.

The transformation of a Work Item within these work-centers is viewed as a Lean-
inspired process flow [52]. Work-centers in BLOW are not merely sequential. They may be
organized hierarchically and decomposed into nested work-centers. A host work-center can
delegate specialized aspects of its responsibilities to nested work-centers. This architectural
choice necessitates different operational dynamics depending on the direction of the flow.

The process flow between sequential work-centers is managed by push—pull dynamics,
following a supply chain logic. A preceding work-center “pushes” its output, which is then
“pulled” as an input by the subsequent work-center. This ensures that work only moves
forward when the next stage is ready to add value, minimizing “Work in Progress” (WIP)
and waste. As illustrated in Figure 21, Work-center A pushes a Work Item into Work-center
B, while Work-center B pulls that same item from Work-center A.

Conversely, the process flow within nested work-centers introduces the concept of
specialization and value realization. Specialization refers to the specific transformation that
a Work Item undergoes when it is processed by a dedicated nested work-center, enabling
complex tasks to be broken down into highly focused domains of expertise. In contrast,
value realization refers to the incremental value contributed by the outcome of the nested
work-center back to its parent or host work-center once a specialized task is finished.
For example, in Figure 21, work-center C.1 is decomposed into specialized work-centers
C.1.A and C.1.B. These units operate independently within C.1, each focusing on a specific
dimension of the process, and subsequently realize their value back to C.1 upon completion.

Waork Center Waork Center | Work Center
A B C
| Push Pull Push Pull

Pull

NOILYZIYIO IS HILNIO HHOM

PushPull

Figure 21. Work Items traverse through work-centers via Push-Pull mechanisms (horizontal flow)
but achieve their value via specialized nested work-centers (vertical flow: specialization downward
and realization upward).

4.2 4. Status of Work Items

A Work Item is transformed during the execution of prescribed activities within a
work-center. In order to manage this transformation in a controlled and observable manner,
BLOW distinguishes between the Stage in which a Work item resides and its current Status.

The Stage represents a macro-level phase of the transformation process and acts as a
functional container that defines the general objective currently pursued for a Work Item
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(e.g., preparation, execution, or completion). In contrast, the Status represents the granular,
operational state of the Work Item at any given point within its current Stage.

This distinction is crucial because a Work Item may remain in the same Stage while its
Status evolves internally to reflect operational progress.

Streamlining the transition between these Stages and managing internal Statuses is
critical to minimizing downtime during production, as waiting is considered a significant
source of waste in Lean production [53].

The admissible progression of Statuses depends on the category of the Work Item.
In particular, BLOW distinguishes between doable Work Items (Units of Value) and com-
pletable Work Items (Incremental Value Items), each exhibiting different transformation
patterns across Stages. A Unit of Value Item is actionable and yields value upon completion
of a single transformation, whereas an Incremental Value Item accumulates value through
the completion of its constituent Units of Value and can only be completed once all such
units have reached their terminal states.

As established in Equation (5), W(P) = W;(P) U W,(P) with W;(P) N W,(P) = @.

As illustrated in Figure 22, the BLOW operating model organizes the flow into three
primary Stages, each hosting specific Statuses based on the item type:

1.  Pending Stage: Identifies and prepares the item to be consumed.

*  To Do: The item is in the backlog but does not yet meet the Definition of Ready
(DoR).
*  Ready: The item meets the DoR and is prepared for the Transforming Stage.
2. Transforming Stage: Where active technical or functional execution occurs.

* InProgress: Assigned to Unit of Value Items (doable).
* Active: Assigned to Incremental Value Items (completable), indicating the item
is accumulating value from its constituent components.

3. Terminated Stage: Where the transformation process reaches its conclusion.

*  Done: Assigned to Unit of Value Items that match the Definition of Done (DoD).
This is a static final state.

* Completed: Assigned to Incremental Value Items. This status is dynamic;
the item is considered completed only when all its constituent units of value
are Done.
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Figure 22. Graphical visualization of the hierarchy of Stages and Statuses. Each Stage functions as a
container for specific statuses based on the Work Item type.
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The distinction between Done and Completed is vital for managing scope uncertainty.
In BLOW, a Story (an incremental value item) reaches the Completed status within the
Terminated Stage only when all its associated Business Scenarios (units of value) are
Done. If new Scenarios emerge as a result of stakeholder feedback or refinement, the
Story transitions back to the Active Status within the Transforming Stage, while the newly
introduced Scenario enters the In Progress Status. The Story can return to the Completed
Status only once the added Unit of Value has reached Done.

4.2.5. Technical Domain Contexts

A Technical Domain Context (TDC) is a structural concept introduced in BLOW to
organize the technological elements that contribute to the realization of a business solution.
A TDC is defined as the cohesive set of technologies, skills, tools, and design patterns
required to address a specific technical responsibility within the system, either partially
or completely.

By defining TDCs, BLOW provides an explicit representation of the technical space
in which solutions are constructed. This representation enables the decomposition of a
software product according to technological responsibilities or stacks, without prescribing
execution order or coordination mechanisms. For instance, consider a web application:
its architectural design can be partitioned into distinct TDCs, such as a Front-end context
(e.g., JavaScript/React) and a back-end context (e.g., Python/Django). Additional cross-
cutting technologies, such as Docker containerization or Kubernetes orchestration, may
be identified as separate or supporting TDCs depending on the required granularity of
the model.

Formally, it can be expressed as follows:

VP, 3TDC(P) (6)

where P is the final software product and TDC(P) is the set of Technical Domain Contexts
composing such product or solution.

A fundamental rule in BLOW is the explicit mapping between Enablers (E) and Techni-
cal Domain Contexts. Enablers represent technical requirements or architectural capabilities
necessary to support business functionality, and each Enabler must be associated with
exactly one TDC. For example, in a decoupled system, an Enabler responsible for “Exposing
a REST API” would be located in the back-end TDC, while an Enabler for “Consuming a
REST API” would be situated in the Front-end TDC.

Formally, for every Enabler (E) in the set of Enablers (E(P)), there exists exactly one
Technical Domain Context (TDC) in the set of Technical Domain Contexts (TDC(P)) such
that (E) belongs to (T'DC).

VE € E(P),3!, Tbc € TpC(P)|E € TDC (7)

This strict one-to-one mapping ensures that technical infrastructure and architectural
evolution are governed with the same level of accountability as business Stories. By situat-
ing Enablers within specific TDCs, BLOW enables the precise identification of the skills,
tools, and technologies involved in their realization, while deferring decisions regarding
execution, coordination, and flow to subsequent operational layers of the operating model.

4.3. Roles and Collaboration Practices

An instrumental part of BLOW is defining the relevant actors and orchestrating their
interactions to successfully bridge the gap between business needs and technical imple-
mentation. In complex software development environments, merely assigning tasks is
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insufficient to ensure alignment between stakeholder needs and executable solutions. Effec-
tive coordination in such environments requires clearly defined domains of accountability
and disciplined interaction patterns centered on shared artifacts rather than on task assign-
ment alone.

BLOW therefore establishes a clear role model, combined with structured collaboration
practices, to systematically guide the discovery, formulation, and execution of scenarios.

This section is organized as follows: First, we introduce the contributing roles and their
domains of accountability. Next, we describe the Three Amigos practice as the primary
mechanism for discovering and formulating business scenarios. Finally, we introduce
the Technical Three Amigos, a novel extension of BLOW that governs the translation of
validated business scenarios into Enablers and their Technical Domain Contexts.

4.3.1. Contributing Roles

Figure 23 presents an overview of the contributing roles defined within the BLOW
approach. Roles are categorized according to their primary domain of expertise—business
or technical—and are associated with specific responsibilities during collaboration practices.

| do my part to
| expose needs solve stakeholder

. needs

Stakeholder Contributor

| manitor the
completeness | automate and

run tests

| implement the
solution

< As Product Owner> <As Developer> <As Tester>
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architecture . . for a need

<As Development Leader> <As Architect>

De -
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stakeholder's
needs

<As Test Leader=

Figure 23. Overview of BLOW contributing roles.

As depicted in the Figure 23, roles and persons are not equivalent. A single person can
assume multiple roles depending on the activity being performed. BLOW is therefore role-
driven rather than person-driven, allowing flexibility in role assignment while preserving
accountability.

For example, a contributor may alternate between Developer and Tester responsi-
bilities within a TDD cycle, or between Developer and Architect responsibilities when
addressing architectural concerns.

For example, a person can act as both a Tester and a Developer, or as a Developer
and an Architect. BLOW is applied on the basis of two main types of actors: Stakeholders,
who specialize in the business domain, and Contributors, who specialize in the technical
domain.

The Stakeholder represents the voice of the business domain and is responsible for
exposing a need. This need can be a new feature, an improvement on an existing one, or a
technological Enabler. These needs are expressed in terms of desired behavior, which later
becomes formalized as Business Scenarios. Examples of Stakeholders include marketing
specialists, customers, or product specialists. The Product Owner is a specialized Stake-
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holder who monitors the completeness of the need. A Product Owner can act on behalf of
a Stakeholder, such as a product specialist.

A Contributor is an actor who contributes to the technical solution. Members of an
agile scrum team are considered Contributors. Contributors are responsible for realizing
Scenarios and for advancing Stories and Enablers toward completion through disciplined
execution practices.

Depending on the activities being performed, the Contributor may adopt different
specialization roles. A Developer, as a Contributor, is responsible for implementing Unit of
Value Items in Pending Stage to Complete Incremental Value Items in Terminated Stage.
For example, they will receive a set of Scenarios assigned to a Story in Ready State and
release the Story in Completed State.

*  Architects are Developers who have the big picture of a complex solution and the
skills to break down challenging functionalities into manageable parts using existing
architectural designs such as architecture patterns. Architects define Enablers as
technical capabilities required to support current and anticipated Business Scenarios.

*  Development Leaders challenge and validate the proposals of the Architects. This role
explicitly promotes the identification of missing behaviors and failure conditions that
may require additional Enablers or Scenario refinement. For example, if the software
architecture involves gathering information from a database, the Development Leader
could challenge the existing solution, enabling the Architect to define a behavior when
the database is down.

Testers contribute to the solution by designing and executing tests. They promote
the automation of test execution and must have strong skills to support test automation
design. Testers play a central role in maintaining the precision and verifiability of Scenario
definitions. Depending on the activity, a Tester and a Developer often have the flexibility to
swap roles. For example, when TDD is applied, the Developer role switches to the Tester
role when a new test is defined.

¢  Test Leaders challenge the scenarios during the Three Amigos practice as defined in
ATDD. They are responsible for ensuring that Scenarios are formulated in a manner
that supports automation, reuse, and traceability to executable tests. For example, Test
Leaders should have enough experience writing Gherkin scenarios to make them easy
to reuse and link to code.

This role model ensures that accountability is preserved while maintaining flexibility,
enabling BLOW to adapt to diverse organizational contexts. By associating responsibilities
with Scenarios rather than tasks, BLOW provides a disciplined yet adaptable mechanism
for coordinating work across business and technical domains.

4.3.2. The Three Amigos Practice

Heng et al. [54] thoroughly investigated the application of Stories and behavior-driven
development (BDD) scenarios for the design and development of software architecture.
Their work explores how user stories (US) and BDD constructs can be systematically
associated with Agent-Oriented (AO) and Object-Oriented (OO) architectural paradigms,
emphasizing the advantages of high-level programming languages. Furthermore, they
highlighted the potential of Natural Language Processing (NLP) techniques to transform
US and BDD scenarios into a unified and coherent software architecture. However, as
described by Chemmitz [55], a notable hurdle persists in the automated generation of
operational code derived from these functional scenarios. Chemmitz proposed generative
artificial intelligence (Al) as a potential solution. Nevertheless, Chemmitz’s proposal lacks

https://doi.org/10.3390/computers15070405


https://doi.org/10.3390/computers15070405

Computers 2026, 15, 405

30 of 61

a systematic application within a clearly defined execution structure, necessitating the
development of a proposal for implementing Business Scenarios.

The Three Amigos is a practice which was introduced as part of ATDD (Section 3.3)
intended to generate Business Scenarios. Subsequently, it was refined to be extended in
BDD (Section 3.4). In accordance with the proposal by Seb Rose and Gaspér Nagy [41], a
comprehensive recommendation for implementing the Three Amigos practice is depicted

in Figure 24.
Test Leader Stakeholder Architect
[ 4 ® [ L 4
dh [ [

Describes
desired behavior

o » Rejected

I3 it feasible with

Feasibili

— resources?

yes

yes

Can the behavior
be challenged? L~
r Agreed

Figure 24. Overview of a flow representing the Three Amigos practice.

In BLOW, the Three Amigos is explicitly defined as a scenario-driven collaboration
practice whose primary objective is to produce well-formed, agreed-upon Business Sce-
narios that serve as Units of Value for subsequent development activities. The practice
begins with BDD Discovery activity (Section Discovery). During Discovery, the Stakeholder
requests a solution to a need by exposing the expected behavior of a Story and the Business
Rules. The Test Leader then writes the scenarios after the need, the behavior and the
business rules are exposed. If the Stakeholder agrees that the Scenarios are describing how
the software product will solve the need, then they are presented to the Architect to analyze
their feasibility.

If these Scenarios cannot be implemented with existing resources, the Stakeholder is
required to consider if the behavior can be modified. This may be achieved by simplifying
or reducing the scope of the Story. Conversely, the request will be rejected if the behavior
cannot be modified.

Once the Scenarios describe the desired behavior and their implementation is feasible,
the Test Leader starts challenging the existing behavior of the Story. This process may
result in the introduction of new behaviors or the refinements of existing ones where one
or more challenges are identified. The Architect is responsible to evaluate the feasibility
every time the Scenarios of each Story are modified. This iterative cycle continues until the
participating roles reach a shared understanding and consensus on the behavior defined by
the Scenarios.

It is only when Scenarios have been well formulated, declared to be feasible and
immune to challenge, a consensus has been reached on the Story and it is ready to be
presented to Contributors.

In a recent study, Mughai [56] advocates for the employment of checklists as a means to
enhance the clarity and uniformity of behavior-driven development (BDD) scenarios, with
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specific emphasis on their benefits for novice practitioners. By integrating this checklist-
driven process, not only were ambiguities significantly diminished, but the overall quality
of the development process experienced a marked improvement. This was mainly at-
tributed to the promotion of a deeper comprehension and more effective evaluation of BDD
scenarios, leading to a more efficient and reliable development workflow.

With all these considerations, the following responsibility matrix can be defined
identifying the participation of the different roles on the practice as shown in Table 9:

Table 9. Responsibility assignment matrix. Test Leaders take an active set of responsibilities in the
Three Amigos practice.

Activity/Role Test Leader Stakeholder Development Leader
Need Exposition and behavior description Informed Responsible Accountable
Feasibility Analysis Informed Accountable Responsible
Scenario writing Responsible Accountable Accountable
Behavior challenging Responsible Accountable Accountable

4.3.3. The Technical Three Amigos Practice

BLOW introduces the Technical Three Amigos as a novel practice to enable the busi-
ness implementation of Stories and their assigned Business Scenarios in Technical Domain
Contexts. This practice arises from the need to create the necessary technological infrastruc-
ture to support the implementation of Stories. This practice is inspired by Santos et al. [57]
work around the possibility of using BDD to implement non-functional requirements. In
this work, Santos demonstrates the possibility of applying BDD to implement Enablers.
The Technical Three Amigos complement this work by offering a systematic way to define
Technical Scenarios.

The Technical Three Amigos practice follows the Three Amigos practice with an
Architect acting as a unique Stakeholder that will propose a technical approach of the
software product to be developed considering the overall architecture, a Developer that
will analyze the feasibility of a specific approach to be delivered, and finally, the Tester that
will challenge the approach ensuring that it is testable.

The Technical Three Amigos practice comprises a set of activities that address the
technical workload of a software product development iteratively through each formulated
Business Scenario. These activities are illustrated in Figure 25 and are as follows:

e Context Analysis: In this activity, the Technical Domain Contexts that are impacted by
each individual Business Scenario are defined.

e Enablement Analysis: The aim of this activity is to identify the involved Enablers that
are required to support the Business Scenario in impacted Technical Domain Contexts.
If existing Enablers facilitate the implementation of the Business Scenario, then the
Business Scenario can be implemented and the practice ends here for this specific
Business Scenario.

*  Technical Scenario Discovery: if the Enabler is not able to fit the Business Scenario, this
activity examines the necessity of incorporating Technical Scenarios for each affected
Enabler.

¢ Technical Scenario Formulation: In this activity the new Technical Scenarios are written
for affected Enablers.
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Figure 25. The Technical Three Amigos, technical scenario definition flow.

Activity: Context Analysis

Once Business Scenarios are formulated from a Story, the Technical Three Amigos can
identify the involved Technical Domain Contexts that are required for development. The
Context Analysis is performed on each Business Scenario to assign it to specific Technical
Domain Contexts when they are defined and available, or on new ones when the need to
create new Technical Domain Contexts is discovered (Figure 26). Although Architect takes
the lead, Developer and Tester participate by validating the proposal.

Business Scenario

Does the Business
Scenario affectto any of
existing Technical
Domain Context?

Assign
Business
Scenario to

Is there any additional Context
Technical Domain
Context required for
implementing the
Business Scenario?

Create a
New
Technical
Domain
Context

Figure 26. Workflow for context analysis executed by the Technical Three Amigos.

For example, consider a solution involving three different Technical Domain Contexts,
front-end, back-end, and back-office. The front-end executes calls to back-end, which
then orchestrate different calls to back-office databases to present the result to the user.
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Under these circumstances, let there be a Business Scenario that requests an alarm to be
triggered when specific conditions are met with data coming from back-office databases.
The Architect can propose that this alarm be evaluated in the back-end and displayed in
the front-end, without the need to do any change for analyzing the alarm in the back-office
databases. The Developer could claim that this alarm implies modifying a REST API
consumed by the front-end, and it would be easier to implement this condition on the front-
end. However, the Tester could argue that it is easier to test only in the front-end. Once the
Architect has determined that this approach is beneficial from an architectural standpoint,
The Technical Three Amigos can conclude that this Business Scenario is applicable solely to
the front-end. The outcome of a generic Context Analysis is illustrated on Figure 27. Once
Business Scenarios are formulated from a Story, specific tests for the affected Technical
Domain Contexts can be created for each Business Scenario.

Back Office
BSCT1.1.0
Business Front End BSCT
Scenario 1.1 1.1.1

Back End BSCT

1.1.2
Story 1 Front 1Egd1BSCT
Business
Scenario 1.2
Back End BSCT
122
Business Front End BSCT
Scenario 1.3 1.3.1

Figure 27. The tree graph elucidated the process of creating specific tests for each business scenario,
exclusively on the affected technical domain contexts, as defined by The Three Technical Amigos.

Activity: Enablement Analysis

Once the Business Scenarios have been assigned to Technical Domain Context, the
next activity consists on analyzing if such Technical Domain Context is able to support the
Business Scenario using existing Enablers. The workflow is summarized in Figure 28. If
existing Enablers facilitate the implementation of the Business Scenario, then the Business
Scenario is ready to be implemented. Otherwise, two options are available:

*  The proposal of a new Enabler to facilitate the implementation of the Business Scenario.

*  Reactivating or modifying an existing Enabler. As with the Context Analysis, the
Architect is responsible for leading this activity, while the Tester and Developer will
validate the proposal.

For example, given a monitoring system with two Technical Domain Contexts, a
front-end and a back-end. The front-end has an Enabler representing a widget in React
which consumes a REST API from the back-end. This REST API provides information
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about a system that is in an alarm state because its value is out of a defined range. The
existing front-end can represent the alarm state.

Assigned
Business Scenario

Can the Business
Scenario be
implemented with
existing Enablers?

Is there any Enabler that
shall be activated with Technical
additional Technical Scenario
Scenarios? Discovery

Create new
Enabler

Figure 28. Workflow for enablement analysis.

Activity: Technical Scenario Discovery

This activity is required when a Technical Domain Context is not able to fit a specific
Business Scenario or when a new Technical Domain Context is required. Following the
Three Amigos practice, a set of Technical Rules should be established, but in this case, they
will be defined by the Architect. Some examples of Technical Rules can be:

*  The technical domain exposes data using gRPC.
*  The database operations follow a CQRS architecture pattern.

The proposed Technical Scenarios are subject to follow these rules. Here, the Developer
must approve, and the Tester can challenge these Scenarios, as in the Three Amigos practice.
In this case, the Developer also has the capacity to challenge the architecture, because
ultimately, it will be the developer’s responsibility to implement them. The output of this
activity is a set of To-Do Technical Scenarios.

Activity: Technical Scenario Formulation

To progress these Technical Scenarios to the Ready status, it is necessary to formulate
them. This formulation is conducted by the Tester and the formulated Technical Scenarios
are then consumed by the Developer for implementation. Consequently, once the Technical
Scenarios have been formulated, they are ready to be implemented using TDD.

Figure 29 shows a real example of Technical Scenarios that has been modeled using
Gherkin, in accordance with BLOW.
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Feature: SwitchDictionary

In order to enable functional programming,

I want to provide Dictionaries with similar functionality,
So I can handle through collections

@SwitchDictionary

Scenario: Dictionary with a Lambda function uses switch to return the proper lambda
Given a Dictionary wich maps numbers to Lambda Functions
And A lambda function which returns string ‘first lambda function’ assigned to Operation ‘1’
And A lambda function which returns string ‘second lambda function’ assigned to Operation ¢2’
When I execute the extended switchOperation ‘1’ and default returns an empty string;
Then the result of switch should be ‘first lambda function’

@SwitchDictionary

Scenario: Dictionary with a Lambda function uses switch to return default
Given a Dictionary wich maps numbers to Lambda Functions
And A lambda function which returns string ‘first lambda function’ assigned to Operation ‘1’
And A lambda function which returns string ‘second lambda function’ assigned to Operation ‘2’
When I execute the extended switchOperation ‘3’ and default returns an empty string;
Then the result of switch should be empty string

Figure 29. An illustration of a technical scenario in Gherkin from a real case.

4.4. The BLOW Layered Operating Model

Once the taxonomic components, work-centers, and contributing roles and practices
have been established in the previous section, this section details the BLOW Layered
Operating Model as a dynamic orchestration system. The model is realized through four
nested functional layers, where each level acts as a refinement filter that progressively
transforms high-level business intent into rigorous technical verification. This hierarchical
organization ensures that the workflow is not merely a linear sequence of tasks, but a
systematic process of specialization and value realization. In this operating model, each
layer maintains governance over the acceptance contract before delegating execution to
the next level of abstraction, thereby bridging the gap between abstract requirements and
executable code.

The operationalization of BLOW is grounded in the systematic transformation of
Stories (U) into functional, verified code. Similarly to a manufacturing plant, BLOW or-
chestrates the software development process through specialized work-centers responsible
for transforming Work Items and controlling their flow across the delivery lifecycle. Within
each work-center, Work items transition from the Pending stage to the Terminated stage.
Value realization is achieved only upon a Work Item reaches the Terminated Stage.

BLOW is organized into a set of nested layers of work-centers that iteratively refine
Work Items (see Figure 30). The primary entry point is the Stories Work-Center, which
pulls user stories from the backlog and pushes the resulting validated behaviors toward
receiving work-centers.

User Steries RECEIVERWC
Backlog (i.e. Delivery WC))
(TODO)

Push Pull Push Pull

Figure 30. The BDD cycle within BLOW: User stories are pulled into the system to push deliverable
code into a receiver work-center.

To facilitate this transformation, the system requires the execution of specialized work-
centers in four nested layers, each contributing to the realization of value for its hosting
layer (see Figure 31):

e Layer 1: Stories work-center. This work-center is focused on the processing of Stories
until they reach the Completed status. To do that, the Three Amigos practice is applied
in order to first generate the Business Scenarios and then an implementation should be
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done on each Business Scenario to complete all the Stories. The ATDD is the dominant
framework in this layer.

* Layer 2: Business Implementation work-center. This work-center manages the im-
plementation of Business Scenarios until they reach the Done status. In this case, the
application of The Technical Three Amigos practice determines the need to define or
not to define Enablers to facilitate the implementation of Business Scenarios. The TDD
is the dominant framework in this layer.

* Layer 3: Enabler work-center. In this specialized work-center the Enablers are identi-
fied and extended. The Technical Three Amigos practice is again employed to discover
and formulate the Technical Scenarios (S7) necessary to build the architectural infras-
tructure that supports the business requirements.

e Layer 4: Technical Implementation work-center. This work-center is specialized in
the implementation of Technical Scenarios identified by The Technical Three Amigos
practice. TDD is the dominant framework in this work-center.

Layer 1: Stories
ATD D Work Center

REALIZATION

Layer 2: Business Implementation
Work Center

TDD

REALIZATION

Layer 3:Enabler
Work Center

VALUE REALIZATION

NOILVZITVIO3dS ¥3LNIO HHOM

REALIZATION

TDD

Layer 4:Technical Implementation
Work Center

T

Figure 31. BLOW represented as a composition of nested work-centers and their dominant frame-
works (ATDD and TDD).

The following sections provide a comprehensive exposition of how each layer operates.
The process is illustrated through the implementation of a single Story. However, in a
production environment, this model is applied iteratively to all the items in the backlog,
encompassing every modification, refactoring, or new requirement as a new cycle of
transformation through these work-centers until the final working code is obtained.

4.4.1. Layer 1: Stories Work-Center

In this layer, the Stories work-center is responsible for processing the Stories as Work
Items from a To-Do status in Pending Stage until they reach the Completed status in
Terminated Stage. During the processing of each Story, the associated Business Scenarios
must be generated, formulated, and implemented with the support of specialized work-
centers in nested layers.

The Stories work-center sets the initial To-Do status for each Story that can be processed
by this work-center. This can happen in two cases:

*  When a new Story is pulled from the backlog by Stories work-center.
*  When the Story requires the addition of new functionality. Then, the Story is returned
to the To-Do status for further development.

The processing of each Story involves a sequence of collaborative activities (Figure 32
to be carried out as follows):

*  Scenario Discovery: By the application of The Three Amigos practice, the Business
Scenarios are identified and associated with the specific Story. This implies that
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the status of the Story changes to Ready, and the identified Business Scenarios to
To-Do State.

*  Scenario Formulation: Once the identified Business Scenarios describe the desired
behavior and their implementation is feasible by the Three Amigos practice, the
Business Scenarios are written in a specific language such as Gherkin to ensure they
are both human-readable and machine-executable. Once formulated, the Business
Scenario transitions to the Ready state.

*  Context Analysis: This activity is performed using the Technical Three Amigos practice
to determine the affected Technical Domain Contexts with each Business Scenario,
which implies moving the Business Scenarios into the In Progress state.

¢ Implementation of Business Scenario: The formulated Business Scenarios are then
processed to Business Implementation work-center in a nested layer (Section 4.4.2) for
implementation. This work-center realizes value by pushing the working code of the
Business Scenario onto specific Technical Domain Contexts.

User Stories DELIVERYWC
Backiog
(TODO) [ pysh Pull el u

Stories Stories.
ToDo Stories - Active
|To00 | | $2 0 ‘STORIESWORKCENTER
| Story Vo -
On) | Scenario Amgos! _Scenario Context
- == [~ — Discovery Formulation Analysis

Business
Scenarios
Done

Business | Business
=T === Scenarios | Scenarios

Business Scenarios— In Progress

Figure 32. Story work-center activities.

Thus, in this work-center, we can consider that a Product P will have a dependent set
of Stories U(P) as Incremental Value Items:

VP, 3U(P) ®)

For each Story U € U(P), there exists a set of Business Scenarios SB(U) that describe
its expected behavior and act as Unit of Value:

YU € U(P),3SB(U) )

The Business Value VB of a Story U is defined as the cardinality of its associated set of
business scenarios SB(U):

VYU € U(P),3VB|VB = |SB(U)] (10)

A result of the Context Analysis can be an increase in the number of Technical Domain
Contexts. This can happen when, as part of the technical solution, a Business Scenario
requires the creation of a new Technical Domain Context. For example, a product composed
of a simple front-end with a form to insert data into a database through a back-end could
have a new Business Scenario in which the technical solution required the creation of a
worker to export data from the database part of the solution to a third party database. That
could imply new Technical Domain Context to fit this worker to appear. In other words,
the outcome of the Context Analysis can be an increment of Technical Domain Contexts to
realize their value.

Thus, considering that a set of Technical Domain Contexts of a product TDC(P), and a
subset of Contexts T'DC(P),

T'pC(P) C Tpc(P) (11)
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And defining the Contextual Impact of a Business Scenario as the cardinality on the number
of T'DC(P) affected such specific Business Scenario:

Ic = |T'pC(P)| (12)

In cases where the Contextual Impact associated with a particular business scenario
exceeds zero, there arises the potential for an expansion within the established set of the
Technical Domain Context. This expansion results from executing the Context Analysis
activity. Consequently, the change (denoted as delta) will exhibit a value that is either equal
to or greater than zero.

Ic > 0= A|TDC(P)| >0 (13)

This situation can be visualized in a new product development context. When The
Technical Three Amigos analyze the first Business Scenario, they may need to define the
initial Technical Domain Contexts required for its implementation, such as a front-end and
a back-end. In this example, the contextual impact is IC = 2.

4.4.2. Layer 2: Business Implementation Work-Center

The Business Implementation Work-Center is the layer responsible for the technical
realization of the business behaviors defined in Layer 1. While the previous layer focuses
on “what” the system should do, this layer focuses on “how” it is implemented within
specific technical boundaries.

In this layer, the formulated Business Scenarios are implemented as work items by
executing Business Implementation work-center until a valid code to support them is
achieved. Depending on the Contextual Impact (I¢) identified during the Context Analysis
in Layer 1, this layer may activate multiple instances of the work-center, one for each
affected Technical Domain Context (Tpc).

Initially, Business Scenarios that impact a specific Technical Domain Context are pulled
into the corresponding Business Implementation work-center in a To-Do state. These
Business Scenarios are named Contextual Business Scenarios to distinguish when they are
applied to a specific Technical Domain Context. Then, the implementation of Contextual
Business Scenarios implies the creation of a specific test in accordance to TDD named
Business Scenario Contextualized Test (BSCT) and a valid code into a specific programming
language.

Figures 33 and 34 illustrate how the Business Implementation work-center are acti-
vated for a single Technical Domain Context and Three Technical Domain Contexts.

During the processing of each Business Scenario into the Business Implementation
work-center of each Technical Domain Context, there is a sequence of activities to be carried
out as follows:

*  Enablement Analysis. In this Business Scenario, the Enablement Analysis is performed
using the Technical Three Amigos practice to determine if the Business Scenario
is Ready to be implemented in this Technical Domain Context or requires further
specialization using existing Enablers. In the latter case the execution of the Enabler
work-center (Section 4.4.3) in a nested layer is required.

¢  Test Implementation. In this activity, the Business Scenario Contextualized Tests
(BSCTs) are written using the specific testing language. Then, the Contextual Business
Scenarios transition to the In Progress state.

*  Code Implementation. In this activity, the code implementation should be completed
for each Contextual Business Scenario. Then, the BSCT is passed to check the validity
of the code. During this activity, the appropriate refactoring is performed to find the
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minimum code implementation that satisfies the BSCT. Once all the BSCTs have been
passed, the Contextual Business Scenarios are moved to Done Status.
¢  Commit Business Scenarios. In this activity, the Contextual Business Scenario is saved
and pushed to Stories work-center to realize value.
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Figure 33. Business Implementation work-center. This figure represents a solution with a single

domain context to visualize all activities.
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Figure 34. This figure complements Figure 33 displaying several contextualized business scenarios

work-centers.

The relationship between business scenarios and their technical verification is for-
malized through the set of contextualized tests. Let Xg(T},-(Sp)) be the non-empty set of
BSCTs required to verify a specific business scenario within its affected contexts:

VS, 3Xp(Tpc(Sp)) # @

(14)

A business scenario is considered Done only when all Contextual Business Scenarios

in all Technical Domain Contexts are Done. This ensures that business value is not only

defined but also verified through the underlying technical implementation.
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For example, consider a project in which a software product is divided into three
Technical Domain Contexts: the front-end, the back-end, and the back-office contexts.
Additionally, assume that this product framework incorporates a function specifically
designed for logging user sign-ins, which is executed on the back-end once a user has
successfully logged in. Consequently, a newly introduced Business Scenario could permit
users to review their login history.

Upon conducting a Context Analysis, it was determined that this Business Scenario
affects both the front-end and the back-end, given that the Back-office already maintains a
table to log such data. Furthermore, the back-end provides a RESTful API that reports the
user’s most recent login time. An Enablement Analysis determined that this REST API can
be augmented to also incorporate login history data. This finding indicates that the existing
RESTful API can adequately address the requirements of the Business Scenario without
the need for additional Enablers. In contrast, the front-end, which currently retrieves the
user’s latest login time through the REST API, must introduce a new option within the
profile menu. This modification will enable the display of a comprehensive registry of all
the login instances. Consequently, a new Enabler is required to effectively implement the
Business Scenario.

4.4.3. Layer 3: Enabler Work-Center

In this layer, the Enabler work-center is the specialization of the readiness preparation
for Contextual Business Scenarios in a Technical Domain Context when the latter cannot
support the implementation logic to cover a specific behavior defined by a Context Business
Scenario. Its main purpose is furnishing the missing Technical Scenarios required to support
the extension of the product to provide the required Context Business Scenario behavior.

These Technical Scenarios are generated by the processing of Enablers as work items
within the Enabler work-center. In the case that Enablers are identified during the Enable-
ment Analysis in the Business Implementation work-center of a specific Technical Domain
Context, they are pulled to Enabler work-center in To-Do state. During the processing of
each Enabler, the Technical Scenarios should be defined and formulated to support the
Enabler.

The following sequence of activities must be carried out during the processing of each
Enabler (Figure 35):

¢ Technical Scenario Discovery. In this activity, the application of Technical Three
Amigos practice allows us to identify the Technical Scenarios of each Enabler. This
results in the transition of all Technical Scenario into To-Do status. While business
scenarios focus on user behavior, technical scenarios focus on system properties such
as persistence, security, or cross-service communication.

*  Technical Scenario Formulation. In this activity, the Technical Scenario are written
in a specific language such as Gerkin. The formulated Technical Scenario will then
transition into the Ready state as well as Enabler moving to the Active status.

e Implementation of Technical Scenario. The formulated Technical Scenarios are then
processed by the Technical Implementation work-center in a nested layer (Section 4.4.4)
for implementation taking into account the corresponding Technical Domain Context
where they are coded. As result, the Technical Implementation work-center will realize
the value of Enabler completing it when all Technical Scenarios are Done.

Previously, T'DC was defined as the set of impacted Technical Domain Contexts by a
Business Scenario. For all the impacted Contexts T'DC, exists a set of Technical Scenarios
ST so the cardinality of the incremented set will be bigger than 0:

VT'DC, 3ST|AIST| > 0 (15)
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Technical Cost (CT) of a Business Scenario is defined as the minimal necessary increment
of value in terms of Technical Scenarios to support the implementation of such Business
Scenario and represents a way to measure the necessary effort required to implement a
Business Scenario.

CT = ZA|ST| (16)
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Figure 35. Enabler work-center. Because the analysis starts from a business scenario in a specific
Context, there will be a work-center per Technical Domain Context.

4.4.4. Layer 4: Technical Implementation Work-Center

The Technical Implementation Work-Center is the most granular level of the BLOW lay-
ered operating model. Its mission is the rigorous execution and verification of the Technical
Scenarios (St) defined in the previous layer. While Layer 2 deals with business logic, Layer
4 focuses on the infrastructure of the system—such as database schemas, API endpoints, or
security protocols—that provide the necessary support for those business behaviors.

Specifically, this work-center processes the Technical Scenarios as work items from
each Enabler for a specific Technical Domain Context. In this case, both terms of Technical
Scenario and Contextual Technical Scenario are interchangeable since they are defined
directly by a specific Technical Domain Context. Then, we can only build a Technical Test
for a Technical Scenario with a relationship 1:1.

Initially, Technical Scenarios are pulled into the corresponding Technical Implemen-
tation work-center in a To-Do state, while the Enabler in the hosted Enabler work-center
changes this state to Active status.

The operational flow in this work-center follows a strict Test-driven Development
(TDD) discipline for each Contextual Technical Scenario, ensuring that no code is written
without a preceding automated verification (see Figure 36):

e  Test Implementation. In this activity, the Technical Tests for the technical scenarios
are written using the specific testing language. This test is fed into the TDD to
incrementally implement Technical Scenarios in the Technical Domain Context. Then,
The Technical Scenarios are then moved to the In Progress state.
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¢ Code Implementation. In this activity, the code implementation for each Technical
Scenario should be completed. Then, the Technical Test is passed to check the validity
of the code. The Technical Scenario is considered Done when the specific test is
successfully executed using with the minimum amount of required code, accompanied
by the appropriate refactoring process during the practice of TDD.

¢ Commit Technical Scenarios. In this activity, the technical scenario is saved and pushed
to Enabler work-center to realize value of the Enabler. The Enabler is complete when
all the technical scenarios have been moved to Done status.
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Figure 36. Technical Implementation work-center. This work-center is per Context.

The formal verification at this level is represented by the set of technical tests Xt. For
every technical scenario St defined in an Enabler, there must be a corresponding set of tests
that validate its execution:

VS, 3X1(Tpc(St)) # @ (17)

The completion of this layer marks the beginning of the “value realization” phase.
In BLOW, value is not realized by simply writing code, but by the successful “ascent” of
verified behaviors: from a passing TSCT in Layer 4, to a completed Enabler in Layer 3, to a
satisfied business scenario in Layer 2, and finally, to a Completed User Story in Layer 1.
This bottom-up realization ensures that by the time a feature reaches the stakeholder, it has
been verified at every possible level of abstraction.

5. BLOW Metrics

The BLOW approach does not merely provide a systematic workflow; it establishes a
scenario-driven measurement framework with specific metrics that provide insight into
the state of the project and how software development is evolving over time. These
metrics provide added value to large development teams working on a software product by
enabling them to assess progress, identify potential risks, and reason about the remaining
effort required to complete software delivery.

BLOW metrics are grounded in the definition of Stories and Enablers as Incremental
Value Items, and the definition of Scenarios as the Unit of Value. Under this view, progress
and effort are not estimated only through task completion, but are observed through the
evolution of executable scenarios and their associated tests.

The metrics defined in this section are native to BLOW because they are derived from
executable scenarios and their associated tests. Internal code-quality indicators, such as
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Cognitive Complexity, Code Smells, and Code Violations, are not defined as native BLOW
metrics; instead, they are used in the case study as external quality-related indicators to
observe the behavior of the developed system over time.

5.1. Cost and Value

The application of BLOW in the software development process involves the iterative
definition and implementation of different types of work items such as stories, business
scenarios, Enablers and technical scenarios, across work-centers located at different nested
layers, with the objective of obtaining a working code at the end of the process. In this
context, Value and Cost are dual aspects of the same transformation process of work items.
The processing of work items provides Value through the realization of executable behavior,
while Cost is a measure of test-anchored work required to obtain the working code.

Considering a single Story, the BLOW approach involves the creation of the Business
Scenarios and its implementation in specific Technical Domain Contexts defined in Contex-
tual Analysis. The latter implies the creation of Business Scenario Contextual Tests (BSCT)
for each Contextual Business Scenario and their functional implementation. These BSCT
are designed to ensure the partial implementation of the Business Scenarios taking into
account layers 1 and 2 of BLOW.

For instance, the example described in Figure 37 contemplates a Story that has been
split into three different Business Scenarios within the Stories work-center. During the ac-
tivity of Context Analysis, three Technical Domain Context were selected (Front, Back, and
Backoffice) employing the Technical Three Amigos practice. Once the Business Implemen-
tation work-centers were activated for each Technical Domain Context, the corresponding
BSCTs were assigned to the different contexts.

- N

. Business
Stogzit\é\iork Implementation
Work Center
Back Office
/ BSCT1.1.0
Business / Front End BSCT
Scenario 1.1 \ 1.1.1
N Back End BSCT
1.1.2
Story 1 L Front 1E.r12tj.l1BSCT
Business /
Scenario 1.2
\\ Back End BSCT
1.2.2
Business Front End BSCT
Scenario 1.3 1.31
\_

Figure 37. Business implementation of a Story through its Business Scenarios and their associated
BSCT tests in layer 1 and 2 of the BLOW approach considering three Technical Domain Contexts
(front, back, backoffice).
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Given a Business Scenario SB belonging the set of Business Scenarios of a specific
Story SB(U):
SB € SB(U) (18)

For each Business Scenario SB, let T'DC(SB) denote the non-empty set of Technical
Domain Contexts impacted by that scenario:

VSB, 3T'DC(SB) # @ (19)

For each impacted set of contexts, there exists a non-empty set of Business Scenario
Contextualized Tests, denoted as XB(T'DC(SB)), required to verify the implementation of
that Business Scenario within those contexts:

VT'DC(SB), IXB(T'DC(SB)) # @ (20)

Since every Contextual Business Scenario is associated with at least one BSCT, these
tests can be used as a test-anchored proxy for the work required to implement the business
behavior in the affected contexts. However, this cost only represents the business imple-
mentation effort and does not include the technical enablement required to prepare the
product architecture.

Then, the Business Cost CB is defined as the set of BSCT that are depending of this
Story U:

CB = |XB(T'DC(SB))| (21)

Then, the Business Costs of a Story can be seen as the test-anchored effort required
to implement its business behavior. Complementary, the Business value of a Story can be
interpreted as the increment of the Unit of Value corresponding to Contextual Business
Scenarios implemented within a Story.

Similarly, when a Business Scenario impacts one or more Enablers, there will also
be Technical Scenarios linked to Technical Domain Contexts and associated tests to be
implemented as it is shown in Figure 38. Notice that some BSCTs have no correspondence
with any Enabler. This occurs when the Business Scenario is Ready to be implemented in
the Technical Domain Context without any additional technical preparation.

. Business Technical
Stogesthrk Implementation Ena(l::)lerthrk Implementation
enter Work Center enter Work Center
Technical
Back Office _| |  Impacted _| | 2
// BSCT1.1.0 Enabler A o
Business | | FrontEnd 'Iéeccezr:ﬁ:igl
Scenario 1.1 BSCT1.1.1 // 11280
N BackEnd _[ | Impacted <__ 'Iéeccel':‘r:figl
BSCT1.1.2 Enabler B 11281
\ Technical
il 3l N Scenario
Story 1 g EEeTia 11282
ry Business B
Scenario 1.2 ;
\\ BackEnd | | Impacted _| | 'Iéacce:r:ﬁzl
BSCT1.2.2 Enabler B 12280
Technical
L, Scenario
Business _ | | FrontEnd _| |  Impacted </ ESAIEETD
Scenario 1.3 BSCT1.3.1 Enabler C N Tenie|
N Scenario
K / 1.3.1.C1

Figure 38. Extension of the business implementation of a Story including the Enabler and its Technical
Scenarios in layer 3 and 4 of BLOW.
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When considering the relationship between Business Scenarios and BSCTs, there is
usually a one-to-many (1:N) association. However, as the Technical Scenarios depend on
an Enabler in a specific Technical Domain Context, there is generally a correspondence
one-to-one (1:1) between the Technical Scenarios and the Technical Tests.

Considering that each Technical Scenario ST has one and only one assigned Techni-
cal Test, the subset of necessary technical tests for a Story, denoted as XT(T'DC(SB)), is
equivalent to the increment of technical value required for enablement:

CT = ZA|ST| = | XT(T'DC(SB))] (22)

The Total Cost (C) required to implement a single Story comprises the necessary
business work to be done and the necessary technical work required to prepare the product
for that aforementioned business work.

Thus,

CU = CB+ CT = |XB(T'DC(SB))| + | XT(T'DC(SB))| (23)

In other words, Total Cost can be measured by the total number of technical and
business tests required to be implemented using TDD.

In the example shown in Figure 39, the Total Cost of User Story 1 is the sum of the
number of BSCT and number of Technical Tests and, that is equal to 13. The Business Value
of User Story 1 will be six, corresponding to the number of BSCT, while the Technical Value
of the User Story 1 is seven.

Stories Visibility Full Visibility
[ ] @
ah ]
Stakeholder Product Owner
. Business Technical
Stcgesthrk Implementation Enaglerthrk Implementation
enier Work Center enier Work Center
Ready QPIEE| e D20
Back Office _| | BSllyleEECERN | | S?:Cenr;ﬁta:
In Progress | / BSCT1.1.0 Enabler A SR
pone T
ical TO DO
Business Ml Front End gif;’:ﬁzl
Scenario 1.1 BSCT1.1.1 InProgress | I/ Y59%9
~ ol 1.2B.
To Do (Completion 66 y — )
N BackEnd =~ | | <—- Scenario
In Progress ez \ 11281
(Completion 33%) e faarly Y Technical MSME
Ready| ' BscT121 Scenano
Story 1 EusTiEes 4 1.1.2B.2
Scenario 1.2 Ready| Read TechnicalReady
\\ BackEnd | | Impacted | | giion0
BSCT1.2.2 Enabler B 122B.0
Technical st
Done Done atapletedl | Sl
Business @MMN FrontEnd MEMN Impacted <} JERIE
Scenario 1.3 BSCT1.3.1 Enabler C N Technical %L
W Scenario
\ / 1.3.1.C.1

Figure 39. Status of the work items of the work-centers in all the layers for the implementation of the
project described in Figure 38.

5.2. Business Scenario Done Degree

The Stakeholder can track the evolution of Story based on the successful implementa-
tion of Business Scenarios. In the case of the Figure 40, the Story progress will be at 33%
of completion because only one Business Scenario has moved to Done status in Termi-
nated stage.
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e N\
’ Business
Stogzﬁt\g.;ork Implementation
Work Center
Reapy
Back Office
/ BSCT1.1.0
Read Reapy
Business Front End
Scenario 1.1 BSCT1.1.1
Reapy
\ Back End
In Progress BSCT1.1.2
Completion 33% -
Dne
In Progress Front End
d BSCT121
Business
Scenario 1.2 Ready
N Back End
BSCT1.2.2
Lone
Business Front End
Scenario 1.3 B BscT1.3.1
\ —

Figure 40. Status of the work items (Story and Business Scenarios) for the implementation of the
example described in Figure 37 where a 33% of the Story is complete as only a third of the business
scenarios are Done.

The scenario SB will be done when all BSCTs belonging to XB(T'DC(SB)) pass. In
other words, given a non-empty set of BSCT, XB(T'DC(SB)) is as follows:

VSB,3XB(T'DC(SB)) # @ (24)

And a subset of passed Business Scenario Contextualized Tests X'B(T'DC(SB)) and a subset
of non-passed Business Scenario Contextualized Tests X"/B(T'DC(SB)) is as follows:

XB(T'DC(SB)) = X'B(T'DC(SB)) U X"B(T'DC(SB)) (25)

Because a test can only be classified as passed or non-passed in this representation,
these subsets are disjoint:

X'B(T'pC(SB)) N X"B(T'DC(SB)) = @ (26)

A business scenario SB is considered Done when all its BSCTs have passed. This
condition is expressed as

3IXB(T'DC(SB))|X"B(T'DC(SB)) = @ A X'B(T'DC(SB)) # @ (27)

With these considerations in mind, the Business Scenario Done Degree DSB of a
Business Scenario SB is defined as the fraction of passed BSCT:

_ | X’B(T"DC(SB))|

DSB = 5 (T7pc(S8))|

(28)

In practice, DSB enables the development team to assess whether a business scenario
is approaching readiness for stakeholder review. A DsB below 1 signals that additional
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contextualized tests remain pending, providing an early indicator that the Scenario requires
further development or testing effort before it can be considered Done.

5.3. Story Completion Degree

As described above, Stories are completed when all the existing Business Scenarios are
in Done status. Thus, the Stakeholder can track the evolution of a requested given Story by
checking how many of the Scenarios have been already Done. This metric is called Business
Scenario Completion Degree. Since a Business Scenario can only be in statuses In Progress
or Done, only those SB with a DSB = 1 can be considered as Done. There be a subset §'B(U)
of SB(U) where DSB =1

vSB(U)3S'B(U)|VSB € S'B(U),DSB = 1 (29)
Similarly, there can be a subset S”B for those Scenarios which are not done such as:
vSB(U)3S"B(U)|VSB € S"B(U), DSB # 1 (30)

The set SB(U) will be composed of S'B(U) and S"B(U) as follows:

SB(U) = S'B(U) US"B(U) (31)
where
SB(U) # @ (32)
and
S'B(U)NS"B(U) =@ (33)

Story Completion Degree DU is defined as the ratio between the cardinality on the set of
Scenarios in Done state, and the total number of Scenarios:

|S"B(U)|

PU= Tss)]

(34)

From a decision-making perspective, DU allows Stakeholders to evaluate whether a
Story is sufficiently mature for release or whether remaining Scenarios represent critical
functional gaps. Unlike traditional percentage-complete metrics, DU is grounded in exe-
cutable specifications, ensuring that reported progress corresponds to validated behavior
rather than estimated effort.

For example, for a Story with four Business Scenarios, two of the Done state will
be completed at 50%. An alternative definition of a Story Completion Degree based on
expected Business Value as Business Value VB of a Story U is the cardinality of Sb(U). In
the example of Figure 38 where the status of all the work items (Story, Business Scenarios,
Enabler and Technical Scenarios) is presented of a software product, it can provide useful
different information to each team role of the project. For example, Stakeholder can track
the current degree of implementation for a requested Story, while a Product Owner can see
the full implementation visibility including both Stories and Enablers.

5.4. Incurred Cost

As the Stakeholder can monitor the progress of a Story based on the Story Completion
Degree, the Product Owner can monitor implementation progress based on the status of
existing tests.
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Considering the Story implementation effort or necessary cost as the addition of
Technical Tests and Business Scenario Contextualized Tests:

Cu = |XB(T'DC(SB))| + | XT(T'DC(SB))] (35)

Considering the set of passed Business Scenario Contextualized Tests X'B(T'DC(SB)) and
the set of passed Technical Scenarios X'T(T'DC), the incurred cost CI can be defined as

C1 = |X'B(T'DC(SB))| + | X'T(T'DC(SB))| (36)

It is hypothesized that the CU per Story should decrease as the Enablers were maturing.
The main hypothesis is as Enablers evolve, new need of Technical Scenarios number will
lower, so in the future
s !/ !/
\Sb(ll,lll)r\lﬁoo |X'T(T'DC(SB))| =0 (37)

The development of CU in relation to CI is presented in this article through a proof of
concept based on a single sprint, followed by its application over an extended period in a
real-life project using BLOW, which was later transitioned to a traditional agile team.

As a main implication, the deployment of Technical Scenarios is conceptualized as
an enabling investment intended to mitigate the growth of delivery costs for subsequent
business scenarios.

5.5. lllustrative Example: E-Commerce Shopping Cart

To demonstrate these metrics, a simple case of an e-commerce shopping cart which
is defined through 15 Business Scenarios. Figure 41 shows a snapshot of the implemen-
tation status for a Story in a project after the execution of the tests during the software
development process. The Story (BaskerFeature) is defined through 15 Business Scenarios
named as Deltas. The architecture implies three different Technical Domain Contexts with
36 Technical Scenarios where CartOperationsServices defined through 7 Technical Scenar-
ios, CatalogueServices defined through 28 Technical Scenarios and ServiceFactory defined
through 1 Technical Scenario.

After the execution of tests, the Story has passed the tests of 7 business scenarios of
15 Business Scenarios and all the 36 technical scenarios. Then, a Stakeholder can know the
current status of the development process by determining the Story Completion Degree
and the Incurring Costs. In fact, the Story Completion Degree is

7XB
15XB

=047 = 47% (38)

and the Incurred Cost is
C1 =36XT+7XB = 43X (39)

These metrics enable actionable decisions during development. For instance, a low
DU combined with a high CT may signal substantial architectural investment relative to
delivered business value, prompting the team to review the Enabler strategy. Conversely,
a high DU with low CT may indicate that business functionality is being delivered with
limited new technical enablement, which can be positive when existing Enablers are
mature, but may also suggest the need for additional Enablers before the Story is released
to production.
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[} BDD.demo.shoppingcart (31)
) BDD.demo.shoppingcart BusinessFeatures (15)
4 @) BasketFeature (15)

@ Deltadl->A persona can check in a single product
® Deltad2->A persona can check in same product several times
@ Deltal3->A persona can also check in several products
@ Delta0s->A persona can check in a product and pay in a different currency than preferred one
@ Deltad5->A persona purchases a checked in product
@ Deltals->A persona cannot purchase when cart is empty
@ Deltad7->A persona who checks in a discounted product will get a discount
@ Deltads->A persona with fidelity discount will get a discount on final price
€ Delta09->Product discount does not apply for personas with fidelity discount
@ Deltal0->Product discount does not apply on a different currency than local one
@ Deital 1->Fidelity discount applies on a different currency than local one
D Deltal 2->Fidelity discount is asigned to currency
€ Deltal3->Fidelity discount is persisted when the persona switches back to previous currency
@ Deltala->A persona who buys more than 2000 EUR in a single buy upgrades fidelity discount by 1%
@ Deltal5->Maximum fidelity discount for a persona is 20%

4«9 BDD.demo.shoppingcart.TechnicalFeatures (36)

“Q CartOperationsServicesFeature (7)
«9 CartOperationServices (2)

© Cart Operation Services(operation: "CommitPurchase”, requestName: "CommitPurchaseRequest”,...

@ Cart Operation Services(operation: "TranformPriceForPerson”, requestName: “TransformPriceForPe...

@ CommitPurchase retums Empty when persona has no products
@ CommitPurchase returns error when Person name is not defined
@ TranformPriceForPerson returns Empty when persona does not exist
@ TranformPriceForPerson returns Empty when persona has no products
@ TranformPriceForPerson returns error when Person name is not defined
Y] CatalogueServicesFeature (28)
a9 SenviceFactoryFeature (1)
@ Services will be granted through Inversion of Control

Figure 41. Snapshot of the implementation status of a Story for a project.

6. Case Study

BDD.demo . shoppingcart
Tests in group: 51
(© Total Duration: 267 ms
Outcomes

@ u3Passed
€ 8Failed

To explore the practical application of BLOW as a systematic engineering approach

and assess its scalability, a case study was conducted in two phases of system maturity:

(1) an initial single-sprint proof of concept (PoC) and (2) an 18-month long-term project

implementation in a production environment. The investigation aimed to validate three

core hypotheses:

¢ BLOW can reduce the gap between business and technical domains.

*  As the domain maturity increases, the value-to-cost ratio may improve through the

reuse of technical Enablers.

* Internal code-quality indicators may remain more stable over time, rather than ex-

hibiting the continuous growth commonly associated with software evolution.

6.1. Context and Setting

The case study site was selected through convenience sampling: the research team

had direct access to the organization, and the development team was willing to adopt

a new approach. The case represents a typical scenario in which an organization faces

common challenges, fragmented BDD adoption, unclear role boundaries between business

and technical stakeholders, and test automation not systematically linked to business

requirements, that are representative of the problems BLOW is designed to address. Two

development teams participated in the study across different phases. Both teams had

comparable professional backgrounds and experience levels in software engineering. The

principal distinction was that Team 1 received extensive training in BLOW practices and

conducted the initial proof of concept, whereas Team 2 followed established Scrum practices
without specific ATDD, TDD, or BDD training. Prior to BLOW adoption, the organization
followed ad-hoc development practices without formal coordination between business

requirements and test automation.
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Phase 1: PoC. The PoC was conducted during a single sprint and focused on imple-
menting one User Story within a single Technical Domain Context. This phase represents an
early stage of the case study and serves to observe initial feasibility and to train participants
in the core principles of BLOW, including scenario discovery, formulation, and execution.

The PoC involved three participants assuming five roles: Stakeholder, Test Leader,
Architect, Contributor, and DevOps expert. Development and testing were carried out using
.NET 6.0, SpecFlow for executable scenarios, GitHub for version control, and SonarCloud
for static code analysis.

Phase 2: Long-term Project. The second phase applied BLOW to a live production
system over an extended period (18 month) spanning multiple releases. This phase targets
the study of longer-term evolutionary effects, including scalability, maintainability, and
integration with enterprise processes. In addition to the original roles, two auxiliary roles
were included: a Product Owner responsible for backlog management and prioritization,
and a Data Scientist supporting data analytics and visualization.

The system was implemented in Python 3.12, using Behave for executable Gherkin
scenarios and GitHub Enterprise for version control and CI/CD via GitHub Actions. Code-
quality and security gates were enforced through an on-premise SonarQube instance.
Additional tooling included Jira and XRay for story and scenario traceability and Tableau
dashboards for aggregated visualization of execution and quality metrics.

During the early months of this phase, BLOW practices guided significant refactoring
and test-first consolidation before full instrumentation was in place.

6.2. Study Protocol

The study observes the evolution of scenario-based development artifacts and quality
indicators under a fixed operating setup.

For each Story entering development, a set of Business Scenarios and, where required,
Technical Scenarios was defined before implementation. The study tracks when scenarios
become passing in the shared Continuous Integration (CI) environment; local executions
during development are excluded.

A Business or Technical Scenario is counted as delivered at the time it first succeeds in
CI. No scenario is counted more than once. The introduction of new scenarios is recorded
over time as a proxy for value (Business Scenarios), and cost (Technical Scenarios).

All commits trigger CI execution with enforced quality gates. Commits failing scenario
execution or static-analysis thresholds do not contribute to the observed dataset.

Across both study phases, scenario classification, execution criteria, and observation
rules remain unchanged. No parallel control process, additional estimation techniques, or
alternative tracking mechanisms are introduced.

6.3. Data Collection and Instrumentation

Data collection relies exclusively on automated and tool-generated artifacts produced
during the development process.

Scenario execution data are obtained from Continuous Integration (CI) pipelines,
recording the timestamp at which a scenario first passes in the shared CI environment.
Subsequent executions of the same scenario are not considered. Local executions during
development are excluded from the dataset.

Internal code-quality indicators are collected from SonarQube at each CI execution in
the PoC and SonarQube in the long-term project. The monitored indicators include Cogni-
tive Complexity, Code Smells, and Code Violations, as defined by the active SonarQube
rule set at the time of measurement. These indicators are treated as external quality-related
observations rather than as native BLOW metrics.
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Traceability between Stories, Scenarios, and execution results is supported through
Jira and XRay. However, due to limitations in synchronizing local scenario development
with Jira in real time, Jira-based artifacts are treated as auxiliary sources rather than as the
primary basis for temporal analysis.

Aggregated views of scenario evolution and quality indicators are produced us-
ing Tableau dashboards. All the reported measurements are derived from CI and
static-analysis outputs and are reported in relative terms consistent with the selected
observation windows.

No manual data entry or post-hoc correction of collected data is performed.

6.4. Results
6.4.1. Single-Sprint Proof of Concept

Figure 42 illustrates the temporal evolution of passing scenarios during the PoC sprint.
The figure reports four observed series: passing Technical Scenarios in blue, passing Busi-
ness Scenarios in yellow, remaining Business Scenarios in green, and Total Cost computed
as the cumulative number of scenarios introduced in red.

At the beginning of the sprint, the curves for passing technical scenarios and Total
Cost curves overlap, indicating that initial development effort was devoted exclusively to
technical enablement. During this early interval, no Business Scenarios reached a passing
state in the CI environment.

After several commits, Business Scenarios began to pass without the introduction of
additional Technical Scenarios. During this period, multiple Business Scenarios transitioned
to a passing state while the technical scenario count remained unchanged, reflecting the
reuse of previously introduced technical capabilities. These transitions occurred within
the same sprint and correspond to distinct implementation intervals visible in the CI
execution timeline.

Later in the sprint, newly identified constraints triggered the introduction of additional
Technical Scenarios. This resulted in a temporary increase in Total Cost while the number
of passing Business Scenarios remained stable. Following the successful execution of these
new Technical Scenarios, further Business Scenarios subsequently passed in CI.
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Figure 42. Evolution of passed tests and pending tests.
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Overall, the PoC exhibits a repeated pattern in which technical enablement precedes
business behavior, followed by periods where accumulated technical effort is progressively
converted into delivered Business Scenarios within the same sprint.

In addition to scenario evolution, internal code quality was monitored throughout the
sprint using SonarCloud, focusing on Code Smells and Code Violations (Figure 43). These
indicators are not interpreted as direct proof of quality improvement, but as quality-related
observations that complement the scenario-driven analysis.
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Figure 43. Timeline of the quality evolution on the solution.

Most reported issues emerged during the early commits of the sprint, corresponding
to the initial construction of the solution. As development progressed, the rate of new Code
Smells and Violations decreased, and their cumulative values tended to stabilize into a
plateau. Within the limited temporal scope of a single sprint, functionality growth was not
accompanied by a continuous increase in maintainability indicators.

Within the limited temporal scope of a single sprint, these observations indicate that
early functionality growth was not accompanied by a continuous increase in maintainabil-
ity issues.

6.4.2. Long-Term Project (Live Deployment)

The long-term project phase extends the observation of the same case study over
an 18-month period in a live production environment. The results are derived from the
accumulated evolution of passing Business Scenarios, Technical Scenarios, and internal
code-quality indicators recorded throughout this interval (Figures 44 and 45).
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Figure 44. Tableau dashboard snapshot used during the long-term project. The upper series (# SB Pass)
represents business-oriented scenarios; the lower series (# ST Pass) represents technical scenarios.
The tiles on the right summarize features, unique commits, total scenarios, and the distribution of

outcomes for the selected filter range.
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Figure 45. SonarQube time series of code quality over the long-term project, including Cognitive
Complexity and Code Smells. During the period in which BLOW practices were applied, both signals
stabilized or improved; after the March 2024 handover to a team following traditional Scrum practices,

both metrics began trending upward.

Based on the observed scenario evolution and quality measurements, the longitudinal
behavior of the system can be organized into four distinct empirical phases.

Phase 1: Initial Consolidation

During the initial months of the long-term phase, a substantial number of Technical
Scenarios transitioned to a passing state in the Continuous Integration (CI) environment
before a corresponding increase in passing Business Scenarios. This period coincided
with intensive refactoring and test-first consolidation activities. At the first consolidated
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integration snapshot on 1 April 2023, Business Scenarios represented 64.10% of all the
passing scenarios, while Technical Scenarios accounted for 32.99%, as reported in Figure 44.

Phase 2: Sustained Growth Under BLOW

Following the initial consolidation, the rate of growth of passing Business Scenarios
increased while the introduction of new Technical Scenarios progressed more gradually.
Over successive releases, multiple Business Scenarios passed in CI without proportional
increases in Technical Scenarios, leading to a gradual shift in their relative distribution.
In the corresponding dashboard snapshot taken during this phase, the system comprised
25 features, 229 unique commits, and a total of 124 scenarios, with approximately 61.19%
passing versus 38.81% non-passing.

Throughout this interval, code-quality indicators collected via SonarQube exhibited
stable or plateau-like behavior. Cognitive Complexity and Code Smells did not show a
sustained upward trend despite continuous functionality growth and ongoing scenario
introduction (Figure 45).

Phase 3: Transition (Handover)

In March 2024, the system was transferred to a development team that did not apply
BLOW practices. This event constitutes a clear transition point in the observed longitudinal
data, separating two phases characterized by different development practices. Although
the study was not designed as a controlled experiment, the March 2024 handover provides
a natural observational contrast between two operating regimes: the period in which
BLOW governance practices were active (Team 1) and the subsequent period where Team 2
maintained the system using standard Scrum workflows. During a brief transition window,
Team 1 provided architectural support. This structural change supports a before-and-after
analysis of scenario evolution and quality-indicator trajectories, while still requiring caution
in causal interpretation due to the absence of randomization, a parallel control group, and
full experimental control.

Phase 4: Post-BLOW Evolution

After the handover, the observed evolution of scenarios changed noticeably. Technical
Scenarios began to accumulate at a higher relative rate than business scenarios, while the
growth of passing business scenarios slowed. In parallel, code-quality indicators exhibited
increasing trends in Cognitive Complexity and Code Smells, deviating from the stable
patterns observed during the preceding phase (Figure 45).

Across the entire period, all the scenarios were recorded at the moment of their first
successful execution in the shared CI environment, in accordance with the study protocol.
The reported results therefore reflect the temporal ordering and relative accumulation of
executed scenarios and quality indicators over the full lifetime of the system.

7. Limitations of the Results

This study is based on a single longitudinal case observed in a real production envi-
ronment, which is subject to several limitations that must be considered when interpreting
the results. First, the study was conducted without a parallel control group. This limits the
strength of causal claims and the direct generalization of the findings to other organiza-
tional or technological contexts. Observed patterns are subject to potential confounding
factors, such as changes in team composition and organizational shifts following the March
2024 handover. Consequently, the results represent observational associations within a
specific ecosystem rather than universal effects.

The analysis relies on scenario-based and static-analysis proxies to approximate
cost, value, and internal quality. Although these indirect measures are consistent with
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scenario-driven development practices, they do not directly capture actual engineering
effort, delivery time, or user-perceived value.

Furthermore, practical tooling constraints, particularly the lack of seamless synchro-
nization between local development workflows and Jira/XRay, restricted fine-grained
temporal observability of scenario evolution, leading the analysis to focus on aggregated
trends rather than detailed event-level timing.

The longitudinal observations are descriptive in nature and do not include statistical
hypothesis testing or formal time-series modeling. However, the consistency of these
patterns across 18 months of production provides a relevant empirical basis for further
investigation. Consequently, the reported patterns should be interpreted as indicative
evidence that motivates further replicated and controlled studies rather than as definitive
proof of effectiveness.

Several alternative explanations must be considered when interpreting the observed
patterns. Team learning effects may have contributed to quality-related changes indepen-
dently of BLOW), as the team’s familiarity with the codebase and tools naturally increased
over time. Tooling configuration, including evolving SonarQube rule sets and CI pipeline
refinements, might have influenced the measured quality indicators. Furthermore, project-
phase effects are highly relevant: the initial months involved intensive refactoring and test-
first consolidation, which may have front-loaded quality-related changes independently
of the operating model applied. The March 2024 handover introduced a confounding
organizational shift, as the receiving team brought different skills, priorities, and working
practices. Although the handover provides a natural observational contrast between two
regimes, the study remains limited to a single organization and cannot support broad gen-
eralization without replication across diverse teams, domains, and organizational contexts.
Consequently, these findings should be interpreted as exploratory indicators rather than
definitive causal evidence.

8. Discussion

This section examines the implications of the proposed BLOW systematic approach
in relation to the research problem addressed in this study: the ongoing ambiguity and
inconsistent use of BDD, ATDD and TDD within agile software development. The discus-
sion interprets the empirical evidence from the case study, positions BLOW within current
research, and assesses its impact on software sustainability.

The survey results discussed in Section 2 showed that even experienced practitioners
do not share a common understanding of the definitions of BDD, ATDD, and TDD, nor
of how these approaches relate to one another. This conceptual fragmentation extends
beyond terminology and is reflected in inconsistent adoption, partial implementations, and
practices that are frequently abandoned over time.

The case study observations are consistent with the view that BLOW helps mitigate
this fragmentation by explicitly defining BDD as a methodological layer that coordinates
supporting engineering frameworks and practices rather than competing with them. By
situating ATDD and TDD at distinct organizational and technical levels and embedding
them within a layered operating model, BLOW provides a concrete structure for aligning
business intent and technical execution. This explicit positioning appears to reduce ambi-
guity and supports more disciplined and sustained adoption, particularly in environments
where earlier BDD initiatives had stalled or failed to scale.

One central empirical pattern observed across both the PoC and the long-term project
is the temporal separation between technical enablement and business-facing behavior. In
both phases, Technical Scenarios consistently precede the delivery ofBusiness Scenarios,
and once enabling infrastructure stabilizes, multiple Business Scenarios can be delivered
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without proportional increases in technical effort. This behavior is consistent with the
hypothesis that early, explicit investment in technical capabilities facilitates more efficient
delivery of later features.

At a larger temporal scale, the longitudinal observations further suggest that this pat-
tern persists as the system matures. Periods characterized by sustained growth of business
scenarios without corresponding increases in technical scenarios coincide with phases in
which reusable Enablers are already established. In contrast, when new constraints emerge
or Enablers are absent, additional technical work is observed before further business value
is realized.

A second notable pattern concerns internal quality. During periods in which BLOW
practices were actively applied, both short-term and long-term observations show stabiliza-
tion or plateau-like behavior in Cognitive Complexity and Code Smells despite continued
functionality growth. Although this study does not establish causal mechanisms, the consis-
tency of this behavior across different time scales suggests that continuous, scenario-driven
refactoring guided by executable specifications may function as a structural constraint on
uncontrolled architectural degradation. This constraint aligns with the well-documented
effects of TDD practices, specifically the disciplined cycle of writing unit tests before
code, producing minimal working implementations, and applying systematic refactor-
ing [24,58,59]. These practices, which are embedded within BLOW through its integration
of TDD as a supporting framework, have been independently associated with reduced
defect density and improved internal code quality across industrial settings [28,60]. While
this quality plateau may partially reflect the inherent benefits of sustained TDD discipline
rather than effects exclusive to BLOW's organizational structure, the post-handover increase
in quality-related indicators observed when the receiving team, which had not received
specific BLOW or TDD training, assumed maintenance provides a natural observational
contrast that reinforces the relevance of integrating technical discipline within an explicit
governance structure.

From a methodological perspective, BLOW introduces a new angle by treating Scenar-
ios as the primary Unit of Value. This departs from classic agile metrics such as story points
or effort estimates, which frequently lack clear traceability to concrete business results. By
linking progress, cost, and completeness directly to executable scenarios, BLOW establishes
a more objective and observable basis for monitoring development.

This scenario-centered view complements existing agile and scaling approaches by
making explicit the relationship between business value, technical enablement, and ex-
ecutable verification. In many Scrum-based implementations, progress is often tracked
through abstractions such as story points, while technical quality is monitored separately
through test or code-quality indicators. BLOW connects these views through test-anchored
metrics across work-centers. Similarly, while SAFe introduces Enablers to represent ar-
chitectural or technical work, BLOW provides a more explicit cross-layer accountability
mechanism for governing how such enablement work is discovered, formulated, imple-
mented, and related back to business scenarios. In this sense, BLOW does not replace
Scrum or SAFe, but provides an operational structure for coordinating scenario-driven
value delivery and technical enablement.

The explicit distinction between business and technical scenarios further enables a
structured approach to reasoning about validation and verification activities. This supports
the interpretation of BDD as a facilitating methodology that integrates ATDD and TDD
rather than replacing them, and provides a clearer framework for analyzing the dynamics
of scenario-driven development in practice.

Beyond technical considerations, the findings have implications for organizational
design and cross-domain collaboration. The introduction of layered work-centers and
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explicit roles contributes to reducing the “gray zones” often observed between business
and technical domains. Structured collaboration practices, such as the Three Amigos and
the Technical Three Amigos, act as boundary-crossing mechanisms that support shared
understanding and knowledge transfer.

The layered coordination model introduces additional organizational structure that
must be managed carefully. While this structure appears beneficial for large or distributed
organizations where specialization and scale amplify communication challenges, it also
introduces coordination overhead that, if not governed appropriately, could lead to rigidity.
These trade-offs should be considered when adopting BLOW in different organizational
contexts.

Prior research has variously characterized BDD as an extension of TDD, a variant of
ATDD, or a collection of practices centered on executable specifications. BLOW builds on
these perspectives by offering a unifying operating model that situates existing practices
within a coherent organizational and methodological structure. Rather than introducing
new testing techniques, the primary contribution of this work lies in the systematic organi-
zation of how established practices interact and how they support value realization and
organizational accountability.

Taken together, the discussion suggests that BLOW represents a meaningful step
toward clarifying long-standing uncertainties in scenario-driven development while pro-
viding a foundation for more rigorous empirical evaluation and future methodological
refinement.

9. Conclusions and Future Work

This paper addressed the persistent ambiguity surrounding the practical adoption
of behavior-driven development (BDD) and its relationship with Acceptance Test-driven
Development (ATDD) and Test-driven Development (TDD) in real software engineering
contexts. To tackle this problem, we introduced BLOW as a systematic approach that estab-
lishes an layered operating model for organizing scenario-driven software development
across domains of accountability. BLOW explicitly separates business specification and
technical enablement activities while preserving end-to-end traceability. By providing an
operational distinction between methodology, frameworks, collaboration practices, and
automated tools, BLOW helps clarify the definitional ambiguities documented in the soft-
ware engineering literature and establishes BDD as the coordinating methodology between
ATDD and TDD.

The primary contribution of this work is methodological and organizational rather
than tool-oriented. BLOW reframes BDD as a coordinating methodology that integrates
rather than replaces existing practices, providing a structured way to reason about cost,
value, and quality through executable scenarios. By distinguishing Business Scenarios
from Technical Scenarios and making technical enablement explicit, the approach increases
observability and reduces ambiguity in large scale and long lived development contexts.
Furthermore, the contribution is articulated through three main elements: (a) native,
scenario-anchored metrics that utilize executable scenarios as formal units of value to
to support progress tracking and decision-making; (b) the Technical Three Amigos as
a specialized collaboration practice for technical domain alignment; and (c) a layered
structure of nested work-centers governed by explicit push—pull interaction dynamics.

The longitudinal case study provides empirical grounding for the proposal. Obser-
vations from both a single-sprint PoC and an 18-month production deployment reveal
consistent patterns in which technical enablement precedes business value delivery, fol-
lowed by periods where accumulated technical investment supports sustained growth
of business scenarios. At a larger temporal scale, the study also shows that changes in
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the applied operating model are reflected in measurable shifts in scenario evolution and
internal quality indicators. Although these observations do not establish causal proof, they
are consistent with the intended design goals of BLOW and provide exploratory evidence
for its practical applicability.

Overall, the findings suggest that BLOW is a promising approach for organizing
scenario-driven development in environments where coordination between business and
technical domains is critical. By emphasizing observability, explicit enablement, and
sustained operational discipline, BLOW contributes a structured response to long-standing
challenges in the industrial adoption of BDD. While further replication is required, the
observed results indicate that BLOW can support traceability, governance, and alignment
between stakeholder intent and technical implementation in complex software systems.

Future work will focus on replicating the study across additional projects and orga-
nizational contexts, strengthening analytical rigor through complementary quantitative
techniques, and improving tool support for scenario-centric observability. Further research
should also investigate the integration of BLOW with established agile scaling approaches
and development governance models, in order to better understand its applicability in
different organizational settings. Additional empirical studies examining stakeholder col-
laboration, organizational impact, and long-term maintenance outcomes would help to
better assess the broader applicability of BLOW across diverse development environments.
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