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Annoramus. Pa3paborka Ha ocHoBe oBeennst (BDD) oxycupyercst Ha omnpeieleHHH TOBEICHUS CHCTEMBI
C TIOMOIIBIO TMPHMEPOB, MOOMIPEHHUIA COBMECTHON pabOThl W COMJIACOBAHHUU pa3pabOTKU ¢ TOTPEOHOCTSIMU
OnsHeca. B mpemmaraemoii crathe aBTOPHI OIMCHIBAIOT PE3YJIbTaThl H3ydeHHsl TeMaTiudeckoro cuareza BDD,
TIOYEPKUBAs €ro MpoOIIeMbl, TIPEUMYIIECTBA | TTOCIEICTBUS [UIS pa3padoTKN MPOrpaMMHOI0 o0ecredeHHs.
Anamm3upys 23 HWCClefoBaHWS, XOA KOTOPBHIX OTPaKeH B YeTHIPEX akaJeMHYecKHuX Oa3ax JaHHBIX,
HCCIIeIoBaHNe BBISIBISIET TEHJCHIMM W HANpaBJICHHWS B CIIEJOBAaHWM NpHHIMIAM W peammsanun BDD.
Astopamu nomgdepkuBaercst poiab BDD B npeononeHnu pa3pbiBa MeXIy TEXHUUECKUMU W HETEXHHYECKHIMHU
3aWHTEpECOBAaHHBIMHU CTOPOHAMH, COTJIACOBAHHH Pa3pabOTKH IMPOrpaMMHOro o0ecriedeH s ¢ On3HeC-TIeIIsIMU.
Hecmortps Ha nepBoHauasbHble podiemsl ¢ BHeapeHneM BDD, nposeseHHOe HccieioBaHNE TTOKa3bIBACT €I
3HAYUTENIFHOE JIOJITOCPOYHOE ¥ OJIar0TBOPHOE BIIMSIHHE HAa KaUeCTBO IIPOrPAMMHOI0 00eCIIeYeHH s, a TAKXKE Ha
JOCTIDKCHUE YOBJIETBOPEHHOCTH 3aMHTEPECOBAHHBIX CTOPOH. Bymymime wHccienoBaHus IOMKHBI OBITH
COCpeNIOTOUCHBI Ha pa3paboTke dP(eKkTHBHOro 00yueHNsI 1 HHCTPYMEHTOB VTS MOAIEPKKH BHenperus BDD
B Pa3JIMYHBIX Cpeax.

KuaroueBble ciioBa: pa3paborka, ocHoBaHHas Ha noeicHnn (BDD); pazpaboTka mporpaMMHOro obecreyeHus;
BHenpenue BDD; peanusaius BDD; npo6nemer BDD; npenmymiectsa BDD; TemaTnueckuii cuHTe3.

Jaa nutupoBanmsi: Appennonno-Peiiec B. M., lomunrec-Ucunpo C., Canuec-T'apcus A. X., Ouapan-
Opnangec X. O. Temarudeckuid CHHTE3 pa3pabOTKH, OPHEHTHUPOBAHHOW Ha IOBEACHHE: aHATUTHYCCKUI
noaxon. Tpymst VCIT PAH, tom 36, Bem. 6, 2024 r., crp. 161-178 (ma anrmmiickom si3bike). DOI:
10.15514/ISPRAS-2024-36(6)-9.

1. Introduction

This paper builds on the research presented at the 2023 11th International Conference on Software
Engineering Research and Innovation (CONISOFT) [1] by conducting a Systematic Literature
Review (SLR) to analyze the challenges and benefits of Behavior-Driven Development (BDD).
BDD, an evolution of Test-Driven Development (TDD), is a significant advancement in software
development, focusing on defining and developing software based on system behavior rather than
solely verifying functionality through tests [2]. This characteristic enables software development
teams to focus on identifying, understanding, and subsequently building valuable features that
interest businesses, ensuring they are implemented effectively [3].

BDD, with its proactive and collaborative approach, has significantly impacted the industry in recent
years as teams strive to deliver high- quality software that meets stakeholder requirements [4]. By
collaboratively defining expected system behavior at the outset, BDD allows early identification of
potential issues, preventing costly misunderstandings and rework [5]. Furthermore, BDD promotes
the development of automated tests that verify software behavior, aiding in the detection of
regressions and ensuring that new features do not compromise existing functionality.

Since BDD continues to be adopted across the industry, understanding its benefits and challenges is
crucial for successful implementation. In this context, we extend our previous analysis [1] in order
to contribute to this understanding by offering a thematic synthesis of BDD's application,
highlighting critical factors for its effective adoption, and providing recommendations to address
common challenges. This thematic synthesis identifies trends and common themes across the studies
analyzed, offering a documented overview of BDD's implementation.
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The rest of the document is organized as follows: Section 2 reviews related work; Section 3 describes
the materials and research methods; Section 4 summarizes the systematic review results. Section 5
discusses thematic synthesis. Section 6 addresses validity threats, and finally, Section 7 presents
conclusions and future work.

2. Related work

The software industry has significantly evolved, integrating automatic data processing through ICTs
into various social niches. As software demand grows, maintaining high- quality products is crucial,
prompting the adoption of methods for better design, implementation, and maintenance of software
systems [6]. This need has driven studies exploring the implications of these methods.

Three relevant studies were identified. Abushama et al. [7] systematically reviewed the impact of
TDD and BDD on project success factors such as cost, time, and customer satisfaction, analyzing
31 studies. Their findings suggest that while BDD may incur higher costs and time, it tends to
achieve greater customer satisfaction. Arnyndiasari et al. [8] reviewed Agile methodologies,
including BDD, highlighting the benefits of integrating these practices to enhance development
success. Farooq et al. [9] focused on BDD, emphasizing its role in clarifying requirements and
bridging communication gaps between stakeholders and developers, leading to higher customer
satisfaction. However, they noted potential challenges in BDD implementation.

Our study differs by analyzing software project environments where BDD has been implemented
and identifying critical insights into its adoption, challenges, and utility.

Table 1. Comparison of related works.

e Related works
Characteristic 7] 3] 9]
Year 2020 2022 2023
Analysis . . . .
of the impact ReweW_Aglle Eva!uatlon of BDD and its
Approach of TDD and BDD methodologies (TDD, impact on software
on time, cost, and customer BDD, DDD, MDD) and|  development and product
satisfaction. their effectiveness. quality.
Characteristics and Techniques to reduce
Resea_rch Impact_of TDD and BDD on effects of TDD, BDD, ambiguities and
Questions project success factors. DDD, and MDD. communication gaps in BDD.
BDD achieves higher Integrating Agile BDD is effective in clarifying
Findings customer satisfaction methodologies can requirements and improving
compared to TDD; more improve software communication between
research is necessary. development success. | stakeholders and developers.
.- Systematic literature review
Systematic literature review Systematic literature (2010-2022, 31 studies)
Coverage (1999-2020, 31 studies). review (20Q0-2021, 16 Development of framework
studies) and taxonomy for BDD.

3. Materials and method

This research followed the Systematic Literature Review (SLR) guidelines by Kitchenham et al.
[10]. The method consists of three main stages: 1) planning, 2) Identifying the state-of-the-art in
BDD, and 3) Interpreting the results. For the last stage, the method provided by Popay et al. [11] for
narrative synthesis for the SLR was applied. The development of thematic synthesis was based on
the process of Cruzes and Dyba [12]. Finally, to conduct the thematic synthesis, we based on the
guide by Ustuk [13] on a thematic synthesis with MAXQDA.
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3.1 Research Planning

The state-of-the-art analysis is guided by five research questions (RQs) aimed at i) ldentifying and
describing the characteristics of projects where BDD has been successfully implemented. ii)
Determining the scenarios where BDD benefits software development. iii) Identifying challenges
related to BDD implementation and how they can be addressed. iv) Specifying the knowledge
needed to enhance BDD's adaptability, facilitating its adoption across different environments and
teams. v) Documenting the advantages BDD brings to software projects, such as improved product
quality and stakeholder satisfaction.

1. RQL.- What are the characteristics of the projects in which BDD has been used to develop
software?

RQ2.- What are the specific scenarios in which BDD benefits software development?
RQ3.- What are the challenges in the use of BDD?

RQ4.- What information should be known to increase the degree of adaptability of BDD?
5. RQ5.- What are the reported benefits of using BDD?

Concerning the search strategy, a search string was generated through an elicitation process
presented in [10], resulting in the following:

("behavior driven development” OR “behavior-driven development” OR
"behavioural-driven development™) AND (tendencies OR benefits OR advantage OR trends)

Information sources for the automated search include four key databases: IEEE Xplore, ACM
Digital Library, SpringerLink, and Science Direct, which store relevant proceedings and journal
papers in software engineering and related fields.

The study selection process is divided into five phases, applying inclusion (IC) and exclusion criteria
(EC). Phase 1 includes studies published between 2015 and 2023 (IC1) and written in English (IC2).
Studies before 2015, book chapters, monographs, theses (EC1), and secondary studies (EC2) are
excluded. Phase 2 includes papers with relevant search terms in their title, abstract, or keywords
(IC3) and excludes demos or inaccessible works (EC3). In Phase 3, studies unrelated to software
development (EC4) are excluded, while those with abstracts related to research questions (IC4),
documented results (IC5), and published in selected sources (IC6) are included. Phase 4 excludes
duplicates (EC5). Finally, Phase 5 includes works that directly answer a research question (IC7).
This selection process is applied to both automated search and snowballing.

In order to measure the relevance and impact of the selected study on this research, we applied a
seven-question checklist based on the criteria shown by Dyba and Dingsgyr [14].

1. Q1: Isthe document based on research, or is it a "lessons learned" report based on an expert
opinion?

. Q2: Is there an explicit statement of research objectives?

. Q3: Is there a sufficient description of the context in which the proposed methodology was
tested?

. Q4: Does the research design address the objectives adequately?

. Q5: Was information obtained that addressed characteristics of the project in which the
methodology was used?

6. Q6: Does the study provide value in research or practice?
7. Q7: Was the proposal for using the methodology evaluated?

The scores assigned to the papers reflect the quality of their contributions to this research. Papers
are ranked based on their final score, ranging from 7 to 5. A score of 7 or higher is considered high-
ranked, a score between 4 and less than six is considered average, and any score below four is
deemed low-ranked.
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4. Results

This section provides a summary of the results from the systematic literature review (SLR) presented
in [1], as well as an overview of the thematic synthesis derived from the analysis

4.1 Selection of Primary Studies

We got 371 publications from the selected databases using the proposed search string. Twenty-five
articles were selected after applying the inclusion and exclusion criteria to the databases, see
Fig. 1.

anq ACM Digital Library: 169 IEEE Xplore: 31
Inltlal reSU"S ScienceDirect: 72 SpringerLink: 99

ACM Digital Library: 116

. 127 studies excluded for:
Phase 1 éggiﬁgﬁ;}:ga no search terms in title, abstract or key words,
SpringerLink: 74 by year or language
-
ACM Digital Library: 112
Phase 2 IEEE Xplore: 31 90 studies excluded for:
ScienceDirect: 5 no access to full text

SpringerLink: 6

ACM Digital Library: 19
Ph 3 IEEE Xplore: 11 118 studies excluded for:
a Se ScienceDirect: 3 not answering any research question

SpringerLink: 3

ACM Digital Library: 19

3 studies excluded for:

Phase 4 IEEE Xplore: 8 :

ScienceDirect: 3 be duplicated

SpringerLink: 2

s ™
ACM Digital Library: 16
Ph 5 |IEEE Xplore: 5 7 studies excluded for:
ase ScienceDirect: 2 not respond to any full-text research question

SpringerLink: 2

Selected studies:
Included o

~

Fig. 1. Selection phases for automatic search.

Wohlin et al. [15] described the snowballing technique, which expanded the study pool by adding
550 backward and 158 forward studies. After applying the selection criteria, only three additional
studies were included, resulting in 28 primary studies. Table 2 lists these selected studies and their
quality scores based on questions Q1-Q6.

4.2 Studies Distribution

Behavior-driven development (BDD) research has increased significantly since 2018, with 54% of
the work concentrated between 2018 and 2020 and 35% in the last three years. In the last two years,
studies increased by 60% (see Fig. 2).

The International Conference on Software Engineering (ICSE) is the primary venue for publishing
articles on BDD, accounting for 17% of the selected studies. ICSE is renowned for its
comprehensive coverage of software engineering topics and attracts leading experts, fostering
collaboration and knowledge exchange. The International Conference Proceedings Series (ICPS)
follows, accounting for 13% of the selected studies. ICPS is recognized for its interdisciplinary
approach, making it an attractive venue for BDD research due to its encouraging cross-pollination
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of ideas and perspectives. The Brazilian Symposium on Software Engineering also emerges as a
significant venue, hosting 8% of the selected studies. Although not as widely recognized as ICSE or
ICPS, it provides a valuable platform for regional researchers to contribute to the discourse on BDD.

Table 2. Studies selected ordered by quality.

Reference Year Data base Quality score
[16] 2021 Science Direct 7
[17] 2018 ACM Digital Library 7
[18] 2018 IEEE Xplore 7
[19] 2023 SpringerLink 7
[20] 2018 ACM Digital Library 7
[21] 2019 ACM Digital Library 6
[22] 2019 ACM Digital Library 6
[23] 2020 ACM Digital Library 6
[24] 2020 ACM Digital Library 6
[25] 2016 SpringerLink 6
[26] 2023 IEEE Xplore 6
[27] 2023 ACM Digital Library 6
[28] 2015 IEEE Xplore 5
[29] 2022 Science Direct 5
[30] 2018 ACM Digital Library 5
[31] 2020 ACM Digital Library 5
[32] 2020 IEEE Xplore 5
[33] 2021 ACM Digital Library 5
[34] 2022 IEEE Xplore 5
[35] 2020 SpringerLink 5
[36] 2020 ACM Digital Library 5
[37] 2019 ACM Digital Library 5
[38] 2021 IEEE Xplore 5
[39] 2023 ACM Digital Library 5
[40] 2023 ACM Digital Library 5
[41] 2018 IEEE Xplore 4
[42] 2017 ACM Digital Library 4
[5] 2018 ACM Digital Library 3

w IN o

Number of studies

)

6
1 II'V II II l\ ‘i ‘\ ||
0

2015 2016 2017 2018 2019 2020 2021 2022 2023

Fig. 2. Selected studies by year. The dashed line indicates an upward trend.
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4.3 Thematic Synthesis

The thematic synthesis followed the 21-step approach by Cruzes and Dyba [12]. The process began
with information understanding, where the 23 selected studies were thoroughly reviewed to identify
relevant text segments. These segments were labeled and coded, resulting in 51 initial codes. After
peer review, the list was refined to 27 codes, which were then translated into five cohesive themes.

1. Development Aspects: Explores project characteristics influencing BDD implementation,
addressing RQ1 and RQ2.

Benefits: Focuses on BDD's positive impacts on the development cycle, addressing RQ5.
Best Practices: Delves into effective BDD implementation practices aligned with RQ4.
Difficulties: Examines challenges in BDD usage corresponding to RQ3.

SAE I N

Usage Recommendations: Offers expert guidance for BDD implementation, also
addressing RQ4.

The thematic map (Fig. 3) illustrates the hierarchical organization of these themes and subthemes,
effectively answering the research questions. It categorizes findings into key domains such as
Development Aspects, Benefits, Best Practices, Recommendations, and Challenges.

In the use of the method

Describing an
specification

Describing scenarios

"

In the development team

In learning the method

Difficulties Usage
PEHITEIEEE In the generation of

development artifacts

Develcpment team
characteristics

Process characteristics
Development
aspects

Justification for the use of Good practices | In project management

Analysis in the BDD research In effective collaboration

Benefits

In test activities

the method

I In the requirsments

B P Scenario elaboration and
Practices for refactoring :
description
complexity
‘Combination with other Specification elaboration
methods &nd description

Fig. 3. Thematic map proposed.

Types of systems that
used BDD

—

egineering activities

Project sizs and

5. Discussion and analysis
Below are the five main BDD themes identified in our research.

5.1 Development Aspects

The use of BDD in software projects encompasses various characteristics, from team details to
process features, the justification for its adoption, project size, and the types of systems developed.
These aspects are explored in detail below.
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5.1.1 Development Team Characteristics

Successful BDD implementation depends on team characteristics. In large-scale and geographically
distributed teams, BDD enhances communication and coordination [16, 22]. In educational settings,
writing acceptance tests before development integrates quality early [17, 21]. The team's prior
experience also affects BDD's efficiency and productivity [21, 28].

5.1.2 Process Characteristics

BDD's application varies by context. In distributed systems, it emphasizes reusing scenarios and test
steps [16, 29, 30]. In agile projects, BDD improves quality, organization, and collaboration [23, 31].
During requirements validation, BDD enhances organization and collaboration throughout
development [23].

5.1.3 Justification for Adopting BDD

BDD is adopted in large-scale projects to address challenges like team coordination and requirements
management. It facilitates requirement documentation and coordination in telecommunications and
enterprise systems [16, 24, 29]. In geographically distributed projects, BDD mitigates
communication barriers and fosters a common language [5, 22]. For critical systems, such as in the
automotive industry, BDD improves requirement specification and system validation [24, 34].

5.1.4 Project Size and Complexity.

BDD’s effectiveness varies with project size and complexity. While initially suited for medium-
sized projects, it also benefits larger projects [32]. However, extensive BDD test suites can
increase maintenance and comprehension complexity [35].

5.1.5 Types of Systems Using BDD

BDD is applied across various sectors and technologies. It is used in complex projects like
telecommunications and microservices architectures [16, 29]. In critical systems, such as
automotive, BDD ensures system integrity and reliability [24, 28, 34]. It also adapts to emerging
technologies and diverse development paradigms [21, 32, 42].

5.2 Benefits

This subsection covers how BDD enhances various aspects of the development cycle, including
requirements management and the creation of valuable artifacts. It also improves quality,
stakeholder communication, and critical phases like requirements and testing.

5.2.1 Effective Collaboration

BDD enhances collaboration and communication between quality engineers and business analysts.
Scenario refactoring improves interaction, and clear visualization of test scenarios aids
comprehension even for non-technical stakeholders [29, 32]. Precise language in behavior scenarios
reduces misunderstandings, fosters better project management, and improves communication in
geographically distributed teams [5, 36, 41]. BDD also integrates clients more closely through
scenario-based documentation, enhancing collaboration and product quality [18, 24, 28].

5.2.2 Artifact Generation

BDD improves artifact generation by expressing requirements as executable test cases, reducing
rework and saving time [16, 21]. It provides automated acceptance tests, enhances requirement
elicitation, and creates “living documentation” that evolves with the system [18, 23, 24, 25, 28]. The
approach also facilitates test case reusability, benefiting development and verification [16, 18].
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5.2.3 Testing Activities

BDD simplifies and structures testing activities, improving efficiency and automation. It organizes
tests by features and scenarios, aids maintenance, and enhances test completeness and stability [17,
18, 22]. BDD improves predictability and confidence in code stability by defining behaviors before
implementation and automating tests [18, 31, 41]. Overall, BDD enhances test efficiency,
completeness, and process ease [5, 17, 19, 20, 33].

5.2.4 Requirement Engineering Activities

BDD enhances the quality and understanding of requirements by expressing them as executable test
cases. The Given-When- Then format clarifies business perspectives and improves requirement
clarity [16, 17]. BDD facilitates discussions, improves traceability between requirements and code,
and creates “living documentation” [5, 23, 33]. It also addresses security requirements and reduces
ambiguities [16, 17, 28, 42].

5.2.5 Project Management

BDD supports project management by improving scenario grouping reducing development time and
costs. Early scenario development enhances efficiency, and “living documentation” provides
continuous updates [16, 18]. BDD improves code quality and productivity, benefiting exploratory
testing and product quality [18, 41].

5.3 Best Practices

This section provides practical guidelines for applying BDD, covering maintainable specifications,
new specification creation, and scenario refactoring techniques.

5.3.1 Refactoring Practices

Refactoring is essential for improving software quality and maintainability. Key practices include
[29]:
Identification of Areas for Refactoring
e Preprocessing: Store each BDD specification in a separate file with the name on the first
line and steps on subsequent lines. Remove BDD keywords for easier comparison.

e Measurement: Using automated scripts, calculate normalized compression similarity
(NCS) and Similarity Ratio (SR) for all specification pairs.

e Ranking: Analyze and rank the NCS and SR values to determine a similarity between
specifications.

Careful Application of Refactoring
e Merging: Combine specifications with common lines and minimal differences.

e Restructuring: Create new statements from common statements with different
specifications.

o Deleting: Remove duplicate or functionally identical specifications.

¢ Renaming: Rename specifications with similar names but different functionalities to avoid
ambiguity.
Validation to Preserve Behavior
o Ensure that refactoring does not alter the software's behavior.
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5.3.2 Combination with Other Methods

Combining BDD with other methods can enhance communication, address complexity, and reduce
gaps in distributed teams. Benefits include improved security verification, communication, and
reduced inconsistencies in early development phases [17, 28, 32, 42]. Various studies suggest
integrating BDD with other techniques to improve development quality.

5.3.3 Elaboration and Description of Specifications
Structural Practices

o Develop system-level feature files and hooks for effective integration testing [16, 35].
Practices for Developing New BDD Specifications

o Specify New Behaviors: Product managers should write new behaviors based on customer
requests.

o Develop System-Level Feature Files: Create detailed, executable feature files that outline
approved behaviors [16].

Practices Related to SBVR and Event-B
e Determine Business Objectives: Collaborate with clients and analysts to establish project
objectives [42].
o Define Software Functionalities: Refine goals into a list of features with a specific format
[42].
o Define Acceptance Criteria: Create scenarios representing acceptance criteria using the
given-when-then format [29].
Improvement Areas

o Regular feedback is crucial for early correction and alignment with team objectives [16].

5.3.4. Elaboration and Description of Scenarios

We identified four principal pieces of information related to writing scenarios BDD: formal
redaction, simplifying scenarios, evading ambiguity, and establishing a limit for the step in a scenario
to adequate comprehension.

Key Information for Writing BDD Scenarios

e Abstraction Level: Maintain an appropriate level of detail to balance understanding and
code complexity [35].

e Reuse of Step Phrases: Use existing steps to enhance readability and maintainability [32,
39].

e Balance Generic and Specific Steps: Combine generic steps with parameters and specific
steps to improve readability and execution. Reusing steps with parameters and generic
names like "When the user clicks on the '<element name>' element on the '<page name>'
page" is helpful. [32, 39].

e Limit Actions in Scenarios: Each scenario can have only a single "When" action. Split
scenarios with multiple actions or move extra actions to the "Given" section [32, 39].

e Indent ""And" Steps: Use "And" steps for improved readability [32].

o Seek Reusable Behaviors: Avoid redundant development and testing of similar behaviors
[16].

e Address Duplication: Automate duplicate searches, refactor code frequently and adhere
to the Single Responsibility Principle (SRP) [18].
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Scenario Structuring Recommendations
e Naming Pattern: Use the "When..., then..." pattern for concise scenario descriptions [26].
e Step Count: Limit steps per scenario to 12 for better readability [26].

e Step Order: Follow the "Given", "When", and "Then" order. Multiple "When-Then"
combinations may indicate the need for separate scenarios [26].

e Perspective: Write scenarios from a third-person perspective to avoid ambiguity, e.g.,
"When the user clicks on the button™ instead of "When 1 click on the button" [26].

e Domain Vocabulary: Use precise terms and avoid duplicates for clarity. Minimize
technical jargon to ensure all stakeholders understand [35].

5.4 Difficulties

Challenges in adopting the BDD method can be categorized into difficulties related to learning the
method, development team issues, and the practical use of BDD. These challenges are further
detailed below:

5.4.1 Learning the Method

The high learning curve associated with BDD presents significant obstacles. Resistance to BDD may
arise from a lack of testing culture, as BDD requires a shiftin perspective. The process's lack of visual
appeal can also hinder adoption [24]. The steep learning curve is often exacerbated by limited
experience with BDD, leading to initial difficulties and resistance, particularly in teams unfamiliar
with the method [31]. These issues highlight the need for a supportive culture and thorough training
to ease the transition to BDD [16, 29, 41].

5.4.2. Development Team Challenges

The lack of experience and commitment within the development team significantly impacts the
successful adoption of BDD. Inexperienced team members may struggle with proper scenario
specification, leading to issues such as scenario duplication and incomplete scenarios [18].
Communication and collaboration are also hindered by a lack of commitment, which is crucial for
the success of agile methodologies [41]. The absence of method knowledge among team members
further exacerbates these challenges, making it difficult to effectively implement and maintain BDD
practices [23, 31].

5.4.3. Using the Method
Implementing BDD presents several practical challenges:

e Scenario Management: Managing scenarios in large-scale environments is complex due
to the dynamic nature of requirements and the need for frequent iterations with domain
experts. Maintaining an accurate record of behavior changes across multiple stakeholders
adds to the complexity [16].

e Adapting to New Environments or Requirements: Modifying BDD specifications to
reflect new business policies or environments can be challenging, particularly in large-scale
projects. Updating BDD frameworks or adapting them to new requirements may result in
duplicated efforts and slow down development [18].

e Adopting BDD Tools and Technologies: Introducing new BDD tools in large projects
requires significant time and effort. Training is essential for achieving productivity in a
BDD environment. Additionally, challenges arise when updating BDD frameworks across

multiple microservices, requiring careful evaluation of tool suitability [23, 28, 41].
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Comprehending BDD Specifications: Understanding BDD specifications can be difficult,
particularly when duplication in specifications hinders comprehension and unnecessarily
prolongs test suite execution [18].

Specifying Scenarios: Scenario specification in BDD is complex, especially in large-scale
projects where requirements evolve over time. The lack of initial clarity and the need for
frequent iterations complicate scenario specification, making it a challenging task [16, 23,
30, 31].

Specification Size: Large projects pose additional challenges due to the exponential growth
of possible scenarios. The complexity of managing and maintaining these scenarios can be
overwhelming [36].

Maintainability of BDD Specifications: The maintenance of BDD specifications is
particularly challenging in large-scale projects. The high cost and complexity of
maintaining these specifications can deter teams from adopting automated acceptance
testing [29]. Effective maintenance strategies, such as refactoring, are necessary to manage
the growing complexity and ensure the long-term success of BDD [16, 18, 35].

5.5 Usage Recommendations

Implementing BDD goes beyond adopting tools and practices; it requires understanding the
guidelines and best practices for specifying requirements and crafting scenarios. This section
provides key recommendations from experienced practitioners, divided into three areas:
specification description, scenario elaboration, and tool usage.

5.5.1 For the Description of a Specification

The specification in BDD serves as a document that describes the desired system behaviors from a
high-level perspective. It communicates how the software should meet requirements in natural
language.

Limit actions per scenario: Restricting the number of actions in each scenario maintains
clarity and conciseness. This practice ensures that both technical and non-technical
stakeholders can quickly grasp the system's functionality without unnecessary complexity
[27, 32, 37].

Preserve domain vocabulary: Using consistent domain-specific terms promotes shared
understanding among teams, enhancing collaboration and ensuring alignment on the
system's goals and requirements [35, 37].

Conserve a few steps: Focus on essential steps to maintain clarity and conciseness in each
scenario. This approach ensures scenarios remain understandable, especially for those not
directly involved in development [32, 35].

Eliminate technical vocabulary: Avoiding technical terms makes specifications
accessible to all stakeholders, facilitating effective communication at the initial stage [35].

5.5.2. For the Description of Scenarios
Scenarios are concrete instances that exemplify how the system should behave in specific contexts.
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Each scenario tests one thing: Focus each scenario on testing a specific functionality or
behavior, making it easier to identify issues during execution [35, 40].

Make descriptive titles: Clear and descriptive titles help quickly identify the purpose of
each test case [35].

Oriented towards customer benefit: Write scenarios from the perspective of the benefit
they offer to the end user, ensuring alignment with customer expectations [35].
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o Make an explicit and verifiable description: Scenarios should be concise, clear, and
easily verifiable, facilitating execution and ensuring understandable results [37].

e Maintain singularity in scenarios: Each scenario should clearly contribute to the overall
quality assurance of the software, ensuring each test case adds value [37].

¢ Avoid ambiguities: Clarity is key; avoiding ambiguities ensures reliable test results with
no room for misinterpretation [37].

5.5.3. Tools

Selecting and using tools in BDD is critical. Various studies highlight popular open-source tools
such as Cucumber, Concordion, JBehave, FitNesse, and SpecFlow, recognized for their role in
facilitating BDD processes [16, 29, 32, 41].

e Obsolete Tools: Some tools, including StoryQ, JDave, NBehave, Easyb, and BDDfy, are
no longer actively maintained, underscoring the importance of choosing up- to-date tools
with active community support [38].

e Documentation Evaluation: Clear and comprehensive documentation is vital for efficient
adoption and learning, allowing teams to maximize tool capabilities [29, 38].

o Consideration of Reference Projects: Reviewing reference projects that use the selected
tools can provide practical insights and improve BDD implementation [18].

Selecting tools for development is important; when using BDD, technical functionality, currency,
documentation, and an active user community must be considered. Evaluating IDE plugins provides
valuable information on how tools facilitate collaboration and behavior specification within the
development environment.

6. Validity threats

We acknowledge potential threats to the validity of our results but have taken measures to mitigate
them. One potential threat involves the study search and selection process, which relies on the
researcher's judgment and includes non- English languages [43-44]. To address this, we adhered to
guidelines by Kitchenham et al. [10]. Peer reviews were conducted by at least three authors,
following the coding and theming process described by Cruzes and Dyba [12]. Additionally, we
utilized the MAXQDA tool for thematic synthesis [13]. To ensure the relevance of selected studies,
we employed the snowballing method [15], conducting one forward and one backward iteration.
While limitations, such as excluding studies due to restricted access, are recognized, our findings
offer a comprehensive understanding of BDD's applications, benefits, and challenges. Our aim is
not to provide prescriptive guidance or solutions but to enlighten and inform.

7. Conclusion

Thisresearch delved into essential aspects of BDD, focusing on its principles, differences from other
methodologies, and practical applications through a systematic literature review. Key conclusions
include insights into BDD's applications, benefits, and challenges, as well as the identification of
recommended practices and common difficulties. While the study provided valuable perspectives,
it is important to acknowledge limitations, such as the reliance on existing studies and gray literature,
highlighting the need for further investigation.

The systematic review revealed that BDD enhances communication, collaboration, and adaptability
while minimizing requirements misunderstandings. It also identified trends in BDD’s application,
including its benefits for collaboration, testing, requirements engineering, and project management.
Our research methodology involved a thorough systematic review, with a carefully tailored search
strategy and quality assessments to ensure reliability. This comprehensive approach offers a robust
foundation for understanding BDD's implementation, challenges, advantages, and best practices.
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In conclusion, this study has significantly contributed to the understanding of BDD, underscoring
its contemporary relevance and growing interest in the software development community. It offers
valuable insights for those considering the adoption of behavior-driven agile methodologies,
promoting the creation of well-designed, precisely adapted software solutions.
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