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Abstract

In recent decades, the agile software development method has seen extensive adoption
across companies of various sizes, serving as a cornerstone in the software development
process. Requirements Engineering (RE) stands pivotal in this process, providing
the foundation for effort management, architectural design, development framework
construction, and testing strategy definition. Understanding the challenges inherent in
agile RE within real-world contexts is crucial for developing advanced RE techniques
tailored to the complexities of agile development.

This thesis presents two case studies conducted on industry-academia projects to
explore the challenges encountered in agile RE within real-world contexts. Through
action research methodology, traditional RE techniques were applied to address
identified challenges. Furthermore, the thesis proposes leveraging Large Language
Models (LLMs) to automate certain agile RE tasks, such as requirements elicitation
and analysis, to reduce human effort in agile development.

Unprecedented global challenges, exemplified by the COVID-19 pandemic,
have necessitated widespread adoption of Work-From-Home (WFH) arrangements,
presenting formidable obstacles in conveying requirements within agile RE
frameworks. Given the expected continuation of WFH practices post-COVID,
identifying and addressing these challenges is paramount. Amid the pandemic,
we engaged in an industry-academia collaboration, employing action research
methodology to comprehensively analyze agile RE practices within the WFH context.
Through our study, key challenges were identified, and collaborative RE techniques
were proposed and iteratively refined through three intervention cycles, complemented
by in-depth interviews for thorough analysis. Additionally, insights gleaned from this
thesis provide valuable guidance on effective collaborative RE techniques and lessons
learned.

Machine Learning (ML) has emerged as a core technology across various
domains, garnering substantial attention in Software Engineering (SE). However, the

complexity inherent in developing ML applications introduces additional challenges
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to RE activities. Addressing concerns raised by RE researchers, this thesis aims to
observe RE activities for ML-enabled systems in real-world contexts, focusing on
an ML-enabled FinTech project. By engaging data scientists to clarify ML-related
requirements, our study explores RE difficulties from both the data scientist and
requirement engineer perspectives. Additionally, a proposed RE framework iteratively
adapts to data and model relevance in ML-enabled FinTech application development,
facilitating the completion of RE activities tailored to ML-specific requirements.

Within agile RE frameworks, Generating Acceptance Criteria (GAC) to elaborate
user stories assumes critical importance during sprint planning. However, the lack
of labeled datasets tailored specifically to User Stories associated with Acceptance
Criteria (US-AC) poses significant challenges for supervised learning techniques that
attempt to automate this process. Recent advancements in LLM technology offer
potential solutions for automating the process, motivating the proposal of an automated
framework named SimAC. SimAC leverages LLMs to simulate collaborative practices
within an agile environment, facilitating improved GAC generation. Owing to the
unavailability of ground truths, we invited practitioners to build a gold standard
serving as a benchmark to evaluate the completeness and validity of auto-generated
US-AC against human-crafted ones. Additionally, we invited eight experienced agile
practitioners to evaluate the quality of US-AC using the INVEST framework. The
results demonstrate consistent improvements across all tested LLMs, including the
LLaMA and GPT-3.5 series. Furthermore, our study also provides comprehensive
case studies to illustrate SImAC'’s effectiveness and limitations, shedding light on the
potential of LLMs in automated agile RE.

Finally, for further analyzing the requirements, automating the derivation of
conceptual models, such as class diagrams, from user stories holds promise in
streamlining agile projects. Our study explores the potential of LLMs and
a Chain-of-Thought (CoT) prompting technique, namely CoTUML, tailored to
automate this task. Through a comprehensive preliminary study, we compare
LLM-based approaches with guided human extraction, demonstrating the superiority
of LLM-based approaches, particularly when combined with well-crafted few-shot
prompts.  CoTUML further enhances the comprehensiveness of relationship
identification. Additionally, qualitative analyses shed light on areas of suboptimal
performance, offering avenues for improvement and guiding future research in
requirement analysis automation.

Keywords: Agile Requirements Engineering, Action Research, Large Language
Models, Prompt Engineering.
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Chapter 1
Introduction

Requirements Engineering (RE) serves as the fundamental cornerstone of the software
development process, providing the basis for effort management, architectural design,
development framework construction, and definition of testing strategy. The quality
of requirement pertains to the specific attributes of requirements that contribute to the
successful and cost-effective realization of a system, addressing the user’s needs [2, 3].

Over the past decades, the agile software development method has experienced
widespread adoption and usage by both small and large established companies [4, 5].
Wang et al. [6] highlighted the significance of RE within the context of agile practice.
Their findings indicated that over 90% of the interviewed agile practitioners regarded
RE as an important aspect of their work.

This thesis first studies the requirement activities of an industry-academia software
development project that adopted agile practices in a real-world context. Based on
the challenges exposed in the case, we approached the action research methodology
for the project team, delivering the traditional RE techniques in the project to assist
in alleviating the observed challenges. Recently, Large Language Models (LLMs),
pre-trained by a huge amount of human-written text/code, have drawn immense interest
in the Software Engineering (SE) community owing to their powerful generality even
without supervised fine-tuning [7-9]. Motivated by the powerful generality of LLMs,
we proposed some LLM-based frameworks to automate the agile RE tasks.

This chapter first introduces the context of the approached action research
in the industry-academia project, including agile RE from the perspectives of
Work-From-Home (WFH) in Section 1.1 and Machine Learning (ML) development in
Section 1.2. Subsequently, Section 1.3 introduces the LLM-based technique developed

for generating acceptance criteria during requirements elicitation, while Section 1.4
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demonstrates different prompting techniques incorporated within LLMs aimed at
expediting the derivation of class diagrams for requirement analysis. The contributions
are presented in Seciton 1.5. Lastly, Section 1.6 presents the outline of this thesis.

1.1 Agile RE in WFH Environment

The industry-academia project was collaborated by the City University of Hong
Kong and a startup company in Hong Kong during the COVID-19 pandemic. The
significance of learning agile RE in the WFH context has been underscored by the
outbreak of the COVID-19 pandemic and subsequent lockdown measures, which
necessitated a shift to remote work for software engineers in many companies [10, 11].
Agile teams heavily rely on collaboration, making the WFH conditions particularly
challenging for requirements engineers [12]. Notably, the number of professionals
working from home on a permanent basis is expected to continue increasing [13]. In
fact, a CFO survey by Gartner reported that 74% of companies plan to transition some
employees to permanent remote work arrangements after COVID-19 [14].

The WFH experience during the COVID-19 restrictions differs from the typical
WFH process and may prove stressful and frustrating for software developers [15].
Particularly, individuals in software teams who simultaneously faced home teaching
responsibilities found themselves in atypical circumstances that posed challenges to
productive software development [15].

Therefore, gaining insights into the RE activities within this extreme WFH
context can serve as a valuable contingency strategy for unforeseen WFH scenarios
in the post-COVID era. By adopting the methodology of action research,
we comprehensively delineate the primary challenges experienced in the WFH
environment. In addressing these challenges, a sequence of collaborative RE
techniques, such as constant collaboration, online design thinking, mixed language
presentation, and roster customer, were implemented across three intervention phases.
Subsequent to these interventions, interviews were conducted to scrutinize the
outcomes, facilitating insights into collaborative RE methodologies and accumulating

invaluable lessons.
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1.2 Agile RE in ML-enabled Development

In the collaborative project, the deliverable is a FinTech product that integrates ML
techniques. ML is a core technology that has been applied in different application
domains in recent years and has gained significant attention in SE. ML was successfully
and widely applied in image recognition, Natural Language Processing (NLP), and
outperforming humans in complex games [16, 17]. More and more ML components
are developed and integrated to improve products and processes [17] with one of the
success factors enabling ongoing ML being the large amounts of data [17].

However, developing ML-enabled systems requires additional expertise in data
science [18], which introduces challenges in the SE development process [19].
For instance, data and models should be validated as thoroughly as code for ML
components, which lacks best practices for doing so [19, 20]. In the SE development
process, the RE artifact is the core foundation for building a development framework
and defining testing strategy [21]. Serving in the key SE development process, RE
practitioners inevitably face critical challenges in handling ML-related requirements.
In the survey conducted in [22], the respondents reported that RE is the most
challenging activity when developing ML systems.

Scharinger et al. [23] examined the experiences of industrial ML pioneers, and
they argued that they expect an increase in the discussions of RE for ML projects in
the SE community. They note that ML-enabled software development projects rarely
followed the structured RE processes used by non-ML-related projects [23]. Results
of the interview conducted in [17] indicate that RE must evolve to specify the ML
systems. Other studies [24, 25] have pointed out the problems and challenges related to
RE for ML, such as the unclear requirements specification definitions [25]. However,
these studies discussed the general issues but did not combine in-depth review with
real-world context.

Simultaneously, the Financial and Banking sector is one of the most popular
domains to be adopting and integrating ML in their software [26]. The advantages
of integrating ML technologies in the domain of Financial Technology (FinTech)
include providing more competitive and efficient services. Applying ML technology in
financial projects has increased the interest of stakeholders, especially in Hong Kong,
which is one of the most prominent international financial centers in the world'. In

a survey conducted in financial services [27], the results revealed that 55% of the

"https://www.hkma.gov.hk/eng/key-functions/international-financial-centre/hong-kong-as-an
-international-financial-centre/
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respondents were implementing Artificial Intelligence (AI) enabled products while
77% of them expected Al as an essential factor to their business. Several global surveys
suggest that ML is poised to become the backbone of the financial industry in the near
future [28].

Therefore, understanding RE activities in ML-enabled systems from the FinTech
domain can assist in developing more competitive FinTech products in the financial
center. Inspired by expectations from the RE community and the interests of
stakeholders from the financial industry, we conducted an in-depth study on the
RE activities in the industry-academia project. Our researchers participated in the
collaboration to explore the difficulties of RE activities in a real-world development
context. Based on the observation, we employed the intervention that guided
and altered the RE activities in the collaborative project, which aimed to explore
what requirement characteristics should be considered when handling ML-related
requirements.

Given the significance of data and model considerations in the development of
ML-enabled FinTech applications, a RE guidance framework is proposed. This
framework, incorporating specific ML-related requirement characteristics essential for
the completion of ML-enabled application development tasks, is iteratively employed
to make changes to RE activities. Feedback from practitioners suggests that these
practices effectively mitigate challenges associated with enhancing data quality and
validating model requirements within RE activities. Furthermore, insights gained from
both researchers and practitioners are studied, offering practical recommendations to

SE and RE communities grappling with similar challenges in analogous contexts.

1.3 SimAC: LLMs for Requirement Elicitation

Elaborating user stories emerged as the prevailing method for requirements elicitation
within agile projects [6]. A user story is a short-loose text describing the needs of
customers, while acceptance criteria usually appear as an extension of the user story.
Acceptance criteria define what is “done” for the given user story [29], enhancing the
comprehension of practitioners on the requirements and facilitating the development
process. The BABOK Guide?, one of the most popular industry standards of presenting
RE techniques [30], emphasizes the critical nature of user story elaboration, as it

constitutes a fundamental component of the agile requirement analysis process. During

Zhttps://www.iiba.org/career-resources/a-business-analysis-professionals-foundation-for-success
/agile-extension/
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elaboration, the detailed design and acceptance criteria for the user story are defined
in order to deliver a working solution. However, this process involves iterative
collaboration among agile team members to refine and finalize the details in each sprint.
Consequently, Generating Acceptance Criteria (GAC) during the process of user story
elaboration is labor-intensive but essential in agile RE.

Agile methodologies aim to enhance product development efficiency [31].
Automating labor-intensive tasks in agile development provides a practical means
of streamlining processes, thereby enhancing efficiency. GAC demands extensive
human involvement to ensure a comprehensive understanding of project requirements.
Although automating this task may inadvertently result in team members lacking a full
grasp of requirements, the generation of high-quality acceptance criteria at the initial
stage can establish a solid foundation for further refinement, thereby facilitating more
efficient collaboration. Building upon this understanding, our study aims to explore
an automation paradigm for GAC to reduce the initial human effort involved in the
process.

Few studies have dedicated themselves to automating GAC due to the absence
of labeled datasets in User Stories associated with Acceptance Criteria (US-AC).
That is to say, task-specific learning-based techniques have difficulty in automating
this process. Recently, LLMs, pre-trained by a huge amount of human-written
text/code, have drawn immense interest in the SE community owing to their powerful
generality even without supervised fine-tuning [7-9]. For example, Xia et al. [7]
revealed that directly applying state-of-the-art LLMs can substantially outperform
all existing automated program-repairing techniques since traditional learning-based
techniques are limited to the reliance on bug-fixing datasets to craft fix templates.
Li et al. [8] proposed to approach role-playing and inception prompting to guide the
communicative LLMs toward the programming task autonomously. In summary,
LLM-based approaches circumventing supervised fine-tuning bring a chance to
transition the labor-intensive SE tasks toward an automated paradigm.

Motivated by the powerful generality of LLMs, we propose SimAC, a framework
that Simulates agile collaboration to generate Acceptance Criteria in user story
elaboration by employing LLMs. Figure 1.1 presents the brief of SimAC, which
encompasses two phases: collaboration and deduplication. In the collaboration phase,
an LLM is initiated with prompts that provide instructions and illustrative examples
to demonstrate how collaborative tasks interact. Following a prescribed procedure
of create-update-update, the LLM acts collaboratively in three groups of roles: the
requirement analyst, quality analyst, and other team members. The requirement analyst
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first creates an initial suite of US-AC based on the responsibilities of comprehending
and transferring requirements. Subsequently, the quality analyst updates the US-AC
to supplement some testable details. After that, the US-AC is further updated by other
team members based on their expertise. In the deduplication phase, we utilize the
Spacy [32], an open-source Python library, to compute the similarity score of the
generated acceptance criteria, which aims to eliminate the redundancy and keep the
most informative items in the US-AC instance. The finalized US-AC will serve as a

working solution reference for the practitioners.

e
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Fig. 1.1 Brief workflow of SimAC.

We conducted an extensive empirical study using a dataset sourced from [33]
to examine the effectiveness of SImAC. Considering the incorporation of industry
perspective and the lack of ground truths in the US-AC dataset, we adopt human
evaluation to evaluate both the quality and the relevance of the auto-generated US-AC.
The quality assessment aims to determine whether the US-AC follows INVEST
(Independent-Negotiable-Valuable-Estimable-Small-Testable) standards as proposed
in [34]. Meanwhile, the relevance assessment serves to measure the extent to which
the auto-generated US-AC provides relevant information compared to human-crafted
acceptance criteria, with indicators of completeness and validity.

Owing to the huge overhead on time during the human evaluation, we randomly
selected 30 samples of US-AC for analysis. During the quality evaluation, we engaged
experienced agile practitioners to score US-AC from 0 to 4 in each individual metric
of INVEST. Furthermore, to evaluate the relevance, practitioners were invited to
familiarize themselves with the project context and then crafted gold standards for the
aforementioned 30 examples. The gold standard serves as a benchmark for evaluating
completeness and validity.

The quality assessment reveals a significant improvement in satisfaction across
all INVEST metrics for the generated US-AC through SimAC. Besides, SimAC also
boosts all its underlying LLMs’ performance (including LLaMA and GPT-3.5 series),
demonstrating its generality among different backbones. Particularly, gpt-3.5-turbo

6
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model obtains the biggest improvement from 2.89 to 3.21 in terms of the INVEST score
on average. Furthermore, the relevance assessment indicates that US-ACs generated by
SimAC with gpt-3.5-turbo model achieve 60.60% completeness and 51.29% validity,
representing improvements of 29.48% and 15.56% respectively. The introduction of
role-based prompts in SIimAC effectively enhanced the completeness of the output
across all baselines. Our results indicate that the US-AC generated by our proposed
framework can receive satisfactory quality and relevance. Such high-quality output
can serve as a reliable reference for further refinement in agile sprint planning, thereby
augmenting collaboration efficiency.

1.4 CoTUML: LLMs for Requirement Analysis

In the analysis phase of agile RE, the refined user stories can be transformed into more
detailed and specific specifications. One effective approach for this refinement process
is the derivation of conceptual models, such as Unified Modeling Language (UML)
diagrams [35].

Bragilovski et al. [36] proposed guidelines aimed at enhancing flexibility and
reducing cognitive effort in the task of translating user stories into UML class diagrams.
However, despite these advancements, human involvement continues to be necessary.
LLMs have demonstrated exceptional proficiency in NLP tasks, making them highly
relevant in the field of RE, where effective handling of natural language is critical. In
particular, ChatGPT has gained significant traction in RE [37], being employed for
tasks such as identifying inconsistencies in natural language requirements [38].

Based on the aforementioned considerations, the main objective of our study is
to assess the effectiveness of LLMs in the process of deriving class diagrams within
the agile RE context. The fundamental motivation behind this research is to establish
an automated approach that utilizes LLMs to generate class diagrams directly from
user stories. This transition towards automation holds promising potential for reducing
human effort while providing a valuable reference for requirement analysis.

The design of appropriate prompts plays a crucial role in maximizing the
effectiveness of LLMs [39]. One state-of-the-art prompting technique that has shown
promising results is Chain-of-Thought (CoT) prompting, as introduced in [40]. CoT
prompting involves instructing LLMs to generate a series of intermediate natural
language reasoning steps, known as a CoT, before producing the final output. These

reasoning steps provide a step-by-step description of the problem-solving process.
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By utilizing CoT prompting, LLMs are guided to think through the problem in a
structured manner, enabling them to generate more accurate and coherent responses.
This approach leverages the inherent capabilities of LLMs to perform complex
natural language reasoning and provides a structured framework for organizing their
outputs. The generated CoT serves as a transparent representation of the model’s
decision-making process, allowing for a better understanding and evaluation of its
outputs.

We aim to enhance the reliability and comprehensibility of the LLM-based
approach for deriving class diagrams from user stories. To reduce the need for
human intervention in the process, we have developed a three-phase CoT prompting
incorporated with the LLM approach, namely CoTUML, for automating the derivation
of class diagrams. This proposed method involves three key phases in its reasoning
steps: class identification, attribute identification, and relationship identification.

In CoTUML, the prompting introduces step-by-step reasoning. During the class
identification phase, CoTUML begins by identifying the primary entities derived from
user stories. Subsequently, the focus shifts to recognizing attribute-related indicators
in the second phase. Finally, it examines operation-related indicators to determine the
relationships among the identified classes.

This approach is applied to user stories obtained from two different projects, as
sourced from [36]. These user stories are utilized as input for the derivation process,
and the resultant outputs are formatted to demonstrate identified classes, attributes,
and relationships. These generated outputs serve as a reference for the subsequent
construction of the class diagram.

We conducted a comprehensive analysis of the LLM-generated output. This
analysis covered both quantitative and qualitative aspects to evaluate the effectiveness
and accuracy of the LLM-based approaches, especially CoTUML. The quantitative
analysis involved measuring completeness and validity to assess the performance of the
LLM-based method in identifying classes, attributes, and relationships. Furthermore,
the qualitative analysis involved a thorough examination of the generated class
diagrams to evaluate their overall quality and adherence to the user stories. We aimed
to gain insights into the capabilities and limitations of the LLM-based approach with
different promoting techniques in deriving class diagrams from user stories.

The result shows that the LLM-based approach, when effectively utilized with
carefully designed few-shot prompting, surpasses guided human extraction in the
identification of classes from user stories. The integration of CoT prompting also
improves the comprehensiveness of relationship identification between the identified
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classes. However, in terms of attribute identification, the LLM-based approach,
despite incorporating both few-shot prompting and CoT prompting, demonstrates
inferior performance compared to human extraction. Our case studies provide a
systematic summary and analysis of instances wherein the CoT prompting enhances
the performance and instances where the LLM-based approach does not exhibit
improvement. These insights are valuable for further exploration and refinement in
this research direction. By identifying the limitations and areas where the LLM-based
approach falls short, we can focus on addressing these challenges and improving the

performance of automated class diagram derivation from user stories.

1.5 Contributions

This thesis undertakes an investigation into the challenges encountered in RE
within real-world scenarios, particularly focusing on the context of agile software
development. It proposes novel frameworks leveraging LLMs to automate RE tasks
within agile development processes.

The first contribution is to identify the challenges of agile software development in
the real-world context.

In the WFH environment, especially in unexpected challenges such as the
COVID-19 pandemic. To alleviate the challenges, some traditional human-centered
techniques are proposed, and some of the lessons have been learned. It provides a
comprehensive account of the challenges and practices of agile RE within the WFH
context of unprecedented global challenges. By conducting an in-depth analysis of
a single case with shared WFH experiences, the findings can be generalized to other
similar contexts of the uncertain distributed working environment.

Furthermore, the study delineates the challenges specific to agile software
development in the realm of ML-enabled products. Recognizing the pivotal role of data
analysis in ML-related software development, a guidance framework encompassing
factors from both model and data domains is proposed to aid project development.
The implementation of this framework is critically evaluated.

The second contribution involves the formulation of two LLM-based frameworks,
SimAC and CoTUML, aimed at automating agile RE tasks.

SimAC incorporates the role-based prompt to initiate LLMs to collaborate and
generate high-quality acceptance criteria for a given user story. The output provides
meaningful references for practitioners, reducing their effort in drafting and refining

acceptance criteria. To the best of our knowledge, it is the first automated framework
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for generating acceptance criteria. We conducted extensive studies to evaluate SIimAC
implemented on four LLMs covering diverse series and sizes. To reflect the real-world
feedback and overcome the ground truth unavailability problem, we engaged industrial
practitioners to evaluate the quality of US-AC, demonstrating the effectiveness of
SimAC and proving the potential of LLMs in the GAC task. We released the gold
standard for the dataset crafted by industry practitioners. This dataset establishes a
valuable foundation for further research on agile RE.

CoTUML is a novel prompting technique tailored explicitly for the derivation
of class diagrams. Overall, our findings support the potential of the LLM-based
approach to automate certain aspects of class diagram derivation, particularly in class
and relationship identification. However, more attention and investigation are needed
to overcome the limitations in attribute identification and further enhance the accuracy
and reliability of the LLM-based approach. These research insights contribute to the
ongoing exploration of leveraging LLMs in agile RE and provide a foundation for
future advancements in this field.

1.6 Organizations

The rest of this thesis is organized as follows.

In Chapter 2, we review related work to this thesis, including empirical methods,
RE in the real-world context, RE in Agile Development, RE and Al and LLMs for RE.

Chapter 3 introduces the challenges associated with agile RE in the WFH context.
We propose collaborative RE techniques to mitigate these challenges and share the
lessons learned.

In Chapter 4, we discuss the challenges encountered in RE activities during
the development of ML-enabled systems. Based on an understanding of data and
model relevance in real-world scenarios, we propose a guidance framework that
provides checklist guidance for conducting RE activities tailored to ML-enabled
system development.

Chapter 5 describes SIimAC, which incorporates role-based prompting into LLMs
to simulate agile practices, automating the task of GAC during agile sprint planning.

Chapter 6 presents CoTUML, which introduces CoT prompting in LLMs to derive
class diagrams from user stories.

We conclude the thesis in Chapter 7, which includes summarizing the research
findings, highlighting the main contributions, and offering suggestions for future

work.

10



Chapter 2
Literature Review

This chapter reviews the prior work relevant to this thesis. Firstly, we introduce
the empirical methodologies employed in this thesis in Section 2.1. Following this,
we review related work, including RE in a real-world context (Section 2.2), RE in
agile development (Section 2.3), RE and Al (Section 2.4), and overview of LLMs and
prompts (Section 2.5).

2.1 Empirical Methodologies

In this section, we discuss the rationale for employing action research in our studies
and the inclusion of practitioners in case studies for empirical analysis to evaluate our

proposed frameworks.

2.1.1 Action Research

Action research has gained significant popularity in recent years as a research
methodology [41, 42]. This approach emphasizes organizational learning as an integral
part of the research process [42]. SE, being an applied engineering science, largely
relies on empirical observations and, increasingly, ethnography for theory development
[42]. Additionally, new methods are frequently applied in industrial projects, allowing
for learning and refinement during their implementation. Consequently, action
research is often favored as one of the popular research methodologies in SE.

In RE, which serves as the foundational process of software development,
conducting empirical research on requirement quality is essential [3]. The systematic
mapping study conducted in [3] reveals that empirical research on requirements quality
primarily employs experiments and case studies. The authors indicated that many

11
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empirical studies lack industrial participants, underscoring the importance of industrial
relevance in these analyses.

The action research methodology emphasizes active changes initiated by
researchers. Unlike other research methodologies, which may primarily focus on
observation and learning or evaluation, action research places greater emphasis on
intervention (similar to experiments), context (akin to case studies and observations),
and iterative learning [42]. Wohlin and Rainer [43] argued that a study is regarded
as action research if it shares similarities with the case study research method but
specifically focuses on active participation to effect change.

An action research cycle typically encompasses five key stages: diagnosis, action
planning, action taking, evaluation, and learning [42]. Several studies have adopted
these stages to investigate issues identified in practical scenarios [44, 45]. For instance,
Kalenda et al. [44] performed an action research study within a large enterprise to
scale agile software development processes, identifying challenges, success factors,
and specific scaling practices. Similarly, De Sousa et al. [45] utilized action research
methodologies to examine the difficulties encountered when implementing Scrum in
outsourced government projects. Similar to the “industry as a lab” approach [42],
which integrates academic research with industry product performance observations,
these studies offer valuable insights for both industry practitioners and the academic
community.

Acknowledging the benefits accrued through the identification of authentic
industry requirements, we employ action research within a collaborative venture
encompassing both academia and industry. Such studies are dedicated to exploring
RE techniques within the WFH environment and RE guidance for the development of
ML-enabled systems.

2.1.2 Practitioner Engagement

The domain of NLP for RE is witnessing significant growth and advancement, with the
objective of leveraging NLP methodologies, tools, and resources to augment the RE
process. Nonetheless, only a limited number of studies [46, 47] have been conducted
in industrial settings. The systematic mapping study [48] underscores the issue by
revealing that a mere 7.18% of NLP-based RE studies evaluate within an industrial
context, highlighting a general lack of industrial evaluation of NLP for RE research
results. One of the primary causes is getting practitioners involved in research, which

is widely acknowledged as a challenging task due to time and other restrictions [49].
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The significant disparity between the state-of-the-art and the state of the practice
in current NLP for RE research is evident. It is indicated by insufficient industrial
evaluation, scant evidence of industrial acceptance of proposed tools, the absence of
shared RE-specific linguistic resources, and the deficiency in NLP for RE research
expertise to provide guidance on the selection of NLP technologies [48].

Agile RE, in particular, heavily relies on domain expertise, necessitating increased
practitioner engagement for comprehensive evaluation. Therefore, in our proposed
LLM-based techniques, we actively involve practitioners in the evaluation process,
specifically for drafting the gold standard to evaluate the LLM-generated solution

against human craft ones.

2.2 RE in the Real-World Context

In this section, we present an overview of RE activities within various real-world
contexts derived from our action research. These contexts include RE practices in
startup companies, RE in the WFH environment, especially during the COVID-19
pandemic, and RE methodologies tailored for FinTech development.

2.2.1 RE in Startup

Startup companies, often operating with limited resources, strive to deliver innovative
products and software-intensive services [4]. Consequently, ensuring effective control
over the quality of RE artifacts holds significant importance in the context of startup
project development. A comprehensive survey conducted by [4] revealed that
startups operating in uncertain and rapidly changing environments often opt for agile
methodologies.

In the systematic mapping study of [50], 43 primary studies were identified
and mapped to investigate software development in startup companies. The studies
reported establishing an engineering process for collecting, defining, and managing
requirements in a startup context is challenging. In [50], the authors conducted a
systematic mapping study on software development in startup companies. They found
that startups often adopt market-driven rather than customer-specific requirements as
they produce software for a growing target market.

Paternoster et al. [50] found one of the most frequently reported contextual
features of startups concerns the general lack of resources. Klotins et al. [51]

examined 88 startup experience reports and indicated the root cause of startup failures
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is the three types of anti-patterns: 1) not getting the first product release, 2) not
attracting customers to the product, and 3) challenges of scaling the product for new
markets. Zorzetti et al. [52] conducted a case study with two industry software
development teams to characterize a development approach combination of agile
software development, user-centered design, and lean startup, exposing how these
approaches can be intertwined in a single development process and how they affect
development. The results reveal that the combined approach pushes the team to think
critically throughout development.

Rafiq et al. [53] identified a notable gap in the studies regarding the investigation
of RE practices in software startups. Similarly, the systematic mapping study [54]
corroborated this finding by indicating the scarcity of studies contextualized within
startup environments. Berg et al. [54] emphasized the need for research to identify
RE practices applicable to different lifecycle stages, which would assist startups in
selecting appropriate RE techniques for their specific situational contexts.

To address the lack of real-world case studies in existing research, our action
research, conducted within an industry-academia collaboration involving a startup,
aims to provide valuable insights into the practical application of RE techniques in

a startup context.

2.2.2 RE in WFH

Research on Global Software Development (GSD) has increased in the last few years
[55, 56]. Herbsleb [57] described a globally-distributed project for large companies.
This study [57] reveals dealing with unstable requirements is a big challenge, not only
for end-user requirements but anything that specifies what a team should deliver.
Ebert et al. [58] summarized the experiences and trends from the international
conference on GSD. They indicated collaborative development environments and tools
enable effective development. The authors investigated two RE tools (i.e., Doors!
and IRqA?) and found such document-oriented tool can help to manage use cases
and requirements. They insisted effective tool support for collaboration is a strategic
initiative for any company with distributed resources. In the systematic literature
review of [59], the authors explored the tools used in GSD. The authors found that the
issue tracking system is the most frequently provided feature for requirements tools,
which allows users to be aware of important issues or changes. Jalali and Wohlin

I www.ibm.com/software/awdtools/doors
2 www.visuresolutions.com
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[60] conducted a systematic review to investigate the GSD and agile practices. From
the cases they reported, there were some success factors, such as distributed business
relationships. The idea of GSD has evolved into the remote work (i.e., WFH) we know
today.

WFH under normal circumstances differs from WFH due to COVID-19 restrictions
[61, 62, 15, 13]. The restricted COVID-19 WFH makes the engineers work under
stress and with not fully provisioned home office [15]. Miller et al. [11] surveyed
WFH during the COVID-19 pandemic and investigated how managers and leaders
can support and sustain team productivity during times of crisis and beyond. They
identified that communication, camaraderie, and team cohesion affect software
development team productivity. One of the critical issues reported by the respondent
is WFH, which leads to difficulties in communicating with teammates [11].

Russo et al. [10] analyzed specific working activities for WFH and evaluated how
WFH influences software engineers’ perceived productivity and well-being. In this
study, the participants reported spending less time in meetings and less time for breaks
when working remotely. They argued these were less common, possibly because of the
developers’ adoption of working remotely. The authors suggested WFH should not be
presented as a challenge for either organizations or developers [10].

Smite et al. [63] illustrated the new trends in the demands for flexibility among
company employees and modifications to work policies that are emerging in response
to these demands. The authors found the demand for flexibility concerning the
privilege to work from home apparent within the study. However, these studies did
not discuss agile RE challenges and their consequent risks in-depth, especially in the
WFH context of unprecedented global challenges.

2.2.3 RE for FinTech Development

FinTech systems are rapidly becoming a new class of software systems with associated
high risks. Several papers have been published related to FinTech system development.
A systematic literature review of [64] explored the challenges and trends of FinTech
development. The meta-analysis results show that determining the business models
and models appropriate to the culture of each country is challenging. A case study
on FinTech development in China [65] revealed the success of financial innovation
regarding how well finance serves business and real-life needs.

However, studies specifically investigating RE for FinTech systems are limited.

[66] conducted a case study on agile software processes in FinTech companies,
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providing recommendations for agile adaptation but without integrating the specific
context of FinTech. In contrast, Sharifi et al. [67] proposed user requirements
notation, a requirement-based approach, which is about modeling and analyzing the
requirements of a FinTech system and capturing its design rationale. The result
indicates such a requirement-based approach can potentially facilitate the certification
process of FinTech systems.

2.3 RE in Agile Development

This section demonstrates the importance of communication in agile RE and presents
an overview of tasks in agile RE activities, including requirement elicitation and

requirement analysis.

2.3.1 Communication in Agile RE

Cao and Ramesh [68] conducted an empirical study on agile RE practice. Data from
16 organizations were collected to compare the differences between agile RE and
traditional RE. The participants reported that intensive communication is the most
vital RE practice between developers and customers [68]. Schon et al. [69] argued
that software development had moved away from plan-driven to value-driven process
models and believed human values mainly drive product development with agile
methodologies.

From the systematic literature review conducted by [69], the authors identified
that agile software development integrated with four human-related methods (i.e.,
human-centered design, design thinking, contextual inquiry, and participatory design)
did increase knowledge about user needs in development. Through experience reports
and case studies extracted from 52 articles in the systematic literature review of
industrial large-scale agile transformation, Dikert et al. [70] found 38% of teams met
four main RE challenges: high-level requirements management largely missing in
agile, requirement refinement challenging, creating and estimating user stories hard,
and the gap between long and short term planning. One of the key success factors
of requirement management in agile transformation is recognizing the importance
of the product owner role. A well-implemented product owner role understands the
use of agile methods to collaborate with businesses and technology to improve work
productivity. Another critical success factor is investing in learning to refine the

requirements. They indicated a dedicated “requirement architect” can help to bridge
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the gap between development and requirement management. These studies show that

human-centric communication plays one of the most critical roles in agile RE.

2.3.2 Elicitation in Agile RE
User Story and Acceptance Criteria

The widespread adoption of agile software development methods increases the usage
of user stories as requirements elicitation methods in industry [71]. User stories and
acceptance criteria are two key concepts in agile requirements specification [72], where
the former is a brief description of some aspects of a software system [29]. The latter
encompass functional behavior, business rules, and quality aspects to be tested and are
attached to a user story [72].

The popular and widely adopted Connextra template [71-73] of user story is: “As
a (type of user), I want to (goal), [so that (reason)].” In this template, the user story
captures the essential elements of a requirement: (type of user) defines who it is for,
(goal) denotes what is expected from the system, and optionally, (reason) expresses
why it is important [74].

Within the project environment, user stories exhibit a spectrum of granularity
levels, which contains epic, story, feature, and theme [75, 76, 72]. [76] introduced
a macro-level structure of user story. Initially, epics serve as user stories with a
high level of abstraction in the early stages of agile project development, requiring
subsequent refinement into smaller stories for more precise requirement articulation.
Subsequently, when introducing features into the system, smaller stories can be derived
from these epics [75]. At the story level, the user story should contain a feature or part
of the features that express the delimited characteristics of a system. Stories sharing
common features may be consolidated into the same theme, representing a collection
of lower-level user stories.

At the story level, a user story is usually attached to acceptance criteria constructed
for the development process [76, 72]. Acceptance criteria define the functionalities
required by a user story [34], containing preconditions, triggering events, and post
conditions [77]. According to the interviews conducted in [78], the two most popular
formats of acceptance criteria are scenario-oriented (Given/When/Then template) and
rule-oriented (checklist template)®. This thesis adopts the checklist template because

some cases are not applicable to scenario-oriented structures. For instance, some user

3 https://www.altexsoft.com/blog/acceptance-criteria-purposes-formats-and-best-practices/
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stories describe system-level functionality that acceptance criteria are hard to represent
as the Given/When/Then template.

In this thesis, we discuss the user story at the story level, which can be elaborated
with the acceptance criteria in agile project development. Figure 2.1 illustrates an
example of US-AC. Following the Connextra template, the user story defines the user
type as a standard user. Then, it specifies the goal, which is to receive an email
notification so that the user can reply to the comments through email. The user story
provides a brief introduction to the functionality that needs to be developed. In the
sprint planning phase, the user story is further elaborated with detailed acceptance
criteria. For example, it extends the elaboration of the user story to specify how the
email should be notified and what contents should be included in the email. These
details, such as email content, define what should be included to achieve the goal
of receiving an email notification. Generated acceptance criteria serve as a valuable
reference for delivering the working solution. In accordance with the guidelines
delineated in the US-AC, developers can determine an appropriate data format for
email content, while testers can formulate a comprehensive series of test cases designed

to validate the functionalities.

As a user,
| want to recieve an e-mail when someone replies to my comment,
so that | can reply.

extedning elaboration

Acceptance Criteria:

1. The email notification should be sent to the email address associated
with the user's account.

2. The email should contain relevant information, including the content of
the reply, the name or usemame of the user who replied, a direct link to the
comment thread.

Fig. 2.1 An example of elaborating user story associated with acceptance criteria.

Collaboration in GAC

The most adopted practice in agile development is the hybrid method of Scrum and
eXtreme Programming (XP) [31]. Sverrisdottir et al. [31] presented the key activities in
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Scrum practice. Building upon these established practices, we elaborate on the specific
procedures involved in GAC from the sprint planning phase onwards, as depicted in
Figure 2.2.

Within the lifecycle of agile project development, the delineation of the product
backlog, which encompasses user stories, defects, tasks, and other work elements, is
an endeavor undertaken collaboratively by the requirement analyst and stakeholders
[29]. In the recurrent sprint planning sessions, the requirement analyst selects the user
story from the product backlog and integrates it into the sprint backlog after agile team
discussion.

Subsequently, GAC requires collaboration from the agile team members. The
workflow of GAC is illustrated in the dashed box of Figure 2.2, where the requirement
analyst is responsible for creating an initial version of acceptance criteria [31, 79], and
then other agile team members update or revise the previously generated acceptance
criteria if necessary [29]. Finally, the refined US-AC is delivered to the team as the
reference for subsequent sprint development activities.

& i i

I
Requirement Analyst | E——
& u Team members Team members —
I | E—
§ ) ( 2 ) —— E— L ]
Product — Sprint e Sprint ]
8 discussion [ planning | E— development
I
Software Increment
I i
Stakenolders Sprint Backlog
Product Backlog /\
2 A o @ o
Requirement Analyst Requirement Analyst
Agile Team q ¥ q Lf Agile Team
Discuss sprint Add user story into Review user story and Update acceptance

planning sprint backlog add acceptance criteria criteria if neccessary

Fig. 2.2 Agile practice in sprint planning: collaborative acceptance criteria generation
from agile team members.

2.3.3 Analysis in Agile RE
Conceptual Models

During requirement analysis, deriving conceptual models from user requirements
is a crucial process that underpins subsequent stages of the development lifecycle.
Conceptual models play a vital role in refining high-level requirements into more
detailed specifications by delineating the primary entities and relationships inherent in
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these requirements [80—82]. According to [83], conceptual models are predominantly
graphical representations that capture both static and dynamic phenomena within
a domain. Furthermore, Mylopoulos [84] claimed that conceptual models provide
formal descriptions of various aspects of the physical and social world to facilitate
understanding and communication. This thesis focuses on graphical conceptual
models that depict a domain in structural terms, encompassing entities, attributes, and
relationships, to enhance stakeholders’ comprehension of the domain in RE.

Derivation of Class Diagram

Several studies [80, 85-87] have explored the derivation of conceptual models from
use cases. However, there is a scarcity of methods for deriving conceptual models
from user stories [36], where most of the work relies on human effort [48, 36].
For instance, Berry et al. [88] introduced four types of NLP tools for handling
requirements, one of which pertains to the extraction of conceptual models from
natural language description requirements. Lucassen et al. [89] proposed an automated
approach, leveraging the Visual Narrator tool, for extracting structural conceptual
models, such as class diagrams, from a set of user stories. This method incorporates
NLP heuristics from existing literature, achieving commendable precision and recall.
However, its implementation poses challenges due to the extensive array of linguistic
patterns inherent in natural language. Based on the previous work, Bragilovski
et al. [36] designed example-based guidelines to derive conceptual models (i.e., use
case diagrams and class diagrams) from user stories. The results indicate that these
guidelines enhance the completeness and validity of conceptual models in cases of
medium complexity, although subjects expressed neutrality regarding the usefulness
of the guidelines. Notably, these approaches rely on human effort. The emergency
of LLMs brings a chance to transition from manual efforts to an automated workflow
through well-designed prompt input.

2.4 RE and Al

This section provides an overview of the literature concerning RE activities for Al

product development and Al techniques developed for RE tasks.
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2.4.1 RE for AI
Requirement Activities

In the survey conducted in [22], the authors reported RE was the most difficult activity
for developing ML systems, which involves requirements analysis and specification in
the initial phase and an acceptance inspection in the final phase. They emphasized that
prior estimation and assurance of achievable accuracy are particularly hard to manage.
Additionally, defining Non-Functional Requirements (NFRs) for ML systems is a big
challenge because there is no unified collection or consideration of many NFRs for ML
[90]. Similarly, in the systematic literature review of [91], the authors highlighted the
need for new methods and solutions that address NFRs.

Data Requirement

Requirements must ensure the appropriate quality of data, determine data availability,
establish methods for testing, and select suitable data for training purposes [92]. Shin
et al. [93] identified that one of the primary issues with data requirements is the high
cost associated with data generation. Additionally, significant challenges include data
availability [94] and data quality [95]. According to Ries et al. [96], Deep Learning
(DL) models heavily depend on datasets, an aspect often overlooked in RE. The
study aims to identify the necessary requirements for dataset structures, including the
datatypes, attributes, and properties that need to be elicited during the RE process.

In the systematic study on RE for Al [92], the authors suggested that practitioners
should maintain a checkpoint to note all required elements to create an Al software
system. Additionally, this study highlighted that the predominant challenges discussed
in RE for Al research pertain to issues surrounding data requirements and the

deliberation of trade-offs during Al software development.

Ethical Requirement

Ahmad et al. [92] observed a notable scarcity of empirical studies addressing the ethical
and trust-related aspects of RE for Al. Similarly, Hall et al. [97] highlighted that
explainability requirements could conflict with risk factors inherent in Al systems,
particularly in safety-critical applications. Additionally, Bruno et al. [98] noted that
explainability requirements might clash with other requirements such as security,
cost, and precision. These findings underscore the importance of integrating ethical

considerations into RE activities for Al. To address these conflicts, Schwammberger
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[99] proposed using the Softgoal Independency Graph (SIG) to model explainability
alongside other NFRs, aiming to minimize potential conflicts.

Direction of Research

Pei et al. [100] performed a literature review on RE for ML, and step-by-step went
through the process of collaborative requirements analysis. From their case study on
industrial data-driven intelligence applications, they observed three topics that require
further study: designing adaptable requirements models to dynamic changing scenarios
and connecting with sustainable active ML pipelines; producing a reliable overall cost
estimation of a given project; and implementing simulation-based prototyping for the
development of ML applications [100]. Furthermore, Ahmad et al. [92] examined 43
studies, none of which referenced agile settings.

2.4.2 Al for RE

Over the years, many Al techniques have been employed to represent and analyze
requirements, ranging from knowledge, representation, and NLP [101].

NLP Techniques for RE

Many RE activities (e.g., requirements elicitation and specifications) require text
analysis and human analyst engagement and have benefited from the NLP techniques
in the past decades. According to the systematic mapping study conducted in [48],
the top-ranked NLP tools developed for RE are those designed for requirement
modeling [89] and detection [102], followed by those aimed at extraction [103] and
classifications [104]. Additionally, [48] reports the commonly used NLP techniques
in RE research are based on lexical or syntactic analysis, such as Parts Of Speech (POS)
tagging [105] and tokenization [106]. These NLP-based tools contribute a lot to RE
automation.

For example, in requirements elicitation activities, NLP-based tools are developed
to reduce the human effort needed to understand the project requirements. Xiao et al.
[107] proposed a general framework incorporating syntactic and semantic analysis to
extract model instances of natural language software documents and produce formal
specifications. By leveraging universal sentence encoder [108] and BERT [109], Nema
et al. [110] proposed classifying the privacy information and employing summarized

topic clusters by extracting representative reviews from the cluster. In the requirements
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modeling activities, the development team will derive the domain model for the
requirements, where the NLP-based tools can assist the human analyst. For instance,
Thakur and Gupta [111] developed AnModeler, a tool for generating analysis models
from software requirements specified as use cases. It extracts the Type Dependencies
(TD) and POS tags of sentences and then identifies sentence structures using a set
of framed rules. Finally, the TDs, POS-tages, and sentence structures are utilized
to generate the class diagrams. Several NLP-based tools have been developed to
assist with requirements management and classify functional requirements (FRs) and
non-functional requirements (NFRs). Hey et al. [112] proposed NoRBERT, which
fine-turns BERT on the task of FRs and NFRs classification.

Moreover, Jin [113] presented how the environment can be elaborated with the
smart space, and her finding suggests quick-witted intelligence when responding to its
inhabitants. [114] investigated how to develop ML and DL techniques for RE tasks,
such as applying ML on RE prioritization [115] and using word embeddings to identify
domain-specific ambiguities in requirements natural languages [116]. It has gained
increasing interest in applying Al, especially ML models, to RE tasks to help improve

RE quality during the software development process.

LLMs for RE

In light of the impressive capabilities demonstrated by recently released LLMs
in NLP-related tasks, RE researchers have started exploring the breakthrough of
integrating with LLMs. Zhang et al. [37] conducted a preliminary evaluation
of ChatGPT utilized in two types of requirements information retrieval tasks:
requirements classification and information extraction. The results highlight the
impressive ability of ChatGPT to retrieve requirements information from different
types of artifacts involving multiple languages under a zero-shot setting. They argued
it is worthwhile for the research and industry communities to study generative LLMs
for RE tasks and develop corresponding tools. Ferrari et al. [117] examined the
efficacy of ChatGPT in generating UML diagrams and sequence diagrams based on
natural language requirements. Their findings suggest that augmenting ChatGPT
with additional contextual cues and domain-specific knowledge holds promise for
enhancing its capacity in model generation. Spoletini and Ferrari [118] proposed a
vision to employ fine-tuned LLMs to support the formalization and explanation of
requirements. The study outlines a roadmap towards realizing this vision, which
includes leveraging LLMs to automatically produce formalized properties, using LLMs
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to explain and generalize counterexamples to rectify the resulting code, and employing
LLMs to generate explanations and recommendations.

2.5 LLMs and Prompts

This section further offers a review of LLMs and the prompting techniques.

2.5.1 Overview of LLLMs

LLMs have showcased their remarkable capabilities in a variety of tasks, including
machine translation [119], summarization [120], and question-answering [121]. LLMs
undergo unsupervised training using billions of open-source text tokens to achieve
comprehensive language modeling. The utilization of diverse data sources during
LLM training enriches their cross-domain knowledge, thereby facilitating effective
generalization for corresponding downstream tasks [122].

There are three categories of LLMs: encoder-only model, encoder-decoder model,
and decoder-only model [123]. Encoder-only LLMs accept an input sequence
and transform it into a vectorized representation representation, which are text
understanding models without text generation capability [124]. These encoder
models, exemplified by the widely used BERT [109], can be fine-tuned for various
downstream tasks like sentiment analysis [125] and named entity recognition [126]. In
contrast, encoder-decoder LLMs incorporate a decoder network, which generates an
output sequence through iterative produced tokens or symbols based on the context
vector and previously generated tokens. Encoder-decoder models, such as BART
[127] and T5 [128], are particularly good at tasks necessitating intricate mappings
between the input and output sequence, particularly where capturing the relationships
between the elements in both sequences is crucial. Some common use cases for
encoder-decoder models include machine translation [129, 130] and summarization
[131, 132]. Decoder-only models typically adopt architectures such as autoregressive
models, wherein the output is generated token-by-token, with each token conditioned
on preceding tokens and context. Unlike encoder-only and encoder-decoder LLMs,
decoder-only LLMs do not have an encoder component to process the input data
but only a decoder component that directly generates an output sequence based on
a given context or input. The autoregressive nature inherent in decoder-only models
ensures the token-by-token generation of output, utilizing previously generated tokens

as context for subsequent token generation [123]. Decoder-only models have proven to

24



2.5 LLMs and Prompts

be highly effective in various NLP tasks that can be framed as autoregressive problems,
such as text generation [133].

Recent studies [134-136] mostly focus on training LLMs with decoder-only
architecture because of its effectiveness and flexibility [137]. The decoder-only LLMs
demonstrate superior zero-shot and few-shot generalization capacities compared to
other architectures [137, 138]. Besides, the parameter sizes of encoder-decoder models
are relatively small, such as CodeT5 [139] and UniXcoder [140] less than 1B, resulting
in a deficiency in emergent abilities [137], rendering them unsuitable for tasks without
fine-tuning.

Given the inherent nature of GAC and the prevalent utilization of decoder-only
LLMs in practice, this thesis exclusively focuses on decoder-only LLMs. Among
the decoder-only LLMs, the GPT (Generative Pre-trained Transformer) families and
LLaMA series stand out for their popularity and prowess due to the large corpora on
which they are trained. For example, GPT-3 is trained on 45TB of text data and has
175 billion parameters. LLaMA is trained on 1.4 trillion tokens with a variety of model
sizes ranging from 7 billion to 65 billion parameters [123].

While the content generated by LLMs is often grammatically correct, they may
not always be semantically correct [141]. Despite their robust performance, LLMs
sometimes struggle to produce accurate answers when faced with complex tasks. In
response, researchers have proposed various prompting techniques to enhance the
reasoning capability of LLMs in NLP tasks [122].

2.5.2 Prompt Engineering

Prompts are instructions given to an LLM to enforce rules, automate processes, and
ensure specific qualities of generated outputs [142]. Recent studies have shown that

well-designed prompting methods can significantly improve the performance of LLMs.

Collaborative Prompting

Recent research indicates an increasing interest in utilizing multi-agent collaboration
techniques to unleash the power of LLM further. For instance, Virsual GPT [143]
and HuggingGPT [144] explored the collaboration of LLMs with other models,
specifically the LLMs are used as decision centers to control and invoke other models
to handle vision, speech, and signals. Dong et al. [145] developed a self-collaboration
prompt framework to guide ChatGPT to understand collaboration in the task of code
generation. These studies primarily employ qualitative analysis of case studies to
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demonstrate the efficiency of the proposed framework. In [145], the authors also
conducted a quantitative analysis to evaluate the self-collaboration code generation.
Our work aligns with the concept of collaboration of LLMs, but it is uniquely
positioned with the field of agile RE, which provides practical guidance to automation
on GAC in agile RE.

Chain-of-Thought Prompting

The CoT prompting technique, as introduced in [40], 1s a relatively recent advancement
in prompting methods. CoT prompting involves instructing LLMs to generate
intermediate natural language reasoning steps, or a CoT, before producing the final
output. This technique has demonstrated state-of-the-art performance in natural
language generation tasks and has prompted further research in related areas, such as
self-consistency prompting [146] and least-to-most prompting [147]. It is important
to note that these prompting techniques, including CoT prompting, were primarily
developed and evaluated in the context of natural language generation tasks. They
have not been specifically tailored or extensively explored for the task of deriving class
diagrams from user stories.

While CoT prompting has shown promise in natural language generation, our
study investigates its effectiveness and applicability in the domain of agile RE and
the derivation of class diagrams. By focusing on this specific task, we contribute
to the understanding of how prompting techniques, specifically CoT prompting,
can be adapted and utilized in different problem domains, providing insights and

advancements specific to the task of deriving class diagrams from user stories.

2.6 Summary

In this chapter, we first introduce the empirical methodologies employed in this thesis,
including action research and practitioner engagement. After that, we review RE within
different real-world contexts derived from our action research, including RE in startup,
RE in GSD, RE during COVID-19, and RE for FinTech development. Subsequently,
we discuss the background of RE activities in agile development as related to our action
research and simulations with LLMs. We then delve into the intersection of RE and Al
Finally, we provide a detailed introduction to LLM techniques and prompt engineering.
This chapter serves as a foundational overview for the thesis.
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Agile RE in WFH Environment

3.1 Introduction

The emergence of unprecedented global challenges, exemplified by the COVID-19
pandemic, mandated a widespread transition to WFH arrangements for project
teams. This shift posed significant challenges in conveying requirements within
the framework of agile RE. While numerous studies have scrutinized the impact of
transitioning work routines during the pandemic, there remains a dearth of research
focused on the specific challenges encountered by agile RE within the WFH context.
Given the pervasive shift in the worldwide software development ecosystem, where
WFH is projected to persist even in the post-COVID era, it is imperative to elucidate
the challenges associated with WFH-based agile RE practices.

In response to the exigencies of the pandemic, we engaged in a collaborative
industry-academia project with one startup. Utilizing action research methodology,
this study conducted a comprehensive analysis of agile RE practices, delineating
the key challenges encountered within the WFH environment. To address these
challenges, several collaborative RE techniques were implemented across three
intervention cycles. Subsequent interviews were conducted to scrutinize the outcomes
meticulously.

The primary objective of this study is to gain a comprehensive understanding of
the challenges faced by agile RE teams in startups operating within the WFH context,
particularly when sudden constraints arise. To facilitate a deeper comprehension and
offer practical recommendations for agile RE in various WFH work environments, it
1s imperative to examine real-world cases within the WFH conditions. The challenges
faced by requirements engineers in Chinese startup software development companies
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were particularly pronounced due to the implementation of strict lockdown policies
in China. We hypothesize that these challenges are highly susceptible to disruption
caused by the abrupt transition to WFH. Drawing from these observations, our aim
is to explore the ways in which collaborative RE techniques can effectively alleviate
these challenges. To guide this study, three Research Questions (RQs) are formulated
as follows:

RQ1. What are the agile RE challenges a startup team faces under the WFH context
of unprecedented global challenges?

RQ2. What collaborative RE techniques can help alleviate the observed challenges
under the WFH context?

RQ3. To what extent can these RE techniques help to alleviate observed challenges?

We report the experience of a startup named ORG!, which embraced agile as their
software development approach and engaged in an industry-academia collaborative
project throughout the COVID-19 pandemic. To address RQ1, we employed action
research interventions and followed the agile RE challenges observation framework
[1] integrating with the WFH context imposed by the pandemic, which aims to explore
the RE challenges and risks in each intervention cycle. In the context of restricted
WFH conditions, we introduced several collaborative RE techniques to address RQ?2.
Specifically, we investigated various collaborative RE techniques across multiple
RE activities, including requirement elicitation, modeling, transfer, prioritizing, and
demonstration. Through interviews, feedback collection from different stakeholders,
and analysis of relevant documents, we observed the impact of the applied techniques
outlined in RQ3.

This study [148] was accepted by the 2024 IEEE 48th Annual Computers,
Software, and Applications Conference (COMPSAC 2024). The remainder of
this chapter is structured as follows: Section 3.2 details our action research
approach. Section 3.3 outlines the challenges identified and addressed throughout three
intervention cycles, while Section 3.4 presents the key lessons learned from the study.
In Section 3.5, we examine potential threats to validity, focusing on transferability
and reflexivity in the evaluation of action research. Finally, Section 3.6 concludes our
study.

! We named the company as ORG due to their wish to remain anonymous.
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3.2 Methods

Following the definition in [149, 43], we choose an Al-advisor platform development
project (a cooperation project hosted by ORG and City University of Hong Kong)
as our case for studying the agile RE challenges faced by startups during COVID-19
pandemic. ORG was a suitable partner in this study since the participants were mainly
located in three regions of China’s Greater Bay Area (i.e., Hong Kong, Macao, and
Mainland China) under stringent lockdown control. One of our researchers participated
in the project to make changes to RE activities. Wohlin and Rainer [43] argued that a
study is regarded as action research if the study shares similarities with the case study
research method while focusing on active participation for change. Therefore, our

study is labeled as action research, and this chapter reports the lessons learned.

3.2.1 Study Context

The industrial company ORG participated in an academia-industry research project
for the development of an Al-advisor software. The project’s main deliverable was to
build an investment advisory platform integrated with an artificial intelligence engine.
Agile was adopted as the mainstream development approach in this cooperative project.
Aligning with the productive structure of the agile team discussed in [150], the project
team had 8 members involved as presented in Table 3.1. All participants have at least
two years of relative working experience. Due to the limited resources of the startup
company, no particular testers were engaged. The role of a tester was performed by the
Project Manager (PM), Business Analyst (BA), and stakeholders. The team members
were mainly located in three regions in China’s Greater Bay Area (i.e., Hong Kong,
Macao, and Mainland China). Because of the strict border control and lockdown policy,
the team members used the WFH shift during the project period. The last column in
Table 3.1 summarized each team member’s WFH duration.

3.2.2 WFH and Face-to-Face Agile Practices

According to the Agile Manifesto [151], both WFH and face-to-face environments
adhere to core Agile principles, including iterative development, customer
collaboration, and responsiveness to change. However, the dynamics of collaboration
differ significantly between these two settings. Specifically, Mancl and Fraser
[152] highlighted the challenges faced by teams during the sudden shift to WFH
necessitated by the COVID-19 pandemic, particularly regarding the integration of
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Table 3.1 Team structure and background of developers for ORG

Role Qt. Background Location WFH
Duration

Stakeholders 2 Over 10-year relationship manager =~ Hong Kong, Project Period
experience on global bank Macao

Project Manager (PM) 1  Over 10-year experience of Shenzhen Project Period
financial IT project management

Business Analyst (BA) 1  3-year business requirement Hong Kong 5 months
analysis experience on global bank

Data Scientist (DS) 1 2-year experience of data analysis Hong Kong 4 months
on bank

Developer 2 3to5 years’ development Hong Kong 4 to 7 months
experience on IT products

UI Designer 1 Freelancer with 3-year Ul design Tianjin Project Period
experience

Tester 0  Holding concurrent post by PM, Mixed Mixed
BA and stakeholders

Project Period: 15 months, lasting from September 2020 to November 2021

virtual collaboration practices. The study emphasized the need to learn from these
experiences to optimize remote Agile practices. Additionally, Nolan et al. [15]
provided a comparative analysis of the similarities and differences between WFH and
face-to-face Agile practices. Building on these insights and integrating our project
experiences, we identified several key similarities and differences as presented in

Table 3.2, which serve as primary activities in action research for observation.

3.2.3 Agile RE Evaluation Framework

In [1], the authors conducted an empirical study into agile RE practices. They applied
grounded theory to identify six agile RE practices, which are listed and described as
follows:

» Face-to-face Communication (P1): In Agile RE, face-to-face communication

is preferred over written specifications.

* Iterative RE (P2): Requirements emerge during the development process
instead of being pre-defined.

* Constant Planning (P3): In agile software development, implement the features
with the highest priority.
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Table 3.2 Key similarities and differences in WFH and Face-to-Face environments

WFH Face-to-Face
2 Collaboration Both methods emphasize teamwork and communication, whether it’s
=] through digital tools or in-person meetings.
o
_.g Daily Stand-up Daily stand-ups or scrums are a key part of Agile in both settings. Teams
= discuss progress, obstacles, and plans for the day.
n
Sprint planning and retrospectives remain crucial components, focusing
Sprint on planning the work to be done and reflecting on what was
accomplished.
Requires more structured
communication, with scheduled Collaboration is often more
2 Collaboration meetings and reliance on dynamic, with easier access to team
2 Dynamics collaborative tools for members, leading to more fluid
g documentation and knowledge idea exchanges.
s sharing.
Q . . . . .
Heavily dependent on technology Primarily relies on in-person
Tools and for all aspects of communication, meetings, whiteboards, and direct
Technology collaboration, and project interaction, though digital tools are
management. still used.
Problem May require more formalized Problems can often be addressed
Resolution processes to resolve issues due to immediately with quick discussions
the lack of physical proximity. or impromptu meetings.

* Extreme Prioritization (P4): Adapt and react quickly to changes the

environment demands.

* Prototyping (P5): Use prototypes developed for communication and

demonstration.

* Reviews and Tests (P6): Use frequent review meetings for requirements

validation.

Ramesh et al. [1] proposed a framework for evaluating the impact and
appropriateness of agile RE practices by relating them to RE risks. Additionally,
Ramesh et al. [1] consolidated nine distinct risks (with minimal overlap) and mapped
them with agile practices and challenges. In the systematic literature review of
[153], the authors summarized the four most common RE risks in GSD as follows:
1) knowledge sharing; 2) client and vendor relationship; 3) problems with process
definition; 4) communication problems.

In our study, we followed the same framework proposed by [1] but integrated

with and adapted to a WFH context to explore the challenges and risks exposed by
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the six agile RE practices. Based on observation and interview results collected, we
mapped the challenges and most recurrent RE risks proposed in [153] by analyzing
the relationships between practices, challenges, and risks to answer RQ1. The overall
mapping is presented in Figure 3.1. In Section 3.3, we summarize and discuss each
challenge with detail and analyze its consequent risks for different action research
intervention cycles.

RE Activities

Support
/ Agile RE Practices \
in WFH context
/Face-to-face N\~ ‘ ™/ constant
{ o)l lerative RE )| 7 )
x\(;ommumcaﬂog; Y I\ Planning  /
" Extreme \|‘/‘4 e ™/ Reviews and.\\.‘ Agile RE Risks
\_Prioritization /% YRIg N, Tests )/ AN WFH context_r_
\ S e e ,_,.—-"’/ :/,,4 ~.~\\‘ /,.'-' '-w.‘\
{ -\ [ Problems with
I‘LKnowIedge Sharlng;\ { Process Definition /
Resultin / \, /
3 & \ /
Agile RE Challenges
in WFH context
P L " Lack of Customer ™,
( Communication )
~ ,_,_fffficiency_r_,_,

Exacerbate
(Resulting in requirement changes)

/Tack of Interactive™,
\._ Demostration _/

‘\._\_ Feedback , ‘

Fig. 3.1 Evaluating challenges and risks exposed from RE activities. Adapted from [1]
and integrated observations under WFH context.

3.2.4 Action Research
Research Activities

Kalenda et al. [44] adopted a 5-step process to carry out action research, which includes
diagnosis, action planning, action taking, evaluation, and specifying learning. Staron
[42] recommended to follow a 5-step cycle to guide the action research in SE. De Sousa
etal. [45] conducted an action research following the major steps of situation diagnosis,
action planning, and action operation. Following the action research process presented
in [45, 44, 42], we adopted the 5-step action research cycle in each development phase,
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conducted the evaluation, and specified the learning steps concurrently in the next
phase or at the end of the project period.

To observe the challenges and provide improvement on the WFH-based RE
practices, the researchers made interventions that are tailored to the local practice.
The project schedule was divided into three phases of development. Following the
project schedule and agile sprint practice, our research activities were split into three
Table 3.3

presents the detailed intervention period. The evaluation and reflection steps of Phase

problem-solving cycles, aligning with the project development phase.

I intersect with the diagnosis and planning step in Phase II. The setup ensures the
previous changes are further improved in the next iterative changes.

Table 3.3 Intervention cycles in project development

Intervention Step Period
Diagnosis (PP I) 09/2020 - 10/2020
Cycle 1 Planning (PP I) 09/2020 - 10/2020
Changes (PP I) 11/2020 - 02/2021
Evaluation and Reflection (PP II) 01/2021 - 03/2021
Diagnosis (PP 1I) 01/2021 - 03/2021
Cycle I Planning (PP II) 01/2021 - 03/2021
Changes (PP II) 04/2021 - 07/2021
Evaluation and Reflection (PP III) 06/2021 - 08/2021
Diagnosis (PP III) 06/2021 - 08/2021
Cycle III Planning (PP III) 06/2021 - 08/2021
Changes (PP I1I) 10/2021 - 11/2021

Evaluation and Reflection (PP III)

12/2021 - 06/2022

PP - Project Phase

Industrial-Academia Collaboration

To gain an in-depth understanding of the problem, authors in action research conducted
participant observations [154]. Following the practice of [155], one of our authors
worked as the BA in the development team for the whole project period. Following
[42], SE practices (i.e., organization and product performance improvement) and SE
theories (i.e., concepts of “industry as a lab”) are taken as input for the diagnosing steps.
The development activities were conducted by the BA and the development team. The
activities of collecting evidence, such as observations, were conducted by the rest of
the research team. Working in a cross-functional role, the BA took part in the research

activities for solution discussion.
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3.2.5 Data Collection

[156] presents multiple data collection techniques in a case study research. In our
study, the main techniques applied are observation, reflection, interview, and relevant
documents. The practical experiences we report in this article are based on the data
collected to answer the three formulated RQs. Below, the different data collection

methods used for our study are presented.

Observation

In the diagnosis period, the observation was planned, where the research team
participated in the sprint discussion and review meetings and conducted informal
interviews with the development team. The BA took responsibility for requirement
analysis in the project development. The rest of the researchers participated in
observing the requirements-related activities, such as requirement elicitation, daily
meetings for requirement delivery, and product demonstrations. These activities were

held in sprint meetings.

Reflection

Apart from the planned observation, we interviewed the other team members to reflect
on requirements-related challenges reported by the BA. This was to mitigate the bias
raised by a single participant. Such reflections are presented combined with the
analysis to answer RQI.

Interview

Other essential feedback and information were mainly collected through unstructured
interviews and semi-structured interviews with different parties, i.e., stakeholders,
developers, PMs, and potential customers. The unstructured interviews were held
during the sprint review meetings of reflection. No prearranged questions were
prepared for the unstructured interviews, which allowed for in-depth discussion of a
topic to capture more informative feedback. The semi-structured interviews employed
a set of feedback questions as presented in Table 3.4, allowing the order of questions to
vary to fit the conversation and interviewee’s roles. When evaluating the adopted RE
techniques to answer RQ3, we analyzed the feedback collected from the respondents.
The main questions used for the interviews are presented in Table 3.4. 1Qs 1, 2, and

8 were delivered to the interviewers iteratively in each intervention cycle, which is
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supportive evidence of analysis from the research team to answer RQ1. 1Qs 3 to 7
were delivered to the interviewers during the evaluation and reflection period, which
targets to answer RQ3.

Table 3.4 Sample questions of semi-structured interview

Q# Interview Questions Interviewer(s) Period

IQ1 What type of requirements changes are mainly raised  stakeholders, PM Cycle I, IT, 11T
in this project?

1Q2 What are the causes for requirements changes? stakeholders, PM, Cycle I, I1, 11T
developers

IQ3 How do you think constant collaboration helps with stakeholders, PM, Cycle I
understanding requirements? developers

IQ4 How do you initially capture the requirements for the  developers Cycle II
platform?

IQ5 How do design thinking activities help with your stakeholders, Cycle II
understanding of requirements? developers

IQ6 How does mixed language help with your developers Cycle II
understanding of requirements?

IQ7 How do you think the roster customer testing work in  stakeholders, PM, Cycle ITI
your project? customers

1Q8 To what extent does the product meet your stakeholders, Cycle I, I1, 11T
expectations? customers

Relevant Documents

With permission from ORG, we collected all requirement documents, project
performance reports, architecture design specifications, and others. Our analysis and
discussion in Sections 3.3 and 3.4 are based on these documents. During the 3
phase development period, 25 major requirement change requests were raised during
development. In the acceptance test for each sprint, 120 defects were identified and
reported in total.

3.2.6 Data Analysis

Data analysis was conducted parallel to the data collection approach of [157]. In
each of the intervention cycles, we conducted a diagnosis based on our observations
and reflections. Montgomery et al. [3] conducted a systematic mapping study of
empirical research on requirements quality. From the 105 relevant primary studies,
the authors found that empirical requirements quality research has primarily focused
on “requirements” with little attention given to other artifacts such as use cases, user

stories, or issues in issue trackers. They suggest that future research can consider
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insights as this field grows. Following the suggestion, requirements changes, user
stories, and defect lists are considered for data analysis in the diagnosis step in each
intervention cycle.

Based on the diagnosis, the research team developed some RE techniques to
answer RQ2. In the evaluation and reflection phases in each intervention cycle, we
compared the defect lists linked to each technique and interviewed the project teams to
collect further feedback to answer RQ3. In the discussion in Section 3.4, the lessons

learned are analyzed using defect tracking and respondent feedback.

3.3 Intervention

In this section, we report the challenges observed from each intervention cycle,
which answers RQ1. Then, we discuss the planning and changes in the cycle to
answer RQ?2, respectively. Table 3.5 presents the challenges and risks diagnosed from

each intervention cycle.

Table 3.5 Challenges, RE practices, causes of requirements changes and risks revealed
in WFH-based agile RE practices

Interventions Challenges Practices Causes RE Risks

Cyclel cl P1,P3,P6 understanding gap RS1: knowledge sharing
Cycle 11 C2 PS5, P6 RS2: problems with
process definition

customer inability;

Cycle III ©3 P2, P3, P6 rapid market change

3.3.1 Cyclel
Diagnosis

Lack of communication efficiency (C1). Face-to-face communication is one of the
key agile manifesto principles because such communication is the most effective and
efficient method to convey information within a development team [158]. Another
important agile manifesto principle is “Business people and developers must work
together daily throughout the project” [158]. Therefore, in intervention Cycle I, the
research team mainly observes agile practice P1.

This project was conducted during the pandemic, with team members in three

regions under locked-down restrictions. The project team could only communicate
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online during the WFH period, precluding any possibility of face-to-face interactions.
With agile practice, the team was to have regular meetings for each sprint. For
requirement clarification, it wasn’t easy to explain with details without face-to-face
communication. The BA pointed out the lack of efficiency when communicating with
WFH team members.

BA: During the WFH period, we had to adopt pure online communication.
Compared with practicing working in the office, I must spend more time on
online discussions to convey the requirements. I found it was less efficient
to communicate with stakeholders because they were WFH for the whole
project period. For clarification on each requirement, we spent more
time discussing whether it was expected. Instead, our communication
efficiency improved when I worked with other developers in the same

working location.

Intersected in agile practices P3 and P6, the research team conducted informal
interviews with the development team to observe their feelings on the WFH working
procedure. During the sprint reflection interview, the developers identified significant
gaps in understanding when relying solely on online communication methods. Both
front-end and back-end developers reported that the effectiveness of integration
development was diminished under these conditions, as it necessitated the coordination
of multiple engaged parties, which proved challenging in a purely virtual environment.

For answering IQ1 and IQ2 in Cycle I, the respondents reported the requirement
changes mainly caused by the understanding gap. Evidently, communication remains
a significant challenge in agile RE during the pandemic.

The challenges C1 reported above reveal that the understanding gap was enlarged
under a strict WFH context with a lack of communication efficiency during the
pandemic. The limited understanding of the requirements makes obtaining a shared
understanding in the team difficult. Furthermore, observations indicate that C1 has
heightened the frequency of adjustments to requirement planning, thereby posing a

substantial risk to requirements management.

Planning

Constant communication. Compared to traditional development methods, agile
methods rely on extensive collaboration, i.e., face-to-face communication [12]. Inayat

etal. [12] discussed how agile RE could resolve five challenges compared to traditional
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RE in the systematic review. Agile methods depend on tacit knowledge and frequent
face-to-face communication to support knowledge sharing [12]. To emphasize the
importance of face-to-face communication in agile RE and concerning challenge C1,

we propose to define some rules on WFH communication.

Changes

Quick review meetings. Since the project faced instant communication and
demonstration difficulties during the pandemic, more regular online requirement
discussion meetings were held between BA and stakeholders. At the beginning of the
day, the BA held half an hour meeting for requirements delivery to ensure developers
clarified the detailed requirements. At the end of the day, another quick review meeting
lasting for 15 minutes allows BA to review the daily progress and verify whether the
development fits the requirements.

Regular response for instant group messages. During WFH, the team could not
discuss the issues face-to-face, and the communication was shifted to online discussion.
The team members were located in different areas, as presented in Table 3.1, and
various daily chat tools were used in these areas. The PM requested team members
to report queries to the group chat for instant discussion. The BA regularly checked
the group message in working time so that reported issues could be discussed in time.

Ad-hoc discussions. Apart from these periodic updates, the ad-hoc discussion was
used to assist with communication and to mitigate the communication gap and delay. If
the team found any issues requiring multi-members for discussions, the ad-hoc meeting

would be held for a quick and short discussion engaging all related members.

3.3.2 CyclelI
Diagnosis

Lack of interactive demonstration (C2). The platform was developed for both
web and mobile usage, incorporating interactive functions that necessitate touch
interactions on the mobile client. From observation of P5, prototyping is a key activity
in the early phase of the project development, which offers a better understanding for
project team members. This activity mainly relies on the engagement of the BA and the
UI designer. The UI designer is located in Tianjian, which must WFH all the project
time. The BA reflected one of the typical cases as follows:
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BA: When discussing with the Ul designer, I found it difficult to express the
underlying interactive requirements without face-to-face communication
(such as informal conversations), which made the design modified several

times to get the final version of the template.

The development team reported difficulties demonstrating interactive requirements
in RE practices of PS5 and P6. The front-end developer specifically mentioned that
interactive behavior implementation was challenging to clarify in online discussion
mode in a WFH environment because such requirements cannot be demonstrated
through virtual communication.

Through answering IQ1 and 1Q2 in Intervention Cycle II, the development team
reported that the major requirement changes were mainly caused by the understanding
gap. Analyzing these changes reveals two significant requirements that were requested
to update the interactive behavior in the platform. The absence of interactive
demonstrations emerged as a critical challenge, contributing to the understanding gap
among various stakeholders and leading to changes in the initial requirements.

The challenges C2 reported in Cycle II reveal that the understanding gap was
enlarged with a lack of interactive demonstration. The constrained demonstration
of requirements significantly impedes the establishment of knowledge sharing within
the team. Similar to the risk delineated in C1, C2 has augmented the frequency
of adjustments to requirement planning, which is a massive risk to requirements

management.

Planning

Online design thinking. Design thinking (DT) is a process that emerged from design
areas. Carell et al. [159] studied two cases to explore how software companies adopt
DT in development. A key finding is that it is helpful for requirement engineers to
adopt the mindset of designers to deal with the challenges of digital transformation
projects [159]. DT approach with development context is based on four principles as
follows: users’ needs take center stage; deep understanding rather than large numbers
of cases; interdisciplinary team; and following a clear process (“understand, empathize,
define, ideate, prototype, and test”) [159]. Penzenstadler [160] argued that focusing
on the technical perspective requires a deeper look at the social implications of the
technology. She suggested stepping back to explore “why” we are undertaking the
project or program [160]. Inspired by these two prior studies, we propose to adopt
design thinking in WFH prototyping to alleviate C2. To evaluate the effectiveness of
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the changes, we recorded some informal interviews during the changes. Additionally,
for the communication between the Ul designer and the BA, the changed versions are
recorded and compared.

Mixed language presentation. In agile software development, the most used
technique is user story [74]. Some researchers argued user stories must be written
following business language [34]. However, Bjarnason et al. [161] found software
requirement specifications with more technical language may reduce the effort
for coding, testing, and maintenance. The study in [12] indicates non-functional
requirements are neglected if user stories satisfy system or product features only.
We adopted the mixed language technique to present online to alleviate C2 and its
consequent risks.

Changes

Online brainstorming. The project was to build an Al-advisor platform that includes
major investment-related features. In the understanding phase, the main focus was
understanding the problem and its elements. Following the vital principle (i.e., user’s
needs take center stage) of DT presented in [159], we stepped into the users and held
some online activities based on a human-centered design approach. We invited 8
people from various professions (i.e., two relationship managers in the bank, three
experienced investor users, one software architect, one web developer, and one UI
designer) for online brainstorming, which gave the project team a deeper understanding
of the user behavior and day-to-day business use of the platform.

Online demonstration. We studied four competitive products to help empathize
with users and determine expected functionalities. Based on ideas extracted from these
activities, the BA built and demonstrated the prototype to potential users. During the
online demonstration, all participants run the same product to ensure all are on the
same line. These prototypes offered the team possibilities for clarifying and testing
interaction.

Write user stories with technical acceptance criteria. To reduce the risk of
enlarging the knowledge gap, the BA in our collaborative project adopted the user-story
model proposed in [161] and [12], using both “acceptance criteria” and “technical
aspects” when drafting user stories. Some requirements, like web client and back-end
server communication, contain functional and technical aspects. When writing user
stories for such cases, user behavior acceptance criteria and API definition were
considered to assist with coding and testing.
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Demonstrate with technical data examples. A mixed-language technique was
adopted when demonstrating the requirements to the developers. The BA presented
technical examples (e.g., API tokens) to developers to convey the expected data
requirements.

3.3.3 CyclelII
Diagnosis

Lack of customer feedback (C3). Customer involvement is one of the principles
of agile practice [158]. However, the project was performed during the pandemic,
and the customer could only engage online at the beginning of the brainstorming and
testing stage. This limitation of constrained involvement in sprint meetings (P2, P3,
and P6) became evident that some feature implementations failed to align with user
expectations, particularly those featuring interactive design elements. From the review
of requirements changes, two major causes were the customer’s inability to participate
in sprint User Acceptance Testing (UAT) and rapid market change. As a startup team,
ORG did not have a large customer group for preliminary testing to investigate the most
popular user behavior. The BA reported insufficient customer involvement, which
made the user experience less than expected.

BA: In the potential customer testing stage, some users proposed a set of
requirements enhancements. Such enhancement is minor, but it is pretty
user-friendly. However, it was neglected. From the reflection interview,
the user experience could be improved during the early stages if more

customers are engaged in the agile practice.

Apart from the user experience problem, the lack of customer involvement made
the platform less market-sensitive. The platform was built for an investment portfolio
recommendation. The contagion effect exists in the US and China stock markets during
the pandemic [162], making the data-related requirement frequently change to fit the
market trend. Moreover, the project’s objective entailed the development of Al-driven
financial products, necessitating the integration of rapidly evolving ML models tailored
for financial systems, such as [163]. The WFH policy makes delivery lack instant
market-related feedback from customers during development, leading to a proportion
of later requirements changes.
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C3 results in the lack of knowledge sharing between the customer and the agile
team. It has the potential to precipitate changes in requirements, thereby constituting
an additional risk to requirement management and the subsequent product release.

Planning

Roster customer. Customer involvement is one of the principles of agile practice
[158]. However, this project was not entirely market-driven. The customer could only
engage at the beginning of the brainstorming and testing stage. The insufficiency of
customer involvement led to some implementations failing to meet user expectations,
particularly regarding interactive features. As a startup team, the project team did not
have a large customer group for preliminary testing to investigate the most popular user
behavior. To alleviate the challenges in C3, team members were invited to consider
themselves as customers to test the deliverables.

Changes

Testing using our staff as end-user. The BA, PM, and stakeholders conducted the
UAT in each iterative review and testing activity. Additionally, the stakeholders
occasionally demonstrated the deliverables to potential customers to collect instant
feedback from potential customers.

3.4 Evaluation

To answer RQ3, we applied the comparative analysis for each technique proposed.
The diagnosis and planning period is construed as the pre-treatment period, while
the duration subsequent to the implementation of the change is designated as the
post-treatment period. For each of the intervention cycle, we conducted some informal
interviews with the participants. Additionally, semi-structured interview discussions
targeting 1Q3 to 1Q8 were conducted to assess the efficacy of each technique.
Furthermore, the defect list related to each challenge was analyzed to determine the
effectiveness of the applied collaborative techniques. In this section, we provide the
lessons learned (“+” indicates positive practice and “-” refers to the negative practice)
from the analysis of the responses to questions in Table 3.4.
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3.4.1 Constant Collaboration

The constant WFH collaboration allows rapid requirement validation and changes
to fit market changes. During the project, the sprint increment was demonstrated
to all, allowing stakeholders to figure out unsatisfied deliverables and adjust the
subsequent sprint plan to include those requirement change requests. Stakeholders, in
their response to I1Q3, noted that ongoing collaboration empowers them to promptly
respond to market fluctuations and modify requirements accordingly. A typical
instance highlighting this dynamic was observed in Intervention Cycle II, constituting
the post-treatment phase subsequent to Intervention Cycle I.

Stakeholder A: In the developed platform, a typical business flow is to
generate the Al-based investment portfolio recommendation. The original
requirement was designed to contain technology, healthcare, and financial
services as equity sectors. In early August 2021, we requested to add
education as one of the major sectors in portfolio construction since we
sensed the impact of the draconian education reform policies suddenly
released in late July 2021. To fit the market change in China, the project

team adjusted the requirements in a timely manner.

When answering 1QS8, the stakeholders assign a satisfaction rating of 4 out
of 5 to development, signifying that the majority of the implementation aligns
with the acceptance criteria. Participants perceived that the compensatory constant
collaborative activities facilitate the management of requirement changes, enabling the
team to respond promptly, even within a fully distributed environment. Stakeholders
posit that the rapid adjustment of requirements accommodates market changes, thereby

maximizing business value.

7

Lessons learned 1 (+) : Increasing constant collaboration and defining
communication rules allows the agile team to keep the alignment in requirement
understanding under the WFH context, which can narrow the understanding gap
on requirements.

3.4.2 Online Design Thinking

In addressing 1Q4 and IQS5, developers expressed a challenge in acquiring a thorough
understanding of the business flow during Project Phase I, which hindered their
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grasp of the project requirements. They noted that the application of design
thinking methodologies proved instrumental in gaining valuable insights into the
conceptualization of the product’s essence and attributes during Project Phase II,
particularly within the post-treatment phase of Intervention Cycle II. Specifically,
the back-end developer emphasized that participating in brainstorming discussions
facilitated a clearer comprehension of the project’s intricacies.

Developer A: During Phase I development, I faced some difficulties in
understanding the business flow, such as what was the usage of the client
dashboard and staff dashboard. Through the brainstorming discussion
held ahead of Phase II development, I gained a clearer understanding of
the business flow for the newly added module.

Moreover, stakeholders responding to 1Q5 affirmed that despite alterations to
certain requirements during the project’s duration, the deliverable ultimately adhered
to the predetermined expectations. They emphasized that the management of these
changes remained well-controlled, effectively addressing market fluctuations.

In contrast to the defects documented in Project Phase I, a reduced number of
issues emerged concerning the functionalities that had been discussed during the design
thinking stage during Project Phase II development. During the reflection discussion,
the stakeholders and potential users reported that most of the deliverables met their
expectations. The developers stated the online brainstorming discussion and prototype
demonstration cultivated a cognitive framework, facilitating their comprehension of
the business flow. The feedback reveals that design thinking contributes to requirement

transfer and narrows the understanding gap in the subsequent development stage.

Lessons learned 2 (+) : The integration of design thinking into agile RE
within the WFH context serves as a supportive mechanism for team members,
facilitating an understanding of the business flow and contributing to the

enhancement of associated business value.

3.4.3 Mixed Language Presentation

From the feedback of the developers, user stories with technical descriptions narrowed
part of the understanding gap and accelerated their coding process. Developers
recommended this practice as a positive approach to mitigate re-engineering resulting
from knowledge gaps. In responding to I1Q6, both front-end and back-end developers
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argued that the adoption of a mixed language technique could prove beneficial in
bridging the comprehension divide. The front-end developer further reflected that
employing mixed language techniques aided in capturing a more comprehensive
understanding for design purposes.

Developer B: In the integration development part, it was unable to
discuss with teammates to receive instant feedback. It was difficult for
me to understand the non-functional requirements fully. I captured what
and how the design should be done using mixed language techniques

containing technical language.

Combining the analysis of the defect lists, it was determined that, during the
pre-treatment period, 14 out of 49 defects (28.6%) were raised concerning integration
functionalities, whereas in the post-treatment period, 8 out of 71 defects (11.3%) were
identified. This observation implies that including technical descriptions in user stories
could help alleviate the understanding gap among the development team and contribute
to coding and testing.

Lessons learned 3 (+) : Utilizing a combination of different concerns in online
requirements communication can assist with transferring from requirements to
coding and testing.

In most software projects, providing the user stories with business acceptance
criteria and technical description, as proposed in the study [161], does not imply
successful implementation and delivery. Most often, a small proportion of features
will have to be modified during the latter stages of software development because of
the non-functional requirements being neglected. The project team faced a similar
challenge during the WFH pandemic. Developers highlighted a specific instance
wherein the API design was prematurely finalized in an early sprint, only to require
updates in subsequent sprints due to limited discussion opportunities during WFH
conditions.

Developer A: We discussed the function of clicking the “Save” button on
the page - updating a user profile. The original requirement only defines
acceptance criteria as “When clicking Save button, the data of client
information will be saved to database table tbl user, via invoking API

upd_user _profile”. The testing in the first ten sprints was smooth, with
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good loading performance. However, when it came to the latter sprint
testing, a performance issue was exposed due to the inappropriate design
of the API. The insertion of user information was designed to transfer data
fields one by one. However, database operation performance could be
improved if these fields could be structured and combined as JSON objects
for data transfer. WFH made us less discuss and consider the performance

issues.

Non-functional requirements, such as those pertaining to system performance,
often face inadvertent oversight during the design phase, particularly within a startup
team with a lack of instant communication among different parties. The PM
reported that oversight of non-functional requirements necessitates adjustments or
modifications to planning in subsequent sprints, thereby diminishing the overall

effectiveness of agile management.

Lessons learned 4 (-) : The WFH context, characterized by reduced
communication, has a tendency to result in the inadvertent neglect of

non-functional requirements.

3.4.4 Roster Customer

As a startup team, the development team faced constraints in conducting extensive
preliminary testing due to the limited size of the customer group available. A
retrospective analysis of the defect list revealed instances where certain defects
were identified by customers only in the later stages of the development process.
For example, one requirement necessitated modifications approximately six months
into the project when a potential customer participated in the integration testing for
the initial milestone deliverable. Although the requested enhancement was minor,
rendering the system more user-friendly, it was unfortunately overlooked at the early
phase of the development.

During demonstrations to potential customers, the majority of functionalities were
perceived to align with market needs and business objectives. However, discrepancies
between user expectations and observed behaviors were noted. In response to 1Q7
and 1Q8, one customer highlighted that requisite changes were raised in later sprints,

attributing this delay to the absence of early engagement in UAT.
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Customer: For some requested features, the user experience was not
good, which did not fit our user preference in practice. We proposed some
changes in a later sprint. This could be avoided if we could be engaged
during the UAT phase.

In Intervention Cycle III, the proposed actions of roster customers yielded limited
enhancements. Consistent feedback from customers remained similar during both
the pre-treatment and post-treatment periods. Upon reflection, it is evident that
increased customer engagement within agile practices has the potential to enhance user

experiences during the initial stages of development.

Lessons learned S (-) : The omission of customer engagement poses a challenge
for WFH-based agile RE, resulting in a user experience that deviates from the

anticipated expectations.

3.5 Threats

Action research should be assessed with the following criteria: reflexivity, credibility,
resonance, usefulness and transferability [164]. This section discusses the threats to
the validity of the results presented.

3.5.1 Transferability

Concerning its transferability, which implies the possibility of plausibly applying it to
other circumstances, our study is limited in two aspects. The first issue is related to the
limitation of generalization. The lessons learned in Section 3.4 should be considered
in light of the limit of our study. Like most qualitative research, our analysis does not
support statistical generalization from a sample to a population. We study a single case
in depth, with a common shared WFH background. The results can be transferable to
other circumstances with similar contexts.

The second limitation to transferability pertains to the application of agile
methodologies. Similar to many startups, the project team exhibits deficiencies in
adhering to certain processes integral to agile practices. In the reported project, some
role configurations deviate from established agile practices. Despite these deviations,
the project team endeavored to align with predominant agile practices concerning
requirements activities, thereby mitigating potential repercussions on the agile RE
process.
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3.5.2 Reflexivity

With regard to reflexivity, which is related to reflection on potential biases, the
main limitation is the analysis, which mainly relies on the reflection of the project
team members. In this study, we designed interview questions (Table 3.4) to obtain
information from the perspective of different interviewees to alleviate the threat. In
addition, when diagnosing the challenges in Section 3.3, we integrate the analysis on
requirement changes to reduce the bias from the observation of the research team.
When discussing the lessons learned in Section 3.4, the defect lists are combined to
reduce bias from the views of respondents.

3.5.3 Resonance

Considering the resonance, one limitation relates to the project period. The project was
performed during the COVID-19 pandemic, with a strict and uncertain WFH context.
The majority of the countries have canceled the border restriction post-pandemic.
We will not be able to apply the action research on more startups. However, WFH
is increasing in software development companies. The insights gleaned from this
experience report provide a practical reference for the RE community, facilitating an
exploration of solutions towards mitigating challenges inherent in agile RE within the

context of WFH, particularly in instances of uncertainty.

3.6 Summary

This study presents an industrial experience report from a startup company that
implemented the agile development method during the COVID-19 pandemic. By
analyzing the agile RE practices and related documents, we identified three key
challenges specific to agile RE within the WFH context: lack of communication
efficiency, lack of interactive demonstration, and lack of customer feedback. These
challenges further exacerbate two RE risks: knowledge-sharing difficulties and issues
with process definition. To mitigate these challenges, the company implemented
various collaborative practices. The effectiveness of these practices was evaluated
based on feedback obtained from interviews, and valuable lessons were derived from
the action research.

One positive practice that emerged from the study was the increased emphasis
on constant collaboration and the establishment of clear communication rules, which
helped bridge the understanding gaps in requirements. Another positive practice
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observed in our study was the integration of design thinking principles into WFH-based
agile RE, allowing the team to better comprehend the business flow. Additionally,
the utilization of mixed language presentations proved to be beneficial in conveying
requirements for coding and testing.

Conversely, the study also revealed two negative lessons. Firstly, the WFH context
made non-functional requirements more prone to being neglected, thus exacerbating
the risk of knowledge-sharing difficulties. Secondly, the inability to engage customers
effectively in user acceptance testing resulted in a misalignment between the product’s
user experience and user expectations, representing a significant risk.

The ongoing trend of professionals transitioning to permanent WFH arrangements
is anticipated to witness a continuous rise [13]. This shift poses significant challenges
for startups engaging in agile RE practices within the WFH paradigm. While limited
research studies exist on WFH-based agile RE, this study aims to contribute practical
experience to the RE community.
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Agile RE in ML-enabled Development

4.1 Introduction

The intricate nature inherent in the software development of ML applications poses
additional challenges to RE endeavors [22]. RE researchers have voiced concerns
regarding the necessity for expanded discourse on RE for ML, advocating for further
real-world case studies to assess RE activities within practical ML-enabled applications
[23]. Several global surveys suggest that ML is poised to become the backbone of the
financial industry in the near future [28], particularly in financial centers like Hong
Kong. Consequently, comprehending RE activities in ML-enabled systems within
the FinTech domain can contribute to the development of more competitive FinTech
products in financial centers.

Motivated by expectations from the RE community and stakeholders within
the financial industry, we conduct an in-depth investigation of RE activities in
ML-enabled FinTech systems through collaboration with a financial industry partner
in Hong Kong. During this industry-academia collaboration, a DL-based portfolio
recommendation system was designed and developed. Our researchers actively
participated in the case study to explore the challenges of RE activities within a
real-world development context. Based on our observations, interventions were
employed to guide and modify RE activities within the selected project, aimed at
discerning which requirement characteristics should be prioritized when addressing
ML-related requirements. Overall, two RQs were formulated to guide the investigation

and provide insightful answers.

RQ1. What are the difficulties in RE activities for developing ML-enabled FinTech

systems in a real-world context?
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RQ2. What characteristics should be considered when handling ML-related

requirements in RE activities?

To answer RQ1, we recorded the complete RE process of activities in a real
case. Then, we analyzed our observations together with the collected documents to
summarize the difficulties faced during the execution of the RE activities. Based on
the observations, we proposed a set of characteristics of data and model requirements
that intersected in guiding RE activities. We employed the framework and iteratively
made active changes. Finally, we discussed the framework in detail and explored the
effectiveness as described in RQ2.

This study was published at the 2023 30th Asia-Pacific Software Engineering
Conference (APSEC 2023) [165]. The rest of the chapter is organized as follows.
Section 4.2 emphasizes the methodology employed in our study. Based on the details
of RE activities and proposed practices described in Section 4.3 and 4.4, the lessons
learned are discussed in Section 4.5. In Section 4.6, we provided the analysis of
limitations. Finally, Section 4.7 concludes the study.

4.2 Methods

Various research approaches exist for evaluating and comparing conceptual modeling
methods, each with advantages and limitations [ 166]. To answer the RQs, we employed
the action research method. One of our researchers participated in the project to make
changes to RE activities. The authors of [43] argued that such a study is regarded
as action research if the study shares similarities with the case study research method
while focusing on active participation for change. It is well-known that the case study
method is suitable for testing theories and artifacts in complex settings where there
is little control over the variables [167]. The method enables the collection of data
and evidence about the expressiveness and usefulness of the framework. The changes
and observations were integrated into our case and intervened in a real-world context.

Hence, such an action research method helps to address and contribute to the RQs.

4.2.1 Case Selection

The main objective of the study is to comprehensively explore the RE activities
involved in the development of ML-enabled FinTech systems. The unit of analysis
in our study is defined as a project with real-life context that ideally meets a particular
set of criteria.
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Firstly, considering the relevancy of the framework objectives, the project should
be executed as a development project that includes ML techniques. Additionally, the
project should consist of RE activities for traditional and other data requirements except
for the ML-enabled part such that we can compare the RE activities for both traditional
and ML-related requirements to answer RQ1. Lastly, the outcome of the project should
be a digital financial product. Thus, we evaluate the case study of ML-enabled software
systems from the domain of FinTech. These criteria ensure the richness and availability
of data for validating the proposed practices and finding evidence for their usefulness.

Several industry-academia FinTech projects were performed in our research group.
Based on the above selection criteria, the industry-academia project Integrated Smart
Investment Platform (ISIP) was selected as our case for conducting this action research.

4.2.2 Study Context

ISIP is a platform that contains digital services such as robo-advisor, user behavior
analysis, financial modeling customization, and sales management. The target users of
this platform are financial institutions as well as individual investors. It aims to provide
affordable financial advisory services to anyone anywhere and at any time. The project

was collaboratively run by ORG and the City University of Hong Kong.

4.2.3 Procedure of Study

The study was conducted in four steps, aligning with the five-step research process
described in Section 3.2, by integrating observation and diagnosis for discussion,
as well as evaluation and reflection for discussion. The first step of the study was
active participation. Two of our authors participated in the whole process of project
development, which lasted for one and a half years. One worked as the BA to make
active changes to RE activities. Another one assisted in the back-end development
and model integration. The second step was observation, which ran concurrently with
the active participation step. We recorded the participant observations for further
analysis. Through the observations and diagnosis, the difficulties of RE activities
were summarized. The third step was action. Based on the previous studies and
observed challenges, we planned and proposed a guidance framework to consider
characteristics from data and model requirements when performing RE activities on
ML-related requirements. The last step, reflection, was performed at the end of
each intervention. This step involves evaluating interventions by reviewing relevant

documents and gathering participant reflections to distill lessons learned.
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4.2.4 Data Collection

[156] presents multiple data collection techniques for case studies and action research.

In our study, the main techniques applied are observation and relevant documents.

Participant Observation

One of our authors worked as the BA and was responsible for the requirements-related
activities. As a result, our authors fully recorded the requirements and activities. The
project adopted the agile development mode and held sprint review meetings. In every
sprint review meeting, the project team validated the product increments and the model
development. Our research team observed and recorded all the reflection parts from
the sprint review meetings.

Relevant Documents

With permission from ORG, we collected all necessary materials, including
requirement documents, data specifications, model specifications, and others. Our
observation and analysis in Sections 4.3, 4.4, and 4.5 are based on these documents.
Table 4.1 shows the summary of documents and ML-related highlights. A hybrid
ML model with Long-Short-Term Memory (LSTM) [168] and Convolutional Neural
Network (CNN) [169] was developed in this project. LSTM was utilized to transfer
vital time series financial data in the network, and CNN was embedded to extract and

learn from the features.

Table 4.1 Summary of ML-related requirements

Document Data and ML related Details

201 data descriptions

Business Requirements Do ent .
usiness kequ nts Docum 19 ML-related data descriptions

147 user stories
15 ML-related user stories

507 data fields
44 ML-related data

User Stories

Data Specifications

12 trained features

Model Specifications 27 features analysis

53



Chapter 4. Agile RE in ML-enabled Development

4.2.5 Data Analysis

The analysis was conducted using qualitative methods. The procedure followed a
reviewed protocol that used a clear chain of evidence [170]. To answer RQ1, we
participated in the whole project development period to observe real-life practices. The
DS and BA summarized the difficulties in each RE activity in sprint review meetings
based on their observations and collected documents. Other authors reviewed and
recorded the findings. Regarding RQ2, we intervened and approached the proposed
guidance in RE activities. In the sprint review meetings, feedback was collected from
the project team to review the applied practices that contain the proposed consideration
factors. Combined with the development progress in each RE activity, the effectiveness
was discussed by the collaborative project team members, and the results were recorded

and reviewed.

4.3 RE Activities

The ML-enabled system in the FinTech domain contains a massive amount of data,
which is the core requirement. Altarturi et al. [171] revealed that traditional RE
methods focus on user-centric requirements but not data requirements for developing a
big data system. Bosch et al. [172] emphasized the need to adapt and complement old
practices and techniques with new ones rather than replace the old practices entirely in
data-driven development. The development of the ML-enabled FinTech system faces
similar problems because of the nature of the ML models, which rely on large amounts
of training data. In this study, we approached RE activities by considering the data and
model requirement analysis and negotiation on ISIP. Then, we conducted an in-depth
review of our practices to answer RQ1. Based on the observations, we explored the
difficulties in RE activities for the ML-enabled system from the FinTech domain.

The main participants in RE activities are one Data Scientist (DS), one
Business Analyst (BA), and two stakeholders (SH). The RE process in the case
followed traditional RE activities (i.e., elicitation, analysis, modeling, validation, and
specification). Combined with the context of ML-enabled system development, one
new RE activity was introduced: data and model analysis conducted by the DS.
The negotiation process was adjusted to engage multiple parties (DS, SH, and BA)
to tackle the conflicts for ML-related requirements. The validation and verification
(V&V) process was adjusted to engage DS to assist with validating and verifying the
ML-related requirements.
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Figure 4.1 presents the typical processes of RE activities applied in the case.
The DS, SH, and BA were engaged in the initial elicitation process. With elicitated
requirements, the BA analyzed all requirements while the DS performed the analysis
on data and model requirements parallelly. After that, the DS and BA posed conflicting
requirements for negotiation. If the conflicts required re-analysis, the DS and BA
would perform another round of analysis. In the negotiation stage, the SH helped
emphasize the needs of the business and make the decision. Once the conflicts were
resolved in the negotiation, the BA modeled the requirements for further V&V. In
the process of V&YV, the DS helped validate the ML-related requirements. Modeling
and V&V were bidirectional. If the V&V failed, the requirements would be placed
back into modeling for the next validation iteration. During validation, the newfound
conflicts would lead to the next round of negotiation and modeling. Once all
the validation was finalized, the BA would draft the specification to guide further
development and testing.

In the following discussion, we summarized the difficulties observed from each RE
activity. The observations mainly relied on collecting feedback from the DS and BA.

Table 4.2 presents the problems in summary.

Table 4.2 Difficulties of RE activities in ML-enabled FinTech system, from
perspectives of DS and BA

RE Activities Difficulties

Requirement Elicitation e (DS) ML-related data requirements are rare and ambiguous in
business requirements.

* (BA) ML-related data requirements lack explainability from the
user’s point of view.

Requirement, Data and * (DS) Data quality is hard to guarantee in a real-world context.

Model Analysi o . .
odel Analysis * (BA) Data quantity increases the workload of requirement analysis.

Requirement Negotiation » (DS and BA) Balancing business needs and model requirements is

challenging.
Requirement Modeling * (BA) ML-related features are vague when presented in user stories.
Requirement Validation * (BA) Defining the acceptance criteria for validating ML-related
and Verification requirements is difficult.

* (DS and BA) The verification rules of ML-related requirements
should be adjusted regularly.

* (BA) The specifications in the ML-enabled system should be defined

Requirement Specification .
q p as auto-adaptive.

55



Chapter 4. Agile RE in ML-enabled Development

fo ot o

DS DS, SH, BA BA
Requriement
Elicitation | [ ———__
< Requirement
Analysis
Data and Model
Analysis *
\ Requirement
Negotiation

Requirement
Modeling

\ Requirement

Specification

Requirement
Validation and
Verification

New RE activity engaging DS for data and model analysis

w

* Adjusted RE activity engaging DS, SH and BA for data and model requirement negotication and V&V

DS: Data Scientist SH: Stakeholders BA: Business Analyst

Fig. 4.1 Flow of RE activities in the development process of the ML-enabled system
in Project ISIP.

4.3.1 Requirement Elicitation

The traditional requirement elicitation process is an activity that requirement engineers
carry out with customers and software end-users to define the application domain,
services provided in the system, software performance, hardware requirements, and
so on [173]. ML systems usually profit from additional data that increase the quantity
and quality of the core data [17]. Data is an integral part of the requirement for the
ML-enabled system, especially in the FinTech domain, since data contributes to the
implementation of both financial functionalities and model training.

In our practice, the DS was injected into the communication to define data
requirements for modeling. In the stage of requirement elicitation, the DS and BA
were both engaged in identifying data for requirements that can be used to generate
business values and subsequently enhance user requirements. The SH also participated
in this stage and fed the business requirements for elicitation. Combining analysis with

collected documents, we summarized two challenges in this activity.
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DS: ML-related data requirements are rare and ambiguous in business
requirements. The DS stressed the importance of data quality targets for ML models,
and indicated requirements must be precise for a successful project. ML-related data
requirements are rarely described in the business requirement document (BRD) we
collected. From Table 4.1, we can see that only 19 ML-related data (with 9.45% among
201 data descriptions) are demonstrated in BRD. Due to the lack of expertise in the ML
domain from the view of business, only ambiguous descriptions were presented. For
example, “It requires to backtest the model with 15 years of historical data until the
most significant attributes found.” describes the requirements for the training process
of the predictive model. However, how to define valuable “historical data” was
neglected. The DS stated the ambiguous data requirements increased the difficulty
of defining precise data requirements to feed into ML models.

BA: ML-related data requirements lack explainability from the user’s point
of view. The DS is responsible for eliciting the required data for feeding ML
development in the requirement elicitation stage. From our observation, some data
requirements proposed by the DS focus more on fitting the ML algorithms but lack
explainability from the user’s point of view. The BA reported such requirements made
data requirements challenging to elicit and explain to customers. In the proposed ML
model in the project, one of the training features is the “comnvolution of the market
price”. The BA reported such data contains the nature of the ML model, which spent

much time explaining its business value to the customers.

4.3.2 Requirement, Data and Model Analysis

The requirement analysis process aims to transform stakeholders’ requirement-driven
view of desired services into a technical view of a required product that could deliver
[174]. Paralleling the requirement analysis process, the DS performed data and model
analysis. In this stage, the DS should analyze and combine with the context to decide
what model should be appropriately adopted in the project and what data should be used
for ML modeling. In the requirement analysis process, we observed and summarized
two difficulties.

DS: Data quality is hard to guarantee in a real-world context. The DS concerns
data quality on completeness, consistency, and correctness [17]. A common approach
to meet the insatiable need for data in ML is to feed public datasets to model training.
However, public datasets may conflict with the correctness dimension of an industrial

project. Correctness refers to the degree to which engineers can rely on true data [17].
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In the ISIP, some open-source data were collected and fed into the model training
process. The DS reported it is challenging to control the quality of data collected from
real-world contexts.

BA: Data quantity increases the workload of requirement analysis. A general
argument in ML modeling is “The model’s performance relies on more data” [17].
However, for the increased data requirements, the BA should identify the additional
data sources as part of the analysis with stakeholders. As reported by the BA, such
practice led to an increased workload of identifying the “protected” characteristics of
customer data. The DS proposed feeding some customer data into model training
to predict the investment preferences of customers. In the financial system, some
customer data are sensitive for protection. The BA must locate them and pose them

into negotiation with multiple parties.

4.3.3 Requirement Negotiation

The requirement negotiation happens at the beginning stage in the traditional RE
process [175]. Altarturi et al. [171] proposed the negotiation stage conducted by
DS and the requirements engineer for developing a big-data system. Similarly,
requirement negotiation is an essential RE process for developing the ML-enabled
system. In the practice of ISIP, the negotiation process was adjusted to tackle conflicts
of ML-related requirements. After performing analysis from BA and DS, some data
requirements were posed for negotiation to decide on data taken in or taken out. The
SH was also engaged in making the business decision. The major challenge in this
stage is balancing needs from the business and model perspectives.

DS and BA: Balancing business needs and model requirements is challenging.
Observing from the practices, some data requirements conflict after running through
the data analysis and requirement analysis process. For example, the data related to
transaction details would help improve the performance of the model if transaction
recordings could be used for investment preference prediction in the training process.
However, from the view of user needs, the data contains sensitive information, and
it is difficult to negotiate with businesses to get approval. Therefore, the DS and
BA should pose conflicting requirements and negotiate with the SH to consider the
in-or-out decision at this stage.
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4.3.4 Requirement Modeling

Following the agile practice, the user story model was adopted to present requirements
in ISIP. This process finalizes the consolidated model to yield the user stories before
validation. Unlike traditional requirements, presenting ML-related requirements in
user stories is a challenge.

BA: ML-related features are vague when presented in user stories. ML-centric
software goes through frequent revisions initiated by model changes, parameter tuning,
and data updates [176]. In the practice of drafting user stories, ML-related features are
vague or hard to define. For example, when defining the user story “automatically
calibrate input data in ML training process”, the rules of calibration are vague in the
draft user stories. One of the causes is the rapid market change, which means that the

data needs to be updated continuously to fit the changes.

4.3.5 Requirement Validation and Verification

Requirement validation is the process of checking whether requirements indeed define
what the customer wants from the system [173]. Requirement verification is a process
of proving that each requirement has been satisfied [177]. Terry Bahill and Henderson
[177] presents multiple approaches that can help achieve the verification targets, such
as logical argument, inspection, expert review, test, or demonstration. Defining the
acceptance criteria is a challenging task concerning ML-related requirements. In the
V&YV process, if the V&V fails, the requirements will be placed back for the next
round of modeling or negotiation until it fits the acceptance criteria. Two difficulties
were reported in the activities of V&V.

BA: Defining the acceptance criteria for validating ML-related requirements
is difficult. Evaluating the model performance is one of the most critical stages of
ML system development. It is difficult to define appropriate rules for assessing the
model performance in a real-life context. The metrics utilized for evaluating time series
data in ISIP are R? (R square score), M SE (mean squared error), and M APE (mean
absolute percentage error). However, it is challenging to combine them with financial
explanations for briefing customers to verify the standard criteria.

DS and BA: The verification rules of ML-related requirements should be
adjusted regularly. Many ML systems need to be retrained over time to adjust to
the recent data [17]. As a result, verification needs to be performed continuously. The
DS and BA must cooperate to adjust the rules of verification regularly.
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4.3.6 Requirement Specification

Once the requirements have been validated and verified, the user and software
requirements can be written in a requirements document. Unlike conventional
requirements, both the data and model specification should be documented in the
ML-enabled system requirement specification. In [178], the authors proposed four
components for defining requirement specification in machine-learned components:
dataset specification, model specifications, development process specification, and
traceable path. Following the suggestion in [178], we included the above four
components in our practice and summarized the difficulties in specification activity.

BA: The specifications in the ML-enabled system should be defined as
auto-adaptive. Calibration of data and models is a regular activity in ML model
development. For the ML-enabled system, the dataset should be specified in the
source and format. Based on the algorithm adopted in the system, model specifications
typically define how the properties should be held during implementation. The training
process steps should be specified in the development process specification. For
verification, it is pivotal to construct a traceable path to demonstrate the compliance of
the source code. To fit the calibrating changes, the BA must define an auto-adaptive
specifications format to fit ML process auto-calibration.

4.4 ML-related Requirement Characteristics

Amershi et al. [176] discovered the typical nine stages of ML workflow widely
adopted in multiple Microsoft teams. In the workflow, some stages are data-oriented
(i.e., data collection, learning, and labeling), while others are model-oriented (i.e.,
model requirements, feature engineering, model training, evaluation, deployment, and
monitoring). In summary, the RE activities in ML workflow mainly consider two types
of requirements: data and model requirements.

Motivated by the observations discussed in Section 4.3 and inspired by the ML
nine-stage development framework presented in [176], we proposed a framework
consisting of a set of ML-related requirements characteristics that should be considered
to guide RE activities when developing ML-enabled systems. This framework was
applied in RE practices in later sprint development for intervention practice. Figure 4.2
presents the characteristics from perspectives of data and model requirements, which
includes six key requirement components (each is labeled as an ellipse) intersected
in RE activities. For each requirement component, the characteristics are labeled
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as dashed rectangles. In this section, we discussed these characteristics in detail to

answer RQ?2.
 Volume | )
Data Quantity Liespesencnnl
{ Diversity |

ﬁ)ata Requriements

intersected in
RE activities

Fig. 4.2 Guidance framework intersected in RE activities for developing ML-enabled
FinTech systems, consisting of data and model requirement characteristics.

4.4.1 Data Requirements

Regarding a FinTech system, data is the most crucial requirement. Extending to
developing the ML-enabled system in the FinTech domain, the data can be classified
into two parts. One is financial-related data formulating the core functionalities of
financial services, and the other is model-related data that supports the development of
the ML model.

Considering the importance of data in ML-enabled FinTech systems, the data
source, quantity, and quality are key requirement components that intersect in RE
activities. The data source is the foundation of the data requirements. The requirement
engineers should ensure the quality of the data source at the early stages of RE activities
such as elicitation and analysis. Data quality and quantity should be intersected to guide

the complete process of RE activities.
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Data Source

Hybrid datasets were utilized to model the prediction of the equity price in developing
ISIP. Short-term technical price-related data (e.g., open and close price) and long-term
fundamental statistical data (e.g., price-earning ratio and cash flow) were collected for
the model development. Technical data were mainly gathered from open source, while
the fundamental data were primarily collected from financial services or extracted from
the annual financial reports of the assets. Additionally, some customer data was fed
for training as user preference features. Seeing the diversity of financial data sources,
reliability, consistency, and legality are three characteristics proposed to be taken into
account when performing requirement elicitation and analysis.

The credibility of the open-source data is paramount. The BA should assist in
verifying whether the data is trustworthy from the perspective of business requirements
at the early stage, avoiding the cost of rework.

Consistency is the concerned characteristic regarding the paid data collected from
financial services. From the view of requirement, the BA and DS should figure out
whether the paid data is consistent with open-source data when evaluating different
dimensions (i.e., technical and fundamental) of the equity. In that case, the data fed into
model training could keep alignment to ensure the correctness of the model prediction.

For the customer data utilized in the process of ML model training, identifying the
legality of the source plays a vital role. Reviewing the RE practices, we found that
the DS was concerned more about how to use the data to improve the performance of
ML models. However, the DS neglected the availability of the data, which requires the
engagement of the BA to verify the legality from the view of business requirements.

Data Quantity

When developing the ML-enabled system, numerous data should be fed into the
training process. As discussed in the requirement analysis activity in Section 4.3, the
workload of analysis for data requirement will be increased in this stage. Considering
the data quantity, one of the characteristics that need to be considered is the volume
(i.e., what should be the definition of “enough” for feeding data into model training).
Reviewing the project practices, the data quantity should be defined by considering the
nature of the data as well as the preliminary statistical experiment.

Another characteristic of the data quantity that should be concerned is the diversity
of datasets. The data quantity should not be identical for all. Take long-term

fundamental statistical data trained in the project as an example. These data are
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not daily time series data, which should not share the same dimension as short-term
technical data. The diversity of data quantity also impacted drafting data specifications
in the last step of requirement activities. This consideration factor requires the BA to

produce different formats of the specifications.

Data Quality

Vogelsang and Borg [17] argued more data does not mean better. The data quality
must be the key ML-related requirement component to be controlled in the whole
RE activities when developing ML-enabled systems. In ML workflow, data cleaning
involves removing inaccurate or noisy data [176]. Reviewed by the DS, the data quality
is hard to guarantee in a real-world context. The open-source dataset is unreliable
because it is free for usage, and no one is paid for maintenance. Therefore, the BA
must assist in controlling the reliability of the data from collection data sources to
finalizing data usage in model development.

According to the reflection by the BA, another characteristic that needs to be
considered for data quality relies mainly on defining the “protected” attribution from
the financial data of customers. It helps to prevent the leakage of sensitive customer
data. Therefore, controlling the protection attribute is crucial when performing RE

activities to protect the business values.

4.4.2 Model Requirements

The ML models can be described in diverse ways depending on the techniques
applied [179]. Regarding the model requirements, the model selection, validation,
and monitoring process were engaged with the BA for defining specifications. The
BA should participate in explaining business requirements for model selection. When
the model is developed and deployed, defining evaluation benchmarks and rules for
monitoring calibration in requirements is crucial. The components of evaluation
and monitoring are cycle interactive. Therefore, we discussed these three model

requirement components in the following subsections.

Model Selection

In the stage of model requirements following the process of [176], the DS should

decide on appropriate model adoption for the project context. ML model selections
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are based on the consideration of attributes of the models and business requirements.
This process was integrated into requirement elicitation activity by the DS and BA.

Based on the comprehension of the model ontology, the project team applied a
hybrid DL model as equity price prediction in the project. For the BA, it is vital to learn
the underlying model ontology of the selected model. Thus, the BA was able to transfer
the knowledge in coming activities like negotiation, specification, and presenting the
system to different parties.

The DS was requested to learn the business values when selecting the model.
In this stage, the BA should transfer the domain knowledge (i.c., explaining each
financial item) to elicit the model requirements. Therefore, domain knowledge is
another characteristic that needs to be taken into account in the model selection.

Model Evaluation

Combined with the real-world context of FinTech, the ML model evaluation is
a challenging problem. One considered characteristic in the model evaluation
component is feasibility. The evaluation rules must be executable realistically so
practitioners can verify the requirements.

In the developed system, the recommended portfolio generated from the ML model
consists of equities from different regions. The simple benchmark of the index is
insufficient. When defining the evaluation rules for requirements verification, fairness
should be another key characteristic for consideration. Combining the recommendation
from domain experts and analysis of the model development, we defined the hybrid
benchmark consisting of different weights of different indexes for evaluating the model
performance. The fairness of model evaluation defined in the specification can help to
better define the acceptance criteria for the system.

Model Monitoring

The FinTech system contains a large amount of market data so that market change can
easily lead to the calibration of the training dataset and rules. Therefore, in model
monitoring, we proposed including resilience as a consideration characteristic, that is,
adding changeable rules to monitor market changes.

The aim of applying ML technologies in the FinTech domain is to make the
service more convenient. One of the designs in the ML-enabled system is to allow

auto-adaptive rules. Following the rules of the design, the monitoring mechanism must
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be adaptive as well. Thus, adaptiveness is the next characteristic concerning model

monitoring in requirement validation activity.

4.5 Discussion

In this section, we discuss the lessons learned combined with the observations from

Section 4.3 and feedback on practices approached in Section 4.4.

4.5.1 Difficulties in RE Activities

By reviewing the summarized difficulties presented in Table 4.2, it was observed
that the BA and DS faced diverse difficulties when performing their ML-related RE
activities. The difficulties reported in the requirement elicitation and analysis activities
were mainly caused by a lack of domain knowledge from the perspectives of DS
and BA. For modeling, V&V, and specification activities, the difficulties were mainly
caused by the insatiable nature of the ML models and the rapid changes in financial
data.

Similar to the importance of negotiation mentioned in big data system development
[171], our observations reveal that requirements negotiation is a key activity, and thus,
it is vital to engage the services of a requirement engineer and data scientist. The
data and model requirements can be specified through negotiation, alleviating several

potential conflicts.

7~

Lessons learned 1: The lack of domain knowledge, the insatiable nature of ML
models, and the rapid changes in financial data pose difficulties in performing
RE activities for ML-enabled Fintech system development. In contrast to
traditional RE activities, requirements negotiation should be adjusted to include
and engage the services of a data scientist and requirement engineer to alleviate

conflicts of ML-related requirements.

4.5.2 ML-related Requirements

In our reflection, data requirements mainly concern source, quality, and quantity
components. Table 4.1 shows the data count majority for FinTech functionalities and
the model training. However, more is not better [17]. Balancing the data quality and
quantity from the source is essential.
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Considering the context in the FinTech domain, customer financial data is sensitive.
Protection is one essential characteristic to be concerned with when feeding customer
data into ML model training. The DS and BA should pay more effort to verify the
legality of the data source and the reliability of the data quality when handling open
source market data. The feedback from the project team reveals such practices in later
sprints tackle the difficulties reported in analysis and negotiation activities.

Lessons learned 2: When developing the ML-enabled FinTech system, the
inclusion of customer financial data and open-source market data in the ML
training easily causes legality and reliability problems. Therefore, it becomes
imperative to protect and validate training data associated with customers and

financial data throughout the requirement elicitation and analysis phases.

The ML-enabled system development workflow is non-linear, containing loops for
feedback calibration [176]. Integrated with the FinTech context, the financial data
changes rapidly, which requires auto-feeding into model training. Therefore, resilience
and adaptiveness should be included in defining the rules in model monitoring. The
project team reports the V&V process benefits from these practices.

Lessons learned 3: In ML-enabled Fintech system development, the rapid
change of market data and model training ontology make auto-adaptive model
monitoring rules essential in activities of ML-related requirements verification

and validation.

4.5.3 Generalization

This study aims to investigate RE activities for ML-enabled applications within the
FinTech domain while also exploring how these activities may share similarities and
differences with those in other domains.

Much like the challenges faced in FinTech, ML models in other domains can
demand vast amounts of data and undergo rapid evolution. Across all domains,
effective requirements negotiation should involve not only traditional stakeholders
but also data scientists and domain experts. This inclusive approach is essential for
bridging the gap between technical capabilities and domain-specific needs, thereby
preventing conflicts that could arise from misunderstandings regarding ML-related

requirements. Furthermore, requirements negotiation must account for the evolving
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nature of data and model performance, adapting to the unique dynamics of each
domain.

When handling data requirements, the inclusion of sensitive data, whether
financial, medical, or personal, raises similar legality and reliability concerns across
various ML applications. Protecting data privacy, ensuring data is legally sourced, and
validating its reliability are crucial steps in the development of any ML system. The
sensitivity of data may vary across domains. For instance, patient health records may
require different protection measures compared to social media data. Customizing data
protection strategies to fit the specific requirements of each domain is necessary.

Similarly, when dealing with model requirements, rapid changes in data are not
unique to the financial sector; they are common in domains like e-commerce, social
media, and autonomous systems. Auto-adaptive model monitoring becomes essential
when data patterns are subject to frequent change, requiring ongoing validation and
updates to the model. Different domains will have different rates and types of data
change. For instance, seasonal trends in retail differ from the real-time requirements of
autonomous vehicles. Monitoring rules should be tailored to the specific characteristics

and dynamics of the data in each domain.

7

Lessons learned 4: Although the lessons learned from the FinTech domain
are applicable to other ML applications, extending them requires careful
consideration of domain-specific factors, including data type, regulatory
requirements, and the dynamics of data change. By tailoring these insights
to the unique context of each domain, ML developers can effectively address

challenges across diverse applications.

4.6 Threats

We identified the limitations associated with this research and the measures we took
to mitigate these issues in our research design. We approached the ACM SIGSOFT
empirical standard [164] in our research. This section discusses the limitations

reviewed from the criteria proposed in [164].

4.6.1 Multivocality

Multivocality refers to the property of being based on people with different opinions

and backgrounds [164]. The main limitation of our study is that our study relied on

67



Chapter 4. Agile RE in ML-enabled Development

observation and reflections from the perspectives of BA and DS, who were major
participants in ML-related RE activities. The activities engaged different parties (e.g.,
stakeholders, developers, and customers). The reflections from BA and DS included

feedback from these parties, who provided suggestions from different perspectives.

4.6.2 Credibility

Credibility refers to the extent to which conclusions are supported by rich, multivocal
evidence [164]. Concerning credibility, the limitation of our study is the analysis
focuses mainly on participant observation. To alleviate the limitation, our analysis

combines with the ML-related documents, which supports a qualitative analysis.

4.6.3 Transferability

Transferability refers to the extent to which the results of a study could plausibly apply
to other sites, people, or circumstances [164]. Even though we only studied one case in
our study, the context and research design are presented with details, which share the
lessons learned for other cases with similar contexts and settings. The ML technologies
applied in this case are DL models (i.e., LSTM and CNN), which follow a similar SE
development process with other supervised learning techniques [176]. The adjusted RE
activities and proposed framework can be transferred to other project teams adopting
similar ML techniques.

4.7 Summary

In this study, we explored the RE activities in the real-world context of developing
the ML-enabled FinTech software system. From the observations and analysis, the
difficulties (presented in Table 4.2) were reported from the view of the data scientist
and requirement engineer, which answers RQ1. The lack of domain knowledge, the
insatiable nature of ML models, and the rapid changes in financial data are the primary
causes that pose the difficulties. Among the RE activities, the data scientist plays a
crucial role in negotiating, validating, and verifying ML-related requirements.

To explore what characteristics should be considered to handle ML-related
requirements in RE activities (RQ2), we proposed a guidance framework intersected
in RE activities from perspectives of data requirements (source, quantity, and

quality) and model requirements (selection, evaluation, and monitoring). Finally, we
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reviewed the action study and shared the lessons learned. The feedback from the
participants of RE activities reveals these practices, such as considering data protection,
adaptive evaluation rules, and others, should be well adopted in ML-enabled system
development.

To broaden our results, we plan to extend our study to include interviews with more
requirement engineers in the ML system development teams, sharing a similar context
with our study. We also aim to explore a broader range of cases across different domains
to generalize the proposed framework, which can guide RE activities for developing
ML-enabled applications in various domains. In addition, we plan to conduct a deep
review from the perspective of other ML-related requirements, such as incremental
learning, data streaming, model storage, and so on. Furthermore, we will investigate
suitable statistical measures for data requirements, including methods for quantifying
noise and identifying outliers. These approaches will enable us to gain deeper insights

into RE activities in real-world practice.
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Chapter 5

SIMAC: Requirement Elicitation in
Agile RE

5.1 Introdcution

In the realm of agile RE, the creation of Generating Acceptance Criteria (GAC) to
expound upon user stories assumes a crucial role during the sprint planning phase,
serving as a guideline for delivering functional solutions. The process of generating
GAC entails extensive collaboration and human intervention. However, the absence
of specifically tailored datasets designed for User Story paired with Acceptance
Criteria (US-AC) poses notable challenges for supervised learning methodologies
aiming to automate this process. Recent advancements in LLMs have demonstrated
their noteworthy text-generation capabilities, obviating the necessity for supervised
fine-tuning. Consequently, LLMs present the potential to automate this process.

In light of this, we introduce SImAC, a framework harnessing LLMs to simulate
agile collaboration, delineated into three distinct role groups: requirement analyst,
quality analyst, and others. Guided by role-specific prompts, LLMs assume these
roles sequentially, adhering to a create-update-update paradigm in GAC formulation.
Given the absence of definitive benchmarks, we engaged practitioners to establish a
gold standard to assess the comprehensiveness and validity of auto-generated US-AC
against manually crafted ones. Additionally, we enlisted the evaluation of eight
seasoned agile practitioners utilizing the INVEST framework to gauge the quality of
US-AC.

The primary objective of this work is to propose an automated acceptance criteria
generation framework, namely SimAC, which aims to reduce the initial human effort
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involved in GAC during user story elaboration in agile software development. To gain
an in-depth understanding of the effectiveness and practicality of SimAC, we proposed
the following RQs to guide our study.

RQI1. How is the generality of SIimAC employed in different LLMs? This RQ
investigates whether SimAC carries universal effectiveness on diverse LLMs.
To answer it, LLMs with different families and parameter sizes are included in

experiments.

RQ2. What is the contribution of each role group in SimAC? SimAC
incorporates the cooperative endeavors of three distinct role groups in GAC,
adhering to agile practice. In this RQ, we aim to discern the individual

contributions of these role groups.

RQ3. How do K-shot promptings impact the performance of SimAC? Within
SimAC, a diverse set of examples are integrated into prompts to guide the LLM
in GAC. Hence, this RQ aims to examine the impact of the number of interactive

examples.

RQ4. How do different settings of the similarity threshold impact the
performance of SImAC? In the deduplication phase in SimAC, the similarity
score is utilized to eliminate the redundancy. Different settings of the similarity
score threshold produce distinct outcomes. Thus, this RQ aims to explore the

impact of these settings on the SimAC’s performance.

The findings indicate consistent enhancements across all tested LLMs, including
the LLaMA and GPT-3.5 series. Notably, SImAC notably amplifies the efficacy
of gpt-3.5-turbo in GAC, yielding enhancements of 29.48% in completeness and
15.56% in validity, alongside the highest INVEST satisfaction rating of 3.21/4.
Furthermore, this research offers extensive case studies to elucidate SimAC’s efficacy
and constraints, thereby illuminating the potential of LLMs in automating agile RE.

This study [180] was accepted by the Automated Software Engineering Journal
(ASEJ 2024). The rest of the chapter is organized as follows. Section 5.2 presents the
preliminary analysis. Section 5.3 introduces the framework proposed in our study, and
Section 5.4 demonstrates the experiment design settings. Section 5.5 showcases the
detailed experiment setups and results for answering RQs. Furthermore, we provide
comprehensive case studies on Section 5.6. In Section 5.7, the threats of our study are

reviewed. Finally, Section 5.8 concludes our study.
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5.2 Preliminary Analysis

In this section, we perform a preliminary analysis of the GAC process to investigate
what roles should be integrated into our proposed framework and how the procedures

should be implemented.

5.2.1 Role Division

In an agile team, there are several key roles that collaborate to deliver software
increment, as presented in Figure 2.2. These roles may vary slightly depending on
the specific agile framework being used but commonly include Product Owner (PO),
Business Analyst (BA), Quality Analyst (QA), Developers (Dev), Project Manager
(PM), and other relevant team members.

PO and BA are two roles that mainly participated in agile requirement activities [6].
The PO acts as a liaison between the development team and stakeholders, ensuring that
the product aligns with stakeholder expectations and requirements. On the other hand,
the BA focuses on analyzing the business needs of the organization and translating
them into functional requirements for the development team to implement. It is noted
that in some agile teams, the PO is frequently staffed by a BA [181] owing to their
shared expertise and knowledge. Due to their joint responsibility for documenting
acceptance criteria as the initial step in the GAC process, we have combined these
two roles for introduction to the LLM. Following the convention observed in [6],
we use the umbrella name Requirement Analyst (RA) to represent these two roles.
Both of the roles share the essential responsibilities of comprehending and transferring
requirements, making them integral contributors to initiating the US-AC.

Within an agile team, the QA is crucial for ensuring that the software product meets
the desired quality standards. Their primary responsibilities involve test design and
execution. Given that acceptance criteria serve as the reference for acceptance testing
[182, 183] in agile development, the QA assumes a pivotal role in refining acceptance
criteria by incorporating testable specifics. Therefore, the QA constitutes the second
group introduced to LLM for GAC.

During sprint planning sessions, the agile team actively participates in discussions,
as depicted in Figure 2.2. Other participants, such as developers and project managers,
are responsible for updating acceptance criteria based on their respective expertise, if
necessary. However, empirical observations suggest that these roles exert less effort on

GAC and provide support only when essential. Given this observation, the remaining
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roles are grouped as Others and introduced to the LLM to provide supplementary
details.
Based on the above observations and analysis, we categorize the roles into three

primary groups in our proposed framework for simulating the collaboration process in
GAC: RA, QA, and Others.

5.2.2 Procedures

Following the agile practice presented in Figure 2.2, the acceptance criteria are firstly
crafted by the RA, then it is collectively revised by the agile team members.

To establish an appropriate procedural design introduced to the LLM, we
constructed a preliminary analysis dataset D,. Excluding projects selected for
evaluation, D,, was constructed by randomly selecting two samples from each of
the remaining group projects. During the preliminary analysis, we designed a basic
command (referred to as cmd_t) to direct the LLM to act in a specific group of roles
separately. Three groups of roles in cmd _t are specified in angle brackets ((role)).

cmd_t: Write acceptance criteria for a given user story as a (role).

Our findings demonstrate a high level of semantic similarity among the acceptance
criteria generated by different roles for the overall US-AC. Specifically, the similarity
values are 0.9748 for RA vs. QA, 0.9751 for RA vs. others, and 0.9762 for QA vs.
Others. Despite the pronounced similarity observed, it is noteworthy that each role
group contributes distinct nuances based on its respective expertise. To evaluate the
significance of such nuances, our researchers conducted a meticulous examination of
the newly introduced contents. The investigation indicates that 72.22% of the additions
from QA and 61.11% of those from Others were deemed worthy of further discussion.

Figure 5.1 presents an example. The user story delineates the researcher’s desire
to insert Greek symbols into the logbook entries. The acceptance criteria, denoted as
ACs 1, ACs 2, and ACs_3, are generated by the LLM acting in roles as RA, QA, and
Others, respectively. The bolded terms accentuate key phrases within each item. The
three sets of outputs share substantial information, indicating a high similarity. The
acceptance criteria produced by RA predominantly emphasize functional descriptions,
including the basic operational flow on the insertion and specific consideration on
performance and compatibility, as highlighted in blue. Furthermore, the outputs
generated by LLMs acting as QA and Others introduce new criteria, distinguished

by underlining and color-coding, with green indicating topics worthy of discussion
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in agile practice and red denoting less pertinent aspects. In this case, Points 6 and 7
within ACs_2 offer valuable QA insights into test scenarios, encompassing the edit
options and the manual insertion methods. Additionally, Point 3 in ACs 3 offers
analogous information to Point 6 in ACs_1 while supplementing nuanced details, such
as examples of more commonly used symbols. These details are more pertinent from
the developers’ standpoint, relating to implementation specifics. Such role-specific
information contributes to meaningful collaboration within the GAC.

Preliminary Case: G18 US6s |
e e e )

P

User Story:
As a researcher, | want to have the ability to insert Greek symbols into my logbook entries,

+

Prompt: Write acceptance criteria for the given user story as a <role>

ACs_3:
1. The application allows the researcher to access a menu or
toolbar option specifically for inserting Greek symbols.

2. When the researcher selects the option to insert Greek
symbols, a window or dialog box with a list of available symbols
is displayed

3. The list of Greek symbols includes commonly used
‘symbols such as alpha, beta, gamma, delta, and omega.

4. The researcher can select a Greek symbol from the list and it
will be inserted at the current cursor position in the logbook

ACs_1:
1. The user should be able to access a menu o toolbar option
specifically for inserting Greek symbols.

2. The user should be able to select a Greek symbol from a
dropdown list o by typing the symbol name.

3. When a Greek symbol is selected or typed, it should be
displayed correctly in the logbook entry.

4. The user should be able to insert multiple Greek symbols
within a single logbook entry.

5. The Greek symbols should be saved and displayed correctly
when the logbock entry is viewed or edited later.

6. The application should support a wide range of commonly

ACs_2:
1. When | am creating a logbook entry, | should be able to see a
button or a dropdown menu that allows me to insert Greek
symbols.

2. When | click on the button or select an option from the
dropdown menu, a list of commonly used Greek symbols should
be displayed

3.1should be able to select a Greek symbol from the list and
have it automatically inserted at the cursor position in the
logbook entry.

4. The inserted Greek symbol should be displayed correctly in
the logbook entry, without any formatting or encoding issues.

5. The inserted Greek symbol is displayed correctly and

used Greek symbols, including both lowercase and uppercase
letters, as well as mathematical symbols.

7. Greek symbols should be compatible with the font and
formatting options available in the logbook entry area.

8. The user should receive a clear error message if there is an
issue inserting a Greek symbol, such as an invalid symbol name
or a technical limitation.

9. The performance of the application should not be
significantly impacted when inserting Greek symbols into
logbook entries.

10. The functionality for inserting Greek symbols should be
tested and verified to work correctly on different devices and

5. The inserted Greek symbol should be saved and displayed
correctly when | view the logbook entry later.

6. If | accidentally insert the wrong Greek symbol or change m
mind, | should be able to delete or replace the inserted symbol
with another symbol

8.If I try to insert a Greek symbol that is not supported or
recognized, | should receive an error message indicating that
the symbol is invalid,

9.If I ry to insert a Greek symbol in a field or section where it is
not allowed, | should receive an error message indicating that

accurately, maintaining its proper form and appearance.

6. The researcher can insert multiple Greek symbols in a single
logbook entry, if needed

7.The application provides a way_for the researcher to visually,
preview the Greek symbols before inserting them into the
logbook entry.

8. The researcher can easily_navigate through the list of Greek

9. The inserted Greek symbols are properly saved and can be
viewed and edited when the logbook entry is reopened.

10. If there are any issues with inserting Greek symbols, the
application displays 2 clear error message or provides helpful

the symbol is not allowed in that context. instructions for resolving the issue

10_When | insert a Greek symbol, it should be visuall

operating systems.

i from reqular text,either by using a different
font or by displaying it in a different color

X o

Fig. 5.1 Acceptance criteria generated by LLM acting in different roles.

The observed high similarity suggests that there is no necessity to create
separate sets of US-AC for each role group. Instead, it is advisable to modify the
acceptance criteria when specific updates are required, aligning with actual agile
collaboration. The significance of the newly introduced nuances underscores the
necessity for collaboration among diverse role groups because such additions yield
meaningful discussion points. Consequently, we introduce a collaborative procedure
as create-update-update to our proposed framework.

The observed high similarity suggests that there is no necessity to create
separate sets of US-AC for each role group. Instead, it is advisable to modify the
acceptance criteria when specific updates are required, aligning with actual agile
collaboration. The significance of the newly introduced nuances underscores the

necessity for collaboration among diverse role groups because such additions yield
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meaningful discussion points. Consequently, we introduce a collaborative procedure

as create-update-update to our proposed framework.

5.3 SimAC

Inspired by the insights derived from agile practice, we propose SimAC, which
is a collaboration-simulation framework to empower LLMs in the task of GAC.
This section presents the problem formulation and detailed design of our proposed

framework.

5.3.1 Problem Formulation

Our study aims to leverage LLMs to generate acceptance criteria, thereby extending
and defining the “done” of the story. More formally, given the user story x and the
designated procedures f leveraging the LL.Ms, our objective is to formulate a series of
prompts p introduced to the LLM that yields an estimation of US-AC, namely g, which
is expected to approximate the human-satisfied US-AC y. Subsequently, the generated
y will be delivered for agile sprint planning discussion. The problem can be formulated

as follows.

argmin ||y — g||, where y = f(x,p) (5.1)
P

5.3.2 Overview of SImAC

As shown in Figure 5.2, to simulate the inherent collaborative process of GAC in
agile practice, we design SImAC, a two-phase framework, including the collaboration
phase and the deduplication phase. SimAC instructs the LLM to act as different role
groups, each tasked with distinct responsibilities aligned with the practices in the
dashed frame of Figure 2.2. During the collaboration phase, the LLM sequentially
performs different role groups to create or update the acceptance criteria for the given
user story. These acceptance criteria are then processed in the deduplication phase,

which aims at eliminating redundant information.

5.3.3 Phase I: Collaboration

The collaboration phase comprises two stages. Firstly, the LLM is initiated by
role-based prompts with demonstrated examples. Following this, the LLM acts as the

designated role group for GAC.
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Role-based Prompt Initilization

Context Role Instruction
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Fig. 5.2 Two phases of GAC activities: I. collaboration (Stage I: role-based prompt
initialization; Stage II: acceptance criteria generation); II deduplication.

Role-based Prompt Initialization

Figure 5.3 presents the detailed role-based prompt (P,,) tailored for SimAC. This
prompt encompasses three essential components: context, role instruction, and K-shot

prompting.
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_ Role K-shot
Erompt - [CD'M“] * [Instruction} * {Prompting}

[You are a ¢ ive tool to write ac criteria for a given user story from perspectives of different roles.

[The activity of writing acceptance criteria will be completed by four roles: Product Owner, Business Analyst, Quality Analyst, and Others.

[The procedure of writing acceptance criteria for a given User story should follow the steps as follows:
Step 1, the product owner and business analyst write the majority of the acceptance criteria together. The acceptance criteria|
Imay encompass functional behaviour and business rules

Step 2, the quality analyst reviews the acceptance criteria and update the acceptance criteria from quality aspects.

Step 3, the other team members (e.g., project manager and developers) in the agile team review the acceptance criteria and
update the acceptance criteria if the user story requires an evaluation from other aspects, for example, version management
and coding management

Step 4, consolidate the final acceptance criteria, remove the items with similar syntax, and pick the most important items.

Here are some guides for writing clear acceptance criteria

1. Use popular linguistic pattems when writing the acceptance criteria.
2. Identify the artifact by a unique Id, starting from 1
3. Use a consistent and straightforward syntax to write each fragment of the acceptance criteria.

4. Avoid writing general and vague acceptance criteria.
5. Identify If acceptance criteria concern a success or a failure case.
6. Enrich the acceptance criteria with failure cases

IThe generated items of acceptance criteria should be placed between tags "<start>" and "zend="
Desired output format:

lAcceptance Criteria:

<start>

1. <insert first acceptance criteria here>

2. <insert second acceptance criteria here>

<end>

Length:
[The acceptance criteria for a given user story should be limited to a maximum of 10 items.

Role: Product Owner

[Resonsibility: As a product manager or product owner, you may be responsible for writing acceptance criteria for the stories in your product
backlog

[When writing acceptance criteria, the product owner should consider from following aspects.

1. Define the completeness of the user story.

e |2. Write the acceptance criteria that encompass functional behaviour.

Resonsibility: As a business analyst, you may be responsible for working closely with the product owner to understand the customer needs
and translate them into acceptance criteria

lWhen writing acceptance criteria, the business analyst should consider from following aspects.

1. Define the sepcific, measurable and unambiguous acceptannce criteria

2. Write the acceptance criteria that encompass business value.

Role: Quality Analyst

ility: As a quality analyst, you may be responsible for collaborating with the preduct owner and business analyst o validaie that the
criteria are tesiable and that the testing process is achievable
[When writing acceptance critena, the quality analyst should consider from following aspects.
1. Veerify the acceptance criteria is testable or not. If not, update the acceptance criteria.

2. Check the acceptace criteria cover enough failure cases or not. If not, supplement the acceptance criteria.

Role: Others
[Resonsibility: As other team members, you may be responsible for helping to evaluate the accepiance criteria requires to be updated from
[perspectives of project management or code management.
When writing acceptance criteria, the other team members should consider from following aspeets.
1. Verify there is release plan or release items in user story. If yes, update acceptance creteria from perspectives of release version
[manamgement
2. Verify there is budget items in user story. If yes, update acceptance crelena from perspectives of budgement management.
3. Venif there Is code management issue in user story. If yes, update acceptance creteria from perspectives of code manamgement.

user: "Write accepiance criteria for the given user story as the Product Owner and Business Analyst' + {us_1}

assistant: {ac_ra_1}

user: 'Update or supplement the above acceptance criteria for the given user story as a Quality Analyst if necessary' + {us_1}
assistant. fac_ga_1}

user: 'Update or supplement the above acceptance criteria for the given user story as other team members if necessary.' + {us_1}
assistant: {ac_others_1}

Fig. 5.3 Three components in the role-based prompt (P, ): context, role instructions,
and K-shot prompting.

Context In order to facilitate and enhance collaborative efficiency, the definition
of GAC is specified in the context of the prompt. As dictated in the prompt, the
LLM is designated as a collaborative tool to generate acceptance criteria for the given
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user story. Following the good practices of prompt guided by OpenAl!, the context
encompasses four facets aimed at instructing the LLM on its behavior in GAC: roles
engaged in the activity, procedures of GAC, guidelines of writing clear acceptance
criteria, and output formats.

As previously discussed, to simulate the agile practice as highlighted with the
dashed frame in Figure 2.2, the LLM is initially instructed to act as three distinct role
groups: RA, QA, and others. Subsequently, a procedural workflow is introduced,
which aligns with a sequence of activities: creation by RA, update by QA, and
second-round update by Others. In accordance with the recommendation proposed in
[72], the guidelines for writing clear acceptance criteria are introduced in the context.
Finally, the designed output format is specified, which is a mechanism aimed at

facilitating subsequent data extraction and processing endeavors.

Role Instruction The prompt employed to initiate the LLMs primarily consists
of comprehensive role instructions, which share the knowledge of role-based
collaborations in practice. For each participating role, the responsibilities and aspects
that need to be considered in the activity are introduced to the LLM.

The expertise of each role engaged in the activity is emphasized so that the LLM
can receive a better understanding and act as different experts. As discussed in role
division, three groups of roles are introduced. Following the responsibility of different
role groups in the agile team discussed in [181], we deliver the detailed instructions to

different role groups as follows.

* Requirement Analyst (RA)
— Product Owner (PO) should ensure the completeness of the user story
with product functionalities.

— Business Analyst (BA) is responsible for presenting the business value in

the user stories.

* Quality Analyst (QA) should verify whether the acceptance criteria are testable
and ensure the acceptance criteria should cover as many different case scenarios

as possible.

* Other Team Members (Others)

Thttps://help.openai.com/en/articles/6654000-best-practices-for-prompt-engineering-with-openai-api

78



5.3 SimAC

— Developer (Dev) should assist with considering the implementation details
to be measurable or not.

— Project Manager (PM) takes care of the release schedule and budget
management-related stuff.

K-shot Prompting As illustrated in [184], GPT-3 exhibits promising results in
few-shot settings in some NLP tasks. Illustrative examples are integrated into prompts
to enhance the comprehensive understanding of collaborative role activities. Following
the collaborative work process, we incorporate K-shot promptings. In each shot, the
LLM acts in accordance with the prescribed procedure. The prompt examples replicate
different scenarios involving different roles in the activity. Further details regarding

the experimental settings of the examples will be discussed in Section 5.4.

Acceptance Criteria Generation

Following initialization with the role-based prompt, the LLM adheres to predefined
procedures, namely create-update-update, to execute the task of GAC using the
designated command for each step. Given that the RA serves as the umbrella name
within SimAC, the LLM may lack a comprehensive understanding of its meaning.
To mitigate this potential ambiguity, we incorporate the roles of PO and BA in the
command introduced to the LLM. The commands for each step are presented as
follows.

cmd_1 (command for creation): Write acceptance criteria for the given

user story as the Product Owner and Business Analyst.

cmd_2 (command for Ist update): Update or supplement the above
acceptance criteria for the given user story as a Quality Analyst if

necessary.

cmd_3 (command for 2nd update): Update or supplement the above
acceptance criteria for the given user story as other team members if

necessary.

Figure 5.4 demonstrates the step-by-step prompt with commands (exemplified in
gpt-3.5-turbo). Initially, the LLM acts as the role of RA to generate a set of acceptance
criteria for the given user story. Subsequently, the LLM transitions to the role of
QA to update the acceptance criteria. Finally, the LLM assumes the role of Others,
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contributing to supplement the US-AC with additional details from their own expertise.
The abbreviations used in Figure 5.4 are elucidated as follows.

+ (context) - the context component in the prompt (as presented in Figure 5.3).

(role) - the role instruction component demonstrated in prompt (as presented in
Figure 5.3).

* cmd - the commands for each step (as listed in the previous discussion).

{us} and {ac} - the user stories and the exampled acceptance criteria generated

by different roles as demonstrated in examples (as presented in Figure 5.3)

{US} and {AC} refer to the given user story and the acceptance criteria generated
from each step.

LLM: Others

system: <context> + <role instruction>
d_1+ fus_1)

t fac_ra_1}

d_2 + {us. 1)

t fac_qa_1}

d 3+ {us_1] + {us 1}

t {ac_others_1} c_others_1}

system: <context> + <role instruction>
+ fus 1)
1}

user: emd_1+ {US} user: {AC_1} + cmd_2 + {US}

Fig. 5.4 Collaborative roles-playing LLM in three-steps of US-AC elaboration
(exemplified in gpt-3.5-turbo).

5.3.4 Phase II: Deduplication

Throughout the collaboration process, each procedural step yields its own set of
acceptance criteria. Nevertheless, different roles may introduce modifications to the
US-AC that convey similar meanings. To alleviate redundancy, SimAC employs a
semantic similarity processing mechanism to scrutinize and refine the US-AC prior to
its finalization.

In the deduplication phase, the acceptance criteria extracted from the three sets of
US-AC are arranged in pairs to calculate similarity scores. Once the scores surpass
a specified threshold, one of the acceptance criteria in this pair will be excluded to

eliminate redundancy.
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Cosin similarity (c,,,,) is a widely implemented metric for measuring similarity

stm
between sentences [185]. The sentences are converted into vectors based on TF-IDF.
The ¢

dot product of the vectors and dividing it by the product of their magnitudes.

between two sentence vectors (S, and Sp) is computed by taking the

sim

Mathematically, it is defined as:

S, Sp
Coim = (52)
[SalllSsl

5.4 Experimental Setup

In this section, we outline the experimental setup of this study, including RQs with
corresponding experimental design, dataset, baselines, implementation, and evaluation

employed.

5.4.1 Research Questions

Here, we introduce four RQs guiding this study and outline the respective experimental

designs to address them.

RQ1: How is the generality of SimAC employed in different LLMs?

This RQ aims to assess the effectiveness of SImAC and its generality on various LLMs.
In this study, different LLMs of diverse sizes are selected for investigation, including
gpt-3.5-turbo, text-davinci-003, OpenLLaMA-7B, and OpenLLaMA-13B as further
introduced in Section 5.4.3. Through this examination, we are able to quantitatively
assess the generalization capability of SimAC within the domain of GAC and explore
the feasibility of automating this task.

In SimAC, the LLM is prompted by P, (as presented in Figure 5.3) to simulate
collaborative interactions. To facilitate the comparative analysis, we meticulously
designed a regular prompt (P,.), which requests the LLM to generate acceptance
criteria directly. The P, excludes the role instruction, which only introduces the
context and good practices. The structure and details of the regular prompt template are
outlined in Figure 5.5. The command introduced to the LLM initiated by the regular

prompt is shown below:

cmd: Write acceptance criteria for the given user story.
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K-shot
= +
rromet
You are a tool to write acceptance criteria for a given user story.

Here are some guides for writing clear acceptance criteria:

1. Use popular linguistic patterns when writing the acceptance criteria

2. Identify the artifact by a unique 1d, starting from 1

3. Use a consistent and straightforward syntax to write each fragment of the acceptance criteria

4. Avoid writing general and vague acceptance criteria.
5. Identify if acceptance criteria concern a success or a failure case
6. Enrich the acceptance criteria with failure cases.

IThe generated items of acceptance criteria should be placed between tags "«start=" and "<end="
Desired output format:

\Acceptance Criteria

<stari=

1. <insert first acceptance criteria here>

2. <insert second acceptance criteria here>

<end=

Length
IThe acceptance criteria for a given user story should be limited to a maximum of 10 items.

K-shot user: 'Write acceptance criteria for the given user story.' + (s}
Prompting | |assistant: {ac

Fig. 5.5 Two components in the regular prompt (P, .): context and K-shot prompting.

RQ2: What is the contribution of each role group in SIimAC?

SimAC incorporates the collaborative efforts of three distinct role groups in GAC,
following agile practices. Each role group brings specific expertise to the GAC process.
In RQ2, we aim to discern the individual contributions of these role groups.

To achieve this, we deconstruct the role groups as three combinations (denoted as
R): 1) RA (i.e., R = 1), 2) RA and QA (i.e., R = 2), and 3) RA, QA, and Others
(i.e., R = 3). The assessment of each combination enables a comprehensive analysis
to evaluate the impact of each role group contribution within the SIimAC.

RQ3: How do K-shot promptings impact the performance of SIimAC?

Within SimAC, a variety of examples are integrated into prompts to guide the LLM in
GAC. While adding more examples offers increased reference, it also consumes valid
prompt capacity and may lead to redundancy. Thus, RQ3 targets to explore the impact
of K-shot prompting in SimAC.

Due to the maximum token constraint of LLMs’ input, we designate the number
of examples in K-shot prompting as 0, 1, 3, and 4. Here, K denotes the number
of sets of interactive examples covered. Each set of examples adheres to the

create-update-update process, comprising three distinct examples. The examples were
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crafted by the invited practitioners based on their professional expertise. In order
to bolster the resilience of LLMs, we deliberately selected some common examples
demonstrated in online resources, avoiding reliance on D.

Table 5.1 provides an overview of the examples utilized, demonstrating varying
engagement levels from different roles. Drawing from observations in daily practice,
some roles tend to make minor modifications to US-AC due to a diminished necessity
required from them. Following the create-update-update process in GAC, the
predominant scenario (sc,) entails all role groups participating equally in creating or
updating the US-AC, as evident from the modification of ac; detailed in Table 5.1.
The second scenario (sc,) involves updates contributed by both QA and Others, albeit
with minor alterations to the US-AC. As sc, delineated in Table 5.1, the RA creates
acy, while QA and Others slightly update on ac,. Furthermore, the third scenario
(sc3) exclusively involves participation from RA and QA, without contributions from
Others. The sc; outlined Table 5.1 illustrates ac, is created by RA and slightly updated
by QA, with no involvement from Others.

In zero-shot prompting (K = 0), no collaborative examples are provided to the
LLM. Only the context and role instructions are presented. For one-shot prompting
(K = 1), a single set of interactive examples is introduced to the LLM, reflecting
the most common scenario (sc;). In three-shot prompting (K = 3), three sets of
examples covering sc;, scy, and scy are provided. However, due to token constraints,
four-shot prompting (K = 4) cannot include six sets of examples covering all three
scenarios. Therefore, our focus is exclusively on sc; and sc,, as they are the most

commonly occurring scenarios observed in daily practice.

RQ4: How do different settings of the similarity threshold impact the
performance of SimAC?

In this RQ, we aim to identify the optimal threshold () for reducing the redundancy of
generated US-AC. We perform a pairwise comparison on US-AC generated in D,,. The
results reveal the sentence similarity scores fall within a range spanning from 0.85 to
0.95. Within this range, we designate the lower, middle, and upper bounds as potential
threshold values, where ¢ is set as 0.85, 0.9, and 0.95 in this experiment.

5.4.2 Dataset

To assess the effectiveness of SImAC, a publicly available dataset (D) as outlined
in [33] is utilized in our study. Three projects are selected to construct our test
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Table 5.1 Description of examples in K-shot prompting generated under different
scenarios

Scenarios Examples
() (@)
0 0 0 - -

K Type Collaboration in GAC

E1.1: RA creates ac, for us;.
1 1 3 scq E1.2: QA updates on ac, for us;.
E1.3: Others update on ac; for us;.

El.1: RA creates ac; for us;.
scq E1.2: QA updates on ac; for us;.
E1.3: Others update on ac; for us;.

E2.1: RA creates ac, for uss.
sCy E2.2: QA slightly updates on ac, for uss.
E2.3: Others slightly update on ac, for uss.

E3.1: RA creates acg for uss.
scg E3.2: QA slightly updates on acs for us;.
E3.3: Others do not update on acg for uss.

E1.1: RA creates ac; for us;.
scy E1.2: QA updates on ac; for us;.
E1.3: Others update on ac; for us;.

E2.1: RA creates ac, for us,.
scq E2.2: QA slightly updates on ac, for uss.
4 2 12 E2.3: Others slightly update on ac, for uss.

E4.1: RA creates ac, for us,.
scq E4.2: QA updates on ac, for us,.
E4.3: Others update on ac, for us,.

E5.1: RA creates acy, for uss.
scq E5.2: QA slightly updates on acs for uss.
ES5.3: Others slightly update on acs for uss.

sc, refers to 1st type of scenario

us; refers to User Story 1

ac, refers to acceptance criteria attached for us;

E1.1 refers to the 1st version of ac; as illustrated in the example
E1.2 refers to the 2nd version of ac, as illustrated in the example
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dataset (D,) containing different sizes of actors ({type of user)), thereby encompassing
anticipated requirements from diverse stakeholders. Project NSF (G11) incorporates
multiple actors within its user stories, delineating user needs from both business flow
and development progression perspectives. Project UniBath (G24) entails user stories
with medium-sized actors predominantly focusing on feature-based descriptions.
Conversely, Project Zooniverse (G28) comprises user stories with only a few actors,
primarily emphasizing the user flow of both administrative and regular users. These
three projects offer representative examples encompassing diverse levels of user story
complexity for the purposes of our experimental evaluations. Table 5.2 presents the
details of the selected projects. The random samples refer to the user stories being
randomly picked for final evaluation.

Table 5.2 Details of selected projects in testing dataset D,

ID Acronym Project Description UsS Actors Random Samples
*#) (#)

G11 NSF New version of the NSF website: 73 22 [30, 63, 53, 37, 26,
redesign and content discover 57, 65, 2, 40, 58]

G24 UniBath  Institutional data repository for the 53 11 [50,27,7,25, 11,26,
University of Bath 16,21, 8, 1]

G28  Zooniverse Citizen science platform that allows 60 3 [6, 49, 5, 20, 25, 50,
anyone to help in research tasks 17,3, 15, 21]

5.4.3 Baselines

Considering GAC is a text generation task, baselines are selected from casual language
models. The selected models encompass various LLM families, including GPT
families and LLaMA families, spanning a range of parameter sizes (7B, 13B, and over

175B) and originating from diverse sources (both closed-source and open-source).

GPT-3.5 family The GPT-3.5 series models are trained with over 175B parameters.
Among the GPT-3.5 families, gpt-3.5-turbo is a chat text completion model, which
allows the roles playing in chat interaction. It is the most capable and cost-effective
model in the GPT-3.5 family. Furthermore, gpt-3.5-turbo was trained in both natural
languages as well as codes, which is suitable for comprehending software development

processes. Therefore, it has been selected to assess the efficacy of SimAC.
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Within the GPT-3.5 family, text-davinci-003 is recognized for its versatility in
handling a wide array of NLP-related tasks with higher quality. As part of our
comparative analysis, it is selected as another baseline. This allows us to assess the

performance of SImMAC with an LLM trained in pure natural language.

Open-LLaMA LLaMA [186] is competitive with the best models developed by
Meta AI?. OpenLLaMA [187] is a permissively licensed open-source reproduction of
LLaMA. It is published under the business-friendly Apache 2.0 license. It achieves a
similar performance as LLaMA, and it is free to use for commercial purposes without
any restrictions. OpenLLaMA offers a range of models, including 3B, 7B, and 13B,
trained on 1T tokens. In our experiment, OpenLLaMA-7B and OpenLLaMA-13B
models are utilized to evaluate the generality of SImAC across LLMs with different

parameter sizes.

5.4.4 Implementation

Regarding LLMs, we implement GPT-3.5 by invoking OpenAI’s API*. According to
the guidelines, the temperature values vary between 0 and 2. Higher values increase the
randomness of the output, while lower values will make the results more focused and
deterministic. Therefore, the default temperature = 1 is adopted to achieve moderate
results. For open-source LLMs, such as OpenLLaMA, we instantiate them with their
replication packages and load their weights from HuggingFace*. Additionally, the
parameter max_new _tokens is configured to 500 in the OpenLLLaMA series, which is
deemed an appropriate length for the newly generated acceptance criteria.

Towards SimAC, the settings of its backbone LLMs are kept as default. In
the collaboration phase, the role-based prompt (F,,) is constructed as Figure 5.3 to
initialize the LLMs. Additionally, Spacy” is employed to compute the cosine similarity
in the deduplication phase. Considering the diversity of text background generated, the
vector package en_core web_lg is adopted for calculating the similarity score. The
package is trained with about 500k word vectors, whereas the calculation of US-AC

similarity can benefit from a large vocabulary.

Zhttps://ai.meta.com/

3 https://platform.openai.com/docs/models/gpt-3-5
4 https://huggingface.co/openlm-research
Shttps://spacy.io/usage/linguistic-features
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5.4.5 Evaluation

We employ both quantitative and qualitative methods to evaluate the proposed SImAC
framework. Quantitatively, the evaluation covers quality and relevance metrics.
Qualitatively, specific cases are selected for an in-depth examination to assess the
effectiveness of the SImMAC framework.

Metrics

Quality In agile practice, the product backlog items are commonly represented
as user stories with the extension of acceptance criteria [29]. Following
the principles behind the Agile manifesto [151], the most well-known quality
evaluation framework for product backlog items is the six attributes method called
INVEST [188, 34, 75, 189]. The metrics, introduced by Bill Wake®, stands for
Independent-Negotiable-Valuable-Estimable-Small-Testable. The survey in [189]
reveals that a majority of practitioners leverage the INVEST framework as quality
guidance when crafting agile product backlog items. Recognizing the absence of
formalized evaluation metrics specifically tailored to US-AC and the significant
relevance of user story and acceptance criteria introduced in Section 2.3.2, we follow
the widely acknowledged agile product backlog item evaluation standards, namely
INVEST, for assessment in this study. Here, we integrate the explanation introduced
in INVEST® and the measurement details discussed in [190] to extend every attribute
for evaluating the US-AC as follows.

* Independent: The US-AC should be as independent as possible. It can be
implemented and delivered without being dependent on other stories.

* Negotiable: The US-AC is not an explicit contract and should leave space for
discussion. It can be rewritten depending on business, market, technical, or any

other type of requirement by team members.

* Valuable: The US-AC must deliver value to the stakeholders by clearly

specifying solutions.

* Estimable: The US-AC should be estimable. It is well enough understood by

team members to be able to determine its relative size (in development and cost).

* Small: The US-AC should not be so big as to become impossible to

plan/task/prioritize within a level of accuracy.

Shttps://xp123.com/articles/invest-in-good-stories-and-smart-tasks/
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» Testable: The US-AC must provide the necessary information to make test
development possible.

Halme et al. [191] operationalized the INVEST as binary evaluation. That is,
the evaluators in [191] consider whether a user story fulfilled the requirements of
an INVEST attribute, scoring 0 or 1. Lombriser et al. [192] employed a five-score
scale (1 to 5) to evaluate the quality of requirements (i.e., user stories and acceptance
test) generated from gamification practices. Compared with binary and Likert-scale
evaluation mechanisms, the latter method offers a more comprehensive understanding
of the contents. Therefore, we adopted Likert-type questionnaires to explore the
INVEST mnemonic for the US-AC. Each attribute of INVEST was evaluated using
expert opinions on a 5-point Likert scale, where scores of 0-4 represent the scale of
poorly, unsatisfactorily, reasonably, satisfactorily, and very satisfactorily.

For each individual attribute of INVEST, we calculated the mean (m) and standard
deviation (sd). The m provides an assessment of the average score derived from the
evaluated samples, indicating the central tendency of the measurements. Conversely,
the sd quantifies the extent of dispersion in the observations, elucidating the divergence
of individual data points from the mean value. The cumulative means (Avg.) of all the
INVEST attributes are subsequently averaged, collectively offering a comprehensive
indicator of the overall satisfaction level on the quality of US-AC.

Relevance To support agile RE effectively, the automatically generated US-AC
must achieve a level of relevance that is as good as that achieved by a human
practitioner. The primary metrics commonly employed to assess the relevance of
generated results are completeness and validity. Given the absence of ground truth
in the dataset, employing a gold standard as a benchmark for evaluation is considered
appropriate under reasonable conditions [193]. In a study focusing on deriving
conceptual UML diagrams from user stories, Bragilovski et al. [36] evaluated the
completeness and validity of the student-generated diagrams against the gold standard
crafted by professionals. Similarly, for generating candidate testable references for
given requirements, Peng et al. [194] assessed the precision and recall by examining
the automatic abstraction matching with the manually created assumptions. Following
these practices, two practitioners were initially invited to craft a gold standard for a
given user story within D,. The practitioners were encouraged to thoroughly examine
the project background and the referenced products in order to produce the gold

standard as convincingly as possible. Subsequently, the relevance of US-AC generated

88



5.4 Experimental Setup

by SimAC was evaluated through manual comparison with the human-crafted gold
standard.

Considering the potentially many-to-many mapping relationship between the
generated acceptance criteria items in the gold standard and the SimAC-generated
US-AC, we divided the true positives into two categories. True positives in the SImAC
solution (T'P,) signify the number of instances present in the US-AC generated by
the SIimAC that also aligns with the instances in the gold standard. Conversely, false
positive (F'P) denotes the count of instances in the SimAC-generated US-AC that
do not correspond to instances within the gold standard. The metric validity (val) is
defined as the ratio of 7' P, to the total instances in the LLM-based solution (1'P,+F'P).

In information retrieval terms, validity equates to precision.

TP

B 5 53
TP+ |FP| (3-3)

val =

True positives in the gold standard (T'F,) refer to instances present in the gold

standard that correspond to instances generated in the SImAC solution. The term false

negative (F'IN') denotes the count of instances that exist in the gold standard but cannot

be identified in the automatically generated US-AC. The metric completeness (com)

is defined as the ratio between 7'F, and the number of instances in the gold standard
(I'P, + F'N). In information retrieval terms, completeness equates to recall.

TP,

SR el B 5.4
" =ITR [+ |FN] (54)

Methodologies

Practitioner Engagement Agile RE, in particular, heavily relies on domain
expertise, necessitating increased practitioner engagement for comprehensive
evaluation. In our study, we actively involved industrial practitioners in various
aspects, including scoring the INVEST, crafting the gold standard, and calibrating
true positives mapping. In line with the methodology adopted in [73], which involves
industrial experts to label the user story, we extended invitations to eight well-trained
agile practitioners from different I'T software companies to participate in the evaluation
process. The backgrounds of these evaluators are presented in Table 5.3, demonstrating
their extensive experience. Each of them has more than four years of experience in agile

practices in the development team.
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The quality evaluation is divided into five groups of solutions: role combination,
similarity threshold, K-shot prompting, GPT-3.5 baselines, and OpenLLaMA
baselines. Each evaluation group includes two evaluators from distinct roles to ensure
comprehensive evaluations. This approach facilitates the collection of insights from a
variety of role perspectives, allowing for an in-depth analysis.

Considering the workload of human evaluation and the time restrictions imposed
by practitioner evaluations, the evaluation sample size was intentionally diminished to
facilitate a more meticulous and profound analysis. We randomly picked and delivered
ten comparative groups of US-AC from each selected project. In total, we delivered
30 sets of US-AC for each evaluation group.

To mitigate bias arising from the distribution of roles within various evaluation
groups, it was stipulated that one of the evaluators in each group must be an RA,
who is the primary participant in requirement activities. Moreover, two of the authors
meticulously reviewed the scores across all evaluation groups. In cases where groups
were either underestimated or overestimated, evaluators were convened for discussion
to ensure alignment in estimation levels.

Table 5.3 Description of the practitioners included in this study

Evaluator Working Agile Role Engagement in Evaluation Group
Experience Experience

P1 13 years 8 years QA Baselines (OpenLLaMA)

P2 15 years 6 years PM Role Combination

P3 15 years 8 years PM Similarity Threshold

P4 8 years 5 years BA Baselines (OpenLLaMA, GPT-3.5)

P5 6 years 4 years PO Role Combination

P6 9 years 5 years Dev Baselines (GPT-3.5)

P7 10 years 8 years BA K-shot Prompting, Similarity Threshold

P8 10 years 6 years QA K-shot Prompting

Questionnaire: INVEST Scoring The quality evaluation was conducted using
a questionnaire method.  Prior to the evaluation, evaluators were provided
with instructions within the questionnaire package and participated in an online
demonstration. Appendix 5.A presents the instructions delivered for evaluation, while
Appendix 5.B furnishes a sample of a group of US-AC that needs to be assessed in the

questionnaire. In accordance with the protocol, each set of questionnaires was allocated
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a three-week window for evaluators to score the US-AC with a comprehensive and
rigorous analysis.

The sequence in which outputs from different models are presented for review can
impact the judgments made by evaluators. To minimize potential bias in the evaluation
process, evaluators were directed to conduct a comprehensive review of the entire
evaluation corpus to ensure accurate scoring.

To mitigate the inherent subjectivity associated with the evaluations conducted by
two raters, an in-depth analysis was undertaken to assess the degree of congruence
between their assigned scores. For each metric in INVEST, the difference in
scores assigned by the two evaluators was calculated for each instance. A
significant deviation exceeding a threshold of 2 points was considered indicative of
a substantial inconsistency in their assessments, particularly concerning satisfaction
levels. Subsequently, to enhance the reliability of the evaluation, a third expert was
enlisted to assess the specific instance independently. The third expert was selected
from the pool of experts (i.e., P1 to P8), excluding individuals whose roles were already
involved in the current evaluation group. Finally, the two scores demonstrating the
least disparity among all three assessments were identified and used to calculate the
final average score.

The inter-rater agreement between two evaluators is measured by Cohen’s Kappa
[195]. Following the established categorization scheme proposed by [196], the values
of the kappa coefficient are categorized into specific ranges, denoting the degree of
agreement. Specifically, kappa scores falling within the intervals of 0.21 to 0.40, 0.41
to 0.60, and 0.61 to 0.80 are interpreted as indicative of fair, moderate, and substantial
agreement, respectively. For each evaluation group, the level of inter-rater agreement
isreviewed. Instances where the agreement falls below the threshold for fair agreement

are subjected to discussion, and scores are adjusted accordingly to achieve agreement.

Manual Matching: Gold Standard The gold standard was collaboratively
developed by three invited practitioners from different roles (i.e., P7, P2, P8), drawing
upon their comprehensive comprehension of the entire project. Leveraging their
comprehensive understanding of the entire project, the practitioners engaged in a
multi-step process.

Initially, they familiarized themselves with the background of the selected projects
by thoroughly analyzing all user stories to form a conceptual understanding of the
intended product. Subsequently, they delved into understanding the referenced product
of each requirement. For Project NSF, practitioners utilized an available online
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repository package’ to establish a local environment and comprehend the business
flow. For Project UniBath, the researcher showcased the data repository business
flow of our university to enhance practitioners’ understanding. In the case of Project
Zooniverse, practitioners registered and interacted with the platform® to grasp its
functional flows. Drawing from this comprehensive understanding, the practitioners
collaborated in drafting acceptance criteria. Finally, they engaged in discussions to
distill key acceptance criteria gleaned from their background analysis and experience,
culminating in the production of a reconciled version, i.e., the gold standard, which
served as a benchmark for the relevance evaluation.

In the relevance evaluation process, two of our authors, who are proficient in
requirement analysis, compared the auto-generated US-AC with the gold standard.
Instances displaying similar meanings to those outlined in the gold standard were
categorized as TP, and TP,. 1In cases where instances exhibited ambiguous
connotations differing from those in the gold standard, our authors sought suggestions
from practitioners to facilitate evaluation and discussion, thereby ensuring informed

decisions regarding their classification as true positives or otherwise.

Statistical Analysis

To investigate whether the improvement of SimAC against each backbone is
statistically significant, we perform the t —test [197] with a confidence level of 95% to
make pairwise comparisons in all experiments. Ifthe obtained p-value is less than 0.05,
there is a statistically significant difference between the two methods. While a p-value
value can inform whether an effect exists, it cannot reveal the size of the effect [197].
Subsequently, we further conduct Cohen’s d (a standardized mean difference) analysis
[198] to measure the effect size, which is measured by the standardized difference
between two means. Following the classification in [197], the effect size can be
classified as small (0.2 < d < 0.5), medium (0.5 < d < 0.8), and large (0.8 < d).
According to Cohen, a medium effect indicates the difference is visible to the naked eye
of a careful observer, while a small size presents a limited effect [199]. A large effect
size means that the result has meaningful practical significance. The combination of
t — test and Cohen’s d analysis offers us an in-depth review of the improvement on
different evaluation metrics.

"https://github.com/nsf-open/nsf/tree/master
8https://blog.zooniverse.org/
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5.5 Experimental Results

In this section, we present the experimental results to answer the RQs.

5.5.1 RQ1: Generality of SimAC

Quality Table 5.4 presents the quality evaluation results of SImAC (implemented
with P ) compared to its different underlying LLM baselines (utilized with P, ),
revealing a notable improvement in satisfaction (s) with the quality of the US-AC
generated by SimAC. It is evident that the GPT-3.5 series has already achieved
a commendable level of performance, rating as satisfactorily (s > 2). When
collaboratively embedded with the SImAC, these LLMs attain a higher level of
satisfaction categorized as very satisfactorily (s > 3). Particularly, gpt-3.5-turbo
initialized by P, consistently performs the best, obtaining the highest average score
of 3.21. Notably, such integration leads to a rating of very satisfactorily (s > 3) across
all other INVEST metrics, except for S. In the case of OpenLLaMA family models, the
US-AC generated by P, falls into the category of poorly (s < 1). Consistently, the
utilization of P, does yield some improvement, albeit it remains within the realm of
unsatisfactorily (1 < s < 2).

To examine whether the improvement of SimAC against each backbone LLM
is statistically significant, we perform statistical analysis combining ¢ — test and
Cohen’s d as discussed in Section 5.4.5. The results presented in Table 5.5 illustrate
the improvements are statistically significant and non-trivial across various metrics,
specifically in N, V, E, and T. In the case of /, a significant improvement is evident
within three out of the evaluated baselines, except for OpenLLaMA-13B. Furthermore,
the analysis in S reveals a constrained enhancement, as evidenced by p-value and
Cohen’s d observed in gpt-3.5-turbo and OpenLLaMA-7B.

Considering the agreement between two evaluators, Table 5.6 illustrates that all
of the assessment outcomes reside within the categories of fair and moderate. Such
agreement adds credibility to the human evaluation results. When comparing the scores
from evaluators of different roles, no substantial discrepancy is discerned, with an
average difference of less than 0.2 observed for the GPT-3.5 series. The discrepancies
are even smaller when assessing the OpenLLaMA series, with an average difference
of less than 0.06.

Relevance Table 5.7 further proves the superior performance of SimAC in enhancing
LLMs’ GAC capability in terms of completeness and validity. The results underscore
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Table 5.5 Significance analysis of quality evaluation on different LLMs

p-value P, Versus P,
Cohen’s d I N A% E S T

-3.5-turbo 5.73e—03 7.83e—03 6.82e—11 3.86e—05 2.96e—01 6.63e—04
gpt-2. +Medium +Small +Large +Medium +Small +Medium
text-davinci-003 3.07e—02 3.26e—02 1.32¢e—05 2.11e—05 4.33e—03 2.52e—02

+Small +Small +Large +Large +Medium +Large
3.22e—02 2.78¢—03 2.32¢e—03 1.52e—02 4.05¢—01 1.01e—03
OpenLLaMA-7B +Small +Medium +Medium +Small +Small +Medium
5.25e—03 1.18e—04 1.23e—04 3.57e—03 7.17e—03 3.81e—02

OpenLLaMA-13B +Medium  +Medium  +Medium  +Medium +Small +Small

p-value less than 0.05 is highlighted with grey background.
bold indicates large effect size.
positive sign (+) indicates better performance in setting of P,.,.

Table 5.6 Kappa score for assessing inter-rater agreements on the baseline evaluations

kappa

(difference) Pt I N \4 E S T Avg. aggr.

p 065 022 034 033 047 037 040 .
re (L0.13)  (-0.20) (-0.20) (-0.27) (-0.13) (-0.23) (-0.19)

p 041037 035 025 022 053 035 .
T (:0.13)  (-0.13) (-0.10) (-0.27)  (0.20)  (0.00) (-0.07)

051 038 041 026 040 061 043
re (0.00) (0.33) (0.27) (0.07) (-0.07) (0.13) (0.12)
P, 069 036 048 048 047 061 051 ..
0.07)  (0.13)  (0.10) (0.10) (0.10)  (0.10) (0.10)
p 033 041 049 078 027 027 042
re (-0.13)  (-0.07) (0.10)  (0.00) (-0.33) (-0.17) (-0.04)
050 029 053 046 043 042 044

Pro 003) (-0.13) (0.07) (:0.03) (0.17) (0.00) (-0.04) Moderate

p 056 029 020 031 027 036 033 Eaic
re (-0.03) (0.00) (0.07) (-0.17) (-0.20)  (0.00) (-0.06)

p 020 038 062 044 027 027 038 .
To (0.03)  (0.13)  (0.13) (-0.10) (0.13)  (0.03) (0.02)

gpt-3.5-turbo

Moderate
text-davinci-003

Moderate
OpenLLaMA-7B

OpenLLaMA-13B

Pt: Prompt aggr.: Agreement
negative sign (—) indicates higher score received from RA (vs. QA and Dev)
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a substantial improvement in relevance attributed to the US-AC generated by SimAC.
Particularly, SimAC embedding with gpt-3.5-turbo consistently performs the best,
receiving 60.29% completeness and 51.29% validity, marking enhancements of
28.83% and 15.56%, respectively. SImAC slightly enhances text-davinci-003 in GAC,
showing an improvement of 13.83% in completeness and 0.53% in validity.

Despite the underperformance of the OpenLLaMA series, receiving less than
20% in completeness, SImAC still contributes to improving their completeness with
improvements of 23.16% for OpenLLaMA-7B and 31.41% for OpenLLaMA-13B.
However, embedding SimAC into the OpenLLaMA series leads to a decrease in
validity, suggesting that SimAC might introduce some irrelevant information into the
output.

Table 5.7 Completeness and validity of US-AC generated by different LLMs

(%) Pt NSF UniBath  Zooniverse Avg.
com val com val com val com val

c3starho | Pre 4969 42.64 48.26 30.92 4244 50.58 4680 4438
P P, 60.53 5493 64.92 48.64 5633 50.28 60.60 129.4851.29 115.56

cext-davinei.003  re 3197 39.96 33.78 44.58 3225 5186 32.67 45.47
P, 3825 41.15 38.70 45.45 34.60 50.52 37.18 113.8345.71 10.53

P,.. 1628 48.50 897 30.83 927 4583 11.50 41.72
OpenLLaMA-TB 5™ 1100 51.31 897 30.50 12.54 46.83 14.17 123.1642.88 12.78

P.. 1531 4028 14.19 40.83 9.43 43.19 12.97 41.43
OpenLLaMA-I3B - 1" ) 44 3470 19.50 28.89 11.19 47.00 17.05 131.4136.86 |11.03

Pt: Prompt
bold indicates better completeness

The results in Table 5.8 reveal a statistically significant improvement in
completeness upon integrating SImAC into gpt-3.5-turbo. However, the enhancement
of completeness becomes less evident when introducing SImAC into other LLMs.
Meanwhile, the enhancement in validity across all LLMs is not readily discernible

(i.e., with small effect size).
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Table 5.8 Significance analysis of relevance evaluation for different LLMs

p-value (Cohen’s d) P, Versus P,

com val
gpt-3.5-turbo 4.49e — 04 (+Large) 6.19¢ — 02 (+Small)
text-davinci-003 1.94e — 01 (+Small) 9.64e — 01 (+Small)
OpenLLaMA-7B 2.65e — 01 (+Small) 8.99e¢ — 01 (+Small)

OpenLLaMA-13B 2.12e - 01 (+Small) 5.86e — 01 (-Small)

p-value less than 0.05 is highlighted with grey background.
bold indicates large effect size.
positive sign (4) indicates better performance in setting of P,.,.

Answering RQ1: In summary, SimAC delivers substantial improvements for
different LLMs of diverse parameter sizes in terms of both quality and relevance,
demonstrating a robust generality across various LLMs. Specifically, the
collaboration facilitated by role-based prompts yields high satisfactory quality
and achieves completeness rates exceeding 60% when applied to LLMs trained
with extensive parameter sizes, exemplified by the GPT-3.5 series. Moreover,
this approach enhances the output quality in GAC even when embedded with
LLMs trained with relatively smaller parameter sizes, such as those within the
OpenLLaMA model family.

5.5.2 RQ2: Ablation Study for Role Groups

Quality Table 5.9 demonstrates satisfaction scores obtained from introducing various
role groups to SImAC. The results notably indicate that SImAC, incorporating three
distinct role groups, attains the highest satisfaction score of 3.15 on average. However,
the inclusion of QA and Others results in the generation of more informative acceptance
criteria, making the size of US-AC slightly exceed the scope compatible with sprint
implementation. Therefore, the highest score of S is observed in scenarios where only
RA is introduced. For the other metrics, the introduction of additional roles yields
consistent enhancement. Notably, when three distinct role categories are introduced,
the resulting outcomes reach a rating of very satisfactorily (s > 3).

From a statistical perspective, the US-AC generated by all three role groups (R =
3) proves significantly enhanced compared with the inclusion of RA only (R = 1), as
demonstrated in Table 5.10. The involvement of QA and Others significantly enriches

the comprehensiveness of requirement details and introduces additional valuable items
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Table 5.9 Average satisfaction on INVEST score, evaluating by combinations of
different role groups

R I N A\% E S T Avg.

m sd m sd m sd m sd m sd m sd

1 278 058 263 055 287 065 287 060 292 042 290 0.60 2.83
2 297 052 292 042 3.08 0.67 3.07 055 270 050 327 0.63 3.00
3 303 055 312 052 3.60 059 3.08 053 260 049 345 0.62 3.15

m - mean R - Groups of roles
sd - standard deviation Avg. - Average score over INVEST attributes
bold indicates highest score

(V) to US-AC, indicated by large effect size of enhancement observed. It is noteworthy
that the augmentation of N and 7 attain significant enhancement with three role groups

incorporated.

Table 5.10 Significance analysis of INVEST score for different settings on
combinations of role groups

p-value R=3
Cohen'’s d I N \% E S T
R—1 1.75e—02 2.79e—06 2.21e—09 3.74e—02 2.57e—04 2.84e—06
o +Small +Large +Large +Small +Medium +Large
R—2 4.97e—01 2.32e—02 1.70e—05 8.66e—01 2.71e—01 1.13e—01
- +Small +Small +Large +Small +Small +Small

p-value less than 0.05 is highlighted with grey background.

bold indicates large effect size.

positive sign (+) indicates better performance in setting of R = 3.
negative sign (—) indicates worse performance in setting of R = 3.

Cohen’s kappa scores for this set of evaluations are presented in Table 5.11, which
are situated within the 0.4 to 0.6, indicative of moderate to substantial agreement.
Reviewing the difference between the two evaluators, it is evident that the RA
evaluator consistently assigns slightly higher scores, with the biggest discrepancy of
0.17 compared to the PM evaluator.

Relevance Table 5.12 illustrates the impact of introducing different role groups into
the SImAC on relevance. The findings reveal enhancements in both completeness and
validity as more roles are integrated. Evidently, the inclusion of three groups of roles
results in the highest level of completeness. Conversely, the incorporation of only the
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Table 5.11 Kappa score and differences for assessing inter-rater agreements on role
group combination evaluations

( dﬁ‘?‘siice) N A\ E S T Avg. Agreement
068 074 054 062 028 075  0.60 .
R=1""1010) (007 (013) (:013) (0.10) (-007) (-0.07) Substantial
038 026 061 043 071 065 051
R=2"000) (003) (0.10) (007 (0.07) (-007) (-0.04) Moderate
R_g 043 019 031 048 072 058 045 .

(0.00) (0.03) (-0.07) (-0.17) (0.07) (-0.17) (-0.05)

negative sign (—) indicates higher score received from RA (vs. PM)

RA role or the combination of RA and QA leads to completeness and validity falling
below 50%. Upon reviewing by project, the improvement remains consistent across

all three projects.

Table 5.12 Completeness and validity in combinations of different role groups

(%) NSF UniBath Zooniverse Avg.
(0]

com val com val com val com val
R=1 3842 3996 4094 4624 36.39 4421 38.58 4347
R=2 38.64 3852 4575 41.19 4382 4405 4274 4125
R=3 60.53 5493 6492 48.64 5633 5028 60.60 51.29

bold indicates highest completeness

The statistical analysis presented in Table 5.13 indicates the enhancement for both
completeness and validity is significant and non-negligible (i.e., p-value less than 0.05

with a large or medium effect size) upon introducing more roles.

Answering RQ2: The most effective practice to approach SImAC is to engage
the collaboration involving three distinct groups of roles: requirement analyst,

quality analyst, and other team members.

5.5.3 RQ3: Analysis of K-shot Prompting

Quality The efficacy of incorporating different examples in the prompt is presented
in Table 5.14. The results demonstrate that, with a setting of K’ = 3, the INVEST score
reaches its zenith. The human evaluation consistently maintains very satisfactorily
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Table 5.13 Significance analysis of completeness and validity for different settings on
combinations of role groups

p-value (Cohen s d) R=3
com val
R=1 2.16e —07 (+Large) 4.1le—02 (+Medium)
R=2 5.03e — 05 (+Large) 3.41e — 03 (+Medium)

p-value less than 0.05 is highlighted with grey background.
bold indicates large effect size.
positive sign (+) indicates better performance in setting of R = 3.

(s > 3) across all INVEST metrics, both with K = 3 and K = 4. Concerning the
increment of K, an overall enhanced level of satisfaction is observed when an increased
number of scenarios are encompassed within the prompt examples. Specifically, the
setting of K = 3 accommodates more scenarios involving different engagement levels,
where participants acting in diverse roles can thereby contribute outputs that leverage
their respective expertise. Consequently, these detailed acceptance criteria encompass
a broader spectrum of negotiable (N), valuable (7)), and testable (7') components. In
terms of /, the setting of K = 4 receives a higher satisfaction score since it benefits
from a greater number of examples to generate fewer dependency-related elements.

Table 5.14 Average satisfaction on INVEST score, evaluating by K-shot prompting

K I N A\ E S T Ave.

m sd m sd m sd m sd m sd m sd

0 272 064 243 0.72 278 0.72 3.15 066 2.15 0.73 3.05 0.75 2.71
1 295 034 3.02 060 3.12 0.52 327 0.63 267 057 3.15 0.55 3.03
3 357 056 3.63 049 3.58 059 337 064 323 0.59 347 050 3.48
4 3.60 053 348 0.50 348 0.60 325 057 3.08 0.67 333 054 337
m - mean K - Number of few shots

sd - standard deviation Avg. - Average score over INVEST attributes

bold indicates highest score

Compared with zero-shot (X = 0) and one-shot (K = 1) prompting, the
findings in Table 5.15 suggest that implementing the few-shot prompting strategy
yields significant improvement in other metrics except for £. The evaluators perceive
that the acceptance criteria generated by gp#-3.5-furbo maintain a consistently high

level of satisfaction (s > 3) in representing estimable items. Thereby, no significant
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improvement is observed. Transitioning from K = 3 to K = 4 does not result in

statistically significant differences across all INVEST metrics.

Table 5.15 Significance analysis of INVEST score for different settings on K-shot

prompting
p-value K=3
Cohen's d I N A% E S T

K—0 4.17e—12 4.78e—19 8.27e—10 6.97e—02 7.67e—15 4.89¢—04
o +Large +Large +Large +Small +Large +Medium

K1 4.6le—11 8.22e—09 1.17e—05 3.91e—01 4.86e—07 1.28e—03
o +Large +Large +Large +Small +Large +Medium

K4 7.39e—01 9.96e—02 3.58e—01 2.93e—01 1.97e—01 1.65e—01
o -Small +Small +Small +Small +Small +Small

p-value less than 0.05 is highlighted with grey background.
bold indicates large effect size.

positive sign (+) indicates better performance in setting of K = 3.
negative sign (—) indicates worse performance in setting of K = 3.

Cohen’s kappa scores for this particular set of evaluations, as depicted in Table 5.16,

fall within the range of 0.2 to 0.4, suggesting a fair level of agreement. Notably, in this

evaluation, the RA consistently assigns tighter scores across various metrics, except for

V. Conversely, when evaluating the value of US-AC, the QA evaluator tends to assign

lower scores. One potential explanation for this difference is their respective focus on
different aspects of the US-AC.

Table 5.16 Kappa score and differences for assessing inter-rater agreements on k-shot

settings
( di;gf; ?me) N \% E S T Avg. Agreement
K1 0.25 0.47 0.28 0.31 0.33 0.34 0.33 Fair
o (0.43)  (0.33) (-0.03) (0.43) (0.30) (0.30) (0.29)
K—9 0.22 0.22 0.33 0.32 0.25 0.23 0.26 Fair
o (0.10)  (0.37) (-0.17)  (0.20) (0.07) (-0.17)  (0.07)
K—3 0.29 0.30 0.40 0.30 0.27 0.46 0.34 Fair
o (0.33)  (0.13) (-0.03) (0.00) (0.20)  (0.00)  (0.11)
0.21 0.27 0.32 0.43 0.28 0.35 0.31 .
K=14 Fair
0.27)  (0.43) (-0.03) (-0.17) (0.10)  (0.00)  (0.10)

negative sign (—) indicates higher score received from RA (vs. QA)
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Relevance Reviewing Table 5.17, the highest completeness is observed for K = 3,
which remains consistent across all three projects. Remarkably, the completeness
exceeds 50% for each project individually, implying that the US-AC generated by
SimAC, prompted with three sets of examples, possesses the capability to match half
of those written by humans. There is a general trend that a higher number of examples
leads to better completeness. However, for K = 4, its coverage scenario is harrower
than that of K = 3, resulting in lower completeness.

Regarding validity, there is no consistent trend indicating that an increasing number
of examples yields higher validity. However, the setting of K = 3 yields the best
validity. One assumption is that the introduction of more scenarios covering different
proportions of role group engagement introduces more relevant information, thereby

reducing the false positives generated.

Table 5.17 Completeness and validity in different settings on K-shot prompting

NSF UniBath Zooniverse Avg.
(%)
com val com val com val com val
K=1 3494 3824 43.01 28.13 42.69 3040 4021 32.25
K=2 3547 40.76 4533 37.00 47.57 4873 42779 42.16
K=3 60.53 5493 6492 4864 5633 5028 60.60 51.29
K=4 43.11  39.27 5237 43.01 4503 46.03 46.84 42.77

bold indicates highest completeness

Statistical analysis in Table 5.18 indicates significant improvements in both
completeness and validity upon incorporating examples covering three engagement

scenarios.

Table 5.18 Significance analysis of completeness and validity for different settings on
K-shot prompting

p-value (Cohen's d) K=3

com val

1.45e — 05 (+Large) 1.92e — 05 (+Large)
7.61le — 06 (+Large) 2.0le — 02 (+Medium)
4.64e — 04 (+Large) 9.27¢ — 03 (+Medium)

e
%ll)»—l

p-value less than 0.05 is highlighted with grey background.
bold indicates large effect size.
positive sign (+) indicates better performance in setting of K = 3.
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Answering RQ3: Leveraging few-shot prompting, which covers three typical
collaboration scenarios, SIimAC gains higher satisfaction levels on output
quality.  The resulting US-AC demonstrates greater alignment with the
human-crafted gold standard, rendering them more pertinent and applicable.

5.5.4 RQ4: Analysis of Similarity Thresholds

Quality Table 5.19 presents the effectiveness of employing varying similarity
thresholds. Obviously, when ¢ is set as 0.95, the highest average INVEST score is
achieved. The increment of the threshold demonstrates a consistent improvement in
INVEST.

Table 5.19 Average satisfaction on INVEST score, evaluating by semantic similarity
thresholds

. I N A\ E S T Ave.

m sd m sd m sd m sd m sd m sd
095 275 065 235 0.61 353 050 3.50 050 2.48 0.68 347 054 3.01

090 212 064 212 0.74 215 086 227 082 237 0.64 215 073 2.19
08 163 080 1.58 098 137 086 122 085 1.70 098 1.17 096 1.44

m - mean t - Threshold
sd - standard deviation Avg. - Average score over INVEST attributes
bold indicates highest score

Reviewing from Table 5.20, it is evident the utilization of higher ¢ preserves
more significant valuable information within acceptance criteria. The comprehensive
elaborations of details enhance the understandability and testability of the user story,
consequently yielding the highest score in £ and 7. However, the intricate elaborations
have the consequence of reducing the size of the user story, potentially extending it
beyond the scope of a single sprint. Consequently, in terms of S, the influence of
varying ¢ from 0.9 to 0.95 exhibits a relatively less pronounced effect.

The Cohen’s kappa scores (Table 5.21) for this set of evaluations range between
0.4 and 0.5, reflecting a moderate level of agreement. When comparing the scoring
for two evaluators, no significant discrepancies are evident, with the largest difference
being less than 0.2.

Relevance The results presented in Table 5.22 indicate that decreasing the similarity
threshold results in lower completeness. A decrease in the threshold entails fewer
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Table 5.20 Significance analysis of INVEST score for different settings on similarity
threshold

p-value t=0.95

Cohen'’s d I N \% E S T

¢t —0.90 4.20e —7 4.16e—02 3.25e—19 3.13e—17 3.33e—01 2.27e—20
e +Large +Large +Large +Large +Small +Large

£—0.85 1.44e—13 4.82e—07 4.36e—33 1.46e—35 1.32e—06 8.43e—32
o +Large +Large +Large +Large +Large +Large

p-value less than 0.05 is highlighted with grey background.
bold indicates large effect size.

positive sign (+) indicates better performance in setting of t = 0.95.

Table 5.21 Kappa score and differences for assessing inter-rater agreements on
similarity threshold

kappa
(difference) N \% E S T Avg. Agreement

049 088 021 023 069 025 046
£=095 " 17)  (007) (0.13) (020) (0.10) (-0.13) (0,05 Moderate

026  0.64 045 060 031 022 04l
E=099 " (017) (0.03) (0.17) (0200 (0.07) (0.03) (-0.07) Mederae

023 049 051 065 042 062 049
E=085 " 013) (017) (007) (0.03) (007) (007) (001 Moderate

negative sign (—) indicates higher score received from RA (vs. PM)
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acceptance criteria being included, thereby reducing the amount of information
available to match items in the gold standard.

Conversely, a decrease in the threshold leads to higher validity in some cases. With
a lower threshold, SimAC yields a smaller total instance, consequently resulting in

higher validity.

Table 5.22 Completeness and validity in different settings on similarity threshold

NSF UniBath Zooniverse Avg.
(%)

com val com val com val com val

t=0.95 6053 5493 6492 48.64 5542 5028 60.60 51.29
t=0.90 3200 6512 3242 57.67 28.07 56.02 30.83 59.60
t=0.85 1739 59.17 2142 7333 1653 51.67 1845 61.39

bold indicates highest completeness

Statistical analysis (Table 5.23) reveals a significant improvement in completeness.
However, the improvement in validity is not as pronounced, with only a small effect

size observed.

Table 5.23 Significance analysis of completeness and validity for different settings on
similarity threshold

p-value (Cohen’s d) t=0.95
com val
t=0.90 2.03¢ — 18  (+Large) 1.26e—01  (+Small)
t=0.85 1.69e — 11 (+Large) 1.16e —01 (+Small)

p-value less than 0.05 is highlighted with grey background.
bold indicates large effect size.
positive sign (+) indicates better performance in setting of ¢ = 0.95.

Answering RQ4: It is evident that redundant information is generated
by different roles in the process of GAC within SimAC. The subsequent
deduplication process can streamline the refined US-AC to a size that fits in
appropriate sprint planning and discussion. Importantly, the careful selection of
an optimal similarity score threshold can significantly impact the relevance and
quality of the US-AC.
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5.6 Case Studies

This section presents three case studies exemplifying outputs produced by SimAC,
which integrate various LLMs for qualitative analysis. Cases 1 and 2 depict
the successful scenarios of SImAC employed in GPT-3.5 and OpenLLaMA series,
alongside offering a detailed breakdown of role-related output in Case 1. Case 3
discusses a failed scenario that SImAC employed in LLMs with fewer parameters.
Such an approach enables a thorough exploration of the strengths and limitations
inherent in SimAC. To ensure a comprehensive analysis infused with industrial
perspectives, our researchers collaborated closely with practitioners to scrutinize the
intricacies presented within these specific cases.

5.6.1 Case 1: SImAC on GPT-3.5

For the LLMs trained with massive parameter sizes, the LLM initiated with regular
prompts has already received highly satisfactory results. The incorporation of
role-based prompts in SImAC can elaborate the US-AC with role-related details. Case
1 is a typical example, as shown in Figure 5.6. In Case 1, the goal specified in the user

story is to search and discover music or ringback tones based on content similarity.

Introduction on Informative Details

In Figure 5.6, the left panel presents the acceptance criteria generated by SimAC
incorporating with the regular prompt, while the right panel presents the output
generated based on LLM utilizing the role-based prompt. The underlined items
correspond to the acceptance criteria aligned with the human-crafted gold standard,
while the points highlighted in red denote aspects deemed valuable by practitioners for
inclusion in the discourse.

As can be seen, Point 2 on both sides defines the criteria for the system to
display the results based on the content similarity. However, the right panel further
extends its elaboration to define the facets and considerations for content similarity.
Moreover, compared with Point 7 in the left panel, Point 10 in the right panel elucidates
the scenario (e.g., a large volume of contents) necessitating consideration during
performance handling. SImAC enables the LLM to delineate the consideration factors,
which serves as a valuable point of reference. The RA experts endorse the inclusion of
such supplemental content, which aids in formulating the comprehensive requirements

and resulting in a highly satisfactory degree in terms of F.
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Furthermore, Point 9 updates the acceptance criteria by introducing considerations
on software compatibility in different platforms, which provides an alignment for
development. Points 8 and 11 furnish detailed considerations regarding functionalities
warranting discussion or clarification with stakeholders, thereby serving as valuable
reference points. Therefore, these supplements contribute to the high score received in
V.

In terms of relevance, both approaches receive a 1P, value of 7, as underlined
in the middle panels presented in Figure 5.6. However, SImAC generates additional
acceptance criteria, which slightly reduces the validity of the case. The T'P, associated
with the criteria generated from regular LLM and that produced by the SimAC are 7 and
8, respectively, as underlined in the gold standard panel. In the SimA solution, Point
6 integrates the filter and sort functionalities, whereas they are separately addressed in
Points 4 and 8 in the regular LLM solution. Furthermore, the SImAC solution features
one additional true positive against the gold standard (i.e., Point 7 in the gold standard
panel), as highlighted in Point 11. The support for the partial match mechanism is
exclusively mentioned on the SimAC solution, contributing to a T'P, of 8 with higher

completeness for this case.

Supplements on Role-related Insights

Figure 5.7 illustrates the detailed acceptance criteria generated or updated by different
roles in Case 1. The acceptance criteria updated by the QA role place a particular
emphasis on the performance issue and error handling within the search function
(as presented in the middle panel). As underlined in Points 10 and 11, these
criteria align with the human-crafted gold standard, thus augmenting the completeness.
Incrementally, the LLM acts in other roles to address the legacy issue. In this context,
the additional considerations primarily stem from the perspective of a project manager.
As highlighted in red, these additional considerations serve as valuable points of
reference for stakeholder deliberations, even their absence in the original gold standard.
It is noteworthy that SimAC utilizes role-playing techniques, facilitating the generation
of detailed insights from role-specific perspectives, thereby introducing valuable points

for reference and further discussion.
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[ Case 1: G28 US3 ]

- L

User Story:

J N

As a user, | want to search and discover music or ringback tones similar to a given music video based on content similarity.

+

Regular Prompt !

+

Role-based Prompt

( Acceptance Criteria:

Acceptance Criteria:

1. The user should be able to search for music or ringback tones

1. The user should be able to input a music video as a source for

based on a given music video
[Z_The search results should be based on content

both music tracks and
ringback tones that are similar in genre,_artist, or style to the input

similarity, considering factors such as genre, artist, tempo
and mood,

3. The search feature should provide relevant and accurate

music video.

4 The search results should be ranked based on their relevance
or similarity to the input music video

5. The system should provide a preview option for each search
result, allowing the user to listen to a sample of the music or
ringback tone before making_a selection.

8. The user should be able to click on a search result to view
more details about the music or ringback tone, such as artist
information,_album details_and pricing.

results by matching the content similarities with the given music
video.

4. The search results should display the matching music or
ringback tones in a visually appealing and easy-to-navigate
format

5. Users should have the ability to listen to preview samples of
the searched music or ringback tones before making a
selection

6. The search feature should have an option to filter and sort

I The system should handle search queries quickly and provide
search results within a reasonable response time,

the results based on different criteria such as popularity, release
date, and user ratings.

8_The system should provide clear and user-friendly search

7. The search functionality should showcase a variety of music

filters or options to narrow down the search results based on
criteria such as genre, artist, popularity, or release date

or ringback tone options that are similar to the given music
video, providing users with a diverse range of choices.

8. The system should provide an option for users to like or
add the searched music or ringback tones to their favorites or
playlist for future reference.

9. The search feature should have a responsive design and
work seamlessly across different devices and screen sizes
10 The search resulis should be displayed in a timely manner,
without any significant delay or latency, even when there is a
large volume of content to search through,

11. The search algorithm should handle misspellings or partial
matches, providing users with relevant search results even if
their input is not exact.

12. The search results should be updated in real-time as new
music or ringback tones that match the given music video are
added to the system.

13. The search algorithm should consider the availability and
licensing rights of the music or ringback tones to ensure that the
displayed content can be legally accessed and used by the

users.
Gold Standard

Acceptance Criteria:

1. The user should be able to iput music videos in the search.

2. The search results for the given music videos should be music or ringback tones.

3. The search results should be returned based on the content similarity on genre, tempo, beat, and instrumental arragenment

4. The search results should be listed with similarity percentages

5. The search results could be sorted by different orders: similarity, release date, popularity, rating.

6. The search results could be filtered by different conditions: similarity, release date

1_Proper search handling_mechnism, such as partial match.

8. For failuare search results, propser message should be prompt.

9. The system should provide a preview option for users to listen to a snippet of the results

10. When there is large amount of similar results being returned, the display_of the results should be no significant delay or latency.
11. The results should be displayed by pages, for each page consist of X results. The number of total results and pages should be
correctly displayed

\ %

Fig. 5.6 Case 1: Generate acceptance criteria with the regular and role-based prompt
(G28 US3).

Finding 1: In contrast to initiating LLMs with regular prompts, SimAC
incorporates collaborative procedures into the LLM, thereby introducing more
informative acceptance criteria and augmenting insights from role-specific
perspectives. These enriched crite#d8and role-specific enhancements are

considered valuable references for practitioners.




5.6 Case Studies

Case 1: G28 US3 |
L _

User Story:
As a user, | want to search and discover music or ringback tones similar to a given music video based on content similarity
GRS RELS Role-based Prompt Role-based Prompt
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L The user should be able to search for music or ringback tones EEor e - 8 T ——— B
bai:“ o ""‘“S‘Chv“jg‘; e U, 2. The search results should be based on content similarty, 2_The search results should be based on content similarity,
< ea’c' " 4 h"“ 12 = T"‘C e considering factors such as genre, artist, tempo, and mood considering factors such as genre, artist_tempo, and mood
‘considering facors such as
5 ;h‘ ning. = " 2 Mgmf—‘i[ ﬂ[‘m‘d” e ‘ 3 The search feature should provide relevant and accurate 3 The search feature should provide relevant and accurate
3. The search leature should provide relevant and accurate results by matching_the content similarities with the given music results by matching_the content similarities with the given music.
results by matching the content similarities with the given music =
wa e 4.The search results should display the matching music or 4 The search results should display the matching music or
<, scarch resulls Should display, e riafching music o fingback tones in a visually appealing and easy-to-navigate ringback tones in a visually appealing and easy-to-navigate
ringback tones in a visually appealing and easy-to-navigate ey e
format
5. Users should have the ability to listen to preview samples of 5_Users should have the ability to listen to preview samples of
5. Users should have the ability to listen to §
s should have the ability to listen o preview samples of the searched music or ringback tones before making a the searched music or ringback tones before making a
the searched music or ringback tones before making a selection. selection,
selection e e
— I\ | &.The search feature should have an option to fiter and sort the 6. The search feature should have an option to filter and sort the
6_The search feature should have an option to fiter and sort the
8- The search feature should have an option to filler and sort the esults based on different criteria such as poput I resuits based on different criteria such as popu I
results based on different criteria such as populariy.release RETIEr R e AL
%hwi’{a"’igi A q 7. The search functionality should showcase a variety of music 7. The search functionality should showcase a variety of music
Sl i e O O or ringback tone options that are similar to the given music or ringback tone options that are similar to the given music
ordrlng ach done options. ma :re similar to ? gr""e" [IUSIc video, providing users with a diverse range of choices. video, providing users with a diverse range of choices.
‘é' TE: "“"(‘ ‘"gh"se’: Al ;‘ “’e'se‘ 'E”'ge oLt "(“Elsk o 8. The system should provide an option for users to like or add 8. The system should provide an option for users to like or add
€ 5y21eM Sho1Rd provice an option fondsersito ke of 2 the searched music or ringback tones to their favorites or playlist the searched music or ringback tones to their favorites or playlist
the searched music or ringback tones to their favorites or playlist e e
e e aah " " 9. The search feature should have a responsive design and 9. The search feature should have a responsive design and
ke Sea’f Iea e :‘;' a:’z g 'espwive O SN work seamlessly across different devices and screen sizes. work seamlessly across different devices and screen sizes.
DAL 2 JE e TSR SR LR e ey 10_The search results should be displayed in a timek 10. The search results should be updated in real-time as new
manner_ without any significant delay or latency, even when music or ringback tones that match the given music video are
there is a large volume of content to search through. added to the system
11 The search algorithm should handle misspellings or 11. The search algorithm should consider the availability and
partial matches, providing users with relevant search results licensing rights of the music or ringback tones to ensure that the
‘even if their input is not exact displayed content can be legally accessed and used by the
users.

A

Fig. 5.7 Case 1:Generate acceptance criteria from different roles (G28 US3).

5.6.2 Case 2: SimAC on OpenLLaMA

SimAC boosts the efficacy of GAC, particularly for LLMs with smaller sizes.
Figure 5.8 showcases the acceptance criteria generated by OpenLLaMA-7B with the
regular prompt and the role-based prompt. In Case 2, the goal specified in the user
story is to allow the user to deposit arbitrarily large files into the system.

In Figure 5.8, the acceptance criteria generated by the regular prompt, as presented
in the left panel, elaborate the user story with limited information. The output provides
insights into deposit files of any format, as repeatedly presented in Points 2 and 4.
However, it erroneously specifies file limitations (highlighted in blue on the left)
despite the user story suggesting the ability to deposit arbitrarily large files. The
integration of role-based prompts in SimAC, exemplified in the right panel, rectifies
the mistake and extends the depth of elaboration. The output supplements the narrative
with specifics regarding file storage location and acceptable compressed file formats.
QA experts consider the keywords highlighted in red as more informative criteria,
which offer valuable references for designing test strategies.

Considering the relevance, the T'P, remains at 1 (i.e., Point 2 underlined in the
bottom panel) for the regular LLM solution, as underlined, where Points 2 and 4 in
the middle-left panel convey similar information. In contrast, 7'F, stands as 2 in the
SimAC solution, reflecting SImAC’s capacity to generate more precise and informative
criteria, as highlighted in blue at the bottom.
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[ Case 2: G24 US8 ]

- :

User Story:

As a depositor, | want to deposit arbitrarily large files, so that | am not limited in what files | can and cannot deposit.

+

Regular Prompt

+

Role-based Prompt

Acceptance Criteria:

1. The user should be able to deposit arbitrarily large files, up to
a maximum size of 100MB.
2_The user should be able to deposit files of any type, including

Acceptance Criteria:

1. The user should be able to deposit arbitrarily large files.
2. The user should be able to deposit files of any type, including
text_images, audio, and video.

text, images, audio, and video.
3. The user should be able to deposit files that are already stored
on the platform, or files that are uploaded from a local device.

3. The user should be able to deposit files of any size, including
files that are larger than the maximum file size allowed by the
system.

4. The user should be able to deposit files that are stored in a
variety of formats, including text, images, audio, and video.

4. The user should be able to deposit files that are stored in
any location, including on the user's own device and on
external storage devices

5. The user should be able to deposit files that are stored in any
format, including files that are compressed or encrypted

Gold Standard

Acceptance Criteria:

1. The system should allow the depositor to upload files without size limitation

2. The system should support different formats of file upload.

3. The progress of the upload process and estimated remaining time should be displayed.

4. The depositor can upload multiple files in one time.

5. The depositor can select the files for uploading

6. The depositor can drag and drop the files for uploading

7. The upload process should be resumed if it is interrupted by network issues.

8. The system should be optimized for the performance of uploading and downloading large files.

N o

Fig. 5.8 Case 2: Generate acceptance criteria with the regular and role-based prompt
(G24 USB).

Finding 2: SimAC enhances the capacity of LLMs trained with constrained
parameters to generate more correct and informative details in GAC.
Additionally, SimAC slightly improves the completeness of the output.
Nonetheless, these improvements fall short of reaching a satisfactory level.

5.6.3 Case 3: Failures of SimAC

For some of the user stories, such as Case 3 presented in Figure 5.9, it is evident that
LLMs trained with more limited parameters do not exhibit any improvement even when
employing SIimAC. The goal specified in Case 3 is to integrate the user-centered design
into the recommendation.

In Case 3, no additional information is generated when introducing the role-based
prompt on OpenLLaMA-7B. One probable explanation is that the LLM lacks

110



5.7 Threats

project-specific knowledge, thereby impeding its ability to elaborate on particular
scenarios. In this case, the given user story includes vague descriptions, such as
“our recommendation”. This kind of description does not furnish sufficient contextual
information for LLMs to understand what type of recommendation should be integrated
with a user-centered design. Even utilizing SImAC, the LLMs remain unable to extract
additional relevant information from their knowledge base.

This limitation persists even when employing LLM trained with larger parameters,
such as OpenlLaMA-13B. No supplementary acceptance criteria are generated, as
presented in the middle-left portion in Figure 5.9. Although the incorporation of
SimAC into OpenLLaMA-13B yields a more informative outcome, no valuable or
pertinent information emerges. Among these solutions generated in this case, only one
basic criterion mentions platform access rights, which is in line with the gold standard.
This particular scenario underscores the diminished effectiveness of SimAC when it
is introduced to LLMs with less proficiency in understanding the context of the user
story.

When embedding SIimAC with text-davinci-003, the resulting US-AC for this case
is more reasonable. In the solution generated by the regular prompt, the US-AC places
emphasis on the report, a component not explicitly mentioned in the original user story.
However, with the introduction of the role-based prompt, the focus of the US-AC shifts
towards a demonstration of user-centered design for discussion, a theme more closely
aligned with the gold standard. As highlighted in red, experts suggest that these points
also offer valuable references for further discussion during sprint planning.

Finding 3: In scenarios where the provided user story offers an indistinct
depiction of the project context, the effectiveness of SImAC is diminished when

implemented on LLMs trained with fewer parameters.

5.7 Threats

Our results need to be considered in view of threats to validity. We follow [200] to

discuss the internal, external, conclusion, and construct validity of our study.

5.7.1 Internal Validity

Internal validity concerns the external factors that might affect dependent variables
[200], which may be due to individual factors in the proposed method. In the proposed
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Case 3: G11USa7

/

User Story:

+

Regular Prompt

Acceptance Criteria:

1 The user shoul I

the content design recommendations
through the content design platform
2. The user should be able to view
the recommendations in a clear and
easily accessible format

3. The recommendations should be
presented in a way thatis easy to
understand and follow.

{ LLM: OpenLLaMA-7B

As a content designer, | want to demanstrate the value of user-centered
content design to ensure it's an integral part of our recommendations.

+

Role-based Prompt

Ly,

Acceptance Criteria: /.
1. The user shoul I

the content design recommendations
through the content design platform
2. The user should be able to view.
the recommendations in a clear and
easiy accessile format

3. The recommendations shouid be
presented in a way that s easy to
understand and follow.

User Story:

+

Regular Prompt

3

Acceptance Criteria:
1. The user shoul v h
content design recommendations through the
content design platform

2. The user should be able to view the
recommendations in a clear and easily
accessible format

3. The recommendations should be presented
in a way that is easy to understand and follow.

As a content designer, | want to demonstrate the value of user-centered content design
to ensure its an integral part of our recommendations.

=N

+

Role-based Prompt
Acceptance Criteria:

1_The user shoul

content design information through the content
design platform.

2_Upon logging into the content design

platform, the user should see a clear and
prominently displayed section or page that
provides the current content design information.
3. The user should be able to view the content
design information for the current project as well
as for previous projects

4. The user should be able to view "Content
Design Status" and "Content Design Progress”
5. The content design information should be:
clearly labeled and identifiable to avoid
confusion with other information displayed on
the platform

6. The system display Error message if service.
not responding / imeout.

User Story:

+

3

Acceptance Criteria:
centered content design
tests, and surveys

approaches
4 The report should include

Regular Prompt

1. A comprehensive research report should be created that outines the value of user-
2. The report should include data from multple sources such as user interviews, usabilty

3_The report should include a comparison of user-centered content design to other design

for how d content design can

be incorporated into the product fecycle

5. The report should be presented to stakeholders in an effective and impactful way

As a content designer, | want to demonstrate the value of user-centered content design to ensure its an integral part of our recommendations

text-davinci-003

Acceptance Criteria:
L Content desigl L
ntent shoul igned t ibl

user needs and expectations,

Role-based Prompt

goals.
nd inclusive for al users
3. Content should be designed in a way that is easy to update and maintain.
4. Content should be designed to comply with applicable laws and regulations
5. Content should be designed to meetindustry best practices and standards
6. Content should be designed to be tested with a representative sample of users to ensure it meets

+

4

Gold Standard

Acceptance Criteria:
1. The content designer shouid be able to

ntent design

Other

mmates should be zble 10 vi

create, edit, and demonstrate the

\

3 The moification history of the content design should be fisted clearly.
4. The user-centered content design modules should be highlighted to match with the speicific recommendations,
5. Other teammates should be able to make comments on the content design.

6. The content designer can reply on the comments with or without updates on the design

7. The recommendations should include the value of the user-centerecd content design

8. The recommendations should include detailed steps for implementing the user-centered design

9. The recommendations should include the potential challenges in implementing the user-centered design

10. The recommendations should include the backup strategies for the implementation of the user-centered design

/

Fig. 5.9 Case 3: Generate acceptance criteria with the regular and role-based prompt
in different parameter sizes (G11 US37).

SimAC, a fixed set of examples is utilized, while different sets of examples may yield
diverse results. To mitigate the impact of these threats, we purposefully crafted some

examples for common projects demonstrated in online resources rather than relying
solely on the dataset D itself. This strategy minimizes the overlap of project contexts

between prompting examples and the testing dataset, thereby enhancing the resilience

of our proposed framework.

5.7.2 External Validity

External validity addresses the generalizability of the results [200]. The absence of
first-hand information about these projects leads to an inevitable deviation between
the gold standard crafted by our invited practitioners and the ground truths gained in
real-world applications. This gap is more evident in agile practices, which necessitates

more insights from the project environment [201]. To mitigate this threat, during
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the evaluation process and drafting of the gold standard, we involved practitioners
to familiarize themselves with the project background. Furthermore, we provided a
three-week window for evaluators to review results. To gain more convincing results,
one of the future research directions is to collaborate with industry projects and apply
our approach in a real-world context to obtain first-hand results.

Another threat arises from the limited experimented models in this study.
As mentioned in Section 2.5.1, encoder-only models are only suitable for text
understanding without text generation capability, while most encoder-decoder models
are in relatively small parameter sizes, such as CodeT5 [139] and UniXcoder [140],
leading their poor performance in training-free task adaptation. As such, we focus
on prevalent decoder-only models, including a series of GPT-3.5 and OpenLLaMA,
where the former is closed-source LLMs while the latter is open-source. Particularly,
we select OpenLLaMA-7B and OpenLLaMA-13B to make comparisons among LLMs
of the same family but different sizes. Besides, we select gpt-3.5-turbo and
text-davinci-003 to make comparisons among LLMs of similar parameter sizes but
diverse pre-training foundations. Hence, diverse LLMs are tested in the work, and we
believe such an approach can minimize the identified threat.

5.7.3 Conclusion Validity

Conclusion validity concerns the relationship between the proposed method and the
outcome [200]. We followed the various assumptions of the statistical tests when
analyzing the results. The ¢ — test combined with Cohen’s d was employed to assess
the statistical significance of improvements in each set of evaluation results, including
quality INVEST scoring and relevance measurement. In addition, the kappa score
was utilized to assess the inter-rater agreement, with only fair or above agreement
considered valid, reinforcing our analysis.

Another potential threat arises in the construction of the gold standard, which is
intended to serve as a benchmark for evaluation. However, it may involve subjective
elements. The possibility of presenting an alternative gold standard may change the
results [36]. To mitigate bias, practitioners were invited to collaboratively construct the
gold standard and engage in discussions to reach an agreement on its contents. During
the evaluation process, two researchers meticulously compared the results with the gold
standard. In cases where ambiguity arose, practitioners were involved in discussions
to reach a consensus on the final decision. These threats are partially mitigated by

practitioner engagement, but they still exist.
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5.7.4 Construct Validity

Construct validity primarily concerns the relationships between theory and
observations, and these threats are mainly due to the methods employed to evaluate
task outcomes [200, 36], which poses three potential threats in our study. In this study,
we examined if SIMAC improves LLMs’ capability in GAC. The dataset selection in
the evaluation may affect the results. To mitigate the threat, we selected three projects
that are easy to understand and cover different domains. As presented in Section 5.4.2,
these three projects offer representative examples encompassing diverse levels of user
story complexity for the purposes of our experimental evaluations.

The property of evaluation metrics presents another significant threat. To the best of
our knowledge, there is no widely acknowledged metric designed specifically to assess
the quality of US-AC. INVEST mnemonic is widely recognized as a guiding principle
for crafting high-quality product backlog items [34, 75, 190, 202]. Considering the
significant relevance of the user story and acceptance criteria [29] and following
[192] to score INVEST on agile requirement quality, we employ INVEST scoring to
evaluate the quality of the auto-generated US-AC. Furthermore, we invited experienced
practitioners to make a more accurate assessment of the completeness and validity of
auto-generated US-AC. This serves as a remedy for a series of potential problems
caused by using the INVEST metric. Therefore, we contend that our evaluation
approach is comprehensive.

Another potential threat arises from the evaluation sequence. This sequence
may introduce bias into the evaluation process, as perceptions of outputs might be
influenced by the order in which they are observed. To mitigate this bias, we offer a
three-week evaluation window to the evaluators, enabling them to review their scoring
based on a comprehensive understanding of the project background and outputs.
Furthermore, to alleviate their workload and improve focus, we divided the evaluations
into four groups, ensuring that each evaluator was assigned to fewer than two groups.

5.8 Summary

In this study, we propose the SImAC framework incorporated with the role-based
prompt to streamline the iterative discussions in GAC, aiming to reduce human
effort in agile RE. To evaluate the effectiveness of SImAC, we applied it to GPT-3.5
and OpenLLaMA models to conduct empirical studies. To gain in-depth insights
from SE and RE communities, we invited eight agile practitioners to participate
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in the evaluation process. The evaluation leverages INVEST metrics to assess
the quality of auto-generated US-AC, particularly focusing on their quality across
various attributes. The findings indicate that US-AC generated by SimAC with
the gpt-3.5-turbo model the gpt-3.5-turbo model achieve 60.60% completeness and
51.29% validity, representing significant improvements of 29.48% and 15.56%,
respectively.  Additionally, through an in-depth examination of specific cases,
practitioners emphasized the refined US-AC as a valuable reference for subsequent user
story elaboration. This study lays the groundwork for further exploration of automation

in agile RE.

Implications for Practitioners An increasing number of practitioners express
interest in leveraging LLMs to aid in complex tasks. Although LLMs like the GPT-3.5
series exhibit acceptable outputs, our experimental findings indicate that they tend to
yield less relevant results compared to those crafted by humans. SimAC effectively
enhances LLM performance, producing higher-quality and more pertinent outcomes.
Despite the potential risk of automating this task leading to team members having
a limited understanding of requirements, generating high-quality acceptance criteria
at the initial stage establishes a robust foundation for subsequent refinement, thereby
promoting more effective collaboration.

Implications for Researchers This study represents the first empirical investigation
into the capabilities and limitations of recent LLMs in the automated generation of
acceptance criteria. Subsequently, insightful case studies were conducted to highlight
successes and shortcomings, offering potential avenues for further enhancement.
Researchers are encouraged to devise more effective methods to harness the potential of
LLMs. While the prompts meticulously crafted at each phase of the SImAC framework
have been optimized, the possibility remains that alternative prompt designs may offer
superior efficacy. Hence, we call for researchers to delve deeper into prompt design

based on SimAC, thereby propelling automation in agile RE forward.
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Appendix 5.A Guidance of Questionnaire

5.A.1 Background Introduction

Questionnaire for the effectiveness of different models in the task of generating
acceptance criteria to elaborate the given user stories. The User Story associated with
Acceptance Criteria is marked as "US-AC”.

Please score each US-AC by the five attributes of INVEST evaluation criteria. The
score of each attribute is 0 to 4.

» 0 =US-AC fulfilled the X attribute poorly.

* 1 =US-AC fulfilled the X attribute unsatisfactorily.

» 2 =US-AC fulfilled the X attribute to some extent.

* 3 =US-AC fulfilled the X attribute satisfactorily.

* 4 = US-AC fulfilled the X attribute very satisfactorily.
INVEST evaluation attributes:

 Attribute 1 (Independent): The US-AC should be as independent as possible. It
can be worked on in any order. It allows for true prioritization of each and every

story.

 Attribute 2 (Negotiable): The US-AC is not an explicit contract and should
leave space for discussion. It can be rewritten, depending on business, market,
technical, or any other type of requirement by team members.

* Attribute 3 (Valuable): The US-AC must deliver value to the stakeholders.

* Attribute 4 (Estimable): The US-AC should be estimable. It is well enough
understood by team members to be able to determine its relative size (in
development and cost).

* Attribute 5 (Small): The US-AC should not be so big as to become impossible
to plan/task/prioritize within a level of accuracy.

* Attribute 6 (Testable): The US-AC must provide the necessary information to
make test development possible.
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The generations for different models are randomly ordered.
And US-ACs are randomly picked from 3 projects (e.g., gl1, g24, g28). Brief
description of three projects:

» gl1 - New version of the NSF website: redesign and content discovery.
+ 224 - Institutional data repository for the University of Bath.

» 28 - Citizen science platform that allows anyone to help in research tasks.

5.A.2 Actions

Please fill in the Tab Scores (Columns D to H) in ScoreSheets.xIsx.
* Column ”Group No.” - The number of projects.
* Column US No.” - The number of given user stories.
* Column ”Model #” - The model number of the generated acceptance criteria.
* Column ”Independent” - The score of Independent. (0 to 4)
» Column “Negotiable” - The score of Negotiable. (0 to 4)
* Column “Valuable” - The score of Valuable. (0 to 4)
* Column ”Estimable” - The score of Estimable. (0 to 4)
* Column ”Small” - The score of Small. (0 to 4)
* Column "Testable” - The score of Testable. (0 to 4)

Please fill in the Tab Information (Column B) in ScoreSheets.xlsx. Column A -
Description of your information. Column B - Details of your information.

Appendix 5.B Sample of Evaluation on US-AC

User Story

As an NSF employee, [ want to have editorial-planning recommendations so that I

can understand how they might impact an eventual CMS / future web presence.
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Acceptance Criteria: (generated from Model #1)

(1) The editorial-planning tool should be available to employees with access to the

current CMS or future web presence.

(2) The tool should provide recommendations for content that is likely to attract the

most traffic or engagement.
(3) The recommendations should be based on data insights and analysis.

(4) The tool should be user-friendly and intuitive, enabling employees to easily input

editorial content and receive recommendations.

(5) Recommendations should include keywords or search terms that are likely to
generate traffic.

Acceptance Criteria: (generated from Model #2)

(1) The editorial planning recommendations should be based on data-driven
analysis, not just assumptions or opinions.

(2) The CMS should provide a dashboard or interface for displaying the editorial
planning recommendations for easy access for NSF employees.

(3) The editorial planning recommendations should be displayed in an
easytounderstand format that presents the relevant information and makes
the recommendations actionable.

(4) The recommendations should address any potential SEO considerations.
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Chapter 6

CoTUML: Requirement Analysis in
Agile RE

6.1 Introduction

During the modeling phase of agile RE, refined user stories can be translated
into more intricate and specific specifications [36]. A valuable strategy for this
refinement process involves deriving conceptual models, such as UML diagrams
[35]. However, the derivation of conceptual models, particularly class diagrams, from
user stories demands substantial manual effort. Ferrari et al. [117] investigated the
effectiveness of ChatGPT in generating UML diagrams and sequence diagrams based
on natural language requirements. Their findings indicate that enhancing ChatGPT
with additional contextual cues and domain-specific knowledge shows potential for
improving its capability in model generation. This chapter explores the possibility of
automating this task by leveraging LLMs and a tailored prompting technique known
as CoT.

The fundamental motivation behind this research is to establish an automated
approach that utilizes LLMs to generate class diagrams directly from user stories. This
transition towards automation holds promising potential for reducing human effort
while providing a valuable reference for requirement analysis. Therefore, we have
developed a three-phase CoT prompting incorporated with the LLM approach, namely
CoTUML, for automating the derivation of class diagrams.

CoTUML involves three key phases in its reasoning steps: class identification,
attribute identification, and relationship identification. These user stories sourced
from [36] are utilized as input for the derivation process, and the resultant outputs
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are formatted to demonstrate identified classes, attributes, and relationships. These
generated outputs serve as a reference for the subsequent construction of the class
diagram. This analysis covered both quantitative and qualitative aspects to evaluate
the effectiveness and accuracy of the LLM-based approach.

To gain a comprehensive understanding of LLM-based techniques and assess the
efficacy of our designed CoT prompting in the process of deriving class diagrams, we
have formulated the following RQs for investigation.

RQI. How are different prompting techniques performed in deriving class
diagrams from user stories? This RQ examines the performance of CoT
prompting in deriving class diagrams compared to other prompting techniques.
To address this, regular prompting methods (e.g., zero-shot and few-shot
prompting) are applied to the LLM for evaluation.

RQ2. What effective of different settings in CoT prompting can impact the
performance of deriving class diagrams? CoTUML integrates different
settings (i.e., a diverse set of examples and different interactive inputs) to
initialize the LLM for deriving the class diagram. In this RQ, we aim to identify
the specific contributions of these individual settings.

RQ3. What is the performance of CoT prompting in distinct cases? The process
of deriving class diagrams involves three distinct steps. This RQ seeks to
evaluate the effectiveness of CoTUML in each of these individual steps.

To address RQ1 and RQ2, we conducted experiments on a small dataset for
preliminary study. Subsequently, an extensive qualitative analysis of the experimental
results was undertaken to address RQ3.

The results demonstrate that LLM-based approaches, particularly when combined
with well-crafted few-shot prompts, outperform guided human extraction in identifying
classes from user stories. The CoTUML further improves the comprehensiveness
of relationship identification. However, we also identified areas of suboptimal
performance through qualitative analysis.

This study delves into the reasons behind the identified shortcomings in the
LLM-based approach and discusses potential avenues for improvement. The insights
gained from this analysis provide valuable guidance for further research in automating
the derivation of conceptual models from user stories. The proposed CoT prompting
technique offers a promising pathway to automate the derivation of class diagrams in
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agile projects, reducing the reliance on manual effort. Our study contributes valuable
insights and directions for future research in this field.

This study [203] was accepted by the 2024 IEEE 48th Annual Computers,
Software, and Applications Conference (COMPSAC 2024). The rest of the chapter is
organized as follows. Section 6.2 introduces the CoTUML proposed in our study, and
Section 6.3 demonstrates the experiment design settings. Section 6.4 showcases the
preliminary quantitative results. Furthermore, we provide a comprehensive discussion
on Section 6.5. In Section 6.6, the threats of our study are reviewed. Finally,

Section 6.7 concludes our study.

6.2 CoTUML

In this section, we introduce CoTUML, which guides the LLMs in generating
intermediate reasoning steps for class diagram construction. CoTUML focuses on
class identification, attribute identification, and relationship identification as the key
components of this process. By delineating these intermediate steps, CoTUML
provides a structured approach to automate the derivation of class diagrams from user
stories. The CoOTUML framework is implemented through a three-step CoT prompting

process, which includes components of context, examples, and instructions.

6.2.1 Steps of Class Diagram Derivation

In accordance with the guidelines presented in [36], we characterize the output of the
LLM-based class diagram as triplet format, consisting of three components: class,
attribute, and relationship. Each component represents a description that corresponds
to the respective element in a finalized class diagram. In earlier work [204, 89, 205, 36],
the results show that a systematic deviation process can generate higher-quality models.
In a typical human-driven process for class diagram derivation, three identification
phases are involved [206, 207, 36]. These phases, depicted in Figure 6.1, entail the
initial identification of classes from the given requirements. Subsequently, based on the
identified classes, associated attributes are extracted. Lastly, the relationships between

classes are defined to culminate in a comprehensive class diagram.
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' Class A . ' Class A :" Class A

' i t | + field: type i L | + field: type i

Class B : Class B : Class B

, Class E E Attribute E ! Relationship E
Identification ! Identification . Identification /

Fig. 6.1 Phases in class diagram derivation.

6.2.2 CoT Prompting

Based on practical observations and aligned with the human extraction guidelines
proposed in [36], we introduce a tailored CoT prompting technique for deriving class
diagrams from user stories. This prompting technique encompasses three components:

context, CoT examples, and instruction message, as illustrated in Figure 6.2.
Context

User Story:
As a <role>, | want to <goal>, so that

<reason>
EallE
Class |dentification: ...

Attribute Identification: ...
Relationship Identificaiton: ...

Examples N

Class: ClassA; ClassB
Attribute: ClassA(AttA, AttB); ClassB(NA)
Relationship: ClassA-ClassB(Relationship)

<Input> —> <CoT> 't <Output>

Instruction

Fig. 6.2 Structure of CoTUML: three-step CoT promptings in class diagram derivation.

122



6.2 CoTUML

Context

The context component of the CoT prompting provides the necessary information and
background for the LLMs to understand the task at hand, including the user stories
and any additional context relevant to the class diagram derivation. It adheres to
the recommended prompting practices outlined by OpenAl!, incorporating contextual
information within the prompt to guide the LLM’s behavior and the expected output
format.

Noteworthy, the class diagram produced by LLM is at the conceptual level rather
than the implementation level. Typically, the conceptual class diagram poses greater
challenges in derivation, particularly when the development team lacks familiarity
with the problem domain. Hence, the focus of our study is on providing a high-level
description of the models rather than delving into low-level intricacies. The resulting
output serves as a compass for subsequent stages of code generation or more exhaustive
detailed design endeavors.

Additionally, CoTUML stipulates the use of commas to separate attributes
associated with the same class. The presence of a relationship between classes is
denoted by a hyphen, and the relationship itself is encapsulated within brackets. These
conventions help to structure the output and provide a clear representation of the class
diagram elements.

By adhering to these guidelines and incorporating them into CoTUML, we aim to
guide the LLMs in generating class diagrams that are concise and understandable and
serve as a valuable reference for further development and design activities.

CoT Examples

The CoT prompting consists of intermediate reasoning steps that provide examples that
demonstrate the thought process involved in deriving class diagrams. These examples
serve as guidance for the LLMs in generating coherent CoT and reasoning. Within the
prompting framework, the CoT steps are seamlessly integrated into illustrative prompt
examples. Each example is composed of three segments: (input), (CoT), and (output).

* (input) corresponds to the requirement input formatted as a user story. It provides
the initial context for the LLMs to understand the specific task.

* (CoT) aligns with the three steps involved in class derivation: class

identification, attribute identification, and relationship identification. It

Thttps://help.openai.com/en/articles/6654000-best-practices-for-prompt-engineering-with-openai-api
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encompasses the distinct reasoning steps and instructions for each of these
identification steps.

* (output) represents the anticipated output from the LLM. It encapsulates the
outcomes of the three identification components and provides an example of
the desired class, attribute, and relationship descriptions.

An illustrative instance of the CoT prompting is depicted in Figure 6.3, showcasing
how the CoT examples are combined into three steps of the class diagram derivation
process to guide the LLM. The description of the user story is “As an archivist, I want
to link electronic versions of researchers’ publications to citations so that I can share

them with other researchers”.

Class Identification The initial phase in deriving a class diagram from natural
language requirements involves the identification of classes. In the illustrative CoT
examples, special attention is given to the designation of a (role) as the actor in the user
story. Following the human extraction guideline [36], the instructional CoT directs the
LLM to assess whether the actor engages in operations on the system. If the actor is
involved in system operations, it is designated as a class.

The process of class identification primarily entails discerning the primary entity
from the user stories. This is typically done by identifying nouns explicitly mentioned
within the narratives. These nouns represent the predominant entities within the
domain and are often indicative of potential classes.

In the illustrated example delineated in Figure 6.3, the Archivist lacks any
operations on the system, suggesting that the Archivist does not constitute a class but
rather functions solely as an actor.

By emphasizing the identification of roles and recognizing nouns as key entities, the
CoT example guides the LLM in identifying classes from user stories. This systematic
approach helps to ensure that the relevant entities are captured and considered for

further analysis and construction of the class diagram.

Attribute Identification The succeeding phase in class diagram derivation involves
the identification of attributes associated with the entities. In this phase, the CoT
comprises background messages and logical reasoning steps. Initially, it introduces the
classes identified in the preceding step. Subsequently, the example guides the LLM in
determining the attribute-related indicator associated with the identified class.
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In the process of attribute identification, the attribute-related indicator is typically
articulated as a noun containing less intricate information. Another prevalent scenario
involves a noun signifying a status, denoting that the primary entity possesses such a
status. In such instances, the noun indicative of the status should be recognized as the
attribute of the primary entity.

As exemplified in Figure 6.3, the term electric version imparts information
pertaining to the status. Consequently, per this CoT, isElectric is identified as an

attribute associated with the class Publication.

Relationship Identification The final phase in the process of deriving the class
diagram involves the identification of relationships among entities, with certain verbs
playing a contributory role in defining these relationships. Consistently, we initiate the
process by introducing background messages. Building upon the identified classes, the
prompting message guides the LLM in discerning messages indicating the connection
between the two classes. In the examples of CoT prompting, two frequently utilized
relationships, namely association and generalization, are presented.

In the example presented in Figure 6.3, the verb /ink serves to articulate the
association between Publication and Citation, thereby indicating a relationship
between these two classes. Another example provided in the prompt introduces a
user story as follows: “As an archivist, I want to manage documentation, including
preservation photos, forms, and correspondence so that I can find it easily later.” In
this context, the verb include signifies a stronger parent-child relationship, implying a

generalization relationship.

Instruction

Following the prescribed steps within the CoT framework, the prompt incorporates
instructions directing the LLM to generate an output that enumerates three essential

components of the class diagram: class, attribute, and relationship.

6.2.3 Implementation

Our proposed CoTUML is a prompting technique designed for the derivation of class
diagrams from user stories, and it is not contingent on specific LLM. In this study, we
adopt the ChatGPT API, denoted as gpt-3.5-turbo, as the default LLM. The provided
prompting examples are input into GPT through both the user and assistant roles in the
API call.
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{ User Story

As an archivist,
| want to link electronic versions of researchers' publications to citations,
so that | can share them with other researchers.

J N

/L Chain of Thought ]

Class Identification ]
J ™
In this user story, archivist has no system operation. Therefore, .
o - - > Actor has system operation?
archivist is not a class in this user story.
|Pub|ication and Citation are two primary entities in this domain. } > Primary entity in domain?
Therefore, the classes in this user story should be Citation and Claases
\Publication. /
/{Attribute Identification] l
J A
|The classes identified in above step are Publication and Citation. } Classes identified
|The user story mentions the publication has electronic version. I ﬁ\r':tkr;bdu:g ;elce:;e;:;ndlcator
|Therefore, isElectronic is an attribute linked to class Publication. } > Attributes
~/
Relationship Identification ] l
J ™
|The classes identified in above step are Publication and Citation. I Cl identified
|The user story mentions the publication can link to citation. } > Linkage between two classes?
Therefore, association relationship is identified between Publication Relationships
and Citation.

Q )
]

Class Diagram DescriptionJ [] background

Class: Publication; Citation
Attribute: Publication(isElectronic); Citation(NA)
Relationship: Publication-Citation(Association) [] conclusion

[] reasoning steps

Fig. 6.3 An example of CoT prompting in three steps of class diagram derivation.

6.3 Experiment

6.3.1 Dataset

Following case studies conducted in [205, 36], we select the two projects from
user stories collected in [33] to conduct preliminary case studies on evaluating our
proposed framework. Project Data Hub (DH) consists of 20 user stories delineating
the functionalities of a web interface designed to collect, organize, share, and search
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for datasets. Meanwhile, Project Planning Poker (PP) encompasses 22 user stories
outlining the requirements for the initial iteration of the planningpoker.com website.

6.3.2 Comparison Baselines

To assess the effectiveness of our approach, we select three mainstream prompting
techniques as baselines.

» Zero-shot Prompting directly feeds context and instruction to the LLM without

examples.

* Few-shot Prompting introduce some examples with (input) and (output) pairs
fed into the LLM to assist with generating the three components of the class
diagram.

* CoT Prompting is a variant of few-shot prompting [40]. It exemplified the
reasoning steps (CoT) together with the (output) as presented in Figure 6.2.

6.3.3 Settings

To answer RQ2, we designed comprehensive experiments to evaluate the effectiveness
of different settings introduced to CoT prompting.

Prompting Interactions In the provided prompting examples, exemplified by
one as depicted in Figure 6.3, the CoT incorporates distinct cognitive steps. To
investigate the variances arising from presenting the prompt in a single step versus
segregating the examples step-by-step, we formulated two modes of prompting
interaction as inputs. Figure 6.4 illustrates the two interactive inputs utilized
in our experimental design. In the one-step prompting approach, as presented
in Figure 6.4a, each example encapsulates all three CoT steps before generating
the output. Conversely, in the multiple-step prompting approach as presented in
Figure 6.4b, each example encompasses three iterations of the interaction. Within
each iteration, there are components for (input), (CoT), and (output). The (CoT) and
(output) are encapsulated in separate components, distinctly delineating class (cls),
attribute (att), and relationship (7/s).

Number of Examples The CoT technique, a variant of few-shot prompting [40],
is susceptible to the influence of the number of examples provided [208]. Based
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LLM
system. <context>
user: <input_1>
assistant: <CoT_rls_1>
+ <output_rls_1>

user: <input_2>}
assistant:<CoT_rls_2> +
<output_rls_2>

user: <instruction>

Relationship

Class
Attribute
Relationship

system: <context>
user: <input_1>
assistant: <CoT_att_1>
+ <output_att_1>

user: <input_2>}
assistant:<CoT_att_2> +
<output_att 2>

system: <context>
user: <input_1>
assistant: <CoT_cls_1>
+ <output_cls_1>

user: <input_2>}
assistant:<CoT_cls_2> +
<output_cls_2>

system: <context>
user: <input_1>
assistant: <CoT_1> +
<output_1>

user: <input_2>}
assistant:<CoT_2> +
<output_2>

user: <instruction>

CoT_att
Attribute

user: <instruction>

user: <instruction>

Class
Attribute
Relationship

(a) One-step (b) Multiple-step

Fig. 6.4 Interactive input in the CoT prompting, exampled in gpt-3.5-turbo.

on such an assumption, we have formulated distinct example templates as inputs,
taking into account token constraints. The initial template encompasses a total of
5 examples distributed across 3 scenarios for class identification, 2 scenarios for
attribute identification, and 2 scenarios for relationship identification. Subsequently,
the second template comprises 6 examples, introducing an additional instance with an
extra scenario specifically focused on attribute identification.

6.3.4 Evaluation
Metrics

The two most frequent variables, taken from conceptual modeling research [209, 204],

used for measuring conceptual models are validity and completeness.

Validity True positive (7' P) signifies the number of instances present in the solution
generated by the LLM that also aligns with the instances in the gold standard.
Conversely, false positive (F'P) denotes the count of instances in the LLM-generated
solution that do not correspond to instances within the gold standard solution. The
metric validity (val) is defined as the ratio of 7' P to the total instances in the LLM-based

solution (T'P + F'P). In information retrieval terms, validity equates to precision.

TP

S T 6.1
TP+ |FP| 6.1

val =
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Completeness The term false negative (F' V) denotes the count of instances that exist
in the gold standard but cannot be identified in LLM-generated output. The metric
completeness (com) is defined as the ratio between TP and the number of instances in
the gold standard (TP + F'N). In information retrieval terms, completeness equates
to recall.
TP
com = TP+ |FN| (6.2)
Given that the identification of attributes and relationships is contingent upon the
prior identification of connected class entities, we adopted an adjusted version of
validity and completeness introduced in [205, 36]. The adjusted version calculates
the validity and completeness metrics specifically in relation to those attributes and
relationships within the gold standard that pertain to identified class entities.

Human Evaluation

We invited some experienced architecture designers and requirement engineers to
critically assess the gold standard solutions obtained from [36]. Our authors conducted
a comparative analysis, systematically contrasting outputs generated by our proposed
LLM-based technique with the established gold standard. Varied depictions of
classes, attributes, and their interrelationships were subjected to deliberation among
experienced practitioners and our research team to inform the ultimate determination.
The evaluation sought to ascertain the validity and comprehensiveness of the class

diagrams produced through the LLM-based methodology.

6.4 Results

In this section, we present the quantitative analysis of the experiment results. The
results are calculated and compared against a gold standard for evaluation.

6.4.1 RQI1: Performance of LLM-based Approaches

In response to RQ1, we present the adjusted completeness and validity of the
class diagram components derived from different prompting techniques compared
to two forms of human extraction outcomes as documented in [36]: 1) Guided
Derivation, involving evaluation of class diagrams formulated by students following

example-based guidelines; 2) Unguided Derivation, where students developed class
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diagrams without additional directives. Comparative results for Project PP and Project
DH are presented in Table 6.1 and 6.2, respectively.

In terms of class identification, the prompting techniques show higher
completeness compared to guided and unguided manual derivation in both two
projects. However, for attribute identification, the prompting-based techniques do
not perform as well as human extraction in Project PP. In some cases, few-shot
and CoT prompting techniques yield a higher count of completed attributes than the
output from guided human extraction in Project DH. Similarly, regarding relationship
identification, the prompting LLM method does not generate satisfactory results in
Project PP, but the few-shot prompting and CoT prompting techniques improve the
performance. In Project DH, these techniques achieve better completeness than human
extraction.

Upon comparing the three prompting techniques, it is evident that CoT prompting
attains the highest level of completeness across all three subtasks (i.e., class, attribute,
and relationship identification) in the two projects. In terms of validity, the CoT
technique demonstrates superior performance overall in both projects, with the
exception of class identification in Project DH.

Table 6.1 Completeness and validity on PP

Approaches Cls Att Rel
val com val com val com
Zero-shot Prompting 0.75 0.67 0.33 0.50 0.20 0.11
Few-shot Prompting 0.75 0.67 0.40 0.50 0.75 0.38
CoT Prompting (CoTUML) 0.78 0.78 1.00 0.50 1.00 0.40
Guided Derivation 0.78 0.53 0.6 0.49 0.59 0.57
Unguided Derivation 0.74 0.57 0.53 0.51 0.56 0.59

bold - best performance in prompting techniques
grey - better performance than human extraction

6.4.2 RQ2: Effective Settings in CoTUML

To address RQ2, we present the results of different settings applied to CoTUML by
project, as demonstrated in Table 6.3 and 6.4.

Concerning Project PP, the outcomes derived from one-step and multi-step
interactive inputs exhibit similarity. Notably, the one-step input demonstrates superior
performance, especially in the completeness of relationship identification. In the
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Table 6.2 Completeness and validity on DH

Approaches Cls Att Rel
val com val com val com
Zero-shot Prompting 0.75 0.60 0.17 0.17 0.30 0.27
Few-shot Prompting 0.67 0.67 0.50 0.33 0.60 0.40
CoT Prompting (CoTUML) 0.65 0.73 0.50 0.33 0.75 0.50
Guided Derivation 0.67 0.37 0.58 0.31 0.50 0.36
Unguided Derivation 0.62 0.36 0.44 0.29 0.37 0.33

bold - best performance in prompting techniques
grey - better performance than human extraction

context of Project DH, the one-step input yields greater completeness in both class and
attribute identification, with no discernible difference in the sub-task of relationship
identification. Overall, the one-step input proves to enhance completeness in the

overall class diagram derivation process.

Table 6.3 Effectiveness of prompting interaction

Project Interaction Cls Att Rel
val com val com val com
PP One 0.78 0.78 1.00 0.50 1.00 0.40
Multiple 0.71 0.78 1.00 0.50 1.00 0.29
DH One 0.65 0.73 0.50 0.33 0.75 0.50
Multiple 0.63 0.33 0.33 0.17 0.60 0.50

bold - better completeness in different interactive input mode

Concerning the augmentation of examples to encompass a broader range of
scenarios in attribute identification, there is an observed improvement in completeness
for class identification in both two projects. However, this augmentation does not
yield a comparable improvement in the completeness of attribute and relationship
identifications when applied to Project PP. Conversely, in Project DH, the introduction
of examples covering more scenarios enhances the capacity to identify attributes and

relationships.
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Table 6.4 Effectiveness of number of examples

Project  Ex. Scn. Cls Att Rel
val com val com val com
PP 5 3/2/2 0.83 0.56 1.00 0.50 1.00 0.40
6 3/3/2 0.78 0.78 1.00 0.50 1.00 0.40
DH 5 3/2/2 0.59 0.67 0.50 0.17 0.83 0.42
6 3/3/2 0.65 0.73 0.50 0.33 0.75 0.50

bold - better completeness in prompting with different examples
Ex. - Number of examples Scn. - Number of covered scenarios

6.5 Case Studies

To address RQ3, we conducted case studies on three sub-tasks to provide in-depth
qualitative analysis and evaluate the performance of regular prompting and CoT
prompting in class diagram derivation.

Given the potential variance in outputs produced by the LLM, each prompting
technique was iteratively applied in each project, undergoing five iterations. We
summarized the partially identified, erroneously identified, and unidentified instances
observed from five iterations. The results for two projects are presented in
Tables 6.5, 6.6, and 6.7. The comprehensive review of these instances on a
case-by-case basis was undertaken by two of our authors and the invited practitioners,
with a subsequent analysis of potential causes. The analysis process was then discussed

among all authors to reach an overall agreement on the assumptions made.

6.5.1 Case Study on Class Identification

Table 6.5 presents summarization-related entities that are ascertainable through the
CoT prompting yet remain elusive via both few-shot and zero-shot prompting
approaches. Figure 6.5 illustrates the intricate details of a user story and its
corresponding output. Within this user story, the original requirement specifies two
distinct policy types. This particular information is overlooked by the LLM when
utilizing few-shot and zero-shot prompting techniques. In CoT prompting, the output
elucidates the reasoning steps that encapsulate the summarization of the two distinct
policies inherent in the requirement, denoting them as classes EstimatePolicyl and
EstimatePolicy2. This observation aligns with the findings of human extraction

reported in [36], where policies were identified to a very limited extent even with
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guidelines, primarily due to their absence in explicit terms within user stories and their

singular occurrence.

Table 6.5 Partial identified and unidentified classes

Project Partial Identified Unidentified
PP Round; EstimatePolicy1; EstimatePolicy?2 EstimationPolicy
DH Tag ; PublishedDataPackage; Example SiteDeployment

Red - only identified in solutions generated by CoT prompting
Blue - identified in solutions generated by zero and few-shot prompting, but not CoT prompting

'l User Story ',
As a moderator, | want to select whether to have the estimators estimate with {0, 1/2, 1, 2, 3, 5, 8, eic} or
{0, 1, 2, 4, 8, 16, 32, etc.} policies.

+
i
'l Prompting ',
‘ Zero-shot CoT | Few-shot ‘
¥ v . Y o v
' Fa— | { chain of Thoughts: - F— |
Moder-ator In this user SIOW: moderator is a class. It is an eniity that Moder-ator
_ - performs system operations. _ -

The different policies are two primary entities in this
domain.

Therefore, the classes in this user story should be
Moderator, EstimatePolicy1, and EstimatePolicy2.

Class:

Moderator;
EstimatePolicy1;
\_EstimatePolicy2

Fig. 6.5 Case study on class identification (PP).

Finding 1: The technique of CoT prompting has been developed to incorporate
logical reasoning steps in order to improve proficiency in identifying classes
associated with summarization. This aspect is often neglected by the LLM when

employing regular prompting techniques.

Reviewing the unidentified classes outlined in Table 6.5 across different
prompting techniques, class EstimationPolicy serves as an overarching category
encompassing classes EstimatePolicyl and EstimatePolicy2, demanding a more
nuanced summarization of knowledge, posing challenges for accurate identification

by LLM. Similarly, SiteDeployment involves the aggregation of deployment behaviors
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derived from user stories, necessitating the introduction of domain knowledge for
proper identification. Notably, these classes were also identified to a restricted extent
through human extraction, as documented in [36].

Finding 2: The current prompting methodologies utilized in the LLM
demonstrate a limitation in their capacity to effectively perform aggregation

summarization.

6.5.2 Case Study on Attribute Identification

Table 6.6 presents the erroneously identified attributes on the two projects. In Project
DH, the description-related attributes are easily identified as classes. However, such
entities contain less information, which is better to be set as attributes to reduce the
complexity of the class diagram.

Figure 6.6 illustrates an instance where attributes are incorrectly identified as
classes. The CoT generated in this case reveals that the LLM initially misidentified
classes in the first step and subsequently, based on this erroneous identification,
inaccurately identified the attributes. Despite providing examples specifically tailored
to description-related scenarios in our prompting, the LLM appears unable to assimilate

the information within the current prompting design.

Table 6.6 Unidentified and erroneously identified attributes

Project Erroneously Identified Unidentified

PP N/A Item (isEstimated); Estimate (isAgreedUpon)

DH DataPackage (descriptor, resource, PublishedDataPackage (isSharedPublicly)
isValidate)

Finding 3: LLM-based approaches have a tendency to misidentify information
categorized under the description type as classes instead of attributes, leading to

erroneous classification.

Reviewing both projects, attributes were identified to a limited extent. As presented
in Table 6.6, a predominant portion of the unidentifiable attributes is associated with
those related to status (e.g., isEstimated, and isSharedPublicly) in both PP and DH
projects. Despite the explicit mention of a singular type of status in the user stories, the

LLM encounters difficulties in comprehending that this status could be identified as an
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User Story

As a Consumer, | want to download the data package in one file, so that | don't have to download descriptor and each
resource by hand.
+
Prompting \
Zero-shot CoT Few-shot ‘
| | |
Attribute: Chain of Thoughts: Attribute:
Consumer(NA) Step 1: In this user story, Consumer is a class derived from the Consumer(NA);
) user story. Data Package, Descriptor, and Resource are the DataPackage(NA);
primary entities in this domain. Therefore, the classes in this user Descriptor(NA);
story should be Consumer, DataPackage, X Resource(NA)

Step 2: The classes identified in above step are Consumer,
DataPackage, Descriptor. and Resource. In this user story, no
particular atiributes are mentioned for Consumer, DataPackage,
Descriptor, or Resource.

Attributes:
Consumer{NA);
DataPackage(NA);
Descriptor(NA);
Resource(NA)

Fig. 6.6 Case study on attribute identification (PP).

attribute signifying various states or conditions. Even in the proposed CoT examples,
where specific instances were introduced to guide the LLM in determining whether the

entity possesses different statuses, such information is still overlooked.

Finding 4: When employing LLM-based approaches, the description related
to the status can often be easily overlooked during the process of attribute
identification.

6.5.3 Case Study on Relationship Identification

Table 6.7 provides details on relationships that are either undefined or erroneously
identified in both project PP and DH. Examining the relationship identification within
project PP, it is noteworthy that the validity is closely approximating 1, indicating that
a substantial majority of the identified relationships are accurate.

In Project DH, within user stories related to the identified classes of Consumer
and Publisher, some of them mention that Consumer can operate on the profile data
of Publisher. In the gold standard, the Consumer and Publisher are intended to
operate through the class Account. Such an operational association is latent within

the messaging and lacks overt noun references in the user story, contributing to an

135



Chapter 6. CoTUML: Requirement Analysis in Agile RE

erroneous identification. In the LLM-based approaches, the association is directly
linked between the Consumer and the Publisher.

Table 6.7 Unidentified and erroneously identified relationships

Project Erroneously Identified Unidentified

PP N/A Game-EstimatorPolicy (Association)

DH Publisher-Consumer (Association)  Account-Consumer (Association);
DataPackage-PublishedDataPackage
(Inheritance)

Finding S: The interpretation of associations between classes, particularly in
situations where explicit noun references for intermediate operations are not
provided, as indicated in the user story, can result in misinterpretation when
employing LL.M-based methods for relationship identification.

User Story

As a Publisher, | want to see real examples of published packages so that | can understand how useful and simple the data package is. ‘

+

Prompting ‘

Zero-shot CoT Few-shot
| T ) r
—i— (" Chain of Thoughts: \ : . |
Relationship: Step 1: In this user story, Publisher is a class who wants to see real examples of Relationship:
NA published packages. The user story mentions "published packages”, which can be NA
: considered as a primary entity in this domain. Therefore, the class in this user story

should be Publisher and|PublishedPackage.

Step 2: The classes identified in above step are Publisher and PublishedPackage. In
this user story, no specific atiributes are mentioned.

Step 3: The classes identified in above step are Publisher and The
user story mentions that the publisher wants to see real examplES of published
packages. Therefore, there is an association relationship between Publisher and
PublishedPackage.

Relationship:
\_ Publisher-PublishedPackage(Association)

Fig. 6.7 Case study on relationship identification (DH).

Concerning the erroneously identified relationships in Project PP, some user stories
elaborate on the actions of the Estimator within the context of the Game. However,
the Game is depicted as an operational platform lacking explicit noun references in the
user stories. This absence of explicit references results in the non-identification of both
the class and the relationship.

Similarly, in Project DH, inheritance is the relationship left unidentified in the
LLM-based generation. Figure 6.7 provides a detailed depiction of CoT prompting.
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While the PublishedDataPackage can be identified, the LLM encounters difficulties
in contextual integration to identify the relationship between DataPackage and
PublishedDataPackage, where the latter inherits from the former. Consequently, the
inheritance relationship between DataPackage and PublishedDataPackage remains
unidentified. The association relationship between Publisher and DataPackage is
linked for Publisher and PublishedDataPackage instead in LLM-generated solutions.

Finding 6: During the class identification step, the contextual information
often remains elusive, consequently resulting in the subsequent omission of the
associated relationship.

6.6 Threats

This section discusses the potential validity threats to our work. Following
classifications in [200], these threats concern construct, conclusion, internal, and

external validity.

6.6.1 Construct Validity

Construct validity primarily concerns the methods employed to evaluate task outcomes
[200], which poses two potential threats in our study. In the proposed CoTUML, a fixed
set of examples is utilized, and different sets of examples may yield diverse results.
To mitigate the impact of these threats, we adhere to a guideline proposed in [36],
incorporating explanatory reasoning steps into the prompt. Additionally, a threat arises
in the construction of the dataset. For the in-depth preliminary study, we purposefully
selected a small set of user stories, potentially leading to the existence of representative
issues inherent in real-world tasks.

6.6.2 Conclusion Validity

Conclusion validity concerns the relationship between the treatment and the outcome,
which is addressed in our study through manual evaluation and case studies involving
human assessment, potentially introducing bias. To mitigate this impact, we
involve experienced practitioners in reviewing the gold standard and facilitating a
comparative assessment between the results generated by the LLM and the gold
standard. Additionally, potential findings during the analysis are compared with human
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extraction outcomes presented in [36], and discussions within the research team are

undertaken to reach a consensus.

6.6.3 Internal Validity

Internal validity concerns the factors that might affect dependent variables [200],
which may be due to individual factors in the proposed method, such as the version
adopted, the sequence of the prompting input, and others. To mitigate the validity, we
designed to examine different input templates as presented in Section 6.3, to evaluate

the effectiveness of different types of input.

6.6.4 External Validity

External validity addresses the generalizability of the results [200]. The main threat
is the selection of two projects for experiments. The projects and human extraction
were collected from undergraduate students in [33, 36]. The potential divergence
between projects with industrial settings and those derived from student projects poses
a significant threat. To mitigate this disparity, industrial architecture designers and

experienced SE course instructors were invited to participate in the analysis process.

6.7 Summary

In this study, we have investigated the efficacy of the CoTUML in the process of
deriving class diagrams from natural language requirements. We designed experiments
based on the formulated RQs to assess the effectiveness and limitations of CoT
prompting and conducted both quantitative experiments and qualitative case studies
to evaluate its performance.

Our experimental results showed that the CoT prompting technique improved
the accuracy and completeness of class diagram derivation compared to traditional
prompt-based methods. The incorporation of CoT examples in guiding the LLM-based
class identification process proved to be effective. However, there were challenges
observed in the identification of attributes, where the prompting-based techniques did
not perform as well as human extraction.

Through the qualitative case studies, we gained deeper insights into the strengths
and limitations of regular prompting and CoT prompting techniques. Analyzing

partially identified and unidentified classes allowed us to understand specific scenarios
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6.7 Summary

and challenges encountered during the class diagram derivation process. These case
studies provided valuable information for further improving the prompting techniques
and addressing potential limitations.

This study contributes to the field by providing empirical evidence and insights
into the effectiveness of the CoT prompting technique. Our study can inform the
development of automated systems for class diagram derivation and assist software
engineers and analysts in efficiently and accurately deriving class diagrams from user
stories. In future work, we intend to explore enhancements to the CoT prompting
technique, particularly in addressing the challenges observed in attribute identification.
Overall, this study advances our understanding of the class diagram derivation process
and offers a valuable approach to improving its accuracy and completeness through the
application of CoT prompting in the application of LLM for SE.

Implications for Practitioners CoTUML enhances LLM’s ability to derive
conceptual class diagrams for requirement analysis and subsequent design. While
there is a potential risk that automating this task could lead to certain oversights, the
capability to produce satisfactory initial results provides a strong foundation for further
refinement. This approach enhances the effectiveness of requirements analysis and
ultimately contributes to a more robust design process.

Implications for Researchers This study represents an initial exploration into
automating conceptual class diagram generation using LLMs. Researchers are
encouraged to develop more advanced methodologies to fully leverage the capabilities
of LLMs. We advocate for further investigation into prompt design based on the

limitations found on CoTUML, with the aim of advancing automation in agile RE.
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Chapter 7
Conclusion and Future Work

This thesis conducted action research on agile RE activities to observe the challenges
in a real-world context and proposed some traditional RE techniques to alleviate the
observed challenges. After that, a series of LLM-based techniques are proposed to
automate the agile labor-intensive RE tasks, thereby enhancing the agile software
development efficiency. This chapter provides a comprehensive summary of the
studies conducted, highlights the contributions made, and suggests potential directions
for future research.

7.1 Studies on Traditional RE Techniques

7.1.1 Summary

Incorporating the practical context of real-world settings, we identified challenges
pertinent to agile RE in both WFH environments and in the development of
ML-enabled products. Through an in-depth analysis of these real-world cases, we
proposed several traditional RE techniques to address the identified challenges and
reflected on the lessons learned.

Within the WFH paradigm, notable challenges include a lack of communication
efficiency, a lack of interactive demonstration, and a lack of customer feedback.
These challenges further exacerbate two RE risks: knowledge-sharing difficulties and
issues with process definition. Collaborative strategies were implemented to mitigate
these observed challenges. Noteworthy positive practices arising from this endeavor
included a heightened emphasis on constant collaboration and the establishment
of clear communication rules, facilitating the mitigation of comprehension gaps in
requirement understanding. Additionally, the integration of design thinking principles
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7.1 Studies on Traditional RE Techniques

into remote agile RE demonstrated efficacy in enhancing team comprehension
of business processes. Furthermore, the adoption of mixed presentations proved
advantageous in conveying coding and testing requirements. Conversely, the study
also revealed two negative lessons. The propensity for non-functional requirements
to be overlooked in the remote work context exacerbates knowledge dissemination
challenges. Moreover, ineffective customer engagement during user acceptance
testing emerged as a significant risk, leading to misalignments between product user
experience and expectations.

As the integration of ML components into software product development becomes
increasingly prevalent, a comprehensive understanding of the RE activities becomes
indispensable for establishing a foundation for software development. Upon delving
deeper into the intricacies of developing ML-enabled products, challenges were
identified from the perspectives of both data scientists and requirement engineers.
Predominant among these challenges are the lack of domain knowledge, the insatiable
nature of ML models, and the rapid changes in financial data, all of which contribute
significantly to the challenges encountered. Within the spectrum of RE activities,
the pivotal role of data scientists in negotiating, validating, and verifying ML-related
requirements is underscored. Recognizing the paramount importance of data and
model development in such systems, a guidance framework is proposed to intersect
RE activities, focusing on both data requirements and model requirements. Feedback
obtained from participants engaged in RE activities underscores the necessity of
embracing practices such as data protection considerations and adaptive evaluation

rules in the development of ML-enabled systems.

7.1.2 Contributions

The ongoing trend towards professionals embracing permanent remote work
arrangements is anticipated to persistently increase. Concurrently, the integration
of ML components into product development is on the rise and aimed at enhancing
product efficiency. These transitions pose significant challenges for companies
employing agile RE methodologies.

The existing research in these areas remains relatively sparse, highlighting a
critical gap in understanding agile RE practices with WFH dynamics and the
development of ML-enabled applications. This thesis addresses this gap by offering
practical insights and contributing to the broader RE community. By examining the

implications of these transitions, the thesis provides valuable guidance for practitioners
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navigating the complexities of agile RE environments. Furthermore, it offers a
foundation for future research endeavors that will explore how agile methodologies
can be refined and adapted to effectively address the challenges posed by WFH and
developing ML-enabled applications. Through this exploration, the thesis advances
both theoretical and practical understanding of agile RE practices in the landscape of
remote work and ML development.

7.1.3 Limitations and Future Work

In both studies, the issue of transferability presents a considerable challenge, thereby
limiting the generalizability of the results. To mitigate this limitation, our approach
entails a comprehensive examination of a single case, utilizing both qualitative
analysis of gathered feedback and quantitative analysis of relevant documents. This
mixed-methods approach aims to enhance the transferability of the findings to other
contexts that share similar conditions.

Future research efforts will seek to expand upon these findings by incorporating a
broader range of companies. This expanded scope will allow for a more thorough
examination of how agile RE practices can be leveraged to overcome challenges
in remote work environments and in the development of ML-enabled products.
By broadening the sample size and context, subsequent studies aim to provide a
more robust framework for understanding the effectiveness of agile RE practices
across diverse organizational settings. Additionally, to support the development of
ML-enabled applications, we will explore appropriate statistical measures for data
requirements. These investigations will provide deeper insights into RE activities in
real-world scenarios. By integrating our research with practical contexts, we hope
to gain a more comprehensive understanding of RE practices and develop effective

techniques to address the challenges identified.

7.2 Studies on LLM-based RE Techniques

7.2.1 Summary

Given the advancements in LLM technology in NLP tasks, two of the LLM-based
techniques are proposed to automate the labor-intensive agile RE tasks. To further
investigate the effectiveness of the proposed techniques, both quantitative and

qualitative analyses were conducted.
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7.2 Studies on LLM-based RE Techniques

The SimAC framework incorporated with the role-based prompt to streamline the
iterative discussions in GAC aims to reduce human effort in agile RE. To evaluate the
effectiveness of SImAC, we applied it to GPT-3.5 and OpenLLLaMA models to conduct
empirical studies. To assess the efficacy of SImAC, we applied it to the GPT-3.5
and OpenLLaMA models. In order to gather comprehensive insights from the SE
and RE communities, we engaged eight agile practitioners in the evaluation process.
Evaluation criteria were based on the INVEST metrics, which were employed to
evaluate the quality of auto-generated US-AC. Results indicate that US-AC generated
by SimAC using the gpt-3.5-turbo model demonstrated a notable improvement,
achieving 60.60% completeness and 51.29% validity, representing increases of 29.48%
and 15.56%, respectively. Furthermore, practitioners highlighted the refined US-AC
as valuable references for subsequent user story elaboration, as evidenced by specific
case examinations. This study serves as a foundational step toward further exploration
of automation within the realm of agile RE.

For CoTUML, we have investigated the efficacy of the CoT prompting technique
in the process of deriving class diagrams from natural language requirements.
Both quantitative experiments and qualitative case studies are conducted to assess
the impact, effectiveness, and limitations of CoTUML. The results showed
that the incorporation of CoT prompting notably enhanced the accuracy and
comprehensiveness of class diagram derivation compared to regular prompt-based
methods.  Particularly, CoTUML demonstrated better performance in terms of
completeness compared to guided and unguided manual extraction for class
identification. However, there were challenges observed in the identification of
attributes, where CoTUML did not perform as well as human extraction. Through
qualitative case studies, deeper insights were gleaned into the strengths and limitations

of CoTUML, which is less efficient in identifying status-related indicators.

7.2.2 Contributions

A growing number of practitioners are increasingly interested in leveraging LLMs to
assist with complex tasks across various domains. While LLMs have demonstrated
satisfactory performance and versatility, our experimental findings suggest that their
outputs often exhibit a tendency to be less relevant and accurate compared to those
produced by human experts. This discrepancy highlights the need for refined
methodologies to optimize the performance of LLMs in practical applications. In

response to these challenges, this thesis introduces innovative techniques such as
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SimAC and CoTUML, which bridge the gap between LLM outputs and human
expertise.

SimAC and CoTUM not only offer significant improvements in the relevance and
utility of generated results but also streamline agile processes by reducing the reliance
on manual efforts. These approaches provide valuable references for future research
and practical applications, contributing to the advancement of LLM technologies in
agile RE tasks. By minimizing human intervention and enhancing the efficiency of
LLM-assisted tasks, this thesis seeks to pave the way for more effective and automated

solutions in requirements engineering and software development.

7.2.3 Limitations and Future Work

Through comprehensive case studies aimed at exploring the limitations of these
proposed techniques, potential avenues for further improvement have been identified.
In cases where SImAC fails, LLMs are unable to extract additional relevant information
from their knowledge base. One potential improvement is to strengthen the specific
project context as part of the role-based prompt. For CoTUML, the description
related to status and inheritance relationships is often overlooked during attribute
identification. These limitations suggest a future direction for enhancing accuracy by
emphasizing status and inheritance relationships in reasoning steps.

While the prompts meticulously crafted within the SimAC and CoTUML
frameworks have been optimized, there remains the possibility that alternative prompt
designs may offer superior efficacy. Consequently, we advocate for researchers
to conduct in-depth investigations into LLM-based approaches, thereby advancing
automation in agile RE.
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