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Abstract

The integration of Large Language Models (LLMs) into professional workflows has
created new opportunities for supporting information-intensive tasks such as Re-
quirements Engineering (RE). However, despite the growing interest in Al-assisted
writing tools, limited research has explored how such tools should be designed to
support usability in industrial RE contexts. This thesis investigates how interaction
design can support the integration of Al-assisted writing tools into requirements
management systems to assist engineers in formulating clear and consistent require-
ments.

The study was conducted in collaboration with Geely Technology Europe and fo-
cused on a custom-built extension for the requirements management platform Sys-
temWeaver. Using a Research through Design approach combined with the Double
Diamond framework, the project included a literature review, semi-structured inter-
views, thematic analysis, ideation, prototyping, and usability testing.

The results identified four key factors important for usability when integrating Al-
assisted writing tools in requirement management systems: control, trust, flexibility,
and efficiency. Based on these findings, fourteen design guidelines across interaction,
functionality, and design were developed

The study highlights the importance of balancing trust and over-reliance, efficiency
and control, as well as flexibility and consistency when integrating Al into profes-
sional requirements engineering environments. The findings contribute to the fields
of Human-Computer Interaction, Human-Al Interaction, and Requirements Engi-
neering by providing practical design guidance for future Al-assisted writing tools
in industrial contexts.

Keywords: Requirements Engineering, Large Language Models, Al-assisted writing,
Human-AT Interaction, Interaction Design, User Experience, Requirements manage-
ment Systems, Human-Centered Al
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Introduction

The integration of artificial intelligence (AI) and large language Models (LLMs)
has undergone remarkable development over the past decade, rapidly transforming
work practices in both academia and industry through the automation of complex
workflows [1]. By processing large amounts of textual data and identifying complex
language patterns, LLMs are ideal for a wide range of Natural Language Process-
ing (NLP) tasks, including text analysis, machine translation, and summarization.
This technological development opens up new possibilities for managing information-
intensive processes.

Requirements Engineering (RE) is a domain where information management is par-
ticularly critical. RE is a central activity within complex software and product de-
velopment processes that aims to document, analyze, trace, prioritize, and control
changes in requirements throughout the product life cycle, ensuring that stakeholder
needs and organizational and technical goals are clearly understood and met [2], [3].
However, RE processes often face challenges such as fragmented information and in-
terpretation variations between different actors [4]. Research shows that the quality
of requirements is directly linked to project outcomes, as ambiguous or inconsistent
requirements are a major cause of errors, delays, and cost overruns in system devel-
opment [5]. When requirements lack clarity or consistency, engineers must invest
additional effort to interpret, reconcile, and reason about large volumes of inter-
connected requirements. This increased cognitive demand raises the likelihood of
misinterpretations and human error [6].

Here, LLMs emerge as a valuable tool to support the user and improve the writing
quality of requirements. By leveraging their ability to analyze complex linguistic
patterns, these models can help identify ambiguous or inconsistent requirement for-
mulations and provide actionable feedback [7]. Integrating such AI support into
existing workflows has the potential to minimize the risk of costly and time consum-
ing errors caused by misunderstandings.

However, for LLMs to be truly effective as collaborative tools, the focus should ex-
tend beyond purely technical capabilities to include a user-centric perspective. Un-
derstanding user intent, along with prioritizing satisfaction, reliability, and cognitive
ease, is essential for effective and successful human-Al collaboration in professional
settings [8]. Therefore, exploring how interaction design can support the integration
of Al-assisted writing tools into requirements engineering is of interest.



1. Introduction

1.1 Aim and Goal

This study explores the intersection of Al-assisted writing and usability in the con-
text of requirements engineering. The aim is to identify the practical needs, chal-
lenges, and conditions that are important to achieve strong usability when integrat-
ing Al-assisted writing tools in requirements management systems. Based on these
insights, the goal is to propose a set of guidelines for designing Al-assisted writing
interfaces within such systems.

1.2 Research Questions

The study is guided by the following research questions:

RQ1: What factors are important to achieve strong usability when integrating Al-
assisted writing tools into requirements management systems?

RQ2: What guidelines should be followed when designing interfaces for Al-assisted
writing tools to support the creation of well-formed requirements?

1.3 Deliverables

The expected outcomes are as follows:

o Design Guidelines: A set of guidelines derived from identified factors on
how Al-assisted writing tools should be designed to support the creation of
clear and consistent requirements.

e Design Proposal: A high-fidelity prototype demonstrating the application
of these guidelines in an interface for Al-assisted requirements writing.

1.4 Stakeholders

The following section presents the key stakeholders of the thesis and their interests
in the project.

1.4.1 Chalmers University of Technology

Chalmers University of Technology is the academic institution where this master’s
thesis is conducted and published. As a key stakeholder, the university has an
interest in the project as it contributes to the academic fields of Human-Computer
Interaction (HCI) and Human-Al Interaction. The study is particularly central to
the Department of Computer Science and Engineering (CSE), where Interaction
Design and Software Engineering are core research areas.

Chalmers benefits from studies that deepen the understanding of User Experience
(UX) and usability, specifically within the context of complex digital environments
and industrial workflows. By exploring how Al-assisted writing can be integrated
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into professional settings, this research provides a foundation for future academic
work. Furthermore, this thesis supports Chalmers’ ambition to bridge research and
real-world challenges, making the outcomes useful for both academic and industrial
contexts.

1.4.2 Geely Technology Europe

Geely Technology Europe (GTEU) is a unified research and development (R&D) or-
ganization within the Geely Auto Group, formally established in March 2026 by in-
tegrating premier engineering centers in Sweden and Germany [9]. The organization
is dedicated to advancing next-generation vehicle development for global markets,
building on more than a decade of European expertise. This foundation includes
the development of industry-leading vehicle platforms that currently support over
four million vehicles of different brands worldwide. The organization has evolved
from the 2013 establishment of China Euro Vehicle Technology (CEVT) and, more
recently, Zeekr Technology Europe. This study was conducted in collaboration with
the I'T Services and Governance department and focuses on a Geely-specific, custom-
built extension of the external requirements management platform SystemWeaver.
The study is aimed at engineers managing complex industrial requirements within
the automotive development process.

As the organization expands its mandate to serve multiple brands, consistent and
efficient requirement formulation is critical. Therefore, this study is of interest to
GTEU to gain an understanding of how Al-assisted writing interfaces can enhance
user experience and streamline the creation of high-quality requirements in a large-
scale industrial setting.

1.4.3 SystemWeaver AB

SystemWeaver AB is the Swedish company behind the SystemWeaver software, a col-
laborative product information management platform extensively used within the
automotive industry for systems engineering and requirements management [10]. In
the context of this project, SystemWeaver AB acts as the technical implementer re-
sponsible for the development and delivery of the custom-built extension for GTEU.
As the provider of the infrastructure, SystemWeaver AB is a key stakeholder with a
strong interest in how new features and interfaces are integrated into their environ-
ment.

While GTEU provides the functional requirements and business needs, this thesis
contributes by identifying user needs and designing the interface for the Al-assisted
extension. Consequently, this study is of high value to SystemWeaver AB, as it
provides a researched and user-tested design foundation that informs the actual im-
plementation of the tool. The findings help SystemWeaver AB understand the prac-
tical requirements for incorporating an LLM model into the SystemWeaver ecosys-
tem, ensuring that the final product is both technically robust and optimized for
the end-users.
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1.5 Scope and Limitations

This thesis does not aim to develop or implement any Large Language Model (LLM)
architectures or training algorithms. The focus is on the application and presenta-
tion of existing LLM capabilities. Furthermore, the scope of this thesis is limited to
the requirements writing activity within Requirements Engineering, i.e., the docu-
mentation and specification, as well as the maintenance of requirements. Activities
such as requirement validation and verification, as well as requirements traceability
and change management across the development life cycle, are outside the scope of
this study.



2

Background

This chapter presents the theoretical and technical background of the study. It
begins by introducing the broader project context in which the thesis is situated
and outlines the Al-supported requirements engineering initiative that motivates
the work. The chapter then presents core concepts within Artificial Intelligence
and Requirements Engineering. Furthermore, it examines interaction patterns and
interface design in generative Al systems, as well as characteristics of well-formed
requirements. The chapter concludes with related work on human-AT collaboration
and Al-assisted writing interfaces.

2.1 Project Context: An LLM-Framework Archi-
tecture for a SystemWeaver Integrated GUI

This thesis is part of a larger ongoing internal project at GTEU to develop an LLM-
framework architecture for a SystemWeaver-integrated graphical user interface. The
project aims to bridge the gap between structured requirements engineering in the
database environment of SystemWeaver and the cognitive capabilities of LLMs.

The core objective of this larger initiative is to establish a seamless Al-driven vali-
dation ecosystem that allows users to verify requirements against a controlled set of
document standards, corporate benchmarks, or global industry trends. A primary
focus is on maintaining data integrity while providing high-quality, context-aware
feedback.

To achieve this objective, while accounting for the specific limitations of an on-
premises Al-stack, the project is built upon several critical technical pillars. Among
these, the most relevant and applicable pillars within the context of interaction and
interface design, which constitutes the primary focus of this thesis, is presented
below:

o Integrated Feedback Pane: The framework should introduce a dedicated, non-
intrusive side-pane within the SystemWeaver GUI.

o Direct Workflow Integration: The user should be able to edit, copy, or insert
LLM-generated suggestions directly into the database.

o Multi-Tiered Knowledge Scoping: The framework should offer granular control
over the "Source of Truth", allowing users to toggle between corporate verified



2. Background

repositories, targeted project subsets, and global web intelligence, while also
supporting temporary file uploads for session-specific tasks.

o Contextual History: The framework should maintain a persistent session mem-
ory, enabling iterative refinements through continuous dialogue with the Al,
allowing users to progressively refine their requirements toward an optimal
state.

While the broader project encompasses a larger Al-supported ecosystem for require-
ments engineering, this thesis focuses specifically on the user-facing dimension of
that initiative. More specifically, as mentioned in section 1.5, the study is limited to
the interaction design and evaluation of an system-integrated interface intended to
support requirements writing activities. Technical aspects of the underlying Al ar-
chitecture, as well as other requirements engineering activities beyond requirements
writing, are outside the scope of this thesis.

2.2 Artificial Intelligence

Artificial Intelligence (Al) refers to computer systems capable of performing tasks
that typically require human intelligence, such as reasoning, learning, perception,
and decision-making. Early AI systems were based on symbolic approaches and
were able to perform tasks such as theorem proving and game playing. However,
progress was limited by computational power and data availability. Since the 2010s,
advances in deep learning, combined with large datasets and increased computa-
tional resources, have led to significant breakthroughs in Al capabilities, leading to
the intelligent systems we see today [11].

2.2.1 Natural Language Processing

Natural Language Processing (NLP) is a field of Al that enables computers to under-
stand and generate human language. It comprises two main components: Natural
Language Understanding (NLU), which focuses on extracting meaning from text,
and Natural Language Generation (NLG), which focuses on producing text. NLP
is applied in a wide range of tasks, including machine translation, information ex-
traction, and summarization [12].

2.2.2 Large Language Models

Large Language Models (LLMs) are a class of NLP models trained on large-scale
text datasets to perform a wide range of language-related tasks. Compared to earlier
NLP systems, LLMs are capable of generating more coherent and context-aware
outputs. They are widely used in applications such as chatbots, virtual assistants,
and content generation tools [13].
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2.2.3 Generative Al and co-creative systems

Generative Al refers to computational techniques capable of producing new and
meaningful content, such as text, images, or audio, based on patterns learned from
training data [14]. These contents are increasingly difficult to distinguish from
human-made work. Beyond generating content autonomously, generative Al can
also function as a creative collaborator, working alongside human in a shared cre-
ative process [15]. Such human-Al co-creative systems raise important questions
about interaction design, as the quality of collaboration depends not only on the
AT’s capabilities but also on how effectively humans and Al can communicate with
each other.

2.3 Al Interactions and Interfaces

Generative Al systems are shifting interaction design from command-based inter-
faces toward more collaborative and conversational forms of engagement. In these
systems, the interface supports an ongoing dialogue where input and output contin-
uously shape each other. This chapter describes how these interaction patterns are
reflected in modern AT interfaces.

2.3.1 Co-creative interaction in generative Al systems

Generative Al systems have shifted interaction design from traditional command-
based interfaces toward more collaborative and conversational forms of interaction
[15]. Unlike conventional software, where users typically execute predefined actions
through menus and buttons, co-creative Al systems rely on continuous communica-
tion and iterative exchange between the user and the Al system. In these systems,
creativity emerges through the interaction itself rather than solely from either the
human or the Al independently [15].

Within co-creative systems, the user interface functions as the communication layer
between the human and the Al collaborator. Modern Al interfaces increasingly sup-
port multi-modal forms of communication such as text prompts, sketches, gestures,
voice interaction, and embodied interaction. This supports interaction patterns
where users can iteratively guide and negotiate with the AI through continuous
input, rather than issuing isolated commands [15].

2.3.2 Common GUI patterns in generative Al systems

As generative Al systems have become increasingly integrated into creative work-
flows, recurring GUI patterns have emerged across modern Al platforms. Systems
such as ChatGPT, Claude, and Gemini build on conversational interaction, multi-
modal communication, and iterative refinement, where users continuously shape out-
puts through ongoing dialog. This interaction is typically structured around prompt-
based input, editable outputs, and regeneration functions that support exploration
and revision. These tools share recurring GUI patterns that can be structured in
three interrelated layers: input controls, output controls, and feedback loops. The

7
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following analysis of GUI patterns is based on official product documentation and
observed interface behavior of ChatGPT, Claude, and Gemini [16], [17], [18], [19],
[20].

The primary interaction pattern in all three above mentioned systems is the chat-
based prompt interface. This input field acts as a flexible entry point for natural
language instructions, allowing users to shift between conversational questions, task-
oriented commands, and creative exploration. Beyond basic chat input, several
additional input components are commonly used:

« File upload interfaces: Users can upload documents, images, or databases
to provide contextual grounding for the Als responses.

e Multi-modal input options: Gemini and ChatGPT support multi-modal
input, enabling users to provide image-based prompts or combine images with
textual instructions within the same prompt.

o Prompt suggestions/starter prompts: All three systems offer quick-start
suggestions to help users initiate conversations.

« Context injection mechanisms: Some tools allow users to set system-level
instructions, e.g., "custom instructions' in ChatGPT, shaping tone, output
format, or behavior across interactions.

The output layer in generative Al interfaces is no longer static. Instead, responses are
treated as editable and negotiable artifacts. Common output components include:

« Regenerate/retry functions: Allowing users to request alternative versions
of the same input.

o Editable responses: ChatGPT and Gemini present canvas-like features or
document modes, allowing users to directly modify generated content.

e Structured output formats: AI responses often include headlines, bullet
points, or code blocks to improve readability and usability.

o Follow-up suggestion chips: After an answer, the system may propose
related questions or actions, encouraging continued interaction.

Furthermore, a defining feature of these systems is the continuous feedback loop be-
tween input and output. Rather than producing a single final result, the interaction
evolves through refinement cycles. Key mechanisms enabling this include:

o Conversational memory within sessions: The Al maintains context across
turns, enabling progressive refinement of ideas.

e Inline editing and revision cycles: Users can ask for targeted improve-
ments, e.g. "make this more formal", "shorten this section", or "change tone").

e Version generation and comparison: Some system allow multiple variants
of an output to be generated and compared.

Together, these three layers illustrate how generative Al interfaces move beyond
traditional input-output models towards an iterative co-creative workflow. This



2. Background

structure positions the user not only as an operator of the system, but as an active
participant in shaping and iterating the generated content.

2.4 Requirements Engineering

Requirements are defined as the essential attributes, conditions, or capabilities that
a system or product must meet or possess to satisfy, e.g., a contract, a standard, or a
specific customer need. Within the development of complex systems, Requirements
Engineering (RE) is recognized as the most critical process because it has a dominant
impact on the final product’s capabilities [21]. It serves as a systematic approach
to collecting demands from a diverse set of stakeholders and implementing them
throughout the entire system life cycle. In the context of large-scale and complex
system development, such as in the automotive industry, it is practically impossible
for requirements to remain stable over years of development. Consequently, RE is,
in these contexts, an iterative process that must be performed in parallel with other
development activities.

The RE process is broadly divided into two main groups of activities: Requirements
Development and Requirements Management. Development focuses on the discov-
ery and definition of the system, while management ensures the integrity of these
requirements as the project evolves. These two groups consist of several phases that
move the project from initial concept to a valid system.

Requirements development includes the following three phases: (1) Elicitation, which
focuses on identifying system stakeholders to gather their diverse objectives and
viewpoints, such as those of customers, users, and regulatory standards. The goal
of elicitation is to capture a wide range of perspectives, including business, security,
and information requirements, as well as operational constraints; (2) Documentation,
in which a formal specification document is produced of the system’s external behav-
ior, intended purpose, and environmental constraints. Each requirement is assigned
a unique identifier to ensure precise tracking and management across various sub-
systems. The purpose of the specification is to serve as a comprehensive blueprint
that minimizes development effort and costs; (3) Validation and verification, which
includes performing reviews and prototyping to confirm that the documented re-
quirements meet both actual user needs (validation) and technical specifications
(verification) [21].

While the requirements development activities define the system, requirements man-
agement acts as the continuous control mechanism that tracks changes and depen-
dencies. A core component is traceability, which allows engineers to follow a require-
ment’s life in both forward and backward directions across all development artifacts.
The management phase is often seen as the most complex part of the engineer-
ing process, since it relies on a rigorous change management process to assess the
broader costs and impacts of modifications before they are reintroduced into the
development cycle. Since even a single change can be difficult to estimate and can
have a large impact on the developing system, a structured process is essential to
maintain stability and ensure product quality. [21]
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2.4.1 Challenges in Requirements Engineering

As previously mentioned, requirements engineering is often described as one of the
most critical phases in software and product development processes, but also one
of the most difficult to master and one of the most problematic. According to
the comprehensive global study Naming the Pain in Requirements Engineering by
Ferndndez et al. [22], the discipline is affected by a range or recurring challenges
that have a direct negative impact on project success.

The single most common issue in practice is the presence of incomplete or hidden
requirements, which often results in critical functionality being discovered late in
the development process [22]. This lack of completeness is frequently linked to
requirements being underspecified or too abstract, creating room for subjective in-
terpretations and misunderstandings. In addition to these content-related issues,
communication flow represents a central barrier. Breakdowns in communication
between the project team and the client are identified as the challenge most often
leading to complete project failure, even though it is not always the most frequently
occurring issue. Beyond the precision of requirements, organizations also commonly
struggle with so-called "moving targets', where both specific requirements and over-
arching business goals change throughout the project life cycle. This places high
demands on flexibility and change management. [22]

These challenges can rarely be traced to isolated mistakes. Rather, they emerge
from a complex interplay of human and organizational factors. The study shows that
the primary root causes are often a lack of experience or insufficient qualifications
within the RE team, combined with stakeholders who lack a clear business vision
or struggle to articulate their actual needs. The situation is further exacerbated
by general time constraints, where the RE process is often forced into overly tight
schedules, reducing the opportunity for thorough analysis. [22]

How these challenges manifest also depends on the development methodology. Agile
projects tend to struggle more with customer availability and time constraints, while
plan-driven projects experience greater difficulties with "moving targets'. If these
challenges are left unmanaged, they trigger a chain reaction of negative consequences,
ranging from time and budget overruns due to extensive rework, to a lower-quality
final product that fails to meet standards of usability and user acceptance. [22]

2.4.2 Requirements Management Tools

To facilitate the critical maintenance and navigate the large amount of data in the re-
quirements management process, specialized Requirements Management (RM) tools
are used. These tools are designed to handle the entire life cycle and serve as a digital
archive or database for end-to-end management and administration of requirements,
including their creation, modification, and associated relationships [23]. In addi-
tion, these tools provide the necessary infrastructure for multidisciplinary teams to
collaborate securely while managing the complexities of a system’s life cycle [21].

Beyond simple storage, RM tools automate traceability by enabling engineers to
follow a requirement’s evolution from its origin to its final deployment through a
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comprehensive audit trail [21]. The tools further support the change management
process by providing formal mechanisms to authenticate and approve change re-
quests, ensuring that only validated modifications are implemented into the system.

2.4.3 SystemWeaver

SystemWeaver is the specific life cycle management platform utilized by GTEU to
manage their requirements processes. SystemWeaver is a collaborative platform
for Model-Based Systems Engineering (MBSE) that provides a unified environment
for product overviews, end-to-end traceability, and the administration of system
functionality throughout the development process [24]. The SystemWeaver plat-
form supports company-specific extensions, which allow its core functionality to be
adapted to organizational needs. This flexibility makes it possible to integrate ad-
ditional features directly into the requirements workflow. Within this environment,
Al-based tools have been introduced to support tasks such as translation and in-
teraction with individual requirements through a chat-based interface. These tools
generate responses based on selected requirements and related data stored within
the company’s SystemWeaver database.

2.5 Al in Requirements Engineering

Large language models (LLMs) have shown potential to support and automate labor-
intensive requirements engineering tasks, for example, by generating, analyzing, and
validating requirements in a more efficient and accurate manner. However, the use
of Al in requirements management also introduces several risks, including limited
explainability and lack of transparency in Al-generated outputs. Many AI mod-
els, particularly those based on deep learning, operate with limited transparency,
which makes it difficult for users to understand why requirements are proposed or
formulated in a certain way. [25]

Another critical challenge is bias in Al models. If training data contains biases,
this can result in certain requirements being prioritized incorrectly or in the re-
inforcement of existing inequalities. This, in turn, can negatively affect fairness,
sustainability, and the extent to which requirements reflect the needs of different
stakeholders. In addition, there are ethical concerns regarding liability, transparency,
and oversight, particularly in terms of responsibility for incorrect or problematic Al-
generated requirements and ensuring compliance with regulations such as GDPR.
Therefore, well-defined guidelines and accountability mechanisms are required to
establish and maintain trust. [25]

Abbasi et al. [25] developed a framework to promote responsible and effective col-
laboration between humans and Al in the requirements engineering process. The
framework is based on four principles: (1) human-in-loop validation, where final
decisions are made by experts to avoid automation bias; (2) explainability and
transparency, so that Al-generated requirements can be understood and reviewed
by users; (3) bias reduction strategies, which continuously monitor and address bias
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in AT output; and (4) trust calibration, which involves adapting models to the needs
and priorities of different stakeholders to ensure trust.

2.6 Characteristics of Well-Formed Requirements

In this study, as well as in the larger project this thesis is part of, the guidelines
developed by the International Council on Systems Engineering (INCOSE) serve
as a primary reference for how requirements should be formulated. INCOSE is a
global professional organization dedicated to advancing systems engineering best
practices and has developed the Guide to Writing Requirements (GtWR) [26]. The
fundamental purpose of the INCOSE GtWR is to provide a structured framework
for ensuring that requirements are clear, testable, and fit for purpose throughout
the entire system life cycle. Rather than relying on subjective notions of quality, the
guide outlines specific characteristics and rules that needs and requirements must
satisfy to be considered well-formed.

The guide defines a set of 15 quality characteristics that must be satisfied. An
individual requirement statement must be necessary (C1), meaning it defines a ca-
pability or constraint required to satisfy a higher-level source, as well as appropriate
(C2) to its architectural level. It must also be unambiguous (C3), ensuring its intent
can be interpreted in only one way by all audiences, and complete (C4), sufficiently
describing the necessary conditions or quality factors. Furthermore, individual re-
quirements must be singular (C5), focusing strictly on a single capability, feasible
(C6) within project constraints, and wverifiable (C7). Lastly, they must be correct
(C8), accurately representing the need, source, or higher-level requirement, and they
must be confirming (C9) to approved patterns and style standards [26].

At a collective level, a set of requirements must stand alone as complete (C1) by suffi-
ciently describing all functionalities and constraints without requiring other external
sets. The set must also be consistent (C11), meaning its individual components are
unique, do not conflict or overlap, and utilize homogeneous units of measurement.
Finally, a requirements set must be feasible (C12) as a whole, comprehensible (C13)
in its macro-system relation, able to be validated (C14) against overarching product
goals, and correct (C15) in its representation of higher-level needs.

To support the practical application of these abstract quality characteristics, the
INCOSE GtWR provides 42 concrete rules that promote grammatical and structural
consistency during the drafting process [26]. To ensure that requirements are clearly
formulated, each requirement must follow an agreed structure (R1), use active voice
with a clearly identified responsible entity as the subject (R2), and express quantities
using common units of measurement (R6). Requirements must also avoid ambiguity
by eliminating unnecessary phrases such as "to be able to" (R10), vague terms like
"some" or "many" (R7), and expressions that weaken or leave requirements open-
ended, such as "where possible" (R8) or "etc." (R9). To maintain conciseness and
focus, each requirement should express a single idea in one sentence (R18) and avoid
using words such as "and", "or", or "as well as" to combine multiple clauses (R19).
Finally, the rules require specific and measurable performance targets (R34) and
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prohibit vague time-related terms such as "eventually" or "before", requiring explicit
and measurable timeframes instead (R35).

2.7 Related Work

Previous research on generative Al has emphasized the role of interface design
in shaping how users interact with and make sense of Al-supported writing tools.
Rather than focusing solely on model capabilities, these studies examine how differ-
ent interface structures influence user control, revision practices, and perceptions of
agency in human-Al collaboration.

Lou et al. [27] developed AnchoredAl, a system that anchors Al-generated comments
directly to specific text segments. In a comparison between AnchoredAl and a
chat-based LLM interface, they found that AnchoredAl led to a stronger sense of
ownership among writers. The authors highlight how interface design shapes Al-
assisted writing and argue that anchoring can reduce overreliance and enable more
precise, user-driven revision methods.

In another study, Reza et al. [28] presents ABScribe, an interface that enables the
organization and comparison of multiple alternative text variations in human-Al
co-writing tasks. A user study with 12 writers indicates that ABScribe reduced per-
ceived task workload and improved users experience of the revision process compared
to a standard writing workflow.

Another study by Lehmann and Buschek [29] explored how users envision delegat-
ing writing tasks to Al and developed an interface grounded in these insights. An
initial user study revealed that participants tended to revert to short, command-like
prompts when interacting with the system. In a subsequent iteration, these com-
mands were offered as explicit toolbar shortcuts alongside open-ended prompting,
which led users to fluidly switch between specific and more flexible AI functions.
The authors emphasize the importance of moving beyond purely conversational in-
terfaces, arguing that interface design plays a critical role in shaping users access to
and understanding of the functional space of generative Al models.

While prior work has explored Al-assisted writing interfaces in general contexts,
less attention has been given to industrial settings requiring high precision and
consistency. This study addresses this gap by focusing on Al support for requirement
writing in a professional Requirements Engineering environment.
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Theory

This chapter provides the theoretical foundation for the research, grounded in in-
teraction design and theories of human-computer interaction, human-Al interaction,
and design theory. It also presents the concept of design guidelines and ethical
frameworks related to the study.

3.1 Interaction Design

To academically ground the development and evaluation of Al-assisted writing inter-
face, this project is situated within the field of Interaction Design (IxD). According
to Sharp et al. [30], interaction design is defined as: "designing interactive products
to support the way people communicate and interact in their everyday and working
lives". Interaction design prioritizes the human experience, usability, and how users
perceive and operate the system image, rather than the internal structure of realizing
a technical system, as in software engineering. In demanding professional environ-
ments, such as requirements engineering (RE), an advanced tool may be effective
from a technical perspective, but its usability is limited by how well the interface is
designed with the users’ needs, abilities, and cognitive limitations in mind.

A fundamental principle within interaction design is the user-centered approach,
where the needs, goals, and capabilities of users guide the development process
rather than technological possibilities alone. Originally established by Gould and
Lewis in 1985, a user-centered design process is based on three fundamental princi-
ples: an early focus on users and their tasks, empirical measurement, and iterative
design [30]. An early focus on users involves understanding their characteristics,
work practices, and needs through direct observation and participation in the de-
sign process. Empirical measurement refers to continuously evaluating designs with
intended users through scenarios, prototypes, and usability testing to collect data
on user performance and experiences. Iterative design emphasizes that identified
usability problems should be addressed through repeated cycles of design, testing,
evaluation, and redesign. Together, these principles ensure that interactive systems
are developed in close alignment with users real-world activities and support the
creation of solutions that are both useful and easy to use.

To apply these principles within a structured development lifecycle, Sharp et al. [30]
describe interaction design as a process consisting of four interconnected activities:
(1) identifying needs and establishing requirements for the user experience; (2) de-
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veloping alternative designs that meet those requirements; (3) building interactive
versions of those designs; and (4) evaluating what is being built throughout the
process and the user experience it offers. These activities are intended to continu-
ously inform one another and are repeated throughout development, enabling the
refinement of a product based on direct user feedback.

3.2 Human-Computer Interaction

Human-Computer Interaction (HCI) is an interdisciplinary field that studies the in-
teraction between humans and computer systems [31]. The purpose is to understand
how interactive technologies can be best designed and implemented to be both effec-
tive and user-friendly. According to Sinha et al. [31], HCI acts as a bridge between
computer science, cognitive psychology, and design.

HCI is defined by the relationship between three central elements: the human, the
computer, and the process through which they communicate - the interaction. The
focus is on understanding the user’s abilities and limitations in order to create
systems that minimize cognitive load and maximize productivity. [31]

3.2.1 Human-AI Interaction

The interaction between humans and artificial intelligence differs from traditional
human-computer interaction primarily due to the probabilistic nature of Al systems
[32]. Unlike conventional software, which exhibits predictable and linear behavior,
Al systems can act inconsistently and produce unexpected results or errors. This
creates uncertainty among users, as they often have difficulty understanding why
an Al system acts as it does, which can lead to either overtrust (blindly trusting
incorrect suggestions) or undertrust (dismissing a functioning system).

This uncertainty places higher demands on interface design, as designers must help
users interpret and appropriately rely on Al systems. To support designers in meet-
ing these demands, specific guidelines have been developed. Amershi et al. [32] have
established one such set, consisting of 18 guidelines aiming to bridge the technical
capacity of the Al and the user’s expectations. These guidelines treat the interaction
as a cycle of four phases: (1) the initial setting of expectations, (2) how the system
acts during use, (3) how it handles misjudges, and (4) how it learns over time. The
main goal is to make the system transparent and predictable despite its complexity.
This means that the interface must actively communicate system uncertainty and
offer contextual explanations, so that the user can make informed decisions based
on the AI’s output.

3.2.2 Human-Centered AI

Within the research field of Human-centered Artificial Intelligence (HCAI), the fo-
cus is on designing systems that augment human abilities rather than replacing
them through complete autonomy. According to Shneiderman [33], the aim of Al
development should be to create systems that are reliable, secure, and trustworthy,
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which is achieved by placing the human user at the center of the design process.
The HCAI framework advocates a combination of human control and machine au-
tomation, meaning that the system should be able to perform advance operations
while the user maintains a high degree of overview and control over the process.
Striking this balance requires interfaces that counteract the perception of Al as a
non-transparent "black box" [33]. Central to such a design are transparency and
explainability, which means that the system can explain in a comprehensible way
the factors that underlie its results. By using visualizations and clear explanatory
models, complex information can be made manageable, which strengthens the user’s
trust in the system’s suggestions.

Furthermore, HCAI emphasizes the importance of user agency, where the design
actively supports human decision-making by offering opportunities for review and
correction, creating a human-centered system that functions as a powerful instru-
ment rather than an independent actor [33]. By combining high automation with
intuitive control mechanisms, interfaces can be created that streamline complex
tasks without the user losing ultimate responsibility or critical perspective.

3.3 Design Theory

This section outlines the design theories and principles used to bridge the gap be-
tween technical functionality and human interaction. It establishes a framework
for creating intuitive systems by focusing on usability, user experience, and human-
centered methodologies.

3.3.1 Human-Centered Design

Human-Centered Design (HCD) is a design framework that prioritizes human ex-
perience over technical capability [34]. Rather than letting technology dictate the
solution, HCD begins with a deep understanding of human needs, values, and con-
straints to ensure that every system we build serves a real purpose. According to
Auernhammer [34], HCD is about seeing design as a social process where the goal
is to improve human well-being and create meaningful interactions between humans
and technology.

3.3.2 User Experience

A central concept within Interaction Design is user experience (UX), which refers to
how interactive products are perceived, experienced, and emotionally evaluated by
users in real-world contexts [30]. Rather than focusing solely on functional perfor-
mance, user experience encompasses the overall quality of the interaction, including
how satisfying, engaging, and meaningful a product feels to use. A user experience
cannot be explicitly designed; rather, designers can only design for a user experience
by creating specific interface features that can evoke intended emotional responses.

User experience is not a static state but a process that changes over time. Hassen-
zahl [35] emphasizes the importance of understanding interaction in three stages:
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anticipation before use, real-time interaction, and post-interaction reflection. It is
often the memory of the interaction rather than the interaction itself that defines
the user’s attitude towards the product in the long term.

3.3.3 Usability

Usability and user experience are closely related concepts. While user experience
addresses the subjective and emotional qualities of an interaction, usability focuses
on optimizing human-computer interaction to ensure that products are easy to learn,
effective to use, and support productivity [30]. Usability contributes to the quality
of the user experience, while experiential qualities can influence how usable a system
is perceived to be. In interaction design, both perspectives are considered during
the design process in order to support the development of interactive systems that
are functional and experience-oriented.

Usability is defined by the [SO-standard as:

The extent to which a product can be used by specified users to achieve specified goals
with effectiveness, efficiency and satisfaction in a specified context of use. [36]

According to this definition, usability is not an isolated characteristic of a product,
but rather a result of the interaction between the product, the user, the specific
task, and the environment where the interaction occurs [37]. To quantify and mea-
sure usability, the concept is divided into three measurable factors: effectiveness,
efficiency, and satisfaction. Effectiveness measures to which the user actually suc-
ceeds in achieving their goal. Efficiency refers to the amount of effort or resources
required to achieve the goal. And satisfaction is a subjective measurement of how
comfortable and acceptable the product is perceived by the user.

When designing for usability, Jordan [37] advocates ten design principles. These
serve as guidelines to ensure that the product is consistent with the user’s cognitive
and physical capabilities. The most central and relevant principles for this study
include:

o Consistency: Similar tasks should be performed in similar ways. Through
consistent design, the user can generalize their knowledge from one part to
another, reducing the risk of errors and confusion.

o Compatibility: The design should be consistent with the user’s reality, lan-
guage, and expectations. To create an easily understandable system, the inter-
face should use terms, symbols, and workflows that feel natural and familiar
to the user.

o Feedback: The product should provide clear confirmation that an action has
been performed and inform about the result of the action. Lack of feedback
often results in uncertainty and duplication of work.

e Visual Clarity: Information must be presented in a way that can be read
quickly and easily without confusion. This includes everything from text size
to visual noise or cluttered interfaces.
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e Error Prevention and Recovery: The design should minimize the risk of
user errors and offer easy ways to recover the system if errors do occur.

e User Control: The user should be in control of the pace and sequence of the
interaction. The system should avoid forcing actions that take control away
from the user.

In this study, the term strong usability is utilized within the first research question
to emphasize a holistic and context-driven approach to evaluation. Rather than
viewing usability as a superficial quality focused on interface aesthetics or isolated
task execution speeds, this thesis uses the term to describe a state where the system
integrates naturally into the users’ actual workflows, practices, and environment. In
this sense, achieving strong usability means that the developed interface acts as a
tool that addresses the real-world operational challenges and supports the user needs
identified in the fieldwork, without introducing an additional layer of complexity or
disruption to established professional practices.

3.3.4 Accessibility

Accessibility is closely related to usability and can be approached through estab-
lished usability principles. Moreno et al. [38] demonstrate how traditional usability
heuristics can serve as a bridge to web accessibility, as several principles, such as
consistency, feedback, and error prevention, also address accessibility concerns when
applied to diverse user needs. This highlights how improving general usability can
contribute to making systems more inclusive.

3.4 Design Guidelines

Design guidelines are used to structure and communicate design knowledge in the
form of recommendations that guide design decisions in specific contexts. Unlike
more general design principles, guidelines are often context-dependent and more
practically oriented. They are typically based on prior experience, empirical studies,
or expert knowledge, and aim to increase the likelihood of a successful design solution.
According to Fu et al. [39], guidelines are defined as "a context-dependent directive,
based on extensive experience and/or empirical evidence, which provides design
process direction to increase the chance of reaching a successful solution".

Design guidelines also serve as a way to store and reuse design knowledge, espe-
cially in early design phases where broad guidance is valuable. They may include
recommendations for how to address design problems, as well as rationales and ex-
amples that help designers make informed decisions. At the same time, guidelines
are flexible and evolving, meaning they can be revised over time as technology, user
behavior, and design practices change [39].
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3.5 Ethical and Social Considerations

When developing systems that involve Artificial Intelligence (Al), it is important to
consider and analyze ethical implications and potential societal impacts to be aware
of risks and consequences.

3.5.1 Framework for Responsible AI

To ensure that Al-systems are developed responsibly, Leslie [40] presents a frame-
work called FAST. These principles act as an ethical compass throughout the design
and implementation process.

o Fairness: Fairness in Al is about preventing the system from producing re-
sults that are biased or discriminatory, a phenomenon often referred to as
algorithmic bias [40]. Al systems, therefore, need to be designed in a way that
does not reproduce or reinforce existing prejudices in society. This includes
both distributional justice, that is, how resources, opportunities, and conse-
quences are distributed between different groups, and actively identifying and
preventing bias in the data used to train the algorithms.

e Accountability: There must be clear accountability structures for the Al-
system’s decisions and actions throughout the whole life cycle [40]. This means
that it must be possible to answer who is legally and morally responsible if
the systems causes harm or makes incorrect decisions.

e Sustainability: Sustainability in this context refers to the technical robust-
ness of the system combined with its long-term social impact [40]. The system
needs to be designed to function reliably under pressure and be secure against
manipulation, while evaluating its impact on human well-being. The goal is
a sustainable implementation that promotes social cohesion and ensures that
technology supports rather than undermines human agency over time.

o Transparency: Transparency is a prerequisite for an Al to be auditable and
trusted, which means that it must be possible to understand how the system
achieves its results [40]. This includes requirements for explainability, where
the technical logic behind a specific decision is made understandable to people
affected by it.

Taken together, responsible Al is about transforming ethical principles into concrete
design choices throughout the entire life cycle, from the initial data collection to the
final deployment. By combining technical robustness with understanding for the
social contexts in which the system will operate, technology can act as a supporting
tool that enhances rather than replaces human judgment. A key aspect of this
is the integration of a "Human-in-the-loop" approach to ensure continuous human
oversight, so that people can stay involved and step in when key decisions are made.
This holistic approach ensures that ethical considerations do not become a separate
checklist, but an integral part of the system’s actual utility and social acceptance.

[40]
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3.5.2 Climate Concerns

As artificial intelligence has grown more advanced, the environmental impact of
developing these systems has increased. Training large language models requires
extensive computing resources, resulting in high energy use, carbon emissions, and
water consumption across power plants, data centers, and hardware production [41].
In addition, inference, the process of generating outputs whenever a user interacts
with the model, has become a major environmental factor due to its continuous and
large scale nature [42].

3.5.3 Job Displacement

A central ethical debate in the implementation of Al concerns the tension between
supporting human and replacing them [43]. As AI develops abilities resembling hu-
man intelligence, concerns about job loss and reduced human dignity are increasing.
Researchers indicate that a significant portion of today’s jobs are at risk of being
automated, which highlights a social challenge, as work is often closely linked to a
sense of meaning in life.

To address these concerns, a Human-Centered Al (HCAI) approach is required,
which redefines Al not as an autonomous agent but as a tool designed to enhance
human control and mastery [33]. Following this idea, the goal of AI should not
be to remove humans from the process, but to combine high levels of automation
with human control. Therefore, designers should prioritize human judgment and
responsibility, which require ongoing human oversight to ensure that the systems
actions remain ethical and reliable.
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Methodology

This chapter describes the research perspective and the specific methods used to
execute the project. The study is grounded in a Research through Design (RtD)
approach, where knowledge is primarily generated through the design process itself.
This approach is implemented through the Double Diamond framework, which offers
a systematic way to navigate both the problem space and the development of the final
solution. To put this into practice, the study combines qualitative methods, such as
interviews and thematic analysis, with creative design practices like wireframing and
prototyping, ensuring a rigorous transition from initial user insights to an evaluated
design artifact.

4.1 Research Through Design

Design, as an academic field, is based on the idea that design practice itself is a
method for generating new knowledge. Traditionally, research has been associated
with a strict "critical-rational" model where the researcher observes an object from
the outside, like a scientist in a laboratory. Christopher Frayling [44] believes, how-
ever, that this perspective is limited and that design, through its focus on making
and creating, offers unique ways of understanding the world. To define how knowl-
edge is generated within the design field, Frayling introduced three categorizations
that distinguish different research approaches: research into art and design, research
for art and design, and research through art and design. Research into art and design
is the most established form of design research, where design is studied as a phe-
nomenon from a historical, social, or economic point of view. Research for art and
design often describes the collecting of reference materials and preparatory studies
before the creation of a work. And in research through art and design, knowledge
occurs through the act of doing.

The most central approach for projects that involve prototyping is Research through
Design (RtD). In this perspective, the design process, in terms of sketching, build-
ing prototypes, and iterating, acts as the engine of the research. Instead of just
studying existing phenomena, the researcher is creating artifacts to investigate how
they affect a situation or a user. RtD assumes that knowledge not only consists of
text and numbers (propositional knowledge) but also of tacit knowledge. This is
the kind of knowledge that is embedded in the craft and in the decisions made dur-
ing a design process. By systematically documenting these decisions, for instance,
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through research diaries or reports, this tacit knowledge can be made explicit and
communicated to others [44].

4.2 The Double Diamond Design Framework

To practically execute the four core activities of the interaction design process out-
lined in the theoretical framework - namely identifying needs, developing design
alternatives, prototyping, and evaluating in iterative cycles - this project utilizes
the Double Diamond design framework. Developed by the Design Council [45], the
Double Diamond provides a structured lifecycle model that translates the iterative
and user-centered philosophy of interaction design into practice. While the universal
activities of interaction design define what actions must be taken to support the user
experience, the Double Diamond framework guides how the team navigates these
actions. It achieves this by structuring the workflow into two distinct diamonds rep-
resenting alternating periods of divergent thinking, where the problem and solution
spaces are explored broadly, and convergent thinking, where the focus is narrowed
and decisions are made, as illustrated in Figure 4.1. Consequently, this model helps
to ensure a rigorous transition from the initial qualitative fieldwork to the final eval-
uated high-fidelity prototype, thereby ensuring that the project addresses both the
right problem and develops the right solution.

Iterate

T

Problem
Definition

General Problem @ Discover Define ° Develop Deliver ® Solution

Figure 4.1: The Double Diamond framework illustration, adapted from Design
Council [45].

The first diamond focuses on the problem area and begins with the Discover phase.
Here, the emphasis is on understanding the actual needs and challenges through em-
pathy and user-centered methods rather than relying on assumptions. By engaging
with the people affected, deep insights are gathered. These insights are then pro-
cessed in the Define phase, where the process is narrowed down to distill the actual
core challenge. The goal is to formulate a clear design brief that guides further work.

The second diamond is focused on the solution space and begins with the Develop
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phase. During this phase, the process is opened up once again through divergent
thinking, allowing for the exploration and generation of multiple creative responses
to the defined challenge. Finally, the process reaches the Deliver phase, where
the solutions are tested and evaluated on a small scale. By discarding what does
not work and iteratively refining the most promising concepts, the final delivery is
ensured to be both functional and valuable to the user.

Design Council [45] emphasizes that the Double Diamond should not be seen as a
strictly linear instruction manual, but as an iterative process, where you often move
back and forth between phases.

4.3 Discover

In the Discover phase, methods such as literature review and interviews were em-
ployed to explore and understand users needs and challenges.

4.3.1 Literature Review

A literature study is a systematic method to review and evaluate existing research in
a specified field [46]. The purpose is to create an overview of the state of knowledge,
identify relevant theories, and ensure that the study’s research questions rest on a
scientific basis.

4.3.2 Pilot Study

A pilot study is a test of the main study that is done to ensure that the planned
method works in practice. For example, equipment and instructions can be tested,
or interview questions and questionnaires can be tested for clarity. The aim is to
detect any problems in advance so that they can be addressed before the main study
is carried out [47].

4.3.3 Interviews

Interviews are a research method for collecting first-hand information on people’s
experiences, opinions, and perceptions through direct contact. The method is often
used to reach a depth that surveys often lack and is particularly valuable for cap-
turing nuances in personal expressions and body language, which is best achieved
in physical meetings [48]. There are different types of interviews, including struc-
tured, unstructured, semi-structured, and group interviews. Structured interviews
are based on predetermined questions that are standardized across participants. Un-
structured interviews are more exploratory and may vary between participants de-
pending on the direction of the conversation. Semi-structured interviews represent
a hybrid between structured and unstructured approaches, where the interviewer
follows an interview guide with predetermined questions while also asking follow-up
questions to explore responses in greater depth. The choice of interview approach
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and level of structure depends on the purpose of the interview and the research
questions [30].

4.4 Define

The following section describes the methods used in the Define phase to process and
interpret collected data, shaping it into defined needs and guiding principles for the
solution.

4.4.1 Thematic Analysis

Thematic analysis is a well-used method for identifying, analyzing, and interpreting
patterns in qualitative data. Braun and Clarke’s framework [49] for thematic anal-
ysis includes the following six phases: 1) familiarizing with the data, 2) generating
initial codes, 3) searching for themes, 4) exploring themes, 5) defining and naming
themes, and 6) writing the report. The framework emphasizes the importance of
transparency, iteration, and reflection to generate reliable insights.

4.5 Develop

This section describes the methods used in the Develop phase, including ideation and
prototyping methods that helped transform insights into concrete design solutions.

4.5.1 Brainwriting

Brainwriting is an ideation method similar to brainstorming. However, instead of
expressing ideas verbally, participants document their ideas individually on paper
[50]. This approach reduces the risk of ideas converging too quickly or being in-
fluenced by dominant voices, allowing a broader range of independent and diverse
concepts to emerge. After a set period, typically between 5 and 15 minutes, the
participants can exchange their papers and build upon each others ideas, and to in-
spire new ideas. In this way, brainwriting combines individual idea generation with
collaborative development, supporting both originality and iteration in the ideation
process.

4.5.2 Crazy 8’s

Crazy 8’s is a method for rapid idea generation that aims to visualize a large number
of solution concepts in a short amount of time. The core of the method is a structured
sketching exercise in which participants are challenged to generate eight distinct
ideas in eight minutes, corresponding to one minute per sketch [51]. By working
under strict time constraints, participants are encouraged to set aside their inner
critic and instead prioritize quantity over visual quality or technical detail.
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4.5.3 Wireframing

As part of the design process, wireframes are used to create a visual drawing of
the system’s interface [52]. A wireframe is a simplified representation that focuses
on layout and structure rather than aesthetic details like color and shape. The
purpose is to establish a clear hierarchy between different elements and to define
how navigation should work for the user.

By working with wireframes early in a project, design choices can be quickly evalu-
ated and iterated [52]. This facilitates communication between project stakeholders
and ensures that technical solutions rest on a user-centric foundation before more
time-consuming design and development work begins.

4.5.4 Prototyping

Prototyping is used as an experimental method to visualize, test, and refine design
ideas before implementation [53]. A prototype is a simplified model of a product
that simulates its functionality and design. Prototypes can be developed in both
physical and digital forms, depending on the specific requirements of the design
inquiry. They also vary significantly in level of detail, ranging from low-fidelity
paper sketches used for early conceptualization to high-fidelity interactive models
that resemble the final product. By creating prototypes with varying levels of detail,
usability problems can be identified and addressed early. This reduces the risk of
costly mistakes and ensures that the final solution is both technically robust and
user-centric.

4.5.5 Design Critique

Design critique is a structured and collaborative method used to critically review
and evaluate a design proposal in relation to defined goals. The method is based on
group discussions, where the purpose is to improve the quality and effectiveness of
the design through constructive and iterative feedback, rather than simply judging it
[54]. By identifying strengths, uncovering issues, and exploring alternative solutions,
the critique helps refine the design while it is still open to change, unlike more formal
evaluations conducted at the end of a process.

For the critique to be effective, it requires clear framing and shared objectives. Par-
ticipants need to agree on the problem being addressed, and the user needs that
guide the design. The process is often facilitated to ensure that feedback remains
focused on how well the design meets these goals, rather than reflecting personal
opinions or dictating specific solutions. Design critiques are typically iterative and
play an important role in supporting reflection, learning, and continuous improve-
ment throughout the design process.
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4.6 Deliver

In the Deliver phase, methods such as cooperative evaluation and usability testing,
supported by a think-aloud protocol, were employed to assess the design and identify
usability issues.

4.6.1 Usability Testing

Usability testing is an evaluation method in which a user is observed while per-
forming one or more predefined tasks in an interface. The purpose is to identify
challenges in order to improve usability [48].

4.6.1.1 Cooperative Evaluation

One variation of usability testing is cooperative evaluation, which is particularly
suitable in early stages of development. In cooperative evaluation, the user performs
predefined tasks while thinking aloud, and the designer acts as a moderator during
the test. Unlike traditional usability testing, the moderator actively participates by
asking questions, and the user is also allowed to ask questions, creating a two-way
dialog during the session. This method enables designers to gain immediate feedback
and quickly identify usability issues, making it a cost-effective approach when the
goal is to improve the design during development rather than evaluate a finished
product [55].

4.6.1.2 Think-Aloud Protocol

The think-aloud protocol is a usability evaluation method in which participants
verbalize their thoughts, actions, and feelings while completing tasks. This method
allows researchers to observe task completion in real time, identify usability issues,
and understand what users find confusing or engaging. It is applicable to both
prototypes and existing products [48].

4.7 Ethical Considerations of Data Collection

The data collection through interviews and user testing will be conducted in ac-
cordance with the ethical consideration guidelines presented by Nii Laryeafio and
Ogbewe [56]. Interviews will be audio recorded, and usability testing will be recorded
using both audio and screen recording. Participants will be informed about the pur-
pose of the study, what data will be collected, and how the data will be handled
and stored, and informed consent will be obtained before participation.

All participants will be anonymized, and no personal identifiers will be included in
the final report. Quotes from interviews and usability testing may be used, but all
identifying information will be removed or generalized so that individuals cannot be
traced.
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All data will be stored on OneDrive, which is protected by two-factor authentication,
requiring both a password and verification through an authenticator application, and
will be deleted once the project is completed. During the storage period, the data

will not be shared with any third parties. Only the authors of the study will have
access to the data.
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Execution and Process

The following chapter outlines the process of the study and the execution of the
methodology described in Chapter 4. The chapter is structured according to the
four phases of the Double Diamond model: Discover, Define, Develop, and Deliver.

5.1 Discover

This section presents the internal data review, literature review, and interviews
carried out as the initial divergent phase of the study, with the aim of exploring the
problem space and building an understanding of the contextual environment of the
study.

5.1.1 Internal Data Review

The project began with a review of company-provided documentation relevant to the
study. As part of this, a basic course in SystemWeaver was completed, providing an
understanding of the interface, functionality, and ways of working. This initial study
also involved studying documentation from the larger, ongoing project of developing
an LLM-Framework Architecture for a SystemWeaver integrated GUI presented in
section 2.1. Reviewing this helped us to understand the context, goals, and scope
of the work this study is part of.

5.1.2 Literature Review

To gain a deeper understanding of the research area, a literature review was con-
ducted focusing on interaction design, artificial intelligence, requirements engineer-
ing, and related studies. Search engines such as Google Scholar and Chalmers Li-
brary were used to find relevant articles and books. Keywords such as "Artificial
intelligence", "Requirements engineering', "Human-computer interaction', "Cogni-
tive load theory", and "Human-Al co-writing" were used. To broaden the theoreti-
cal foundation in design theory, keywords such as "Usability" and "User experience
guidelines" were also included in the search.
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5.1.3 Interviews

Interviews were conducted to explore participants’ experiences and opinions related
to their use of SystemWeaver, requirements writing, and attitudes toward AI. The
interviews followed a semi-structured approach, covering predetermined topics while
allowing for follow-up questions.

The interview guide was developed based on insights from the literature review and
discussions with supervisors at GTEU and Chalmers University of Technology. The
literature review highlighted trust as a central challenge in Human-AlI Interaction
and Al in Requirements Engineering. Therefore, questions were included to explore
participants’ current use of Al, their attitudes towards Al support in requirements
writing, and factors influencing trust in Al-generated output. Discussions with the
supervisors helped ensure that the interview guide also captured the practical con-
text of requirements engineering at GTEU, including the use of SystemWeaver, cur-
rent workflows, and existing challenges. The complete interview guide is presented
in Appendix A.

Participants were selected through purposive sampling. Potential participants were
identified by the supervisor at GTEU based on their experience of writing, review-
ing, or managing requirements in SystemWeaver. These activities were central to
the research focus and were therefore used as the primary selection criterion. From
an initial list of 15 potential participants, eight were selected. During the selection
process, an effort was made to include participants from different departments and
with somewhat different responsibilities in order to capture a broader range of per-
spectives. Participants were first contacted by email to ask for their participation,
after which the interviews were scheduled.

5.1.3.1 Interview Procedure

A total of eight interviews were conducted. The first interview functioned as a pilot
study to test the audio recording, interview structure, questions, and planned dura-
tion. As these elements functioned as intended and no modifications were required,
the pilot was included in the subsequent data analysis. Six interviews were con-
ducted on-site at Geely’s office, and two were conducted online via Microsoft Teams,
as those participants were unable to attend in person for the scheduled time. All
interviews lasted approximately 30 to 40 minutes and were conducted in Swedish,
the participants native language.

Each interview began with a brief introduction to the projects background and
purpose. Participants were informed about what data would be collected, how it
would be used, stored, and later deleted upon completion of the project. They were
assured that all responses would be anonymized and not traceable to any individual.
Written informed consent, including consent to audio recording, was obtained prior
to the interviews.

The interviews consisted of an introductory part with general questions, followed
by successively more specific and in-depth questions on the subject of the project.
At the end, participants were given the opportunity to add further thoughts or
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reflections. During the interviews, one interviewer led the conversation and asked
questions from the interview guide, while the other handled the recording and asked
follow-up questions. Before the interview ended, participants were asked whether
they would be willing to participate in subsequent evaluation sessions for the project.

5.2 Define

Following the interviews, the gathered data underwent a qualitative analysis to
establish a deeper understanding of the specific context and problem areas. The
insights gained from this process served as a bridge between research and creation,
providing a grounded foundation that guided the subsequent development of the
design solution.

5.2.1 Thematic Analysis - Interviews

The qualitative data gathered from the semi-structured interviews underwent a rig-
orous thematic analysis following the six-phase framework established by Braun and
Clarke [49]. To capture the nuances of the participants’ experiences and preserve the
authenticity of the material, the analysis was conducted using an inductive approach
where codes and candidate themes emerged originally from the dataset rather than
being fitted into pre-defined matrices or codes.

The analysis began by transcribing the audio recordings from the interviews and
checking them against the original recordings. This ensured that the transcriptions
matched the material and allowed us to become familiar with the data. Following the
initial transcription and data familiarization phase, relevant statements and quotes
were extracted from the material, and then coded inductively. Some quotes were
assigned multiple codes, as they related to several different aspects of the material.
Table 5.1 illustrates a few examples of how interview quotes were assigned codes
during the thematic analysis.

Table 5.1: Example of the coding process.

Interview quote Coded for

“There are so many departments here | Differences between departments
and everyone works with it in differ-
ent ways, whether its functions, phys-
ical items, or physical attributes.”

"You can tell that it gets a certain per- | Individual variations in requirement
sonal touch. Different areas have been | formulation

written by different people, especially
linguistically."

The initial coding resulted in a large number of detailed codes describing participants
interactions with SystemWeaver, technical workflows, and attitudes towards Al. To
create an early overview of the data, these codes were visually grouped in FigJam
based on conceptual similarities, resulting in a total of 21 initial preliminary themes
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shown in figures 5.1 and 5.2. These figures illustrate the extensive breadth of the
initial material and the complexity of the early clustering phase. At this stage, a
high number of specific clusters were maintained to ensure that no thematic nuances
were lost, as well as providing a clear initial understanding of the various emerging
areas.
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Figure 5.1: Preliminary themes.
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Figure 5.2: Preliminary themes.

While the initial clustering provided a detailed representation of the raw data, the
large number of clusters made it difficult to create a clear overview. Therefore,
the preliminary themes from the first grouping of codes were reviewed and refined.
Some codes were moved to other themes, while others were split to better reflect the
data. For example, Trust in Al was divided into Trust and User Agency, as these
captured different aspects of the user experience. Several themes were excluded as
they were considered outside the focus of the study, for example, broader aspects
of SystemWeaver such as system efficiency and poor learnability. This iterative
refinement led to 12 candidate themes, as seen in figure 5.3.
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Figure 5.3: Candidate themes.

While the second iteration of grouping codes provided a clearer view of the problem
space, several themes were still perceived to have overlapping characteristics and
interdependencies. Therefore, a final iteration was conducted in which the 12 can-
didate themes were combined, contextualized, and refined. Rather than discarding
the 12 candidate themes, this final step focused on restructuring them into broader
themes. For instance, the different types of problems or challenges encountered in
the requirements work were grouped together into one theme. This resulted in five
final themes presented in figure 5.4.
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Figure 5.4: Final Themes.

5.2.2 Thematic Analysis Findings

The thematic analysis resulted in five themes, presented in Figure 5.4. Each theme
builds on several aspects identified during the analysis. In the following sections,
the themes are described in more detail and supported by direct quotes from the
interviews.

5.2.2.1 Challenges in Current Workflow

Participants described several challenges in the current workflow, particularly related
to consistency, interpretation, and determining the appropriate level of detail in
requirements.

The most recurring problem was lack of structure for writing requirements, such as
standardized methods and guiding principles. Several participants described that
this creates uncertainty and that they sometimes have to rely on guesswork. As one
participant explained:

It feels very vague (writing requirements and test cases). It would need
to be much more structured in order to ensure higher quality, and you
end up guessing a bit since there are no clear processes or frameworks to

follow. - P7

Participants further described that the absence of standardized practices contributes
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to variation in how requirements are written. Requirements were said to acquire a
certain "personal touch', influenced by individual experiences, professional back-
ground, and language preferences.As P4 expressed:

[...] you can tell that it gets a certain personal touch. Different areas
have been written by different people, especially linguistically.

These differences were described as extending beyond individuals and also reflecting
variations between roles and departments. Participants explained that requirements
are formulated differently depending on the functions and artifacts involved.

There are so many departments here and everyone works with it in dif-
ferent ways, whether it’s functions, physical items, or physical attributes.

- P2

Several participants described that these variations make requirements more difficult
to interpret. Understanding a requirement often required extensive "detective work"
(P5) to identify the original intent.

Related to this, participants described that information gaps frequently occur through-
out the workflow. Information was said to sometimes "fall between the cracks" when
transferred between departments, as different unit have different focuses and ac-
cess to background information. As a result, requirements may not always be fully
understandable to other stakeholder or downstream engineers. P5 explained:

It’s important that any change you make does not have unexpected conse-
quences and is understandable, which is surprisingly difficult. [...] When
someone else receives it they don’t have the same mental picture that I
have built up from the analysis.

Furthermore, participants described that organizational differences also affects how
requirements are divided and delimited. A central part of the work involves adapting
incoming requirements to the needs of their own department and determining the
appropriate level of detail. Requirements that are too detailed were described as
time-consuming to manage, while requirements that are too broad were described
as difficult to follow-up. P4 explained the difficulty of this balance:

[...] it is mostly about making sure the requirements are written in a
reasonable way, trying not to include multiple requirements in the same
one, but also not breaking them down too much. You have to find a
balance in how extensive a requirement can be before you need to split it.

5.2.2.2 Attitudes Towards and Use of AI

This theme captures participants’ attitudes towards Al, including their current use
of Al tools, and their views on future Al support in SystemWeaver.

Some participants described that they already use Al tools in their work today, par-
ticularly for code generation and as a source of information. A few also reported
using Al in their requirements management work. However, at the time of the inter-
views, no dedicated internal Al-tool was available within the organization, leading
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participants to reformulate and de-identify the context to avoid leaking sensitive
information to external platforms.

Despite these limitations, participants expressed a positive attitude towards the inte-
gration of an internal Al tool specifically designed for requirements management in
SystemWeaver. They see strong potential for streamlining workflows and optimizing
several important aspects of their work, some of which are further described in the
theme Functionality.

Furthermore, efficiency emerged as a key factor in their willingness to adopt such
a tool. Participants emphasized that it must be more efficient than performing the
work manually to be considered valuable. As P5 stated:

[...] the important thing is, of course, that it should be faster to do this
than to do it yourself [...] there are many examples in System Weaver
where there are intended methods for performing certain tasks that are
slow [...] it simply has to be time-efficient.

5.2.2.3 Functionality

Participants expressed several expectations regarding how Al could support their
work and help improve the quality of requirements.

Linguistic support was one of the most frequently requested functionalities. Partic-
ipants described how Swedish sentence structures often appear in requirements, as
well as requirements written in Chinese, which can create ambiguity for international
teams or external suppliers. They also noted that such linguistic inconsistencies can
make it difficult for translation tools to interpret the content correctly, increasing
the risk of misinterpretation. P4 expressed it like this:

[...] linguistically, I think that AI would be very helpful. The prob-
lem 1is often that not many people here are native English speakers, but
all requirements are written in English. Sometimes you can clearly see
Swedish sentence structure in the text. It is usually understandable for
us, but it may not be as clear for someone with another language back-
ground, and it can also make it difficult for translation or other tools to
handle the requirement properly.

Another recurring request was Al support to ensure complete and testable require-
ments. Participants expressed a desire for an Al that could act as a reviewer, sug-
gesting missing information or flagging requirements that are too vague to be tested
and verified.

It would be very helpful if an Al could suggest or give feedback, for ex-
ample, you wrote this here, you might want to add this as well, or what
you have written does not seem very testable [...] - P7
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5.2.2.4 Trust in Al

This theme captures participants’ perspectives on trust in Al and the factors that
influence it. Almost all participants emphasized that trust is built through consistent
performance and the ability to verify the output. If the Al frequently makes mistakes,
trust is quickly lost. A hallucinating Al tool that requires constant correction can
result in more effort than benefits. As P8 explained:

If you start using an Al tool and it gives good suggestions, then you
would have more trust to let it create more [...] But if it messes up, so
to speak hallucinates [...] you would lose some trust. You might start to
feel that it takes more time to sit and correct everything it produces than
to just do it yourself.

Participants also highlighted transparency as an important factor in building trust.
They expressed a need to understand what data the Al uses and the reasoning
behind its output.

5.2.2.5 Control

This theme captures participants’ views on the role of human control in Al-supported
work. In addition to trust, control was also described as important in the given
context. Participants emphasized that Al suggestions should never be accepted
blindly. Instead, they should be actively reviewed and manually approved, with
users always making their own judgment.

Some participants pointed out that there is a risk that users become too passive and
stated that the work still requires a person who can think creatively and understand
the bigger picture. In addition, one participant expressed that the process of writing
and reviewing requirements is how they build their knowledge. P1 explained it like
this:

I think it can be good to start writing yourself. If you havent been part
of the process, you dont remember things afterwards. There is value
in knowing the material without having to look it up, for example in a
meeting when something comes up. Its not the same if you havent been
involved in producing it.

5.2.3 Defining The Use Case

While the study investigates Al-assisted writing in requirements engineering, the
interviews revealed a variety of potential use cases for AI support, both related
and unrelated to writing. Writing-related use cases included writing requirements,
generating test cases from requirements, and naming signals and parameters. Non-
writing-related use cases included identifying verification methods, mapping between
requirements, and extracting status information from SystemWeaver.

This breadth made it necessary to define the use case more clearly. Based on di-
cussion with our supervisor at GTEU, we decided to focus on requirements writing,
as it can be seen as the foundation of the requirements engineering process. Poorly
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written requirements can affect all downstream work, such as testing and valida-
tion. By focusing on this activity, the study can address an important core problem
without becoming too broad or scattered.

temWeaver

Category Use case Included in | Reason
scope
Writing Write requirements Yes Core focus of the
study
Writing Generate test cases from re- | No Downstream activity
quirements in the testing phase
Writing Name signals and parame- | No Implementation-level
ters detail, not require-
ment authoring
Non-writing Identify verification meth-| No Validation and anal-
ods ysis activity outside
writing scope
Non-writing Map between requirements | No Traceability /modelling
task rather than writ-
ing
Non-writing Extract status from Sys-| No Tool-specific informa-

tion retrieval, not writ-
ing activity

Table 5.2: Overview of potential Al-supported use cases and scope selection

5.2.4 Design guidelines - First iteration

Based on the findings from the thematic analysis of interviews, an initial set of design
guidelines was developed to support the subsequent Develop phase, particularly the
ideation process. The guidelines represent a preliminary proposal rather than a final
set, as they were created early in the process and intended to evolve and be refined
throughout the project. The first iteration consisted of ten guidelines, formulated to
be clear, concise, and easy to understand, in order to ensure their usability during
ideation. The guidelines were as follows:

Trust

o G1. Be transparent about what data and sources the Al uses.

e G2. Be transparent about how Al arrives at its conclusions.

Control

e G3. Enable users to review and verify Al-generated output before use.

o G4. Make it easy to edit or ignore Al-generated output.

o Gb5. Al should never make decisions on its own; the user should always make
the final decision.
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o G6. Provide feedback on changes made by the Al
Functionality

o« G7. Offer linguistic support to ensure requirements are clearly and well-
formulated.

o G8. Help identify missing information to ensure complete requirements.
o G9. Assist the user in breaking down requirements to ensure correct scope.
Design

o G10. Allow for flexibility across different contexts and departments.

5.3 Develop

The development of the design solution focused on turning the identified needs into
a concrete concept through an iterative process. By exploring different ideas and
visualizing them as wireframes and prototypes, the design was continuously reviewed
and refined.

5.3.1 Ideation

Based on the findings of the data collection and analysis, an ideation phase was
conducted to generate potential solutions. The ideation methods Brainwriting and
Crazy 8’s were used to produce multiple ideas. The goal was to develop concepts
that follow the defined design guidelines.

5.3.1.1 Brainwriting

The initial ideation method used was Brainwriting, where one session was conducted
for each guideline. During each session, ideas were individually written for two
minutes. The ideas were then passed to the other member, who had two minutes
to add, modify or expand on the ideas. After this, the ideas were explained and
discussed together, and if the discussion led to additional ideas these were also
written down on paper. The session concluded with a selection of the most promising
and feasible ideas for each guideline, which were then carried forward to the next
iteration of ideation. See figure 5.5 (left) for an example of the brainwriting results
for G7.
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Figure 5.5: Example of Brainwriting (left) and Crazy 8s (right) ideation for G7:
Offer linguistic support to ensure requirements are clearly and well-formulated.

5.3.1.2 Crazy 8’s

In the second iteration, Crazy 8’s was used to generate sketches based on the out-
comes of the brainwriting session. As mentioned, this phase focused on a selection
of ideas from the brainwriting activity that were considered to have the greatest
potential to fulfill the established guidelines effectively. One Crazy 8’s session was
conducted for each selected idea, where up to eight sketches were generated individ-
ually within eight minutes. In some cases, fewer than eight sketches were produced
due to time constraints or a lack of further ideas.

Following this, all sketches were presented individually for discussion and evalua-
tion. The most relevant and effective concepts were selected based on how well they
addressed the guidelines, similarly to the approach used in the brainwriting session.
In some cases, elements from multiple sketches were combined to form more refined
solutions. These selected and combined ideas served as the foundation for the de-
velopment of wireframes and an initial prototype. Figure 5.5 (right) illustrates an
example of the Crazy 8’s results for G7.

5.3.2 Wireframing

Wireframes were created in Figma based on ideas generated during the ideation
phase. The purpose was to visualize the main functionality and interaction flow
before moving on to high-fidelity prototyping. The resulting concept introduced a
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side panel integrated within SystemWeaver. The intention is for the panel to be
expandable into a full-screen view or repositioned within the interface depending on
the users working context and preference. The main interface (left side in Figure 5.6)
presents an analysis of the requirement description within SystemWeaver, followed
by an Al-generated suggestion for refinement. The suggestion is accompanied by
sources to support transparency and enable verification. To further support control
over the input context, a dedicated icon button allows users to define the Als knowl-
edge scope by selecting specific project documents or enabling external web sources.
Users can also chat with the Al to refine the suggestion or edit it manually before
committing the changes back to the system (right side in Figure 5.6).

To support review before changes are committed, a dialog enables comparison be-
tween the original requirement and the Al-generated suggestion, where color-coded
highlights are used to indicate changes between the two versions (left side in Figure
5.7). A secondary side panel was also included, providing access to the history of
previous chats (right side in Figure 5.7).

X
B
=
X
(=

Requirement Quality / Compliance Requirement Quality / Compliance

Analysis Analysis

Language Need Refinement Language  Need Refinement

Testability  Non-Compliant Testability  Non-Compliant

Suggestion Suggestion

|

Sources Cam Sources v X

Ask Al ™ Ask Al N

Figure 5.6: Wireframes of the main interface and editing state.
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Figure 5.7: Wireframes of the review dialog and chat history panel.

5.3.3 Design Critique

A design critique session was conducted with two experts from GTEU, one a Sys-
temWeaver application specialist and the other a software developer with experience
in Al development. The session began with a brief recap of the identified themes
and resulting design guidelines. This was followed by a demonstration of the wire-
frames, including the reasoning behind design decisions. Experts were encouraged to
provide feedback on features, general functionality, and technical feasibility. Their
feedback was written down in a shared document, ensuring a detailed record of the
discussions.

One of the most important takeaways from the session was that users might want
to start a new chat within a requirement if the previous conversation has taken an
unhelpful direction. Supporting this, the history view should allow multiple chats
for the same requirement to be displayed and include filtering options for easier
navigation. Another takeaway was making the analysis section expandable and col-
lapsible because of the limited space in the interface. Additionally, the labeling of
the commit button should be revised, as its current wording does not clearly commu-
nicate what will happen when it is clicked. Experts also mentioned that users might
want to compare the original requirement with the Al-generated suggestion earlier
in the workflow, rather than only in a commit-triggered dialog, so that differences
are visible while working on the proposal. The session concluded with a structured
set of action items that guided further refinement during the prototyping work.
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5.3.4 Prototype - First iteration

Based on the initial wireframes and feedback from the design critique session, a high
fidelity prototype was developed. The prototype was designed in Figma, where all
interface elements, including components, color styles, and typography, were created
from scratch. This approach was taken due to the absence of an established design
system for this context. Furthermore, the Al tool is intended as a Geely specific ex-
tension within SystemWeaver, therefore strict adherence to SystemWeavers existing
visual style was not considered necessary. The functionality and design decisions
are described in the following sections.

Requirement Analysis - The Al provides an analysis of the requirement description
in SystemWeaver, displayed through a status bar and three categories: Language,
Testability, and Focus. The entire analysis section can be expanded or collapsed
to support flexible use of screen space, as highlighted in the design critique session.
Within this section, each category can also be expanded or collapsed individually.
These categories reflect both issues identified in the interviews and established prin-
ciples for well-written requirements. Language evaluates the clarity of the text,
Testability checks whether the requirement is written in a verifiable way, and Focus
assesses whether it addresses a single specific aspect. Each category is assigned a
status tag: Compliant indicates no issues, Needs refinement indicates areas for im-
provement, and Non-compliant indicates significant issues (Figure 5.8). Based on
this analysis, the Al generates a suggestion that can be further refined and edited.

Language Non-compliant v Language Non-compliant A

Issue: The requirement uses vague language ("should”, "quickly”) with no measurable
criteria

’ Why it matters: Ambiguous terms like "should" and "quickly" cannot be verified or
Testability v tested against a specific standard.

Suggestion: Replace "should" with "shall" and quantify "quickly" with a measurable
value, e.g. "within 3.5 seconds".

Focus v

Figure 5.8: Overview of the requirement analysis components, including the
categories Language, Testability, and Focus with status tags.

Editing and Comparison - The edit and comparison features can be accessed through
icon buttons in the top right corner of the Al-generated suggestion. The comparison
feature presents the original requirement alongside the Al-generated suggestion, with
changes highlighted using color to support easy comparison. This design builds on
existing SystemWeaver functionality, where color coding is used to represent changes
between different versions of requirements and support understanding of what has
been updated. The edit feature allows users to manually adjust the suggestion
before committing it back to the system, giving users control over shaping the final
outcome (Figure 5.9).
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Al suggestion Bﬂ “ Comparison view X

The braking system shall reduce vehicle speed from 100 km/h to 0 km/h within 3.5 Original
seconds when the driver applies full force to the brake pedal on dry asphalt at 20°C

The system should be able to stop the vehicle quickly when the driver presses the
ambient temperature.

brake pedal

Al suggestion

TN T The braking system shall reduce vehicle speed from 100 km/h to 0 km/h within 3.5
‘\B J LI P LQJ S e v X seconds when the driver applies full force to the brake pedal on dry asphalt at 20°C
ambient temperature.

The braking system shall reduce vehicle speed from 100 km/h to 0 km/h within 3.5
seconds when the driver applies full force to the brake pedal on dry asphalt at 20°C
ambient temperature.

Figure 5.9: Components for editing and comparison, showing edit mode and the
comparison view with highlighted changes.

Review and Commit - The Review and Commit button opens a dialog showing the
original requirement and the Al suggestion side by side. The user can either commit
the suggestion as a new version or overwrite the existing requirement. Commit-
ting as a new version allows the user to keep the original requirement description
while saving the updated one as a separate version. If the Al suggests splitting a
requirement and generates multiple suggestions, the user can choose to open each
suggestion as a new requirement or select one of them to either create a new version
or overwrite the existing requirement (Figure 5.10).

1. Al suggestion Eﬂ “

Review and commit When the Autonomous Emergency Braking (AEB) system detects an obstacle within
5.0 meters at speeds exceeding 30 km/h, the system shall initiate full hydraulic
braking pressure within 150 ms

Original

The system should be able to stop the vehicle quickly when the driver

presses the brake pedal. Open in new requirement Review and commit
Al suggestion “ 2. Al suggestion RN
The braking system shall reduce vehicle speed from 100 km/h to 0 Upon initiation of an Autonomous Emergency Braking (AEB) event, the vehicle shall
km/h within 3.5 seconds when the driver applies full force to the brake automatically activate the hazard warning lights with a flash frequency of 4.0 Hz

pedal on dry asphalt at 20°C ambient temperature.

Open in new requirement Review and commit

Cancel { Commit and overwrie Commit to new version

Figure 5.10: Components for review and commit, showing the comparison dialog
(left) and buttons for handling multiple suggestions (right).

History View - The history view is a secondary side panel that can be accessed
through the icon in the top right corner of the interface. It provides an overview
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of previous chats across different requirements. If multiple chats exist for the same
requirement, they are grouped in a dropdown under that requirement. This was an
important consideration from the design critique session, where experts highlighted
that users may want to start a new chat within a requirement if a previous conver-
sation goes in an unhelpful direction. To support navigation, filtering options and
a search bar was also included as well as basic management actions such as pinning,
renaming, and deleting chats (Figure 5.11).

3] [ml 3] [ml

Chats Chats

\‘ Sort by o Q ‘ | sortby N Q ‘
& ntrol ADAS-102 Adaptive Cruise Control
Aa Name ntrol ADAS-102 Adaptive Cruise Control
> ADAS-102 Adaptive Cruise Control ~ ADAS-102 Adaptive Cruise Control

ADAS-102 Adaptive Cruise Control

ADAS-102 Adaptive Cruise Control

Figure 5.11: History view showing chat overview with filtering options (left) and
additional management actions such as pinning, renaming, and deleting (right).

5.3.5 Functional Prototype

While the user interface design was conducted in Figma, Figma’s interactive pro-
totyping capabilities did not provide the level of interaction wanted for testing the
prototype. For instance, the user needed to be able to type real input, which was not
possible with Figma prototyping. To achieve the desired interactivity, the develop-
ment of the prototype continued in Lovable, an Al-powered development platform.
This further allowed us to integrate a functional Gemini API, enabling real chat
functionality. By taking this approach, participants in the user tests were able to
interact and chat with an actual Al, resulting in an authentic experience with fewer
constraints on what could be tested and how to interact with the prototype than in
a simulated flow.

The work in Lovable focused on translating the design from Figma frames into a
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functional environment. We began by implementing the Figma frames to build
the sidebar, using a combination of detailed prompts and screenshots to ensure
that elements like color codes, border radius, and shadows precisely matched the
original Figma design. The functionality was then refined through an iterative
process of continuous prompting and testing of the behavior. When navigation
and functions worked as expected, the Gemini API was integrated to power the
chat. Additionally, to place the Al tool in a realistic context for the user testing
of the prototype, a basic SystemWeaver-like Ul was created in Figma and then
implemented in Lovable. This served as a simplified base interface where the Al
extension could be integrated as a side-pane and tested in an environment similar to
the expected. This system and Al integration ensured that the tool felt like a native
part of the surrounding environment rather than a standalone application, allowing
AT to reference the requirement analysis section and provide dynamic suggestions.

In addition, to ensuring visual consistency with the Figma designs and integrating
the necessary interactivity, another central part of the process was defining the Al’s
behavior and personality. We especially prompted the Al to avoid "conversational
fluff" and instead provide direct, professional feedback with clear explanations for its
suggestions. The desire for this behavior lies in both UX and environmental factors,
since the sidebar format provides a limited display area, unnecessary conversational
filler would force excessive scrolling and obscure the actual value of the output. Also,
as a critical aspect for the users was for the tool to be less time-consuming than
doing the work manually, it was essential that the Al provided concise and efficient
responses to meet this user need.

Finally, the prototype was prepared for the user evaluation to ensure expected func-
tionality and consistency across all user sessions. By loading the system with specific
content, such as mock requirements and creating functional shortcuts for the differ-
ent test cases, we ensured that the starting point and conditions for each test were
equivalent. This allowed the participants to focus entirely on the interaction with
the Al and the quality of its feedback while also making the results from different
users easier to compare and analyze. The finalized functional prototype is seen in
Figure 5.12.
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Figure 5.12: Functional high-fidelity prototype demonstrating the Al tool’s
placement within the surrounding system context.

5.4 Deliver

The final phase focused on evaluating the design through end-user testing and refin-
ing the solution based on the feedback. Engaging with users ensured that features
and terminology felt intuitive, validating that the solution effectively addresses the
core problem and provides a meaningful response to the user needs identified earlier
in the process while feeling like a natural fit in their work environment.

5.4.1 End-user Testing

The end-user testing was conducted as a cooperative evaluation with four partici-
pants from the previous interview round. The sessions were carried out in person at
GTEU’s office and lasted approximately 30 to 40 minutes each (See Figure 5.13 for
the physical setup used during the evaluation sessions).

Each session began with a brief introduction outlining the background, scope, and
purpose of the evaluation. The structure of the session was explained, and partici-
pants were encouraged to think aloud while completing the tasks. Informed consent
was obtained prior to each session, including permission to record both audio and
screen activity.

The testing was structured around three scenarios, each with associated tasks and
follow-up questions. The scenarios covered writing and refining requirements with
the support of Al, including using the Al to search for relevant information when
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needed. The tasks involved practical actions within these scenarios, such as editing
Al-generated suggestions or publishing them to the SystemWeaver database. Each
task was followed by questions exploring aspects such as clarity of information,
perceived usefulness, and trust in Al outputs. The full test guide is provided in
Appendix B. During the sessions, one researcher facilitated the tasks and asked
follow-up questions, while the other handled recording and took notes.

Figure 5.13: Physical setup of the evaluation sessions, showing the test
environment and equipment arrangement.

5.4.2 Thematic Analysis - User tests

The data from the cooperative evaluation, including audio recordings and observa-
tional notes, were analyzed using Braun and Clarkes [49] framework for thematic
analysis, as described in Section 5.2.1. The initial steps of the analysis followed the
same procedure as previously described, beginning with transcription of the audio
recordings and reviewing them alongside the original material to ensure accuracy
and familiarization with the data.

The material was then coded using a combination of deductive and inductive ap-
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proaches. The deductive codes were based on the evaluation guide and its predefined
questions, while the inductive codes were developed to capture patterns and insights
emerging directly from the data. Once the coding was completed, all quotes were
compiled under their respective codes (see Figure 5.14).

Unclear meaning of INCOSE term ‘ Unclear

term ‘ Unclear meaning of 'Focus' term Difficulty finding Ul elements Control over system actions

Confusion about 'commit' terminology Unclear meaning of 'language' category

ity understanding Ul elements Unclear difference between action options Need for feedback Splitting requirements workflow

Suggestions for additional functions Content Other

Figure 5.14: Quotes organized under their respective codes.

The codes were then grouped into five preliminary themes (see figure 5.15), which
were subsequently reviewed against the original quotes and transcripts to ensure
consistency and accuracy. Based on this review, the themes were further refined in
a second iteration. During this stage, the theme Suggestions/Other was removed, as
it primarily consisted of comments on example texts in the interface and suggestions
for additional functionality beyond the scope of the prototypes intended use case.
Other themes were renamed to better reflect their content and meaning.

Through this process, four final themes were identified: Unclear Terminology, Un-
clear Ul Elements, System Feedback and Control, and Trust and Verification (see
figure 5.16).
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Unclear terminology Workflow & navigation
Trust
Unclear meaning Unclear Control over Need for
Unclear meaning of fnon- ing of N
INCOSE term of ‘non canna Transparency Verification system actions feedback
compliant' term ‘Focus' term E e
A q et Unclear
Confusion Unclear meaning Splitting )
’ . difference
about ‘commit’ of 'language’ requirements .
terminology category workflow EEREDEE
options
Other/suggestions Unclear Ul elements
Suggestions Difficulty Difficulty
Content Other for additional understanding finding Ul

functions Ul elements elements

Figure 5.15: Preliminary themes from first iteration of grouping codes.

Unclear terminology Trust and verification System Feedback and control
Unclear meaning Unclear e
Unclear meaning of of non- meaning of Transparency Verification Control over Need for
INCOSE term i g needs needs system actions feedback
compliant' term ‘Focus' term
Unclear
Confusion Unclear meaning difference splitting
about icommit' of 'Ianguage' between action requirements
i ey Y options Unclear Ul elements workflow
Difficulty Difficulty
understanding finding Ul

Ul elements elements

Figure 5.16: Final themes.

5.4.3 User Test Findings

The cooperative evaluation resulted in four themes reflecting participants experi-
ences with the prototype. Overall, participants were positive about the functionality
and design, and saw potential in using Al to support writing requirements. The tool
was perceived as helpful for identifying unclear or underspecified requirements and
as a valuable complement to existing workflows. Participants also provided sugges-
tions for improvements and further development, indicating engagement with the
concept and interest in its future potential. The following sections describe each
theme in more detail, supported by quotes from the users tests.

5.4.3.1 Unclear Terminology

Participants frequently struggled with understanding specific terms used in the inter-
face, which created uncertainty about meaning and intent. Words such as compliant,
focus, and commit were perceived as ambiguous or lacking context. This confusion
made it harder for participants to understand what actions meant or what outcomes
to expect. As one participant noted:
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"I think commit is something that people would not understand right
away" - P1.

5.4.3.2 Unclear Ul Elements

Interface elements such as the progression bar, icons, and buttons also caused uncer-
tainty. Some functions were difficult to discover, while others lacked clarity about
whether they were interactive or informational. One participant expressed this con-
fusion:

I did not quite understand whether it was something I was supposed to
click on or something I was just supposed to read. - P3

5.4.3.3 System Feedback and Control

Difficulties were observed in how users understood the impact of their actions, par-
ticularly when splitting requirements or committing changes. It was often unclear
what happened after a commit, how to return to previous steps, or how multiple
requirements were managed within the system. One participant described this un-
certainty:

Im not sure whats happening here? What happens if I commit here [...]
Now I just feel like I have approved a requirement. - P2

Some participants also expressed a need for greater control over Al-generated out-
puts and system actions. They preferred to decide when improvement suggestions
should be generated and if a requirement should be split or not, rather than having
these initiated automatically by the system. P1 expressed it like this:

"When I get to the point where I feel like yes, sure, the Al-tool suggests
splitting the requirement in two. Then I would have expected a yes or no
question, do you want to do that?'

5.4.3.4 Trust and Verification

Participants continued to emphasize the importance of transparency and verification
in building trust in AI. They appreciated the ability to limit the Als knowledge base
to specific project documents. However, they requested sources to be shown directly
in the Als responses, both in the text and in a more specific form, such as page or
paragraph references in documents, along with clear explanations and links to the
standards used in the analysis. As P3 expressed

"It’s good if it references a lot in the text [...] so that you can maybe
hover over it and it will show you directly where in the legal requirement
it comes from [...]".

5.4.4 Prototype - Second Iteration

The second iteration of the prototype, based on feedback from user testing, intro-
duced a series of changes, mostly minor ones such as clarifying terminology and Ul
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elements. The analysis category names were revised: language was changed to clar-
ity and testability was changed to verifiability, while the category focus remained
unchanged. The decision to change the category names as well as keeping the name
focus was made to better correspond with the terms used by the requirements stan-
dard INCOSE. To help users better understand what the analysis is based on and
what the categories mean, an information icon with an accompanying tooltip was
added. The terminology used for status tags and buttons in the commit workflow
was also revised to better align with user language and familiarity. Furthermore, to
improve the visibility of interactive elements, the icon buttons for edit and compare
were given a subtle background.

Another change concerned the visibility of the analysis section. Previously, the
analysis section was only displayed when there was text in the description field
in SystemWeaver. This was changed so that the section is always visible but in
a disabled state when there is no text. This change was made to reinforce user
understanding of when analysis functionality is available, addressing issues related
to unclear Ul elements.

Requirement Quality Review Requirement Analysis ~

- Clarity
Analysis ~

Language i

Testability

Requirement Analysis o ~

e

v
shall peed from 100 km/h to O km/h within 3.5 Clarity

all reduce vehicle s
driver applies full force to the brake pedal on dry asphalt at 20°C

Verifiability v

Focus  Weak v

Ly Draft requiremen t

Figure 5.17: Analysis refinement.

Furthermore, it was decided to introduce a button to generate improvement pro-
posals based on the analysis, instead of these being created automatically. This
decision was directly informed by the theme System feedback and control, where
participants expressed a need for greater agency over when Al-generated sugges-
tions should appear. The purpose of this change was to give the user more control
over system-initiated actions. The same applies to whether a requirement should
be split or not. During the evaluation, participants stressed that the scope of a re-
quirement often depends on the level of abstraction at which it is written. In some
cases, it is both reasonable and necessary to include multiple aspects in the same
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requirement.

In addition, the analysis bar linked to the analysis categories was removed. Most
participants did not pay attention to this feature, nor was it perceived as particularly
relevant in the context. Instead, it risked contributing to a more complex and
difficult-to-understand interface without adding clear value.

Another change concerned the way multiple proposals were presented when the
analysis suggested splitting requirements. The presentation was made more space-
efficient, as the interface is relatively limited in space and needs to be utilized in a
thoughtful way. Instead of showing each proposal in a more scattered format, the
layout was compressed to allow for a quick overview without taking up unnecessary
space. The goal was to make it easier for the user to compare different options side
by side, while keeping the interface easy to navigate and not perceived as overloaded.

1. Al suggestion Bd

When the Autonomous Emergency Braking (AEB) system detects an obstacle within This requirement seems to cover multiple points. To keep it focused,
5.0 meters at speeds exceeding 30 km/h, the system shall initiate full hydraulic you might consider splitting itinto '3 separate requirements:
braking pressure within 150 ms
1 Requirement 1 v

Open in new requirement  Review and commit
_— 2 Requirement 2 v

- 3 Requirement 3 v
2. Al suggestion B¢

Upon initiation of an Autonomous Emergency Braking (AEB) event, the vehicle shall
automatically activate the hazard waming lights with a flash frequency of 4.0 Hz

Open in new requirement  Review and commit

Figure 5.18: Multiple Al-suggestions refinement.

Finally, to help users verify Al-generated output, clearer and more specific links to
documentation were included directly in the Al-generated responses in the form of
clickable tags. This allows for quick tracing of the origin of the information and com-
parison with the source material. By providing easier access to sources, the design
aims to support a more critical and controlled use of Al-generated information.

Some feedback related to system behavior was left unchanged as it lies outside the
scope of the Al interface being designed. This includes how commits are handled
in SystemWeaver, where a new item is created as confirmation of the action. Since
this is part of the SystemWeaver platform rather than the AI component, it was not
addressed in this iteration. The same applies to structural placement of requirements
after splitting, which is handled within SystemWeavers core functionality rather than
the Al interface.
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Results

The results of this study consist of two main deliverables. First, a set of key factors
identified as important when integrating Al-assisted writing tools into requirements
management systems. Second, a set of design guidelines when designing interfaces
for Al-assisted writing tools in the context of requirements engineering. In addition,
an interactive prototype was developed based on these guidelines, demonstrating
how they can be applied in practice.

6.1 Factors

Throughout the design process, it became clear that certain factors are more im-
portant than others when integrating Al-assisted writing tools into requirements
management systems. These factors were identified through a combination of lit-
erature review, interviews, and user testing. Together, they address the following
research question:

RQ1: What factors are important to achieve strong usability when integrating Al-
assisted writing tools into requirements management systems?

The identified factors are as follows:

Trust - Trust was considered important by all participants. Recurring factors for
building and maintaining trust included consistent performance, transparency, and
verifiability. Trust was described as something that develops over time but is quickly
reduced by incorrect or inconsistent output. At the same time, participants empha-
sized the importance of maintaining control to avoid over-reliance on Al

Control - Maintaining control, both in terms of system actions and over the final
requirements specification was described as essential. Participants emphasized that
Al-generated proposals should always be reviewed and manually approved to ensure
correctness. Maintaining control was also considered important for staying engaged
in the process and preserving understanding of the material.

Flexibility - Flexibility was described as important due to variations between roles,
departments, and the abstraction levels at which requirements are written. This
makes rigid standardization of requirements writing difficult to apply in practice. At
the same time, participants expressed a desire for more structure and consistency
in how requirements are written across roles and departments.
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Efficiency - Efficiency was identified as the main motivation for using Al tools
in requirements writing. Participants emphasized that the tool needs to be more
efficient than writing requirements manually in order to be considered useful. At
the same time, efficiency is dependent on the effectiveness of the Al output; if
the generated suggestions require extensive correction, the perceived efficiency is
reduced.

6.2 Design Guidelines

Through the design process, a final set of design guidelines was developed. These
guidelines were created iteratively, with refinements made as new insights and data
were collected. The guidelines are based on multiple sources of knowledge. Litera-
ture research provided a theoretical foundation for best practices in human-centered
design and human-Al interaction, particularly related to transparency, trust, and
human control. Insights from user interviews helped identify user needs, chal-
lenges, and expectations within requirements engineering workflows, ensuring that
the guidelines were grounded in real user experiences. Furthermore, feedback from
the cooperative evaluation was used to refine existing guidelines and generated new
insights that informed additional ones. The resulting guidelines were developed to
address the following research question:

RQ2: What guidelines should be followed when designing interfaces for Al-assisted
writing tools to support the creation of well-formed requirements?

The guidelines were formulated in line with existing literature (see Section 3.4), they
are descriptive in nature and specifically tailored to the field of Al-assisted writing
tools within requirements management systems. The final set of guidelines is as
follows:

Interaction

o G1. Be transparent about what information the Al uses and its sources. £.g.
showing references to inputs or data sources used in generating outputs.

o G2. Be transparent about how Al arrives at its conclusions. F.g. showing
the reasoning or factors that led to the output.

o G3. Users should control when AI generates outputs or takes actions. £.g.
deciding whether and how to use Al functionality.

e G4. Make it easy to edit or ignore Al-generated output. F.g. adjusting or
dismissing output as needed.

o G5. Ensure users retain final decision-making over Al-generated outputs. F.g¢.
saving or applying changes to the system.

e G6. Provide feedback on changes made by the Al. £.g. highlighting what has
been added, removed, or modified.

o GT7. Make it easy to review and verify Al-generated output before use. F.g.
by checking sources or underlying information.
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Functionality

o G8. Offer linguistic support to ensure requirements are clearly and well-
formulated. F.g. by checking grammar, spelling, and clarity.

e G9. Help ensure that requirements are formulated in a way that makes them
testable. FE.g. Highlight missing constraints, dependencies, or unclear terms
i a requirement description.

o G10. Assist users in breaking down requirements to ensure correct scope and
level of detail. E.g. suggesting how and when to divide requirements.

e G11. Support flexibility across different types of requirements and contexts.
E.q. different levels of detail or different domain needs.

Design

e G12. Support active user review and confirmation of Al-generated changes
before they are applied. F.g. Use confirmation steps or deliberate friction that
encourages users to reflect before accepting.

o G13. Ensure the Al extension integrates seamlessly with the core systems
structure and workflows. F.qg. Align Al actions with existing interaction pat-
terns, data structures, and user expectations.

o G14. Use terminology that feels natural and familiar to the users domain and
context. F.g. avoiding ambiguous or conflicting terms.

6.3 Design Proposal

Based on the final guidelines, a design proposal of the user interface was created.
The design features a side panel integrated within SystemWeaver, as illustrated in
Figure 6.1. The main features of the prototype, together with explanations of how
they adhere to the design guidelines, are listed below.
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Figure 6.1: Overview of the side panel integrated into a SystemWeaver base Ul
prototype.

6.3.1 Requirement Analysis

Opening the Al-assisted writing tool reveals an analysis of the requirement de-
scription in SystemWeaver. The analysis section is persistently visible and can
be expanded or collapsed, supporting flexible use of screen space while maintaining
awareness of the feature. The analysis is structured into three categories: Clarity,
Verifiability, and Focus. Clarity evaluates spelling, grammar, and overall wording
quality, aligning with G8. Verifiability assesses whether the requirement is formu-
lated in a way that allows it to be tested, supporting G9. Focus examines whether
the requirement addresses a single, well-defined need, following G10. Each category
is assigned a status tag: Strong, Moderate, or Weak, using accessible terminology
that avoids unnecessary complexity and supports quick interpretation, in line with
G14. To support understanding and transparency, an information icon and accom-
panying tooltip are included. This provides contextual information about what the
analysis is based on and explains the meaning of the three categories, consistent
with G2.
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Figure 6.2: Requirement Analysis in active state with results (left) and disabled
state (right). The analysis is disabled until a requirement description is initiated in
the description field.
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Figure 6.3: Detailed view of the Requirement Analysis, showcasing the expanded
Clarity section (left) and the informational tooltip defining the analysis categories

(right).

6.3.2 Al Suggestion

A central interaction element in the design is the Draft requirement shortcut, which
activates the Als improvement proposal based on the previously presented analysis.
In line with G3, the generation is user-initiated rather than automatic, giving the
user control over when a suggestion should be produced. Once a suggestion has
been generated, the user can interact with it through two main functions: Edit and
Compare. The edit function allows direct modification of the Al-generated sugges-
tion, enabling the user to refine the wording or adjust the structure before accepting
it back into SystemWeaver, aligning with G4. The comparison feature presents
the original requirement alongside the Al-generated version, with changes visually
highlighted, adhering to G6. In cases where the AI identifies that a requirement
may benefit from being split, the user is prompted with a simple yes/no decision,
allowing them to evaluate whether splitting it is meaningful in the given context,
aligning with G3 and G11.
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Figure 6.4: Al-generated requirement suggestions based on analysis (left) and
multiple suggestions when a split is recommended (right).
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Figure 6.5: Comparison (left) and editing (right) features for refining requirement
suggestions.

6.3.3 Knowledge Source & Chat

In the top bar, a Knowledge scope control allows users to define where the Al
retrieves information from. The user can switch between the full internal documen-
tation library, targeted subsets of the system, or external web search. In addition,
users can upload temporary files directly through an icon in the message input bar.
These files become part of the temporary knowledge context and can be queried
during the current session, but are not permanently stored in the system. The top
bar also includes an option to start a new conversation via a dedicated icon but-
ton, enabling users to separate different analytical tasks or requirement discussions.
To support transparency (G1 and GT7), the AT provides direct, clickable references
to the source material used in its responses. These links are embedded as tags
within the output, allowing users to quickly verify where information originates and
cross-check it against the original documentation.
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Figure 6.6: Menu for selecting knowledge source (left), and the resulting Al
response using the "Internet Search" capability (right).

6.3.4 History and Versioning

The history view is accessed through an icon button to the right in the top bar and
opens as a secondary side panel. It provides an overview of previous chats linked
to different requirements. Chats belonging to the same requirement are grouped
together and displayed in a collapsible structure. To improve navigation, the panel
includes filtering options and a search bar, allowing users to quickly locate specific
conversations. Basic management actions such as pinning, renaming, and deleting

chats are also available.
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Figure 6.7: Sidebar navigation for chat history, featuring search and sorting filters
(left) and the management menu for specific chat sessions (right).

6.3.5 Review and Apply

When the user is satisfied with the refined requirement, it can be saved back into
SystemWeaver through the Review and apply button, which opens a dialog. The
dialog presents the original requirement and the Al-generated suggestion side by
side, supporting a final check before changes are committed, aligning with G12 and
Gb5. The user is given two options: save as new version or replace current version.
Saving as a new version preserves the original requirement while storing the updated
one separately. Replacing the current version overwrites the existing requirement
with the updated text, in line with G13. If the Al has suggested splitting a re-
quirement into multiple parts, each suggestion can be reviewed individually. The
user can choose Create new requirement, which opens separate requirement entries
in SystemWeaver, or Review and apply to save a suggestion as a new version or
replace the existing requirement, as described above.
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Discussion

This chapter discusses the results of the study alongside reflections on the research
process. It also addresses the scope and limitations of the study, ethical considera-
tions, and outlines directions for future work.

7.1 Reflecting on the Results

The following sections reflect on selected aspects of the results where tensions emerge,
including balancing trust and over-reliance, efficiency versus human control, flexibil-
ity versus consistency, and the dependency on Al model performance.

7.1.1 Balancing Trust and Over-reliance

The results indicate that trust in Al is closely tied to system performance, as well as
transparency and the ability to verify outputs. Accurate outputs increase trust over
time, while inconsistent or incorrect outputs reduce it. However, high performance
introduces a different challenge: as trust increases, so does the risk of over-reliance,
where users may accept Al output without sufficient critical evaluation. This concern
was recurring throughout the study and is particularly important in requirements
engineering, where errors can have significant downstream consequences. These
findings align with previous research in human-Al interaction [32], underscoring the
importance of balancing trust with critical evaluation.

7.1.2 Efficiency vs Human Control

Building on this, the results also reveal a tension between efficiency and human
control. While users seek to reduce effort, they still need to remain actively involved
in reviewing Al-generated output. This introduces a potential trade-off, as the need
for oversight can increase cognitive load and partially offset time savings. However,
this should be understood in relation to current practice. Participants described how
significant time is already spent interpreting and correcting unclear requirements.
From this perspective, Al support may reduce overall effort by improving clarity
earlier in the process, even if it introduces an additional verification step.
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7.1.3 Flexibility vs Consistency

Extending this need for balance, the results also reveal a tension between flexibility
and consistency. Requirement writing is often characterized by personal variation
and lack of structure, which creates a need for more consistent practices. At the
same time, participants emphasized that requirements differ in type, level of detail,
and context, which makes flexibility necessary. This creates a clear design challenge.
While standardization can improve clarity and consistency, excessive structure risks
reducing usability across diverse contexts. To address this, the design avoids rigid
constraints and instead focuses on supporting general principles of requirement qual-
ity, such as improving language clarity, ensuring testability, and encouraging single-
concept requirements. However, the extent to which these design choices improve
requirement quality remains to be seen.

7.1.4 Dependency on Al model Performance

One of the biggest challenges during the project was the difficulty of isolating the
user interface design from the performance of the underlying LLM. It became clear
in both interviews and the evaluation that the user experience is heavily connected
to the quality of the underlying AI model and the output it provides. This presented
a challenge when creating our design guidelines, as the user experience is influenced
by several different factors at once. Essentially, even a well-designed interface cannot
fully compensate for the fact that an Al sometimes gives inconsistent, unexpected,
or incorrect results.

7.2 Reflecting on Methodologies and Process

This section reflects on the practical design process carried out during the study
and evaluates how it may have influenced the project’s outcome. Furthermore, it
explores the role of Al as a collaborative tool within the design process, reflecting
on how such technologies are shifting the role of designers and the way interactive
systems are prototyped and evaluated.

7.2.1 Thematic analysis

A significant part of our methodology was the use of thematic analysis to interpret
the qualitative data gathered from our interviews and user tests. During the project,
we shifted between different coding approaches, which provided different experiences
and challenges. In our first thematic analysis, of the interview data, we used an
inductive approach, meaning that codes were generated directly from the interview
data rather than from predefined categories. While this was helpful for discovering
new insights, it also resulted in a large and overwhelming amount of codes. We found
that having too many scattered codes made the analysis difficult to manage, as data
with essentially the same underlying meaning were sometimes assigned unique codes.
This lack of structure led to an overwhelming amount of information that was hard
to synthesize into clear themes.
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In the second thematic analysis, focusing on the user test data, we instead adopted
a more deductive approach by using our evaluation guide and specific scenarios to
organize the findings. This provided a structured foundation that allowed us to more
effectively identify inductive themes as they emerged from the data. This proved to
be much more efficient, and it allowed us to focus on how the participants actually
interacted with and understood the prototype rather than becoming lost in a high
volume of individual codes.

Reflecting on this, we found it beneficial to start with a more structured or deductive
approach when handling large amounts of qualitative data. While an inductive start
is valuable for exploring a new problem area, a deductive framework helps prevent
the data from becoming too overwhelming. This shift in strategy was essential for
us to distill our findings into clear, actionable themes in an effective way.

7.2.2 User testing

The user tests and cooperative evaluation of the prototype involved four participants,
which is a relatively small sample size considering that the system is intended for
more than 100 potential users. The low number of participants was primarily due
to the limited time available for the evaluation phase, which made it difficult to find
and recruit available employees from the organization within this time span. This
is a significant limitation, as it may have affected the range of feedback we received
on the prototype.

With more participants, we could have reached more nuanced feedback and a better
understanding of certain needs, challenges, or preferences that are unique to specific
departments or roles within the company. On the other hand, in highly specialized
fields like requirements engineering, feedback from a few expert users can be more
valuable than a large number of tests with non-experts. The participants in our
study had extensive experience working in SystemWeaver, which meant they could
provide deep professional insights and understanding of the current workflow. Even
with this small group of test users, we saw consistent patterns in the feedback, such
as confusion over unclear terminology.

Nevertheless, we realize that a larger number of tests would have provided more
nuanced feedback. More testing would have allowed us to explore how different
engineers interact with the Al tool in their individual workflows. Because of this
limitation, our final design should be seen as a concept that identifies core needs
rather than a fully validated product.

7.2.3 Prototyping

The use of high-fidelity prototyping was a successful method for quickly visualizing
and evaluating the interface during the project. However, reflecting on the process,
more iterations would have been necessary to present and validate a final prototype.
Additional cycles of testing and refinement would have allowed us to further validate
that the design effectively fulfills user needs and preferences, while also confirming
the effectiveness of the guidelines. Furthermore, to achieve a more realistic and
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final user experience, the tool would require a higher level of implementation and
integration within SystemWeaver. Since the Al assistant and the core requirement
management platform are intended to be closely linked, it was difficult for users to
fully understand the consequences of certain actions without seeing them reflected
in the live system. While this level of technical integration was outside the scope of
our project and timeline, we recognize that it is a critical factor for the overall user
experience and for the user to fully understand the interface and interactions. With-
out a seamless connection between the Al and the existing database, the prototype
remains a proof-of-concept rather than a final functional tool.

7.2.4 Al in the Design Process

The use of Al-powered tools like Lovable in this project highlights a shift in how
designers can approach prototyping and development. Traditionally, creating a func-
tional prototype with real-time API integration would require deep technical knowl-
edge and a significant amount of time. However, by leveraging Al, we were able to
transform a static design in Figma to a fully interactive prototype much faster and
with little technical or development knowledge. This suggests that Al acts as an
"accelerator", allowing designers to focus more on user interaction, interface design,
and system behavior rather than getting stuck in manual coding.

Another important reflection is how the role of designers changes when using Al. In-
stead of manually building every component, its different interaction states and tran-
sitions, the process becomes more about steering the Al through precise prompting
and visual references. For example, ensuring that the prototype precisely matched
our Figma designs required us to provide the Al with detailed instructions on color
codes and layout to achieve the final desired look, even when we provided it with
screenshots of the designs. This shows that Al can handle the execution, but the de-
signer’s eye for detail and understanding of user needs, design details, and usability
are still essential to ensure a high-quality result.

Finally, using a functional Al prototype during user testing provided a level of real-
ism that is hard to achieve with standard tools without requiring extensive coding.
Because participants could interact with a real Al powered chat, their feedback on
trust and efficiency was based on actual system behavior rather than simulated "fake"
experiences. This more realistic experience is key in human-Al interaction research,
as it reveals the true nuances of how users react to Al suggestions and errors. Taken
together, using Al in the design process is not just about efficiency and saving time,
it also enables designers to create and test more complex, realistic systems with less
effort, leading to better user insights.

7.3 FEthical Concerns

The integration of Al-assisted writing into a professional engineering environment
introduces several ethical challenges that must be addressed to ensure responsible
implementation.
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7.3.1 Job Displacement and Professional Pride

A central ethical concern is the tension between Al as a supporting tool and the
risk of it replacing jobs or leading to skill degradation. If LLMs become highly
proficient at formulating requirements and acquiring the contextual knowledge in-
house engineers currently hold, a threat to engineers’ own technical expertise arises.
As participants described, the act of writing requirements is a cognitive process used
to build a "mental picture" and a deep understanding of the product development and
requirement structure. If this creative step is bypassed by delegating the formulation
to an Al, it may lead to a state of cognitive passivity. Over time, this makes it
increasingly difficult for engineers to critically engage with the technical context,
creating a cycle of over-reliance where the user lacks the necessary context to even
spot Al errors. This potential loss of deep domain expertise not only threatens job
security but also undermines professional pride, as the engineer’s role shifts from a
creative expert to a passive monitor of automated output. If the sense of ownership
and mastery over the technical content diminishes, the profession as a whole may
lose value.

To address these concerns and protect professional pride, we have been certain about
adopting a Human-Centered Al (HCAI) approach when designing the Al interface.
As mentioned in section 3.2.2, Shneiderman [33] promotes that AI should not be
defined as an autonomous agent but as a tool designed to enhance human control
and mastery. We have strived to reflect this in our design proposal by preventing
the AI from becoming an independent actor, for example, by requiring the user to
actively initiate suggestions (G3) and by using intuitive mechanisms for review and
manual correction (G4, G7) to support user agency. By prioritizing human judgment
in the design, we aim to maintain the engineer’s role as an active expert.

7.3.2 Accountability

Ensuring that the engineer remains an active user is not only essential for upholding
professional integrity and justifying the need for human expertise but also serves
as a foundation for accountability. The principle of accountability in Al systems
raises critical questions about who is responsible when a system produces an error
with severe consequences [40]. In the context of requirements engineering, a single
misinterpreted constraint can lead to significant production costs and safety risks,
raising serious concerns when Al is integrated and entrusted with the formulation
of requirements.

To address this, our guidelines and proposed design strive to ensure that the human
remains in the loop throughout the interaction, primarily by establishing the user
as the sole actor capable of final actions. In accordance with G5, the AI should
be strictly incapable of making autonomous entries or modifications directly into
the database. By ensuring that the final action always belongs to the user, the
interface reinforces the principle that the human, not the system or AI, owns the
requirement. This design choice is intended to provide the user with a clear sense
of agency and accountability for the data being implemented. Furthermore, the
interface introduces friction points, as stated in G12, to counteract the risk of passive
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implementation of changes. These points of reflection, such as the mandatory review
step before applying any change into the database, aim to keep the engineer engaged
and encourage active evaluation of the AI’s suggestions. By intentionally slowing
down the final step, the design forces a moment of verification, making it clear
that when a user clicks "Replace current version" or "Save as new version', they are
explicitly accepting responsibility for the Al-generated content.

7.4 Future Work

While this study provides a foundational framework for Al-assisted requirements en-
gineering, the transition from a proof-of-concept to a production-ready tool involves
several paths for further exploration.

A primary focus for future work should be more extensive user testing to validate
the guidelines and the design proposal. In this project, cooperative evaluation was
primarily used as a rapid iterative method, and further iterations are required to
achieve a more rigorous validation. To enable such testing in a more realistic envi-
ronment, a critical next step is to integrate the prototype of the Al tool into the core
SystemWeaver platform. Moving beyond a standalone prototype to an integrated
high-fidelity version within the core system would allow evaluation of the techni-
cal interplay and ensure that the collaboration feels seamless to the user. This is
essential for creating a full understanding of how the systems influence each other
and to ensure that actions performed within the Al extension affect the core system
in a way that aligns with user expectations. Validating this technical interplay is
necessary to guaranty that the integrated environment functions as a unified system
rather than as separate components.

Another relevant direction for future work is to explore accessibility aspects of Al-
supported writing tools in requirements engineering. While not a primary focus
of this project, accessibility considerations are important to ensure that Al assis-
tance does not unintentionally exclude or disadvantage certain user groups, thereby
strengthening the applicability of the solution in broader organizational contexts.

Future work could also focus on extending the Al support to cover additional parts
of the requirements engineering process. Throughout the project, users expressed
a need for broader support beyond writing requirements, including tasks such as
generating test cases and assisting with documentation. In practice, these activities
are closely interconnected, where requirements, test cases, and documentation influ-
ence and depend on each other. Expanding the scope in this way could therefore
contribute to a more coherent and useful tool.

7.5 Rethinking AI as the Primary Solution

A question that arose during this project is whether AI is the most appropriate
solution to improve requirements quality, or whether similar results can be achieved
through alternative methods.
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There appears to be a tendency to overuse Al as a general solution to quality-related
problems, where technical tools are expected to address challenges that are often
organizational or knowledge-related in nature.

The interviews indicated that issues in requirements quality are largely related to
a lack of shared practices for how requirements are written, suggesting that these
challenges could also be addressed through internal training or organizational stan-
dards rather than solely through Al-based solutions. At the same time, Al provides
value by offering real-time support in the workflow, which traditional training cannot
replace in the moment of writing.

Whether Al is the best solution for improving requirements quality, or whether a
combination of Al support and traditional training would be more appropriate, is
beyond the scope of this study. However, it remains an open question that may be
worth exploring further.

7.6 Use of AI

Beyond the use of Al described in 5.3.5 Functional Prototype and discussed in 7.2.4
Al in the Design Process, Al tools have also been used to support the writing of this
report. Tools such as Gemini and ChatGPT were used to improved the linguistic
quality, like assisting spelling, grammar, and sentence structure, to ensure that the
concepts were communicated with greater clarity and precision. Furthermore, Al
assisted in maintaining a consistent professional tone and optimizing the overall flow
of the content.

While AT tools offer significant advantages in terms of linguistic refinement, their use
is not without risks. A primary concern is the potential that the original meaning
is subtly altered. Because Al models prioritize fluency and stylistic flow, they may
occasionally rephrase technical descriptions in a way that subtly changes the original
intent or compromises scientific accuracy.

Another risk involves the loss of the author’s unique voice or the introduction of
hallucinations, where the AI might suggest factual additions that are not supported
by the actual research data.

To mitigate these risks, a rigorous human-in-the-loop approach was maintained. It
is important to note that all ideas, arguments, and conclusions remain the author’s
own, and that all Al-generated suggestions were critically reviewed and edited by the
authors to ensure accuracy, academic integrity, and the preservation of the original
intent.
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Conclusion

This thesis, conducted in collaboration with Geely Technology Europe, explored
the intersection of Al-assisted writing and usability in the context of requirements
engineering. It was guided by the following research questions:

RQ1: What factors are important for achieving strong usability when integrating
Al-assisted writing tools into requirements management systems?

RQ2: What guidelines should be followed when designing interfaces for Al-assisted
writing tools to support the creation of well-formed requirements?

The study followed a Research through Design approach, structured using the Dou-
ble Diamond model. The project included a literature review, semi-structured inter-
views, thematic analysis, ideation, prototyping, and usability testing. This resulted
in four key factors important for usability when integrating Al-assisted writing tools
into requirements management systems: Trust, Control, Flexibility, and Efficiency
(see Section 6.1). Based on these findings, fourteen design guidelines across interac-
tion, functionality, and design were developed, as outlined in Section 6.2. In addition,
a design proposal based on these guidelines was created (see Section 6.3).

These findings contribute both practically and academically. From a practical per-
spective, the results provide guidance for the integration and design of Al-assisted
writing tools in requirements management systems. From an academic perspective,
the study contributes to the field of interaction design by extending research on Al-
assisted writing to industrial contexts, where the need for precision and consistency
is particularly high. Future work could build on these findings by further evaluat-
ing the proposed design guidelines with a broader group of users and by exploring
how Al support can be extended to additional parts of the requirements engineering
workflow.

In conclusion, this thesis provides insights into how Al-assisted writing tools can be
designed and integrated to better support requirements engineering in practice.
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A

Semi-structured Interview Guide

General

Can you describe your professional role?

Use of SystemWeaver

How often do you use SystemWeaver in your daily work? For which tasks?

How experienced would you say you are in using SystemWeaver? Please rate
on a scale from 1 to 4, where 1 = beginner and 4 = very experienced.

What do you think about SystemWeaver?

Is there anything in its use that does not work well? For example, tasks that
are time-consuming, difficult, or frustrating?

Requirements formulation in SystemWeaver

How often do you work with reading and/or writing requirements in Sys-
temWeaver?

Can you describe your workflow when writing requirements?
Do you follow any frameworks or guidelines when writing requirements?

Do you experience any challenges when writing requirements? How do you
usually handle such challenges?

Do you experience any challenges when reading requirements? How do you
usually handle such challenges?

Are there parts of the requirements writing process where additional support
or guidelines would be helpful?

Attitude toward Al

Are you using AI? How?

Do you think Al could support the work of writing requirements? In what
way?

What level of Al support would you prefer when writing requirements?

Would you trust that support? What factors would affect your trust?



B

Cooperative Evaluation Protocol

Scenario 1

You are tasked with writing a new requirement. As a starting point, you are given
the following initial description: "The car should stop quickly when the driver presses

the brake pedal.”

1. Open the Al tool
(a) What do you see here?
(b) What do you think you can do here?

2. Open and read each analysis category
(a) What do you think about the information in the analysis?
(b) Is the information useful?
(c) Is any information missing?

3. Change something in the Al suggestion
(a) Is it clear how to change the suggestion?
(b) Would you use this feature?

4. Publish the AI suggestion to the database
(a) What do you think about this feature?
(b) Was anything difficult or confusing?
(c) Would this have simplified your work?

Scenario 2

You are tasked with writing a new requirement. As a starting point, you are given
the following initial description: "The car should automatically brake at maximum
and turn on the hazard lights when an obstacle is detected."

1. Review the "Focus" analysis category

(a) What information do you get here?

IT



B. Cooperative Evaluation Protocol

(b) Is anything difficult to understand?
(c) Is any information missing?
2. Open one of the suggestions as a new requirement
(a) What do you think about this feature?
(b) Is anything unclear?
(¢) Would you use this feature?
3. Publish the second suggestion to the database
(a) Is any functionality missing to handle the split?

(b) Is anything unnecessary?

Scenario 3

You are tasked with writing a new requirement for an automatic emergency braking
system in a car.

1. Change the source to: EU Vehicle Safety Regulations.
(a) What do you think about this feature?
(b) Is it clear how to change the source?

2. Ask the AI about relevant laws
(a) Is it clear where the information comes from?
(b) Would you trust this information?
(¢) Would you use this feature?

General Questions
« What was the best part of the prototype?
« What was the worst part of the prototype?
e What do you think needs the most improvement?

o Is there anything else you would like to add or comment on?
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