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Abstract

Context: The exponential growth in academic publications, driven by the "publish
or perish" culture and recent global events like COVID-19, challenges researchers in
managing large volumes of literature. Systematic mapping studies aim to provide
comprehensive overviews, but are traditionally labor-intensive and prone to errors.
Objective: This thesis explores the integration of A, through the development of the
SMS Helper tool, to streamline and enhance the SMS process by automating key tasks
and evaluating its performance.

Method: The SMS Helper was developed to automate research question formulation,
keyword selection, paper sorting, and information extraction. Its performance was
evaluated through case studies in software engineering, comparing Al-assisted results
with traditional methods.

Results: The SMS Helper significantly reduced manual effort and improved consistency
and accuracy. However, it highlighted the need for human oversight in complex tasks.
The tool performed well in automating key SMS tasks, though challenges in keyword
strategy and criteria application were noted.

Conclusion: Al integration in systematic mapping studies offers substantial efficiency
and consistency benefits. While not a replacement for human expertise, Al tools like
the SMS Helper can complement researchers, making systematic mapping studies
more effective and scalable. Future work should focus on refining AI capabilities and
enhancing human-AT collaboration.

1 Introduction

The rapid advancement of technology and the "publish or perish" culture in academia
have led to an exponential increase in research publications. This trend has been further
accelerated by recent global events, such as the COVID-19 pandemic, which caused a
significant spike in academic submissions Miiller et al|[2022]. For instance, publishers
like Elsevier reported a 58% increase in new submissions from February to May 2020
compared to the same period the previous year. This surge in publications has exacerbated
the challenges faced by researchers, who struggle to keep up with the growing volume of
literature. As|Miiller et al| highlights, the influx of research, driven by pressures for career
advancement and institutional funding, often leads to an increase in lower-quality studies.
This scenario complicates the task of sifting through the vast literature to identify valuable
content, underscoring the urgent need for more efficient literature review processes.
Systematic mapping studies (SMS) are particularly affected by these challenges, as they
aim to provide comprehensive quantitative overviews of research areas. The manual effort
required to conduct SMS, including repetitive tasks such as searching and sorting relevant
papers, and extracting data, is becoming increasingly untenable. The mounting difficulties



in managing large datasets and ensuring the quality of reviews highlights the potential role
of artificial intelligence (AI) in this domain.

To address these challenges, this thesis focuses on the development of the SMS Helper,
an Al-assisted tool designed to streamline and enhance the SMS process. The tool aims
to reduce manual workload, improve consistency, and increase the accuracy of systematic
mapping studies. This semi-automated approach is particularly valuable in handling the
vast amount of data generated by the surge in publications, thereby enabling researchers to
focus on more complex analytical tasks and decision-making processes.

The central research questions (RQ) guiding this thesis are:

e RQI1: How to adjust the mapping study process when using AI?

e RQ2: How to (semi-)automate the different steps of systematic mapping studies
involving generative AI?

e RQ3: How did the tool and adjusted mapping process perform in the evaluation case?

In this thesis, we explore the integration of the SMS Helper into the systematic mapping
study workflow. The thesis begins with a background exploration of key AI technologies,
including generative Al models like Generative Adversarial Networks and large language
models such as GPT, which are integral to the tool’s functionality. It also discusses the
distinctions between systematic mapping studies, systematic reviews, and case studies,
providing a foundation for understanding the specific contributions and challenges associated
with each method.

The related work section reviews existing research on the automation of literature
reviews, particularly focusing on how Al can aid in creating search strings and evaluating
study relevance. This review sets the stage for understanding the current capabilities and
limitations of Al in the domain of systematic reviews and mapping studies.

In examining the adjusted process, the thesis details how the SMS Helper modifies
traditional SMS methodologies, addressing RQ1 on the adjustment of these processes
through Al integration. The tool’s capabilities in automating research question generation
and keyword selection are highlighted, showcasing its potential to streamline the mapping
process.

The technical description of the SMS Helper provides a comprehensive overview of its
architecture and functionalities, using the 4+1 View Model. This includes discussions on the
logical and development perspectives, interaction processes, and the use of advanced prompt
engineering techniques. The evaluation of the tool’s performance against key metrics such
as accuracy and repeatability ties into RQ2, concerning the semi-automation of SMS tasks.

Through a series of case studies, the practical application of the SMS Helper is examined
by re-executing selected systematic mapping studies in various software engineering domains.
This empirical evaluation addresses RQ3, providing insights into the tool’s strengths and
areas for improvement, particularly in aligning with traditional methods in research question
formulation, keyword selection, paper sorting, and data extraction.

The discussion synthesizes these findings, emphasizing the tool’s role in reducing the
manual effort required in systematic mapping studies and its potential to enhance consistency
and accuracy. However, it also acknowledges the tool’s limitations, particularly in handling
complex criteria and the necessity for human oversight. The discussion suggests directions
for future research and tool development, focusing on refining Al capabilities and better
integrating them with human expertise.



2 Background

2.1 Generative Al

Generative Al represents a significant advancement in Al, focused on creating models that
can generate new content, such as text, images, or even complex simulations. Among the
most notable types of generative Al are Generative Adversarial Networks (GANs), language
models (such as GPT), and various forms of generative models used in natural language
processing.

GANSs, introduced by (Goodfellow et al.| [2014], operate through a dual-model system
comprising a generator and a discriminator. The generator creates synthetic data, while the
discriminator evaluates its authenticity. The iterative training process, where the generator
aims to produce data indistinguishable from real data and the discriminator aims to improve
its detection, results in high-quality synthetic data generation.

Large Language models like GPT (Generative Pre-trained Transformer), developed by
OpenAl, are another prominent form of generative Al. These models leverage large-scale
unsupervised learning to pre-train on a diverse corpus of text, followed by fine-tuning
on specific tasks |Radford et all 2018]. GPT-4, for instance, is capable of generating
human-like text, performing translation, answering questions, and even writing code. Its
architecture is based on the transformer model, which uses self-attention mechanisms to
manage dependencies across long sequences, making it highly effective for various natural
language processing tasks.

Generative Al also intersects with Retrieval-Augmented Generation (RAG), which
combines the strengths of retrieval-based and generative models [Gao et al., 2024]. RAG
architectures, such as those used in systems like LangChain |LangChain|, leverage external
knowledge bases during the generation process, allowing for more accurate and contextually
relevant outputs. This hybrid approach addresses the limitations of purely generative
models, particularly in domains requiring up-to-date or highly specific information.

In summary, generative Al encompasses various advanced models and techniques, from
GANs and GPT to RAG systems, each contributing uniquely to the field of AI. These
technologies not only push the boundaries of what Al can generate, but also significantly
impact practical applications in software engineering and beyond.

2.2 Understanding systematic maps

Systematic mapping studies (SMS), systematic reviews (SR), and case studies are distinct
research methodologies, each serving different purposes and employing unique processes.
SMS aim to provide an overview of a research area, identifying the quantity, type, and
distribution of research conducted within it. The primary goal is to classify existing
literature into a structured map, often represented visually, which highlights trends and
gaps in the research field |Petersen et al.| [2008].

In contrast, SR delve deeper into the literature, focusing on synthesizing findings from
multiple studies to answer specific research questions. SRs employ rigorous methodologies
to minimize bias, including comprehensive search strategies, inclusion and exclusion criteria,
and detailed analysis of the included studies. This approach allows for more robust
conclusions and meta-analyses, providing high levels of evidence on a particular topic
Kitchenham et al.| [2010].

Case studies, on the other hand, are empirical investigations that explore contemporary
phenomena within real-life contexts. They are typically qualitative, offering in-depth
insights into specific instances rather than generalizable findings. Case studies are valuable



for understanding complex issues in detail, generating hypotheses, and providing rich
contextual analysis Flyvbjerg [2011].

The differences between these methodologies are evident in their goals and applications.
SMS are broader and less detailed, focusing on categorization and high-level trends, making
them suitable for new or fragmented research areas where a comprehensive overview is
needed. SRs are more detailed and quantitative, ideal for mature fields where synthesizing
specific findings can influence practice and policy. Case studies are best suited for exploring
unique or complex cases in depth, often informing theory development and practical
implementation.

The systematic mapping process proposed by [Petersen et al. is widely recognized as the
default methodology for conducting SMSs in software engineering. This process is designed
to provide a comprehensive overview of a research area, categorizing existing literature
into a structured framework that highlights trends, gaps, and research activity distribution.
This structured approach not only facilitates a high-level understanding of the research
area but also identifies under-explored topics and emerging trends, making it an essential
tool for researchers aiming to summarize and analyze large volumes of academic literature.

3 Related Work

AT applications in literature reviews have rapidly evolved to address the challenges posed
by the sheer volume of academic publications. The prevalent "Publish or Perish" culture
in academia, where a high volume of publications is often key to career advancement, has
inadvertently contributed to an influx of lower-quality research. This situation creates
a fertile ground for AI applications that promise to enhance the speed, accuracy, and
cost-efficiency of literature reviews, as noted by Miiller et al. [2022] who highlights the
mounting challenges faced by the research community. In addition, it is important to note
that the application of Al in literature studies is a relatively new field, with limited studies
published to date.

Search

Research on the formulation of search strings, particularly Boolean search strings, has
garnered significant attention in the context of automating SRs. One notable work in this
domain is by Alshami et al.|[[2023] who in their study emphasize the potential of ChatGPT
to automate various steps in the SR process, including the creation of Boolean queries.
They propose that ChatGPT can be used to generate and refine search strings, potentially
reducing human error and effort in the systematic review process.

Additionally, (Claveau [2022] delves in his paper into the use of neural networks for
expanding queries in information retrieval tasks. He highlights how neural text generation
can improve the comprehensiveness of search strings, thereby enhancing the retrieval of
relevant literature. |Claveauls research demonstrates that leveraging neural networks for
query expansion can significantly improve search results, which is crucial for the accuracy
and completeness of systematic reviews.

Moreover, Li et al.[[2020] provide a comprehensive overview of tools designed to automate
the entire query formulation process for SR in their paper. They examine various automation
tools that facilitate the generation of Boolean queries, highlighting their strengths and
limitations. |Li et al| discuss how these tools integrate with different stages of the SR
process, from initial query formulation to final literature selection, thereby streamlining the
workflow and reducing manual workload.

In another study Wang et al.| [2023] specifically investigate the capability of ChatGPT
to generate effective Boolean queries for SR. Their paper "Can ChatGPT write a good



Boolean query for systematic review literature search?" assesses the quality of queries
generated by ChatGPT compared to those crafted by domain experts. They find that while
ChatGPT shows promise in formulating Boolean queries, there are areas where human
oversight is still necessary to ensure precision and relevance.

Noroozi et al. [2023]| describe an Al-based methodology for automating SR, which
refines search queries and classifies documents to improve the efficiency and quality of
reviews. This approach uses NLP-based models to iteratively refine search terms and ML
classifiers to streamline the initial document evaluation, allowing researchers to focus more
on the substantive aspects of their studies. This methodology is significant because it
addresses both the scalability and precision challenges inherent in traditional SRs. By
employing iterative refinement and classification, the system reduces the human workload
and minimizes the risk of overlooking critical literature, which is often a limitation in
manual reviews.

Relevance

Several case studies illustrate the practical applications of Al in this context. For
example, |Gurcan and Sevik| [2019] utilized advanced Al techniques such as Latent Dirichlet
Allocation (LDA) to delve into decades of Human-Computer Interaction literature, un-
covering significant research trends through probabilistic topic modeling. This approach
demonstrated how Al could synthesize large volumes of data into coherent themes and
trends, providing a high-level overview of the research landscape. [Jenko et al. [2024] tested
AT platforms like the-literature.com and OpenAl’'s GPT-4 to synthesize literature reviews
within the medical domain, evaluating their performance on accuracy and comprehensive-
ness, which highlighted mixed results and emphasized the need for human oversight in
Al-generated summaries. The study underscores the current limitations of Al, particularly
in terms of nuanced understanding and contextual interpretation, which are areas where
human expertise remains indispensable. Similarly, Kempeneer et al.| [2023| made use of the
Al-driven tool ASReview to expedite the screening process in a SR of legal literature on
open government data, showcasing significant time savings over traditional manual methods.
This case study highlights the efficiency gains Al can bring to the initial stages of the review
process, allowing researchers to allocate more time to in-depth analysis and interpretation.

Despite these advancements, none of the reviewed papers have implemented a semi-
automated process for SMS. SMS, which aim to provide a broad overview of research
trends and gaps within a specific field, can greatly benefit from Al-enhanced methodologies.
However, the current literature primarily focuses on SRs or manually intensive processes.
This gap presents an opportunity for future research to explore the integration of semi-
automated approaches, leveraging Al to assist but not completely replace human judgment
and expertise in mapping studies. By doing so, the process can combine the scalability and
efficiency of Al with the critical thinking and contextual understanding of human reviewers,
potentially leading to more comprehensive and accurate SMS.

4 Part I - Adjusted Process

The workflow for SMS is significantly enhanced and streamlined with the SMS Helper,
which automates and simplifies key steps, reducing the manual effort required. Below,
we detail the adjusted workflow as seen in figure [1{ based on Petersen et al.|[2008|. The
focus relies on how the tool assists in constructing of a search string, sorting papers and
extraction. This section will highlight the differences between the process proposed by
Petersen et al.| [2008| and the new, semi-automated approach enabled by the SMS Helper.

In the traditional systematic mapping study process, as outlined by [Petersen et al.| [2008|,
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Figure 1: Adjusted process based on [Petersen et al.| [2008]

researchers begin by manually defining research questions based on their understanding
of the research domain and objectives. This involves considerable effort in brainstorming,
reviewing existing literature, and iteratively refining the questions to ensure they cover
the necessary scope. This initial stage can be time-consuming and requires significant
domain expertise. In contrast, the SMS Helper automates the generation of research
questions from the research objective. The tool assists users by suggesting preliminary
research questions based on the input objectives. Leveraging natural language processing
and pre-defined templates, the tool significantly reduces the time and effort required in
this stage. Researchers can then edit these questions or add their own, ensuring that the
generated questions align closely with their research goals.

Once the research questions are defined, the traditional approach involves manually
creating a list of keywords derived from these questions. Researchers must have a profound
understanding of the domain to ensure that all relevant terms are included, and this process
is often iterative, requiring multiple refinements through trial and error. This manual
process can be labor-intensive and prone to oversight. With the SMS Helper, the creation
of keywords is automated. The tool uses the research questions and objectives to suggest
a comprehensive list of potential keywords. This automation ensures that the keyword
creation process is thorough and efficient, reducing the likelihood of missing critical terms.

Constructing the boolean search string traditionally involves manually combining key-
words using boolean operators (AND, OR, NOT) to create a search string that is both
comprehensive and focused. Researchers often use frameworks like PICO (Problem, Inter-
vention, Comparison, Outcome) proposed by Kitchenham and Charters [2007] to structure
their search strings, but this process is manual and time-consuming. The SMS Helper
enhances this step by categorizing selected keywords into the PICO framework and auto-
matically constructing the boolean search string. This automated construction ensures
that the search string is precise and comprehensive, covering all necessary aspects of the
research questions.

In the traditional SMS process, sorting papers involves manually applying inclusion and
exclusion criteria to each identified study. This step requires researchers to carefully review
the titles, abstracts, and sometimes full texts of papers to determine their relevance to the
research questions. This manual sorting process is labor-intensive and time-consuming, often
leading to inconsistencies due to varying interpretations of the criteria. The SMS Helper
automates this sorting process by using predefined criteria set by the researchers. The tool
systematically applies these criteria to the metadata of the papers, such as titles, abstracts,
and keywords, providing decisions along with confidence scores and explanations for each



inclusion or exclusion. This automation ensures a consistent and unbiased application of
criteria, significantly reducing the time and effort required from researchers. However, it
also highlights the importance of well-defined criteria, as the tool’s decisions are based
solely on the available text data.

Similarly, the extraction phase traditionally requires researchers to manually sift through
selected papers to extract relevant data points, such as study outcomes, methodologies, or
other specific information required for the mapping study. This process can be particularly
tedious and prone to human error, as it involves interpreting and summarizing complex
information. The SMS Helper facilitates this step by using RAG to automatically extract
relevant data based on predefined extraction items. Researchers can specify the types
of data they are interested in, and the tool will extract and compile this information
into a structured format, such as a CSV file. This automated extraction accelerates the
process and enhances the accuracy and consistency of the data collected, as it minimizes
the subjective interpretation involved in manual extraction. However, it is essential for
researchers to review and verify the extracted data to ensure its relevance and accuracy,
particularly for nuanced or complex extraction tasks.

To maximize the effectiveness of the SMS Helper, it is essential to follow certain guidelines.
For defining clear and concise research objectives, best practices include ensuring that
the objectives are specific, relevant, and feasible. Specificity involves avoiding vague or
overly broad objectives, while relevance ensures alignment with current needs and gaps in
the research field. Feasibility considers the scope and practicalities within the available
resources and time frame. In addition to automation, validation and iteration are crucial.
The SMS Helper supports these by allowing researchers to review and refine the generated
outputs at each step, ensuring accuracy and relevance. This iterative feedback loop is
essential for maintaining high standards in SMS.

Despite the significant advantages, challenges and limitations exist. The SMS Helper
relies on the quality of input data and predefined templates, which might not capture all
the nuances of every research field. Furthermore, while the tool reduces manual effort, it
cannot entirely replace the critical thinking and expertise of researchers. User feedback
and continuous improvement are vital. By collecting feedback from researchers using the
tool, developers can refine and enhance the SMS Helper, addressing any limitations and
expanding its capabilities to better serve the research community.

By integrating the SMS Helper into the SMS workflow, researchers can significantly
enhance the efficiency and effectiveness of their studies. The automation provided by the
tool reduces the time and effort required and ensures more consistent and reliable results
compared to the traditional process proposed by |Petersen et al.. This adjusted workflow
represents a significant advancement in the methodology of systematic mapping studies,
leveraging Al to address the limitations of manual processes.

4.1 Answering RQ1

The integration of Al, specifically through the SMS Helper, significantly transforms the
traditional systematic mapping study process. The key adjustments required when using Al
focus on shifting from a manual, labor-intensive workflow to a more strategic and supportive
role for researchers.

In the traditional process, researchers manually define research questions, constructing
Boolean search strings, and filter relevant studies. Each of these steps demands extensive
domain expertise, significant time investment, and meticulous attention to detail. This
manual approach often results in variable quality due to human error and oversight.

With the adoption of Al, the workflow is streamlined, reducing the manual effort



required at each stage. The SMS Helper automates the generation of research questions
from the research objective, the selection of keywords, and the construction of Boolean
search strings. However, this automation necessitates a paradigm shift for researchers. They
must now focus on providing high-quality inputs and critically evaluating the Al-generated
outputs.

The new process emphasizes the importance of well-defined and precise research objec-
tives. Researchers must articulate their objectives clearly and comprehensively, as the Al
relies on these inputs to generate relevant research questions. The quality of the generated
questions directly correlates with the specificity and clarity of the initial objective. This
step requires researchers to invest more thought and effort into formulating their objectives,
ensuring they are specific, relevant, and feasible.

When applying criteria to filter paper information, the role of the researcher shifts from
manually reviewing each paper to defining comprehensive and detailed criteria. The SMS
Helper uses these criteria to classify the papers, and the quality of the results depends
heavily on how well the criteria are specified. Researchers must ensure that the criteria
are exhaustive and precise, covering all necessary aspects to achieve accurate classification.
This shift requires researchers to think more strategically about the inputs they provide,
ensuring they encompass all relevant dimensions of the studies being evaluated.

The new process also involves more critical evaluation of Al outputs. Researchers must
review the Al-generated outputs and explanations to ensure they align with the research
goals. This iterative feedback loop between the researcher and the AI tool ensures that
the outputs meet the required standards of quality and relevance. Another critical aspect
of the adjusted process is the focus on traceability and transparency. The SMS Helper
provides explanations and text references for each automated decision, allowing researchers
to understand and verify the reasoning behind the results. This transparency is crucial for
maintaining trust in the system and ensuring the credibility of the research findings.

Overall, the adjusted mapping study process when using Al requires researchers to
adopt a more supportive and supervisory role. They must ensure high-quality inputs,
critically evaluate Al outputs, and focus on strategic aspects of the research workflow. This
shift reduces the manual burden on researchers while enhancing the efficiency, consistency,
and reliability of systematic mapping studies. The new process leverages the strengths of
Al to automate routine tasks, allowing researchers to concentrate on higher-level analytical
and evaluative activities, ultimately leading to more robust and credible research outcomes.

5 Part II - Tool

5.1 Description of the Technical Solution

The SMS Helper aims to streamline the systematic mapping study process for software
engineering researchers. By semi-automating the creation of research questions, applying
criteria to sort, and extracting information from studies, it addresses the time-consuming
nature of traditional methods. The SMS Helper will be described using the 441 View
Model, providing a comprehensive perspective on its architecture and functionality.

Logical View

The Logical View of the SMS Helper outlines the core functionalities that collectively
automate key stages of the SMS process, enhancing efficiency and accuracy for software
engineering researchers.

The first functionality, Research Question and Search String Creation, assists users
in defining research objectives, formulating research questions, and constructing Boolean



search strings based on selected keywords as seen in figure [2l This process leverages an
interactive interface that guides users through the stages of question formulation and
keyword selection, ensuring a comprehensive and accurate search strategy.
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Send Research Objectives

Generate Research Questions
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Return Categorized Keywords

Generate Boolean Search String

Return Boolean Search String

Display Search String

Approve Search String

User Frontend Backend OpenAl AP

Figure 2: Search String Sequence Diagram

The second functionality involves applying Criteria on Paper Information. Users can
upload a CSV file containing Paper details, which the tool then uses to apply user-defined
criteria. The SMS Helper provides decisions, explanations, and confidence scores for each
criterion for each paper. This streamlines the selection process afterward. This mechanism
is visually depicted in the figure [3]

User Frontend Backend OpenAl AP

Upload csv
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Figure 3: Applying Criteria Sequence Diagram

The final functionality, Extracting Information based on Extraction Items (Figure E[),



enables users to specify Directories containing PDFs and extraction items. The tool extracts
the relevant data and generates a CSV file with the results. This process is essential for
extracting information from relevant PDFs and processing them into a structured form, so
the user can create a systematic map based on the results.
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Return Extracted Information JSON

Download the converted CSV

User Frontend Backend OpenAl API

Figure 4: Extraction Sequence Diagram

Development View

The Development View of the SMS Helper offers a detailed perspective on its architec-
tural components and their interactions. Implemented primarily in TypeScript, the system
is divided into frontend and backend components, with external services integrated through
API calls, as depicted in the provided component diagram seen in figure [5

The frontend of the SMS Helper is built using Vue.js and Nuxt, ensuring a responsive
and interactive user interface. At the core of the frontend is the Nuxt Component, which
manages routing and rendering of pages. It utilizes the PapaParse Library for parsing CSV
files, enabling users to upload and manage study information efficiently. Additionally, the
NuxtUI Library provides a suite of Ul components that ensure a consistent and user-friendly
interface.

On the backend, also developed in TypeScript, the Server Component serves as the
central piece, handling incoming HT'TP requests from the frontend and orchestrating various
backend tasks. The backend employs the LangChain Library to manage the creation and
retrieval of vectors and interactions with OpenAT’'s GPT-4 API, facilitating tasks such as
research question generation and data extraction. Additionally, the Formidable Library is
used to handle file uploads, supporting the backend’s ability to process various uploaded
PDFs.

To leverage advanced Al functionalities, the system integrates external services, specif-
ically the OpenAl API Component. This external service, accessed through API calls
made by the Server Component, powers the generative Al capabilities of the SMS Helper,
enabling sophisticated text processing and data extraction. The interaction between these
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components is designed to be seamless and efficient. HT'TP requests act as the communica-
tion bridge between the frontend and backend, while API calls connect the backend with
external OpenAl services. This modular design ensures that each component can perform
its specific role effectively, contributing to the overall functionality and performance of the
SMS Helper.
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Figure 5: Component Diagram

Process View

The Process View of the SMS Helper illustrates how various components interact during
different stages of the SMS process. This view is crucial for understanding the dynamic
behavior of the system as users perform tasks such as defining research questions, sorting
papers, and extracting information from documents. The following sections describe these
processes in detail, supported by the provided activity diagrams.

The search string process begins when the user inputs the research objective into the
system. The SMS Helper then generates a set of research questions based on this input. If
the user is not satisfied with the generated questions, they can adjust them until they meet
their requirements. Once the research questions are finalized, the system generates relevant
keywords. The user selects the most appropriate keywords, and the system constructs
a Boolean search string for literature searches. This sequence of interactions is depicted
in figure [6] which shows the flow from inputting objectives to generating the final search
string.
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For applying criteria, the user uploads a CSV file containing study details. The system
first checks if the file format is correct. If the file is correctly formatted, the user defines
inclusion and exclusion criteria for the studies. The SMS Helper applies these criteria to
filter the studies and provides decisions, explanations, and confidence scores. Finally, the
user can download a CSV file containing the filtered studies. This workflow is detailed in
figure [7], highlighting the decision points and actions taken during the filtering process.
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Figure 7: Criteria Activity Diagram
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The final process shown in figure [§| involves extracting specific information from selected
PDFs. The user uploads a folder containing the relevant papers, and the system verifies
that the folder contains the correct file formats. If the files are valid, the user can choose
to create new extraction items or select existing ones from a table. The SMS Helper then
processes the files according to the selected extraction items and generates a CSV file with
the extracted data. The user can download this file once the process is complete. If the
folder contains incorrect file formats, the system notifies the user.
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Figure 8: Extraction Activity Diagram

Physical View

The Physical View of the SMS Helper provides an overview of the system’s deployment
architecture, illustrating how the various components are distributed and interact within
the physical infrastructure.

In this architecture, as seen in figure [9] the client interacts with the SMS Helper
Server through the Web. The server is divided into two primary components: the Nuxt
Frontend Component and the Nuxt Backend Component. The Nuxt Frontend Component
handles the user interface, serving the necessary frontend code, including HTML, CSS,
and JavaScript, to the client. This component ensures that users have a responsive
and interactive experience while interacting with the SMS Helper. The Nuxt Backend
Component processes the application logic and handles data management. It communicates
with the frontend component through HT'TP calls, processing user inputs, managing data
flows, and performing essential computations to support the system’s functionality.

Additionally, the backend component interfaces with an external service, the GPT-40
API hosted on the OpenAl server. The backend makes HT'TP calls to the OpenAl server to
leverage its advanced Al capabilities, such as generating research questions and extracting
relevant information from documents.
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A Nuxt application can be hosted in various ways to suit different deployment needs,
including traditional server hosting, static site generation, and modern serverless or edge

environments.
O
Client
[
[
[
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¥
£
Nuxt Frontend Component
Frontend CodeE‘
Http Calls
h
£
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M Http Cplls [ £ ]
Backend Code ‘ }“'| CGPT- 40 API
Figure 9: Deployment Diagram
Scenarios

The Scenario View of the SMS Helper provides an illustrative perspective on how
researchers interact with the system through various use cases. The use case diagram seen
in figure [10] offers a clear visualization of the primary functions that the software supports
and the user’s role in these processes.

In this Scenario View, the main actor is the researcher, who utilizes the SMS Helper
to perform key tasks essential to conducting systematic mapping studies. The use case
diagram outlines three primary use cases:

1. Creating a Search String: This use case involves the researcher defining the research
objective and generating a corresponding search string. The process begins with
the researcher inputting the research objectives, followed by the system generating
relevant research questions and keywords. The researcher then refines these keywords
to form an effective Boolean search string.

2. Applying Criteria: In this use case, the researcher uploads a CSV file containing
study details. The system verifies the file format and allows the researcher to define
inclusion and exclusion criteria. The SMS Helper then applies these criteria to filter
the studies, providing decisions, explanations, and confidence scores. The researcher
can download a filtered CSV file with the relevant studies.
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3. Extracting Information: This use case involves the researcher uploading a folder with
documents from which information needs to be extracted. The system checks the
file formats and enables the researcher to create or select extraction items. Once the
process is initiated, the SMS Helper extracts the relevant data and generates a CSV
file that the researcher can download.
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Software\

I ¥ e

.;:j""-(-:reating Search Strintj”"j} .::"'Epplying Criterias ¢ j"'--léxtracting Informatior_w-'"'i}

Figure 10: Use case Diagram

5.2 Prompt Engineering

Prompts in the SMS Helper are carefully crafted to ensure accurate and relevant outputs for
different stages of the systematic mapping process. The prompts are designed using iterative
testing in the OpenAl Playground, incorporating methodologies like prompt chaining and
few-shot examples to enhance their effectiveness.

In the following section, I will provide a detailed description of each prompt used in
the SMS Helper. For each prompt, I will explain its purpose and how it contributes to the
SMS process. This detailed breakdown will help in understanding the role of each prompt
and how it facilitates the automation and enhancement of research tasks within the tool.

Research Question Prompt

Given the objective "{objectivel}" please develop four research
questions.

Research Questions have the following characteristics:

- In general, a good research question should be appropriate,
meaningful , and purposeful

- Provide an overview of a research area and identify the
quantity and type of research and results available within
1B o

- Focused on the topic area, venues, research methods or
trends

- Be short sentenced and not to detailed

Please follow the characteristics and only provide the
question in JSON format with the keys ’Id’ and ’Question’
and root key ’Questions’.

This prompt is designed to facilitate the generation of research questions based on a
given objective. By leveraging the power of few-shot examples, the prompt aims to produce
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high-quality research questions that align with the specified characteristics. The use of
Few-Shot Prompting helps the model understand the format and nature of the desired
output, thereby improving the relevance and appropriateness of the generated questions.

Keywords Prompt

Follow my instructions precisely to develop a highly effective
Boolean query for a systematic mapping study literature
search. Do not explain or elaborate. Only respond with
exactly what I request. First, Given the following
objective and research questions please identify 20 terms
or phrases that are relevant. The terms you identify should
be used to retrieve relevant studies, so be careful that
the terms you choose are not too broad. You are not allowed
to have duplicates in your list. Keywords are most likely
just one or two words.

Please only give the list of keywords without hyphens or
commas .

Objective: {objectivel}

Research Questions:
{research_questions}

This prompt instructs the LLM to generate a list of 20 precise and relevant keywords
or phrases based on a given objective and set of research questions. These keywords are
intended for use in a systematic mapping study literature search, ensuring that they are
neither too broad nor duplicated. The LLM is guided to provide only the list of keywords
in a simple format, without additional explanations or punctuation. This prompt uses
Zero-Shot Prompting for generating results.
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Categorizing Prompt

Task: Categorize the following keywords into one of the PICO
categories: Problem (P), Intervention (I), Comparison (C),
Outcome (0).

PICO Definitions for Software Engineering:

- Problem (P): Keywords related to the issue, challenge, or
context being addressed. Examples: software bugs,
performance bottlenecks, legacy code maintenance.

- Intervention (I): Keywords related to the technique, method,

tool, or approach being studied to address the problem.
Examples: automated testing, agile methodology, refactoring

- Comparison (C): Keywords related to the altermative to the
intervention. Examples: manual testing, waterfall model, no

optimization.

- Outcome (0): Keywords related to the results or effects
being measured. Examples: reduced defect rate, increased
development speed, enhanced security.

- When an item does not fit one of these categories, mark it
as (N/A).

Instruction: For each keyword provided, categorize it into one
of the PICO categories by writing the appropriate letter (
P, I, C, O, N/A) next to the keyword.
keywords:
{keywords}

Search String Prompt

Using the categorized keywords, create a Boolean query that
can be

submitted to IEEE or Scopus which groups together keywords
from each category.

For example:

((itemP1[Title/Abstract] OR itemP2[Title/Abstract] or itemP3[
Title/Abstract]) AND

(itemI1[Title/Abstract] OR itemI1[Title/Abstract] OR itemIil[
Title/Abstract]) AND

(itemC1[Title/Abstract] OR itemC2[Title/Abstract] OR itemC3[
Title/Abstract])) AND

(item01[Title/Abstract] OR itemO02[Title/Abstract] OR item03[
Title/Abstract])

Please only provide the search string.

categorized list: {keywords}

These two prompts are used together to simplify a complex task into manageable

subtasks through prompt chaining. The whole idea is based on |Wang et al.|[2023] who used
this multistep prompt to create search strings for medical databases.
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The first prompt categorizes a given list of keywords into one of the PICO (Problem,
Intervention, Comparison, Outcome) categories. The definitions provided for each category
help ensure that the keywords are accurately classified. The LLM is instructed to label each
keyword with the appropriate category letter (P, I, C, O, or N/A) based on the definitions
and examples given. Few-Shot Prompting is used to give the LLM a better understanding
of the PICO categories.

The second prompt takes the categorized keywords and constructs a Boolean query
suitable for submission to databases like IEEE or Scopus. The query groups keywords from
each PICO category together, using a specific format that ensures each keyword is searched
for within the Title/Abstract fields. The prompt instructs the LLM to only provide the
resulting search string, formatted to combine keywords from each category using logical
OR operators within categories and logical AND operators between categories. Few-Shot
Prompting is used to let the LLM know how to structure the Boolean search string.

Criteria Matching Prompt

You will be given a text which consists of a title, year,
keywords and an abstract. You will also be given a criteria
You have to decide if the text meets the criteria or not.

Criteria: {criterial
Text: {text}

Only answer in JSON with the following keys:
"decision" which is only yes or no
- "explanation" which is a short explanation that includes
text citations for why you made your decision
"score" the probability between 0.0 and 1.0 that your answer
is correct.

This prompt is designed to evaluate whether a given text meets specified criteria. The
text includes a title, year, keywords, and an abstract, which beforehand is computed as one
on the backend. The LLM must evaluate the text against the provided criteria and respond
in JSON format with three keys: "decision" a simple yes or no answer indicating if the
criteria are met, "explanation" a brief justification that includes citations from the text, and
"score" a probability between 0.0 and 1.0 indicating the confidence in the decision. [Tian
et al.|[2023] found that LLMs can express their uncertainty with numerical probabilities as
well as or better than with words.
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Extraction Prompt

You are an assistant for question-answering tasks for study
extraction items.

Use the following pieces of retrieved context to answer the
question and use the given return types. If you don’t know
the answer return ’not sure’. Only answer with the
information in the return type format.

Question: {question}

Return Type: {return_typel

Context: {context}

Answer:

This prompt is intended for a RAG task, where the LLM assists with question-answering
based on provided study extraction items. The LLM is given a specific question, the desired
return type, and relevant context which is extracted using similarity search on a vector
store. Using this information, the LLM must generate an answer strictly based on the
retrieved context. If the LLM cannot answer the question with the found context, it should
respond with 'not sure’. The response must be formatted according to the specified return
type, ensuring that the information is precise and adheres to the required format. The
consequence is that the LLM cant create an own response that is not within the context
and therefore is false.

5.3 User Interface Workflow

To provide a comprehensive understanding of the SMS Helper tool, this section outlines the
user interface (UI) workflow through a series of screenshots. These images illustrate the
key steps a user takes to utilize the tool’s functionalities, from search to data extraction.

The user begins at the search page of the SMS Helper tool, where they input the project
objectives and are guided through the process of generating research questions (RQs) and
keywords. This page is designed to streamline the initial stages of a systematic mapping
study, making it easier for researchers to define their research scope and focus. Figure
shows the search page of the SMS Helper tool.

After generating the research questions and keywords, the user navigates to the sorting
page. Here, they can upload a CSV file containing study details and define the inclusion
and exclusion criteria. The tool then sorts the papers based on these criteria, providing
decisions with explanations and confidence scores. This functionality significantly reduces
the manual effort required for literature screening. Figure [12]illustrates the sorting page
where users select a CSV file and add criteria.

In the final step, users move to the extraction page. This page allows users to specify
extraction items and extract relevant data from the selected papers. The tool processes the
documents and presents the extracted data in a structured format, facilitating analysis and
interpretation. Figure [13| displays the extraction page where users can select a directory,
add extraction items, and select them.

These figures collectively illustrate the seamless workflow of the SMS Helper tool,
highlighting its user-friendly design and functionality that assist researchers in conducting
SMS efficiently.
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SMS Generator Creating Research Questions and Search String

Navigation This tool helps you to create Research Questions and a Search String for your research project. You can start by entering your
Q. RQand Search String objective an will generate some research questions for you. You can add more questions if you want. Based on the research
questions, we will help you define keywords for the search string. Finally, we will help you create the search string based on the
Paper Sorting selected keywords.
Extract Information . .
1. Objective:

Please enter your Objective for the creating Research Questions

To systematically map the current state of research in the field of automated testing for machine learning r

2. Research Questions:

Based on your objective, we have generated some research questions for you. You can add more questions if you want

‘What are the predominant research trends in automated testing for machine learning models? x
‘Which venues publish the most influential research on automated testing for machine learning? X
‘What methodologies are commonly used in the research of automated testing for machine learning models? X
‘What are the critical gaps in current research on automated testing for machine learning models? X

Add Research Question:

3. Keywords:

Next we help you define keywords for the search string. You can select or deselect keywords

Automated
Testing
Machine
Learning
Models
Research
Trends
Gaps
Future
Directions
Systematic
Mapping
Current
State
Automated
Optimization
Neural
Networks
Algorithms
Evaluation

4. Search String:

Finally, we help you create the search string based on the selected keywords

Figure 11: Search Page of the SMS Helper Tool

5.4 Key metrics

To critically evaluate the SMS Helper, it is essential to identify and measure key metrics that
determine the system’s effectiveness and reliability. These metrics provide a foundation for
assessing the quality and performance of the tool, ensuring it meets the rigorous demands
of systematic mapping studies in software engineering.

First, the accuracy of the SMS Helper’s outputs is crucial. This involves assessing
how well the tool generates research questions, filters relevant literature, and extracts
information compared to manual processes. High accuracy indicates reliable and precise
outputs, essential for credible research findings.

Repeatability is another critical metric, referring to the tool’s ability to produce con-
sistent results when the same input data and criteria are used multiple times. This
demonstrates the tool’s reliability and stability. Additionally, precision and recall are vital
for evaluating the effectiveness of the tool’s search and filtering techniques, ensuring that
the tool classifies relevant documents accurately and comprehensively.

Another vital metric is the traceability of results, which is particularly important for
software utilizing LLMs. It is crucial to understand why specific results were generated,
providing transparency in the decision-making process. For instance, when applying
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SMS Generator . . .
Sorting Papers based on Criteria

RQ and Search String In this step, you can sort the papers based on include and exclude criteria. You can add multiple criteria and sort the papers
based on the criteria

Mavigation

57 Paper Sorting

Extract Information
1. File:

Please upload your .csv file with ";" as a delimiter. The file should have the following columns: Title, Abstract, Year, Keywords

P3_sorting.csv

2. Define Include Criteria:
Please add the criteria that you want to include in the sorting process. You can add as many as you like.

Paper should be in English X

3. Define Exclude Criteria:
Please add the criteria that you want to exclude in the sorting process. You can add as many as you like,

Paper should not be a secondary study X

4. Sort Papers:
Click the button below to sort the papers based on the criteria you defined above. This may take some time. The file will be
downloaded

Figure 12: Sorting Page of the SMS Helper Tool

criteria to filter literature, the SMS Helper includes explanations with text references. This
approach ensures that users can trace the reasoning behind each decision, fostering trust in
the system’s outputs and facilitating verification and validation of the results.

Robustness and error handling refer to the tool’s ability to handle unexpected inputs or
conditions without failing. Effective error handling mechanisms and comprehensive logging
are essential for diagnosing and resolving issues, enhancing the overall reliability of the
SMS Helper.

5.5 Answering RQ2

To address RQ2, the SMS Helper leverages generative Al to semi-automate various steps in
SMS. The automation process begins with the creation of research questions. By inputting
an objective, the SMS Helper utilizes a prompt designed to generate relevant and focused
research questions. This significantly reduces the time and effort required for manual
question formulation.

Next, the tool automates the construction of Boolean search strings. By analyzing the
generated research questions, the SMS Helper identifies key terms and phrases, categorizes
them using the PICO framework, and constructs a comprehensive Boolean query. This
ensures that the literature search is both thorough and targeted, increasing the likelihood
of retrieving relevant studies.

For sorting papers, the SMS Helper allows users to upload study details in a CSV format.
It then applies user-defined inclusion and exclusion criteria to filter the studies, providing
decisions with explanations and confidence scores. This step, which traditionally involves
extensive manual review, is streamlined through the use of Al, ensuring consistency and
reducing human error.
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SMS Generator . . .
Extracting Information based on Extractions Items

This tool helps you to extract information based on extraction items from your papers

Navigation
RQ and Search String
Paper Sorting

() Extract Information 1. Files:
Please select the folder where all the .pdf-Files are located that you want to apply the data extraction to. The directory should
only include .pdf-files.

10 Dateien gefunden

2. Add Extraction Items:
Please define the extraction items you want to extract from the papers. You need to define Title, Question and Return Type for
each extraction item

3. Select Extraction Items:
Please select the extractions items that you want to include

Title Question

SWEBOK Category Identification Which SWEBOK category (or categories) does this study primarily addres:

Research Method Identification What research method does this study employ?
Research Type Identification What research type does this study represent?
Technology Used Which technologies, tools, or frameworks are utilized or discussed in this ¢

3. Start with the Extraction
We first start with a test extraction and only use 3 papers. On these you can test your extraction items (with question and return
type) and check the results.

Figure 13: Extraction Page of the SMS Helper Tool

Information extraction is another critical step that is automated. Users specify the
documents and extraction items, and the SMS Helper processes the files to extract relevant
data, generating a structured output. This automation saves time and enhances the accuracy
and consistency of the extracted information.

Additionally, the tool emphasizes the traceability of results. Each automated decision is
accompanied by explanations and text references, ensuring that researchers can understand
and verify the reasoning behind the tool’s outputs. This transparency is crucial for
maintaining trust in the system’s findings.

By integrating these Al-driven functionalities, the SMS Helper effectively semi-automates
the systematic mapping study process, making it more efficient and reliable while maintaining
a high standard of quality and transparency.

6 Part III - Case

The purpose of this chapter is to evaluate the adjusted mapping study process in Section []
and the Al-assisted tool developed in Section [5] by applying them to selected SMS across
various domains of software engineering. This evaluation will involve re-executing the
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mapping studies using the SMS Helper, comparing the results with the original studies,
and analyzing the performance and effectiveness of the tool. This chapter aims to provide
insights into the practical application of the Al-assisted tool, identify any discrepancies
between the tool-generated and original results, and propose potential improvements for
the tool and process.

6.1 Method

In this section, we detail the comprehensive methodology adopted for the development,
implementation, and evaluation of the SMS Helper. The overall research process is structured
to ensure a thorough examination of the tool’s effectiveness across different domains of
software engineering. This methodology encompasses the selection of studies, the re-
execution of these studies using the SMS Helper, and the subsequent analysis of the tool’s
performance.

6.1.1 Selection of Studies

The selection of studies for the evaluation case was conducted with the aim of covering
a broad range of SWEBOK (Software Engineering Body of Knowledge) categories. This
approach ensures that the Al-assisted tool is evaluated comprehensively across different
domains within software engineering, highlighting its versatility and identifying any domain-
specific challenges or strengths.

The search strategy focused on identifying relevant SMS by examining the citations of
the seminal paper by [Petersen et al|[2015|. This approach was chosen because Petersen
et al.| introduced the SMS update that is widely adopted in software engineering research.
By targeting studies that cite this influential work, we ensured the inclusion of high-quality
and relevant SMS.

Google Scholar was used as the primary source for this search. The citation list of
Petersen et al.| paper was screened for relevance, and each study was first evaluated on title
and then later on full text.

To ensure the selection of relevant and high-quality studies that align with the process
proposed by Petersen et al.|[2015], the following inclusion and exclusion criteria were
established:

Inclusion Criteria:

e [1: Studies must cover Objective, Research Questions, Keywords, Search String,
Inclusion- and Exclusion Criteria and Extraction Items as defined per |Petersen et al.
[2015).

e [2: Studies must cover one of the SWEBOK categories.
e [3: Studies must be peer-reviewed.

Exclusion Criteria:

e E1: Studies that are not written in English.

e E2: Studies that are not published in high-quality, peer-reviewed journals or confer-
ences.

e E2: Studies that are not relevant to software engineering.

The selection process involved the following stages:
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e Initial Search: Google Scholar was used to identify studies citing |Petersen et al.

[2015] paper. This search yielded a substantial number of studies.

e Title and Abstract Screening: The titles and abstracts of these studies were

screened for relevance, resulting in a shortlist of 30 studies.

o Full-Text Review: A detailed review of the full texts of these shortlisted studies

was conducted, and 8 primary studies that met all criteria were selected.

The selection aimed to include studies from different SWEBOK categories to ensure a
comprehensive evaluation of the Al-assisted tool. This approach not only highlights the
tool’s applicability across various domains but also identifies any specific challenges or
advantages in different areas of software engineering.

Table[I]summarizes the selected studies, the authors, their assigned SWEBOK categories,
and the year of publication.

Table 1: Selected Studies

ID Title Authors SWEBOK Cat- | Year
egory

P1 Trends and challenges in re- | Murray et al. Software Engineer- | 2024
search into the human aspects ing Professional
of ransomware: a systematic Practice
mapping study

P2 An Analysis of MLOps Archi- | | Amou Najafabadi| | Software Engineer- | 2024
tectures: A Systematic Map- | let al. ing Models and
ping Study Methods

P3 Cyber Security Threats and | Humayun et al. Software Quality | 2020
Vulnerabilities: A Systematic
Mapping Study

P4 Requirements engineering for | |Ahmad et al. Software Require- | 2023
artificial intelligence systems: ments
A systematic mapping study

P5 Architecting with microser- | |Di Francesco et al| | Software Design 2019
vices: A systematic mapping
study

P6 Machine Learning Applied to | |Durelli et al. Software Testing | 2019
Software Testing: A System-
atic Mapping Study

P7 Kanban in software engineer- | | Ahmad et al. Software Engineer- | 2017
ing: A systematic mapping ing Process
study

P8 Reengineering legacy applica- | |Assuncao et al. Software Mainte- | 2017
tions into software product nance
lines: a systematic mapping

The selection of these studies was conducted to ensure a balanced and comprehensive
evaluation of the SMS Helper across various domains of software engineering. By covering

different SWEBOK categories, the evaluation case provides insights into the tool’s perfor-
mance in diverse contexts, highlighting its strengths and identifying areas for improvement.
This approach also ensures that the evaluation is not biased towards any specific domain,
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thereby providing a broad view of the tool’s applicability and effectiveness in supporting
SMS in software engineering.

6.1.2 Re-execution of Selected Mapping Studies

To evaluate the effectiveness of the SMS Helper and the adjusted mapping study process,
we re-executed the selected SMS following a structured approach.

Search Process

The search process for the re-execution involved using only the objectives of the selected
papers. We compared the RQs of each paper to ensure they matched in terms of intent and
significance. Additionally, we evaluated the keywords based on their coverage. For both
RQs and keywords, we calculated a Jaccard Index to measure similarity. For keywords, we
only included the keywords from the SMS Helper that also were given in the original paper.
Additional useful keywords were omitted.

Furthermore, we reviewed and analyzed the search strings used in the original studies.
This involved a thorough examination of the search strategies to ensure they were replicable
and robust. By doing this, we aimed to understand how well the search strings captured
the relevant literature and how they could be optimized for use with the tool.

The Jaccard Index, also known as the Jaccard similarity coefficient, is a statistic used
for comparing the similarity and diversity of sample sets. It is defined as the size of the
intersection divided by the size of the union of the sample sets.

Mathematically, the Jaccard Index J for two sets A and B is given by:

_lAnB]
- |AuB|

where |AN B] is the number of elements in the intersection of sets A and B, and |AU B|
is the number of elements in the union of sets A and B |Real and Vargas, 1996|. The
Jaccard Index ranges from 0 to 1, where 0 indicates no similarity and 1 indicates complete
similarity.

Selection Process

For the Selection, we contacted the corresponding authors of the selected papers via
email, requesting a complete list of all search papers and the extraction map used in their
studies. If we received the full list of search papers, we applied the inclusion and exclusion
criteria from the original studies to these lists and compared the results with those reported
in the studies.

In cases where we did not receive a response or the requested data, we conducted our
own search in literature databases using the original search strings from the studies. We
constrained the search to the publication dates of the original studies to ensure consistency.
From these searches, we selected 10 excluded papers (those found by the search string but
not used in the studies) and 10 included papers (those that were published in the paper).
The selection of these papers was done randomly, with the only criteria that they were
available and relevant to the study objectives. We then applied our tool to these papers,
using the same criteria as the original studies, and evaluated whether the tool correctly
classified the papers.

We had to evaluate each inclusion and exclusion criterion to see if it was compatible
with our tool, which only captures the title, abstract, and year of publication. As a result,
criteria requiring page numbers or information on whether the paper is available or published
couldn’t be addressed. We therefore retained only the criteria that were applicable to our
tool. Additionally, we frequently had to manually add abstracts, as they were often missing
due to being a critical information point for the tool.

J(A, B)
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Extraction Process

For the extraction process, we created an extraction map using 10 randomly selected
papers (from the selected paper list of the study). This map was then compared to the
original extraction map from the studies, if available. We calculated a Jaccard Index
to assess the similarity between our extraction map and the original. This process was
contingent upon the availability of an extraction map in the original study or obtaining
one from the authors.

We had to manually adapt the extraction items to be compatible with the SMS Helper.
Typically, extraction items consist of one to three words, sometimes accompanied by a
description. However, our tool requires each extraction item to include a title, a question,
and a return type. Consequently, we had to restructure each extraction item, often
necessitating the creation of new questions and return types, which naturally resulted in
some deviation from the original extraction items.

6.2 Results

The results of the re-execution of the selected SMS using the tool are presented in this
section. The evaluation focused on three main areas: the similarity of RQs and keywords
for search, the sorting of paper and the analysis of extraction maps.

Search

To assess the alignment of the RQs and keywords between the original and re-executed
studies, we calculated the Jaccard Index for each pair. The averaged Jaccard Index value
for the RQs was 0.64, indicating a moderate degree of similarity. This moderate alignment
can be attributed to the relatively straightforward nature of formulating RQs, which
typically center around core thematic areas without significant variation in wording or
scope. Consequently, the SMS Helper was able to replicate the core themes and focus areas
of the original studies with a reasonable degree of accuracy.

In contrast, the keywords exhibited a lower average Jaccard Index of 0.4, reflecting
more variability in the terminology used across the studies. This discrepancy can largely be
attributed to the diverse search strategies employed by the original studies. For instance,
studies P4 and P8 adopted a comprehensive synonym search strategy, utilizing one or two
primary keywords and expanding these with 10 to 20 synonyms, as seen in figure ??. This
approach contrasts sharply with the keyword selection mechanism of the tool, which does
not incorporate such extensive synonym expansion. As a result, there was a significant
divergence in the keywords identified, particularly in studies P4 and P8, where the Jaccard
Index for keywords was not applicable or comparably low. Table [2] provides a summary of
all these values.

Table 2: Jaccard Index Values for Research Questions and Keywords

Study ID | RQs Jaccard Index | Keywords Jaccard Index
P1 0.43 0.5
P2 1 0.43
P3 0.5 0.36
P4 0.75 N/A
P5 1 0.4
P6 0.5 0.2
P7 0.6 0.5
P8 0.38 N/A
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Table 3: Original and Generated Keywords

Study ID

Original Keywords

Generated Keywords

P1

ransomware, human aspect, human factor, infor-
mal aspect, social aspect, awareness, training,
culture, social engineering, information security
behavior, perception, attitude

ransomware, human factors,
information security, social en-
gineering, user awareness, user
behavior

P2

MLOps, machine learning operations, model,
pipeline, architecture, workflow, process

MLOps, pipeline, workflow

P3

Cyber, Privacy, cyber security, network security,
internet security, computer security, I'T security,
software security, vulnerability, cyber threat, cy-
ber Crime, challenge, risks, violence

cybersecurity, network secu-
rity, I'T security, cyber threats,
system vulnerabilities,

P4

requirements process, requirements elicitation, re-
quirements gathering, requirements identification,
requirements analysis, requirements validation,
requirements verification, requirements specifi-
cation, requirements development, requirements
documentation, requirements management, re-
quirements testing, requirements driven, func-
tional requirements, machine learning, speech
recognition, deep learning, natural language pro-
cessing, computer vision, machine intelligence,
chatbot, chat-bot, expert systems, self driving,
autonomous, recommendation system, robot, Al,

ML

NOT Applicable because of dif-
ferent search strategy

P5

architecture, design, system, structure, microser-
vice

microservices, architecture

P6

Test, Software Testing, Test Automation, Test
Oracle, Metamorphic Test, Test Data Genera-
tion, Muation Analysis, Mutation Testing, Test
Generation, Machine Learning, Support Vector
Machines, Decision Trees, Learning Based

machine learning, software
testing, test automation, au-
tomated test

P7

Kanban, Software

kanban

P8

feature location, concept location, concern loca-
tion, feature mining, feature identification, fea-
ture mapping, reengineering, refactoring, recon-
struction, migration, migrating, evolution, legacy,
restructuring, re-engineering, re-structuring, ap-
plication engineering, commonality, core asset,
domain analysis, domain engineering, feature
analysis, feature based, feature diagram, fea-
ture model, feature modeling, feature oriented,
highly-configurable system, process family, prod-
uct family, product line, product line engineering,
software family, software product family, soft-
ware product line, software reuse, SPL, variabil-
ity, variability analysis, variability management,
variability modeling, variability-intensive system,
variant, variation, variation point

NOT Applicable because of dif-

ferent search strategy
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Reflecting on the data in Table [3] several interesting patterns emerge. In studies P1,
P2, P3, P5, P6, and P7, the generated keywords generally capture the core themes of the
original keywords, but with less granularity. For example, in P1, the generated keywords
"ransomware, human factors, information security, social engineering, user awareness, user
behavior" cover the primary areas but lack the detailed aspects such as "training, culture,
perception, attitude" found in the original list. This suggests that while the SMS Helper is
effective in identifying major themes, it may miss some of the more nuanced aspects that
are captured through manual keyword selection.

The study P2 shows a more pronounced difference, where the original keywords include
detailed aspects like "machine learning operations, model, architecture, workflow, process,"
while the generated keywords are more focused, limited to "MLOps, pipeline, workflow."
This indicates that the tool might simplify the scope of the search, potentially overlooking
some relevant studies that would be captured by a broader set of keywords.

In study P3, the original keywords "Cyber, Privacy, cyber security, network security,
internet security, computer security, I'T security, software security, vulnerability, cyber
threat, cyber Crime, challenge, risks, violence" reflect a wide-ranging approach to the topic,
while the generated keywords are narrower, focusing on "cybersecurity, network security, I'T
security, cyber threats, system vulnerabilities." This narrower focus could miss important
studies related to privacy, internet security, or cyber crime.

Studies P4 and P8 present a different scenario where the original search strategy involved
a comprehensive expansion of primary keywords into numerous synonyms, a strategy not
employed by the SMS Helper. Consequently, the tool did not generate comparable keywords
for these studies, resulting in a lack of applicable data for Jaccard Index calculation. This
highlights a significant limitation of the tool in handling complex keyword strategies.

These variations underscore the significant influence of search strategy on the similarity
metrics, particularly the Jaccard Index, and highlight the challenges in standardizing
keyword selection across diverse research methodologies. Our analysis revealed that well-
written and detailed research objectives often correlated with high-quality and similar RQs,
suggesting a strong link between the clarity of a study’s aims and the coherence of its
RQs. However, the diversity in search strategies, such as the extensive use of synonyms in
studies P4 and P8, presents a notable challenge. It is evident that the breadth and depth
of keyword selection can vary greatly, influenced by methodological preferences and the
specific goals of each study. This diversity makes it difficult to capture the full spectrum of
relevant literature with a single, standardized search strategy using our tool.

Sorting

The sorting of papers based on inclusion and exclusion criteria was evaluated using the
SMS Helper. The tool was tasked with replicating the criteria-based sorting process used
in the original studies to determine its effectiveness and accuracy. The analysis yielded an
average Jaccard Index of 0.62, indicating a moderate level of similarity between the tool’s
output and the original study results. Table [f] provides insights into each Jaccard Index. To
illustrate how the SMS Helper evaluates papers based on specific criteria, Table [5| presents
an example output for the criterion "Primary studies on requirements engineering for Al
systems." The table compares the tool’s decisions, explanations, and confidence scores for
included and excluded papers.

The paper titled "Integrated Description of Functional and Non-Functional Requirements
for Automotive Systems Design Using SysML" was originally considered for inclusion based
on its relevance to requirements engineering. The study provides a comprehensive approach
to integrating functional and non-functional requirements in automotive systems using
SysML, which aligns closely with the broader objectives of requirements engineering.
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However, the SMS Helper tool, upon evaluation, excluded this paper due to its stringent
adherence to the specified inclusion criteria. The tool’s decision was based on the absence of
direct references to Al systems in the abstract and keywords. Despite the paper’s relevance
to the field of requirements engineering, the lack of explicit mention of Al systems led to
its exclusion. This instance highlights the tool’s rigorous and literal application of the
criteria, which ensures precision but may overlook nuanced contributions that fall within
the broader scope of the research objectives.

Our tool provided a binary prediction for each paper: "include" or "exclude." For
inclusion, the tool required all inclusion criteria to be met and all exclusion criteria to be
absent. This stringent approach may have contributed to the moderate Jaccard Index. The
rigorousness of the tool’s criteria application contrasts with the possible nuances in human
evaluation, where researchers might include a paper even if it does not perfectly meet all
criteria, possibly due to broader interpretative flexibility.

Table 4: Jaccard Index Values for Sorting

Study ID | Jaccard Index
P1 0.5
P2 0.65
P3 0.6
P4 0.75
P5 0.6
P6 0.75
P7 0.7
P8 0.4

The tool’s decisions were based solely on the abstract, title, and year of each paper,
which sometimes led to incomplete assessments due to missing contextual information.
Moreover, the tool’s detailed interpretation of criteria sometimes led to exclusions that
might not align with human judgments. For example, in one instance, an inclusion criterion
was "Study should be empirical with a focus on cyber security vulnerabilities." The paper
titled "Cyber attack modeling and simulation for network security analysis" was excluded by
the tool, which reasoned that while the paper related to cybersecurity, it primarily focused
on simulation modeling for intrusion detection systems, rather than directly addressing
cyber security vulnerabilities empirically. This level of specificity in the tool’s reasoning
highlights its potential for stringent filtering, but also underscores the challenge of capturing
the nuanced decision-making processes researchers might employ.

Extraction

The extraction phase of the evaluation encountered several challenges, primarily due to
the unavailability of extraction maps from the original studies. Out of the eight selected
studies, only two authors responded to our request for data, and only one provided the
necessary extraction maps. Other than that, one paper already provided the full data in the
paper information as an online link. This limited our ability to perform a comprehensive
extraction analysis across all studies. The lack of response may be attributed to the age of
some studies, possible data loss, or changes in the authors’ employment, making it difficult
to access the required information.

For the two studies where extraction was possible, we calculated Jaccard Index values of
0.48 for P2 and 0.67 for P4. These indices reflect a moderate degree of similarity between
the tool-generated data and the original extraction maps. Often, the SMS Helper managed
to extract similar or even more comprehensive data than the original studies, demonstrating
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Table 5: Example Output for Criteria "Primary studies on requirements engineering for Al

systems"
Type Title Decision | Explanation Score

Included | Towards yes The text discusses 'a Requirements Engi- | 0.9
Automated neering Approach’ for ’Automated Surgical
Surgical Robotics,’ indicating a primary focus on
Robotics: requirements engineering specifically for Al
a Require- systems in the context of surgical robotics.
ments The goal is to formalize surgical require-
Engineering ments’ and translate them into 'behavioral
Approach specifications for an autonomous robotic

system,’ aligning with the criteria.

Included | Integrated no The text focuses on requirements engineer- | 0.95
Descrip- ing for automotive systems using SysML,
tion of specifically targeting the integration of me-
Functional chanical and electric/electronic elements.
and Non- The abstract does not mention require-
Functional ments engineering for Al systems. Cita-
Require- tions: 'automotive requirements engineer-
ments  for ing’, 'passenger car development’, ’SysML’.
Automotive
Systems De-
sign Using
SysML

Excluded | Towards no The abstract focuses on requirement engi- | 0.95
Cyber- neering for a CubeSat system and does not
Physical Re- explicitly mention Al systems. It discusses
quirement a requirement engineering tool to improve
Engineering system-wide qualities based on quality at-
Elicitation tribute scenarios, but there’s no indication
Tool  Sup- that this is specific to Al systems.
port

Excluded | Architectural no The text focuses on architectural require- | 0.95
Require- ments for Cloud Computing systems, not
ments  for on requirements engineering for Al systems.
Cloud Relevant citations include: ’architectural
Computing features of Cloud Computing’, ’require-
Systems: ments of end-users, enterprises that use the
An Enter- cloud as a platform, and cloud providers’,
prise Cloud and ’guidelines to software architects and
Approach Cloud Computing application developers’.
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Table 6: Example Extraction Excerpt

Extraction Item Original Generated
Evaluation Methodology | Case study Case study
Application Domain Medical / Healthcare | Healthcare

AT Application Type ML Machine learning
Technical Domain Elicitation

e Requirements engineering
e Machine learning

e Data analytics

e Data preparation pipelines
e Advanced analytics

e Model evaluations

e Design and development of
data warehouse systems

Requirements Notation | Conceptual model Conceptual modeling

Framework Used GRAML Framework A previously developed framework

for requirements elicitation and de-

sign of machine learning solutions.

Data Collection Method | Interviews / meetings

e Open-ended interviews

e Observations

e Voice recording sessions

its potential for effective data extraction. Sometimes it even extracted correct data for a
study when the original extraction map had no data at all.

An example of the extraction outputs is provided in Table [6] comparing the original
extraction items with those generated by the SMS Helper. The table highlights several
key extraction items, such as "Evaluation Methodology," "Application Domain," "AI
Application Type," and others. In most cases, the tool accurately replicated the original
extraction items. For instance, both the original and generated outputs identified the
evaluation methodology as a case study and the application domain as healthcare. The Al
application type was also correctly identified as machine learning. There were instances
where the SMS Helper provided more detailed outputs. For example, under the "Technical
Domain" extraction item, the tool generated a comprehensive list of related topics compared
to the single item "Elicitation" in the original. Similarly, the data collection methods
identified by the tool were more specific. These results demonstrate the tool’s ability to
enhance and expand upon the original extraction items, potentially offering more in-depth
insights.

However, the tool also faced significant challenges. It occasionally failed to extract
relevant information accurately, possibly due to the phrasing of extraction items or complex
formatting within the text. The more accurate the extraction items are outlined with
questions and return types, the more quality the answer from the tool are. The tool’s
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performance suggests that while it can be a valuable asset in streamlining the extraction
process, there is room for improvement in its ability to handle diverse document structures
and extraction criteria.

To visually depict the variation and central tendency in the tool’s performance, we
utilized box plots for each category, as seen in figure The box plots show that while the
tool performs relatively consistently in formulating research questions and sorting papers,
there is greater variability in keyword selection and information extraction. This variability
underscores the challenges the tool faces in handling diverse keyword strategies and the
nuances of data extraction, suggesting areas where further refinement and customization
may be beneficial.

1.0

0.9 4

0.8 4

0.7

0.6

Jaccard Index

0.5 A

0.4 1

0.3 A

0.2 A O

T T T
Research Question Keywords Sorting Extraction
Categories

Figure 14: Boxplots for each Category

6.3 Answering RQ3

The evaluation of the SMS Helper and the adjusted mapping process was conducted
through a series of case studies, which provided valuable insights into the tool’s practical
performance and effectiveness. The case studies involved re-executing selected systematic
mapping studies across various domains of software engineering, comparing the results
obtained using the SMS Helper with those from traditional manual methods.

The results indicated that the SMS Helper significantly reduced the time and effort
required for needed tasks. The tool’s ability to automate these tasks improved consistency
and reduced the potential for human error. However, the evaluation also highlighted some
limitations, particularly in the areas of keyword generation and criteria application. The
tool’s strict adherence to predefined criteria and text-based information sometimes led to
excluding relevant studies, which might have been included by human reviewers who can
interpret nuances and context.

Overall, the tool and adjusted mapping process performed effectively, demonstrating
clear benefits in terms of efficiency and consistency. The findings suggest that while the
SMS Helper can streamline many aspects of the systematic mapping study process, human
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oversight remains essential, especially in tasks requiring nuanced judgment and context-
sensitive decision-making. The case studies confirmed that the integration of Al in SMS
can enhance the research process, but a balance between automation and human expertise
is crucial for achieving optimal results.

7 Discussion

In this thesis, we explored the enhancement of SMS in software engineering through the
integration of an Al-assisted tool, the SMS Helper. This discussion synthesizes the findings
from the previous chapters, evaluating the tool’s performance, the adjusted mapping study
process, and the implications for future research.

The integration of the SMS Helper has significantly streamlined the SMS process. By
automating critical steps such as research question generation, keyword selection, sorting of
papers and information extraction, the tool has reduced the manual workload traditionally
required in these studies. This automation accelerates the research process and enhances
consistency and accuracy, addressing common issues such as human error and bias.

The moderate Jaccard Index scores for research questions (0.64) and keywords (0.4)
indicate that while the tool can replicate core themes and focus areas, there are challenges
in capturing the nuance and specificity often present in manual processes. This finding
suggests that while Al can effectively support and enhance systematic mapping studies, it
cannot fully replace the critical thinking and expertise of human researchers.

The variability in keyword selection strategies among different studies, as seen in the
lower Jaccard Index scores for keywords, underscores a key challenge in standardizing the
mapping study process. The use of extensive synonyms and domain-specific terminology in
some studies highlighted the limitations of the tool’s current keyword generation capabilities.
This variability impacts the comprehensiveness and relevance of search strings, which are
crucial for effective literature retrieval.

Additionally, the tool’s approach to sorting papers, which relies heavily on titles,
abstracts, and publication years, revealed limitations in fully capturing the criteria used
by human reviewers. The moderate similarity in sorting results (Jaccard Index of 0.62)
suggests a need for better prompts that can apply inclusion and exclusion criteria with
greater nuance.

It is important to note that the AI’s strictness in evaluating papers against criteria does
not necessarily indicate a flaw in the tool. In numerous instances, the tool’s strict adherence
to the text and criteria might lead to more objective and unbiased decisions compared to
human reviewers, who may be influenced by subjective factors or implicit biases. The AI’s
capacity to evaluate content strictly based on provided text ensures a consistent application
of criteria, potentially reducing the inclusion of papers that do not fully meet the established
standards. This characteristic highlights the value of Al assistance in tasks such as applying
inclusion or exclusion criteria, where objectivity and consistency are paramount.

The practical evaluation of our tool in re-executing selected studies demonstrated both
the tool’s potential and its current limitations. While it successfully replicated certain
aspects of the systematic mapping study process, such as research question formulation and
data extraction, discrepancies in keyword selection and criteria application indicate areas
for improvement. The feedback loop with users, providing explanations and confidence
scores for automated decisions, was a valuable feature, enhancing transparency in the tool’s
outputs and leaving room for human decision-making.

However, the tool’s reliance on available data, such as abstracts and titles, limits its
ability to handle more complex criteria or extraction tasks that require deeper contextual
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understanding. This limitation highlights the ongoing need for human oversight, particularly
in interpreting nuanced research contexts and ensuring the accuracy of extracted information.

The findings of this thesis highlight several key areas for future research and tool
enhancement. First, there is a need to refine the tool’s capabilities in handling diverse
keyword strategies and complex criteria. This could involve integrating more search
techniques and expanding the tool’s prompts to more terminology and concepts. Second,
there is a need for researchers to view and edit the prompts that are being used, so the
researcher has full transparency and flexibility. And lastly, researchers need to be able to get
the text citations for the extraction map so they can evaluate if the found text passages are
applicable to that extraction item. This once more gives more transparency to researcher.

8 Conclusion

This thesis explored the integration of an Al-assisted tool, the SMS Helper, to enhance
the systematic mapping study process in software engineering. Our findings highlight
the significant potential of this tool in automating key steps such as research question
generation, keyword selection, paper sorting and information extraction, thereby increasing
efficiency and consistency.

The use of the SMS Helper demonstrated moderate success in aligning with original
study results, particularly in research question formulation and data extraction. However,
variability in keyword strategies and the challenges in sorting papers according to nuanced
criteria highlighted the limitations of the tool, emphasizing the continued necessity for
human expertise in these processes.

Future research should focus on refining the SMS Helper’s capabilities, particularly in
handling diverse keyword strategies and complex inclusion and exclusion criteria. Integrating
more advanced prompts could significantly enhance its accuracy and relevance across various
research domains. Additionally, improving the tool’s user interface and providing greater
customization options will be crucial for enhancing its practical applicability and user
experience.

The practical evaluation of the tool underscored its potential to streamline the systematic
mapping study process, yet also revealed areas where human oversight remains essential.
This balance of automation and expert input will be key in developing effective research
tools that can support but not entirely replace the nuanced judgment required in academic
research.

Overall, the SMS Helper represents a significant step forward in the methodology of
systematic mapping studies. By enhancing efficiency and accuracy, it allows researchers
to focus more on critical analysis and less on routine tasks. However, the findings of this
thesis also emphasize the need for ongoing development and refinement of Al-assisted tools
in research, ensuring they complement rather than replace human expertise. This work lays
the foundation for future advancements in Al-assisted research methodologies, promising
continued improvements in the field of software engineering research.
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