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Abstract

Background: As technology is advancing day by day, people tend to produce
enormous volumes of data. This exceptional growth in data is leading to an increase
in the development of intelligent systems that make use of this huge data available.
We group the development of such type of intelligent software systems and term them
as "Data-Centric Systems (DCS)". Such systems include AI/ML components in a
self-driving car, Recommender systems any many more. Developing DCS is complex
in the Software development life cycle process; one of the main reasons behind this
complexity is ineffective handling of requirements. Moreover, the literature suggests
that a large percentage (48%) of development problems begin during the requirement
phase and fixing requirements-related problems consumes a high cost of rework in
later stages of software development. To design DCS effectively, RE techniques are
considered one of the essential factors, since it is required to promote the combination
of a system’s functional and implementation expectations from two entirely different
perspectives, such as customers and developers. Although RE frequently plays a
critical role in DCS, little is known about how RE can effectively be incorporated
into developing such systems.

Objectives: This thesis aims to focus on understanding industry experiences in
the development of DCS with the main emphasis on RE and investigate the tech-
niques/approaches used in DCS designing during the RE process and identify the
challenges practitioners face during the development process.

Methods: Two workshop-style interviews are conducted to identify the design
process of RE and the practitioners’ challenges during DCS development. To comple-
ment the results from the workshop and scaling up the target population, an online
survey is conducted.

Results: From the workshops, we have identified that no explicit stakeholder is
involved during the RE phase of DCS. Still, all people collectively take the decisions
when it comes to developing in agile, and the role varies depending on the type of
projects the stakeholder is involved. Four categories of requirements were identified,
namely regulatory, infrastructure, data, safety and security requirements. Tech-
niques/approaches used to elicit, document, analyse and validate the requirements
were identified. Based on the data received, we have identified ten challenges faced
by the practitioners during the DCS. Based on the number of responses recorded
in the survey, the categorisation and the techniques/approaches used for RE were
prioritised based on the highest number of responses received. A total of 15 themes
were generated for the challenges based on the responses received from participants.

Conclusions. To conclude, a specific RE architecture needs to be designed to
help the practitioners during the development of DCS. We believe that the analysis
of these insights provide the industry with a structured overview of the DCS devel-
opment process in RE. Besides, this thesis allows the academic community to steer
future research based on an understanding of industry needs in RE for DCS.

Keywords: Requirements Engineering (RE), Data-Centric Systems (DCS), Work-
shops, Survey, Challenges.
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Chapter 1

Introduction

A broad range of software systems is using large volumes of data to improve current
technology. The recent success of data-centric technologies such as Artificial Intel-
ligence (AI), Machine Learning (ML) helps in enhancing the importance of data in
different phases of software development built with modern engineering techniques
[12]. The importance of Software Engineering (SE) has increased in the development
of Data-Centric Systems (DCS) [23]. A DCS is known as "An intelligent system
where all the software application functionality is based on a single, simple, extensi-
ble data model" [46].

Nowadays, data is widely being used in different sectors. Since most of the
products and services are digitalised, so are their development processes [67]. Some
specific categories for the data growth include converting traditional offline data to
be online, creating webpages, online movie databases, scanned books and so on [59].
To complement this data growth in recent years, a study conducted in 2008 states
that the American citizens spent about 1.3 billion hours consuming information,
an average of almost 12 hours per day. The total consumption mounted to 3.6
zettabytes and 10,845 trillion words per person it corresponds around 100,500 words
and Thirty-four gigabytes on an average day [7].

This kind of data growth leads to an unprecedented increase in the develop-
ment of data-centric applications that operate by using different approaches such as
capturing, analysing, processing and classifying the data [59]. These applications
include software-intensive systems (where software is the main component such as e-
commerce websites, movie-recommendation systems, AI/ML systems, a self-driving
car, an Natural Language Processing (NLP) based tool, a smart recommendation
system or a smart chatbot, online gaming emulation systems and sensor networks).
Within these Data-Centric Systems, data is not only provided and generated by the
running system, but data about the software itself and the environment surrounding
it is collected (such as response time). When such data is processed through descrip-
tive, predictive and prescriptive models so that the system can be adapted to handle
the evolving data [12]. Unlike the existing software systems, these DCS consists of
additional tasks such as data collection, cleansing, data management, and continuous
updates. These tasks drive the need for additional roles and responsibilities, and the
additional process steps needed to be considered during the requirements phase and
development phase of the DCS [52].

Software engineering concerns for DCS arise in practice when deploying and oper-
ating systems that make use of a large amount of data [33]. Considering the number
of functional and non-functional requirements, there has been an increase in the
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6 Chapter 1. Introduction

DCS complexity developed these days [2]. Also, for DCS, to keep up with the tech-
nological advancements data needs to be uploaded continuously, which impacts the
architecture of DCS.

Developing DCS are complex in nature [52] [59] [53]. As the systems are be-
coming more complex, developers are using new engineering practices to manage
the development process. To develop a usable software, the developers must know
the requirements needed to develop it. Although most of the software requirements
are formed and captured during the early stages of software development, the re-
quirements are often changed throughout the system development, and maintenance
process [49]. Moreover, a report [26] suggests that a large proportion (48%) of devel-
opment problems begin during the requirement phase and fixing requirements-related
problems consumes a high cost of rework in later stages of software development [73]
[75]. Another report also [31] determines that 44 % of the reasons for failed projects
have their origin in insufficient RE.

One of the main reasons is the change software requirements during the develop-
ment phase of a software product. If the changes in the requirements are frequent,
this might lead to uncertainty in the software product. Change in requirements is
found to be one of the main challenges faced during software development [80] [15]

Requirements Engineering (RE) plays a crucial role in the software engineering
process. It is considered one of the most crucial phases of the Software Development
Life cycle(SDLC) [50]. It forms the basis for every software project, defining the
stakeholders (such as users, software developers, customers) needs from the project
and what they require to do to meet those needs. RE deals with elicitation, analysis,
specification and validation, management and requirements documentation during
the SDLC [6]. RE offers a suitable framework to understand what customers are
interested in and negotiate the best solution possible to ensure the high quality of
a product, to identify a simple solution, to validate the requirements and manage
requirements [57].

Requirements Engineering plays a significant role and has a significant influence
on the success of DCS design [48]. To design DCS effectively, RE techniques are
considered to be one of the essential factors, since it is required to promote the
combination of the functional and non-functional expectations of a single system
from two entirely different perspectives, such as customers, and developers [48].

Data-Centric companies, such as Facebook [28], automobile industries that re-
search on developing autonomous driving [48] and plug-in electric vehicles [68] are
increasingly employing Data-Centric approaches in the development of intelligent
applications. Although RE frequently plays a critical role in DCS, little is known
about how RE can effectively be incorporated into developing such systems [27]. A
step in this direction consists of understanding what practical challenges lie ahead
to guide research activities in a problem-driven manner.

This thesis is inspired by the work of Andreas Vogelsang, and Markus Borg
[70], where the authors explore challenges in Requirements Engineering for ML-
based systems from the viewpoint of a data scientist. The idea behind our thesis is
to expand this work with consideration of whole DCS development during the RE
process.

The overall objectives of our thesis are to focus on understanding industry expe-
riences in the development of DCS with the main focus on RE and investigate the
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current situation in the design of DCS with its impact to the RE process and to
identify the challenges in RE for DCS which industries face during the development
process. Two workshops were conducted to understand the typical roles and respon-
sibilities during the development of DCS. To complement the interview results and
by increasing the target population, we have conducted a questionnaire-based online
survey.

The main contribution of this research thesis to the field of SE is that this thesis
aims to identify the RE activities in DCS by identifying the artefacts and data sources
used, stakeholders and the decisions taken by them during the development of DCS.
Our study also gives an overview of how the practitioners classify and handle the
requirements and challenges faced in RE during DCS development. The analysis of
these insights shall allow the academic community to steer future research based on
a better understanding of industry needs in RE for DCS and explore further research
directions.

1.1 Aim and Objectives
Aim: The aim of the thesis is to find practitioner’s experiences, practices and con-
temporary challenges in development of Data-Centric Systems.

Obj 1: Understand how RE is done when developing Data-Centric Systems.

Obj 2: Identifying the challenges that practitioners face while developing Data-Centric
Systems.

1.2 Research Questions
In order to achieve the aim and objectives mentioned in the section 1.1 .The following
research questions are formulated.

RQ1: How are DCS developed in practice?

(a) What (boundary)Artefacts and data sources are used?

(b) Which stakeholders are involved in the development process?

(c) What decisions do stakeholders have to make during DCS design?

Motivation: This research question aims to find out the new roles involved during
the development of DCS. To achieve this, we identify types of stakeholders, their
typical decisions and the various boundary artefacts used. This research question
allows us to understand the roles responsible for making the decision when it comes
to DCS.

RQ2: How do practitioners classify the requirements for DCS?

(a) How are the requirements categorised? Into which particular classes?
Why are the identified classes important?

(b) How are the requirements elicited, analysed, documented and validated?
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(c) What are quality criteria for the requirements?

Motivation: The goal of this research question is to understand how the practitioners
classify their requirements and reason for classification. Also, how the classified re-
quirements are evaluated, whether good or not. Depending on the industry’s domain,
the quality criteria may vary, for example, security requirement category for banking
domain and safety-related requirement category for software automotive domain.

RQ3: What challenges does the industry face in RE for DCS development?

Motivation: This research question takes a holistic perspective on the development
of DCS to identify what challenges exist in practice considering all stakeholders of
the development process whose activities relate to the RE process. The challenges
of traditional RE at the practice are well known [19]. Based on the results from [70],
DCS development process brings changes to the traditional system development life
cycle. These changes also reflect on RE, and as a result, might lead to new (yet
undiscovered) challenges in RE for DCS.

1.2.1 Methodology Overview

Figure 1.1: Overview of the research flow

The two research methods selected for this thesis are, a multiple case study and
a survey. The baseline study by [71] conducted interviews with data scientists and
found out that requirement engineers have to be aware of the new requirement types
introduced by the ML system. Based on the results, we widen the scope from data-
scientists to other practitioners by conducting interviews first and further conducting
surveys to widen the study. Since there is little known about RE for DCS in the
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existing literature to the best of our knowledge, the need for multiple case study and
the online survey arises. From figure 1.1, we can see the research flow.

• Multiple Case Study: We had selected multi-case study as the primary
method for this thesis as it helps increase the knowledge about particular phe-
nomena or the organisations. We select multi-case study because each case
helps us identify the different real-world scenario to have a substantial result.
We conduct workshop-style semi-structured interviews as part of the data col-
lection. The data we have obtained from the workshop style-interviews also
helps us in forming a reliable survey instrument.

• Online Survey: To broaden the results we obtain from the workshops, we
choose an online survey as our second research method. The results from the
workshops helped us in establishing the survey questionnaire. Another reason
motivating us to choose web-based or online survey is that honest and more
thoughtful opinions are more likely to be gained.

1.3 Outline of the document
The rest of the document is structured as follows. In chapter 2, we discuss the related
work for the thesis and the background which sets the base of the thesis. In chapter
3, we give a detailed explanation of the research method we have used to achieve
our goal. We have used multiple case study and an Online Survey. In chapter 4, we
present the findings of our thesis and analyse them. In chapter 6, we present the
interpretation we have made from the results we have acquired. In chapter 7, we
conclude our thesis and set a path for future work.





Chapter 2
Background and Related Work

The section starts by representing the meaning of requirements engineering (section
2.1.1) followed by different types of requirements (in section 2.1.2) used in various
projects because a set of requirements are used as inputs during the design phases
in the software development process since requirements show the necessary elements
and functions necessary for a particular project. A synopsis is given on how RE
works and the process followed during the RE in SDLC (section 2.1.3 and 2.1.4).
Section 2.1.5 gives an overview of how DCS are formed and the different types of
DCS available currently. In section 2.2, we discuss different studies that focus on
RE for DCS and describe the motivation behind conducting the research.

2.1 Background

2.1.1 Requirements Engineering

Requirements play a crucial role in software projects because they help produce a
product that meets the user’s expectations. The requirements also represent specific
descriptions of functions or characteristics that address the general purpose of the
systems that are being developed. The main goal of a requirement focuses on what
the customer needs to get solved but not on the solution or the implementation. RE
is a discipline which deals with the process of defining, documenting and maintaining
the requirements. It acts as a bridge between the real-world needs of customers and
users, and the capabilities afforded by software-intensive technologies [6].

2.1.2 Types of Requirements

Requirements also cover consumer requirements and those resulting from general
corporate, government, and business norms. The user’s needs and various other
stakeholders (general organization, community, government) must be collected and
met. Ideally, requirements are independent of architecture, demonstrating "what"
the system can do, rather than "how" it should do [77]. Some types of requirements
available are listed below: [75]

1. Business requirement: A high-level business objective of the organization that
builds a product or a customer who procures it.

2. Functional requirement: A description of behaviour that a system will exhibit
under specific conditions.

11
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3. Non-functional requirement: A description of a property or characteristic that
a system must exhibit or a constraint that it must respect.

4. Quality requirement: A kind of non-functional requirement that describes a
product’s service or performance characteristic.

5. System requirement: An important requirement for a product that contains
multiple subsystems, which could be all software or software and hardware.

6. User requirement: A goal or task that specific classes of users must be able to
perform with a system, or the desired product attribute.

2.1.3 Requirements Engineering Process

Requirements Engineering Process (RE process) describes the fundamental RE ac-
tivities and their relationships. This process provides a way to understand each
requirement and helps to get a complete idea of the system through a detailed un-
derstanding of what features the system should consist of. In general, the RE process
consists of four phases [17].

1. Requirements elicitation

2. Requirements analysis

3. Requirements specification

4. Requirements verification and validation

Fig 2.1 describes the Requirements Engineering process while developing software
systems.

2.1.4 Phases of Requirement Engineering

Each of the four phases in the RE Process consists of different objectives and ac-
tivities, and each phase plays an essential role in understanding each requirement
clearly. These phases set the requirements ready to get implemented. Each phase is
discussed below [17].

1. Requirements elicitation: In this phase, all the user requirements are col-
lected, and the list of requirements which will be fulfilled by the software system
is decided by considering the opinions of all the stakeholders.

2. Requirements analysis: In this phase, all the requirements are understood
and modelled according to the system’s desired behaviour. The requirements
are refined based on the user needs and the stakeholder’s conflicts were resolved.

3. Requirements specification: In this phase, the requirements are docu-
mented in the requirement documents clearly and precisely. It acts as the
base for an agreement between the customers and the developers.
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Figure 2.1: The phases of Requirements Engineering while developing a system taken
from[54].

4. Requirements Verification and Validation: The main aim of this phase
is to check whether the specification of requirements matches the customer’s
expectations. This phase is critical as it is challenging to fix the requirements
errors and might sometimes lead to system failure.

2.1.5 Data-Centric Systems

Since there is no concrete definition for a "Data-Centric System" [46] [60], based on
understanding the literature we propose a new definition for the term "Data-centric
System". The general idea of a DCS is to create a single, simple, extensible model
where data is the primary and permanent asset and consists of an intelligent com-
ponent( AI/ML-enabled systems) that can help the software make some suggestions
or recommendations. Examples of such systems can be recommender systems, Self-
Driving Car and NLP tool and so on. Developing a DCS is complex because when
the developers try to develop a system that can handle large amounts of data and
give specific instructions to the software. To reduce the complexity of developing
such software, the software is broken down into layers of functionalities( which like a
tree consisting of branches). Within the layer, the unit of composition is a function.
To execute a computation, some data needs to be pushed into that tree. The process
repeats itself for the next piece of data. This is a sequential process, multi-threading
is often used to improve speed, but it can result in hard-to-write and debug software.

There are different types of Data-Centric Systems they are [59]:



14 Chapter 2. Background and Related Work

1. Cloud computing platforms: The cloud computing Network is a vast pool
of computing and storage resources that offers numerous services (IaaS, PaaS
and SaaS) to public users over the Internet. Cloud computing services, such as
Amazon EC2 [1], IBM Blue Cloud [32], Google AppEngine [10], and Microsoft
Azure [4] have witnessed a rapid growth in the creation of DCS.

2. Data-Intensive Super Computing (DISC) systems: The DISC are mod-
ern technologies that rely on large volume data rather than on computation in
the context of high-performance computing [8]. DISC is responsible for data
collection, processing, storage and archiving. In addition, DISC facilitates
data-intensive computation over high-volume data [24] [25].

3. Self-driving car: A self-driving car (also known as an autonomous vehicle)
is that type of vehicle that is capable of sensing its surrounding environment
and able to move safely without any human input [47]. The self-driving car
autonomous system’s design is usually organised into two main parts: the per-
ception system and the decision-making system. It focuses on processing the
gathered data to help detect obstacles. The perception mechanism is typi-
cally divided into several subsystems responsible for activities such as auto
localisation, obstacle mapping, obstacle detection and monitoring, traffic sig-
nal identification. The decision-making system is most widely partitioned into
several subsystems responsible for activities such as behavioural selection, mo-
tion planning, obstacle prevention, and control [5].

4. Web search system: The Web Search Engine or Internet Search Engine is a
software system developed to perform a Web Search (Internet Search) search,
which is to automatically search the World Wide Web for relevant information
described in a text search query. The search results are usually displayed in
a row of results, also referred to as Search Engine Results Pages (SERPs).
Information can be a mixture of links to web sites, photos, posts, research
papers, and other types of files. Such search engines often store the data
available in databases or open repositories [65].

5. Recommendation systems: Recommender systems are commonly used to
recommend connections or events on social media sites and to boost targeted
ads by the advertising industry [9]. By integrating users’ current situations and
potential needs, practitioners may establish new marketing techniques by pro-
viding contextually applicable socialised recommendations [79].

6. MapReduce-style systems: MapReduce-style computing systems are de-
signed to manage big data volumes in parallel on large clusters. Hadoop [74],
an open-source version of the MapReduce framework [16], is a conventional
and common example. Hadoop can quickly enter thousands of nodes and work
with petabyte data.

7. Decision Support System: Decision Support Systems (DSS) are a com-
puterised information system class that facilitates decision-making. DSS are
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interactive computer-based systems and subsystems designed to help decision-
makers use communication technologies, data, documents, knowledge, or mod-
els to complete decision-making tasks [43]. The decision support system may
view information graphically and include an expert or an artificial intelligence
(AI) system or a Machine Learning(ML). It could be targeted at managers or
some other expert group. It is used to search for specific answers for differ-
ent purposes in a database or data warehouse. It is implemented through the
mainframe framework, a client/server connection or via the web. Examples:
computer-based databases with query systems to search (including added value
data to existing databases) [56].

8. Online gaming: Massively Multiplayer Online Games (MMOG) are multi-
player video games capable of accommodating thousands of players at the same
time. They are played on the Internet and players connect through personal
computers or smartphones. The game allows players worldwide to communi-
cate, collaborate and compete on a wide scale with each other. MMOGs are
data-driven applications, and the databases used in these applications must
meet strict efficiency, availability and scalability criteria [18].

2.2 Related work

To address the critical challenges of DCS, Lwakatare et al. investigated multiple
cases on the evolution of the use of ML components in the software-intensive sys-
tem in industrial settings [42]. In all the six cases, the authors described the main
challenges for developing and operating supervised ML systems in real-world com-
mercial settings. Several cases of ML systems from various application domains are
discussed, including a description and potential challenges of their development pro-
cess. The authors also presented a taxonomy that illustrates the maturity levels in
ML components’ commercial software systems and maps the software challenges at
each stage.

The best practices for implementing RE in ML software systems developed by
Microsoft teams were presented during the keynote and outlined in [44]. According
to the author, the keynote focused on various large-scale empirical experiments on
how Microsoft tech teams built AI/ML-based applications. In particular, the nine-
stage Artificial Intelligence (AI) workflow cycle such as Model Requirement, Data
Gathering, Software Cleaning, Software Labelling was described by professionals in
the development of AI systems or data science software. The studies also highlight the
difficulties that emerge when such a system is applied to a pre-existing agile software
development framework. The challenges include end-to-end pipeline support, data
availability, processing, software debugging and interpretability, model evolution,
evaluation, implementation, and various perceptions. Some of the challenges are
common, whereas some are directly relevant to the team’s knowledge and educational
context. The author concluded that the lessons that Microsoft has learned from their
experience could help other software development organisations to incorporate AI and
other techniques (like ML and NLP) to build their products [44].

There are many approaches on how to use Data-Centric approaches to improve
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RE tasks such as (using ML for requirements prioritisation [55], using ML techniques
for model extraction [3]) there is minimal research on RE for Data-Centric Systems
[70].

Different empirical studies exist [29] and experience reports [38][66] published
across different disciplines that identifies the end-to-end development process and
challenges of AI-enabled operational applications.

Belani et al. conducted an empirical study on addressing the RE discipline for
building AI-based complex systems in the healthcare domain, outlining RE4AI tax-
onomy [6]. The authors suggested a Goal-Oriented RE approach to develop AI-based
complex systems. The authors also discussed the challenges of implementing RE in
AI by analysing the related work in SE and AI. Potential contributions have been
recognised from agent-based software engineering and Goal-Oriented RE research, as
well as examples from large product development companies.

Vogelsang et al. conducted an empirical study on identifying the challenges and
processes of the ML-based systems by interviewing Data Scientists from an industry
[70]. This work’s main findings point to the significant role of RE for ML-component
performance-based systems, for defining new quality requirements that fit ML aspect
of a system, and RE activities integration with ML-component development process.

The authors wanted to understand how the data scientists create the requirements
and the process used to develop the systems and the challenges the data scientists
face during the development of ML models [70]. According to the authors, the
challenges faced by the data scientists involved in RE for ML-based systems are the
quantification of quality targets, explainability, freedom from discrimination, and
data requirements challenges such as training data for specifying ML systems and
problems regarding ethics and legal aspects. The authors also covered what kinds of
requirements should be requested, such as data quality and quantity requirements,
protected classes and attributes. This study has provided us with some valuable
insights and inspired us to partially replicate this study and research further about
RE challenges faced by the practitioners involved in DCS development.

Different from the baseline study, instead of performing the research only on
data scientists, we scale up the target population [70]. We draw the first processes
by conducting interviews confined to the practitioners that create requirements and
those who define them. To complement the interview results and scale up the target
population, we have conducted a questionnaire-based online survey. We have also
considered different domains with different characteristics, e.g. concerning safety
(such as automotive industry) or privacy.



Chapter 3

Research Methodology

As mentioned above in Chapter 1, this study investigates the processes and the
challenges of software engineering activities when developing a DCS with a primary
focus on RE. This section explains what method we choose and how we do it in a
detailed manner. The methods that are employed in this study are multiple case
study and an online survey. The case study is aimed at understanding the modern
process or tools in their natural context. The multiple case study helps in examining
the different phenomena in different real-life contexts. The multiple case study helps
understand the processes of real-world and the challenges that occur while developing
DCS. The survey is designed based on the result of the interview from which we
extend the results and help widen the scope.

Research Questions Method
RQ1: How are DCS developed in practice?

(a) What (boundary)Artefacts and data sources are
used?

(b) What stakeholders are involved in the development
process?

(c) What decisions the stakeholders have to make dur-
ing DCS design?

Multiple case study

RQ2: How do practitioners classify the requirements for DCS?

(a) How are the requirements categorised? Into which
particular classes? Why are the identified classes
important?

(b) How are the requirements elicited, analysed, docu-
mented and validated?

(c) What are quality criteria for the requirements?

Multiple case study &
survey

RQ3: What challenges does the industry face in Requirements
Engineering for DCS development?

Multiple case study &
survey

Table 3.1: Research questions
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3.1 Multiple Case Study
Multiple case study is used to answer the RQ1, RQ2, RQ3 by following the guidelines
of P. Runeson & M. Höst [61]. The case study mainly provides us with qualitative
data, which gives a broad scope for forming theory-based results [62]. The reason
for selecting the multiple case study instead of Action Research is that case study
is purely observational. In contrast, action research focuses on changing the aspect
of the study [61]. To have richer data, we triangulate the data by conducting two
workshop-style interviews. In this study, we find the challenges and needs of RE for
DCS. Various industries might follow different processes or practices in the real world
scenario. To find out the overview of the followed practices, we conduct multiple case
studies with two organisations. The advantage of conducting multiple case study is
that the researcher can analyse the data from earlier interviews before scheduling
and conducting the later ones. Through this, we can get more reliable results and
the results from the previous study can be used for asking more detailed questions
for the next interview.

We need to know the initial variable for conducting an experiment that cannot be
identified in earlier stages for this study. We should have a controlled environment for
the experiment through which we would not get any possible results. Furthermore,
projects are more suitable for examining the variables under study that were not
known at the beginning. Moreover, the goal of our research is to focus on the
practitioners’ experiences while developing DCS in organisations in which several
people are involved, hence it is not possible to replicate those type of scenarios in
a lab environment. So we have not considered the experiment as a method for our
study [13].

Case A: Quality Minds is an IT organisation that offers quality assurance in agile
projects. Toward the start, the organisation were wholly dedicated to test-
ing and testable programming. Test plan, test computerisation, coordinated
and versatile testing are their backbone. Different fields, for example, software
development and RE, were added over the years, to their testing expertise.
They take a holistic approach to software quality into their projects, both as
teams and individual consultants. The organisation consists of 170+ experts in
software testing and software development, IT architecture and RE. The case
that we considered for our research is a Self Driving Car (SDC).

Case B: Fortiss, is a research institute focused on the state of the art methods, tech-
niques and tools of software development, systems service engineering, and
their application to reliable software-intensive systems. Moreover, they work
closely with industry partners on various applications throughout Europe and
are specialised in the relevant applied industry. The participants considered
for this study are working on different parts of the SDC and collaborating with
industry partners.

3.1.1 Population and Sampling

We have conducted interviews with respondents who have expertise in the area of RE
and some experts who know about developing DCS. The reasons for selecting this
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kind of organisations are that these sectors use private information of the customer
and are developed on that information. We want to investigate such sectors to know
how they handle the requirements and challenges. These are also the sectors where
the requirements for the DCS are often hard to define.

Sampling: Sampling is a process of selecting a set of respondents as a subset
from the target population [58]. For Interviews, we use convenience sampling [45].
This method allows us to select the respondents that are willing to participate at the
given time of the study. The first interview is conducted with two people from the
same organisation. The second interview is conducted with six respondents from the
same organisation.

Case A: The 1st participant is the Chief Executive Officer (CEO) of case A. The par-
ticipant also worked as a computer scientist, software engineer, tester and re-
searcher. The second participant for the workshop is currently pursuing as a
PhD student who also worked as an ML Engineer in the organisation. Both
participants are highly interested in ML, and they are now working the SDC
project.

Case B: All the participants from the case are Researchers who have experience and are
involved in different industrial projects.

3.1.2 Data Collection

We have conducted workshop-style interviews to collect the data. We have used
Zoom to conduct the online interview and a tool named Mural (refer fig 3.1) for
noting down the answers of the respondents.

Preparation

Firstly, a pilot study is conducted to gain feedback on the interview questionnaire.
It provided us with a practical experience on how to conduct the interviews. Due to
the COVID-19 pandemic, physical meetings were not possible. For this reason, we
rely on a virtual meeting application "Zoom".

An invitation letter which starts with introducing ourselves, followed by the dura-
tion(2 hours), expressing how their insights are valued and finally ask them a feasible
date for the interview (refer appendix B.1). We have also attached a document along
with the e-mail to ensure the respondents have understood the goal of the workshop.
The attached document comprises an introduction, study objectives, execution of
workshop plan and ethical concerns (refer appendix C).

In the introduction, we explain the importance of this study and a brief back-
ground of the research study and what we intend to investigate. In the study ob-
jectives, the importance of the research questions is presented. Execution of the
workshop plan comprises of step by step procedure along with the time span. In
ethical concerns, the participants were informed that no personal information would
be obtained from the interviewees, assign them a random label and keep their re-
sponses confidential (refer the appendix C). The participants were invited via e-mail
and other mediums such as Slack and LinkedIn. Once the respondents accept the
invitation, we had conducted the interviews based on the ideal date for both.
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The interview follows a workshop style. The discussion starts with an overview
of our research goal and agenda for the day.

Online workshop

We invite the participants to the meeting via "Zoom" link from which they can
join the workshop. Firstly, we ask the respondents to introduce themselves to the
panel. Followed by that, we explain the research goal and agenda for the day to the
participants. Later, we start with the Mural, as mentioned in section 3.1.2. The
interviews cover the overall processes of RE and the challenges that are faced by
the practitioners. The interview is semi-structured to ask the follow-up questions
in between the activities, and we can have more in-depth insights on the topic of
discussion. Then we start the interview by sharing our screen using the screen
share feature and explain the protocols of an online tool Mural.com before asking
the questions. Both the author ask the questions, and both of us are responsible
for taking the notes. We also had support from the co-supervisor for taking notes.
We create a few activities which consist of multiple segments in Mural before the
meeting. All the questions we list in the table 3.2 corresponds to the respective
sections of the Mural in figure 3.1.

1. We ask questions about the stakeholders and their decisions during the process
of development. In the Mural, we ask the participants to list the roles and
responsibilities they know while developing the DCS in a single column. In
another column, we ask their Input / Sources (informal, artefacts.), in another
column, we ask about the decisions and activities done/taken by the stakehold-
ers to collect the requirements. Finally, in the last column, we ask them about
the old/new artefacts they used.

2. Classification of the requirements: We develop a total of three by three row
and column and assign each row to each respondent and ask them to about the
classification of the requirements they know.

3. Quality criteria of the requirements: Same as "Classification of the require-
ments", we ask them about the quality criteria of the DCS requirements.

4. Techniques used for documenting the requirements: Same as above, we ask the
respondents about the various techniques they use to document the require-
ments. For example, User Stories, Declarative Requirement Statements, UML
diagrams and others.

5. Practices: In this section, we list down the standard practices in one column,
and ask the participants to explain which process they use in each phase of the
requirement engineering in the row.

6. Challenges: We ask the participants to list the challenges they face when they
conduct RE for these systems. Once they are done with the listing, we ask
additional questions on the challenges to gain more definite knowledge.
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Section Questionnaire

Demographics What is the size of your enterprise?
What is the focus area of your organisation?
How important is the DCS in the product?
Can you give a brief description about some projects where
data is the main component ?
Which methodology(SDLC) does your organisation follow?
Can you give more details on how do you apply SDLC in your
in your organisation maybe you have some peculiarity ?

Stakeholder Involvement Are there any specific roles that are responsible for handling
requirements when developing DCS?
What decisions do the they take when it comes to DCS?
What are the input artefacts when developing DCS?

Classification How do you classify your requirements while documenting
them?

Quality Criteria How do you define quality criteria for a requirement?
How do you evaluate the quality of a requirement for a DCS?

RE processes Can you give us an overview the RE process implemented in
your organisation?

Elicitation How do you initially elicit requirements?
What are challenges you face in this elicitation phase when
developing DCS?

Analysis How do you analyse the obtained requirements
What are challenges you face in this analysis phase when de-
veloping DCS?

Specifications How do you document the obtained requirements?
What are challenges you face in this documentation phase
when developing DCS?

V&V How do you verify and validate the requirements
How do you evaluate the quality of a requirement for a DCS?
What are challenges you face in this V&V phase when devel-
oping DCS?

Suggestions if you could wish for a standard audit tool from academia,
what would it be?
Any suggestions for upcoming practitioners who wants to
work in DCS.

Table 3.2: Workshop Questionnaire
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Figure 3.1: Blank Mural page

7. Suggestions from the participants: Once all the above sections are completed,
we ask the participants "what is the one thing they wish from the academia"
followed by the suggestions to the other Software engineers.

Finally, we ask the participants if they would like to add anything to provide any
information that could be helpful for our research.
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3.2 Survey

The survey is to identify the practitioner’s experiences in the development of DCS
with the main emphasis on RE. Based on the results obtained from the workshops,
we have prepared the survey questionnaire. The results from the workshop are the
basis for the survey. Surveys help collect the data from a larger audience by tak-
ing different domains and sectors into consideration to understand RE for DCS and
extend the results from the workshops that enable us to find the new or yet undis-
covered challenges. The survey does not only give more reliable results, but it also
gives broader perspectives for the study since the population is high. The data is
collected through an online questionnaire which is sent to various respondents [41]
[36].

3.2.1 Survey Objectives

The main aim of the survey is to extend the results by considering various domains
and sectors such that these results could be generalised to a larger population. The
survey also gives the opportunity to identify the different aspects that were not
discovered in the interviews. The objectives of the survey are to identify the practices
and challenges in the development of DCS with the main emphasis on RE.

3.2.2 Population and Sampling

This research uses non-probabilistic sampling in which convenience sampling is used
for the online survey to reach a larger population [45]. The target population for this
thesis would be any practitioner who has experience with the development of DCS.
The reason for selecting this sampling method is that there are easily accessible.
Also, it gives us the freedom of selecting the target population. We have contacted
the respondents through various mediums such as LinkedIn, Gmail, Slack, Reddit
and personal contacts. The survey is posted only to the selected participants because
participants who do not meet the stated requirements can cause unreliable results.
To mitigate this, we have added a question demographics part of the survey, which
is explained further in section 3.2.3.

3.2.3 Designing Survey Instrument

The questionnaire is formed with the help of the tool "Unipark" from which we can
generate a link that can be sent out the participants and an overview of the research’s
goal.

The survey form is separated into three parts which are Demographics, Practices
and challenges (refer table 3.3 for survey questionnaire). The survey consists of a
mix of open-ended and close-ended question. In the landing page, we explain our
research goal and how we are complying with the GDPR rules. Once the participant
voluntarily accepts the invitation, they can start the survey. In the first place, we ask
about the demographics of the participants. We have designed the demographics page
(five questions) with filter condition to ask the participants if they have experience in
DCS development. Moreover, if they opt the option "No", they will be redirected to



24 Chapter 3. Research Methodology

the end of the survey. The filter is helpful since we get responses from the participants
who have experience working with DCS.

If the participants opted "Yes" in the filter question, they would be taken further
into the survey to have questions about the practices (eight questions). In the part of
the survey, there are questions with multiple choices and text field, which encourages
the participants who want to add anything significant other than the choices given
which can add value to the results.

In the last part of the survey, we have two open-ended questions: one for the chal-
lenges and another question asking the participants to wish for any tool or method-
ology from academia to steer future work based on their responses.

Section Questionnaire

Demographics 1. What is your role in the organization?

2. On which domain does your organization focus the most?
3. Please rate the software process model according to the
degree of agility.
4. How many people on average are involved in your projects?
5. Do you have any prior experience of developing Data-
Centric Systems?

Practices 6. Which of the following requirements classes do you gener-
ally consider?
7. Which of the following Requirements Elicitation practices
do you apply in your project?
8. Which of the most frequently used Requirements Analysis
practices do you apply in your project?
9. Which of the following Requirements Documentation prac-
tices do you apply in your project?
10. How do you perform quality assurance for the require-
ments in your projects?
11. Which of the following Requirements Validation practices
do you apply in your project?
12. How do you cope with the change in requirements?

Challenges 13. What is the major challenge that you face during the Re-
quirements Engineering phases when developing Data-Centric
Systems?
14. If you could wish for one research contribution that would
help your work (eg methodology or tools), what would it be?

Table 3.3: Survey Questionnaire

3.2.4 Survey Instrument Validation

Once the survey questionnaire is developed, we have reviewed it independently to
determine any errors in the questionnaire’s phrasing. The self-evaluation helped
identify the errors in the detailing of the research goal and the questionnaire, helping
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the participants understand our goal precisely. After the self-evaluation is carried out,
we have conducted a pilot study to identify the questionnaire’s unnoticed errors and
to identify the time taken to complete the questionnaire. The feedback received from
the pilot study participants and the supervisor assisted us in framing the questions
in a better structure to avoid any misinterpretation.

3.2.5 Data Collection

The survey questionnaire is open for four weeks (from last week of November 2020
until the end of December 2020), which helps to gather more information which can
be used for future research purposes. We shared the survey questionnaire in Slack,
LinkedIn, Discord, open research channels and using personal contacts. We shared
the survey to all the enthusiastic people. Later on, we conduct a snowballing to
get more profound results, and we ask the participants to share the survey with the
interested people. It helped our survey in reaching to a larger population and obtain
the desired number of responses. With the help of UNIPARK, the responses were
exported into an excel sheet that make the process of data analysis of the responses
simple.

3.3 Data Analysis of Workshops and Survey
To analyse qualitative data, thematic analysis is applied to analyse the interview
results and an open-ended question in the survey (refer to chapter 5 section 5.3).
Based on the frequency and relevance of the collected data, data is identified as
themes and codes. Braun and Clarke [11] provided a six-phase guide for conducting
the thematic analysis. The authors define thematic analysis as- "Thematic analysis
minimally organises and describes the dataset in rich detail and frequently interprets
various aspects of the research topic [14]."

The thematic analysis consists of the following steps [14]:

1. Acquiring the data: Both of the authors noted down the data obtained from
the workshops manually to encourage the participants to converse freely. The
acquired data is written in the form of dialogues and plain text. In the sur-
vey, this is done by consistently reading the survey data and removing some
responses containing the non-contextual and incomplete data.

2. Generating the initial codes: Since the data is transcribed manually, the text
data is also coded manually by examining every line of answers of the intervie-
wees written. And initial codes are generated with the help of MURAL (refer
to figure 3.1), a digital workspace tool for visual collaboration.

After getting familiarised with the survey data, initial codes are generated
manually by examining every response from the survey respondents.

3. Generating themes: After reviewing the responses and making sure that every
code is extracted, some of the codes are grouped according to the pattern, and
a theme was assigned manually.
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4. Defining and naming the themes- Codes are identified and divided based on our
research objectives. Furthermore, these codes are highlighted using colours.

In the survey, describing the identified themes to get an overview of what the
theme is all about and how it links to the current research objective.

5. Reviewing the themes: The identified codes are grouped into themes, based on
their importance to the research objectives. Also, the reliability of the data
analysis is achieved by using the same colour to highlight texts under the same
theme. The grouping of codes into themes often relies on the extent of their
occurrence.

In the survey, the themes consisting of the codes were reviewed and refined
again to ensure they each represent exact, accurate phrases of importance.
To avoid redundant data and make the data easier to comprehend, repetitive
verification was done manually.

6. Generating the report: A detailed description of identified themes is written
that makes an argument defining the objective of the study.

Also, we get both qualitative and quantitative data from the survey. For quan-
titative data, we get numerical data from the survey, and for that, we have used
descriptive statistics to represent the data. We provide the information collected
from the survey in bar charts, pie charts and column charts. For qualitative data,
we use thematic analysis as the data analysis method.

3.4 Threats to Validity
Many empirical studies are subjected to various validity threats that need to be
addressed during every phase of the research process [62]. To ensure the quality
of research, there are four types of validity threats that are needed to be addressed.
Namely, construct validity, internal validity, external validity, conclusion validity[78].
The description of the major threats and the potential steps to mitigate these threats
is described in this section.

3.4.1 Construct validity

Construct validity is defined as reflecting the extent to which the measures that
represent the researcher’s point of view fit the theory that is generated according to
the research questions [78]. The interview protocol was designed by the authors and
was discussed and reviewed independently.

A pilot study is conducted so that the authors will get accustomed to the pro-
cedure of conducting a multi-person interview. The data collected from this pilot
study enabled us to find out any possible additions or adjustments to the interview
questionnaire. There exists a validity threat that the results obtained from the in-
terviewees might be biased. The interviewees were selected and carefully instructed
accordingly, and diverse roles were considered to mitigate the bias. The invitation
letter to participants in the interview and the interview goal was sent to the inter-
viewees beforehand to understand the research topic.
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Also, the survey instrument was designed by the authors and was discussed and
reviewed independently. A pilot study was conducted with 8 participants to deter-
mine the errors, and the time is taken to complete the survey, and the questionnaire
was modified based on the feedback received.

3.4.2 Internal Validity

Due to the inexperience of researchers, performing flawed data analysis might result
in improper conclusions. To mitigate this threat, we discuss the data analysis results
with the supervisor and the co-supervisor. The feedback obtained from both the
supervisors enables the authors to rectify if there any improper conclusions present
after performing the data analysis. While doing data analysis, identifying and re-
naming the themes manually took longer than expected. There also exists a threat
where the authors do not clearly interpret a statement given by the interviewees. To
mitigate this threat, follow-up questions are asked for further clarification.

After getting familiarised with the interview results, the survey questionnaire is
designed and discussed with the supervisor and co-supervisor to avoid any unknown
repercussions in the survey questionnaire that might lead to inappropriate results.

3.4.3 External Validity

This threat discusses the extent of how the findings of the study can be generalised.
To generalise the results we get from the interview, a survey is conducted to mitigate
this threat. We also use generalisation by analogy which is analogical reasoning. The
reasons are plausible only when there are existing solid arguments.

3.4.4 Reliability

The degree to which the results obtained can be replicated when the research is
repeated under the same conditions [78]. A reliability threat exists, i.e. the outcome
of the thesis will depend on the researchers’ interpretation. This threat is mitigated
by collecting the data from multiple sources (through interviews and surveys). The
data obtained from the interview was validated by both the researchers to ensure the
reality of the data. Surveys were also conducted to complement the data obtained
from interviews, and the study will be peer-reviewed by the supervisor.
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Workshop Results and Analysis

This chapter reports the results obtained from the two workshops. The first workshop
was conducted for 2hr 10mins, and the second workshop was conducted for 1hr 53
mins. The objectives that we were able to cover with workshop-style interviews are
finding out the roles, responsibilities and the typical decisions taken by them when
developing DCS. We were also able to find out the various RE practices and ten
challenges they face during RE when developing DCS. Some of the responses present
in the MURAL were not included in the document due to insufficient data given
by the respondents.

4.1 Demographics

4.1.1 Participants of Workshop 1

The workshop is conducted with two participants from Case A for two hours. Ini-
tially, the organisation started focusing on test automation, and it progressed towards
covering a broader spectrum of software engineering. Now it became a consulting
organisation by developing custom software projects on a variety of topics. The or-
ganisation has 170+ people working from various parts of the world like Germany,
Poland, Netherlands, and Bali. They follow Agile methodology with a mix of prac-
tices from Scrum and Kanban. The roles are listed in the table 4.1.

Participant ID Role
1 CTO
2 ML Engineer.

Table 4.1: List of Participants from workshop-1

The DCS part constitutes of 10%-20% of the system they develop if it for small
enterprises. When it comes to the Self-Driving Cars (SDC), the DCS part would be
of 60%. If it is for data analytics or Business Intelligence, the DCS part would up to
40% of the project.

The case that we took for the research purpose is the Self-Driving Cars (SDC) on
which the participants are currently working on. The responses reported from the
workshop are paraphrased to maintain the confidentiality of the respondents.

29
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4.1.2 Participants of Workshop 2

The workshop is conducted with six participants from case B, for a duration of two
hours. The organisation is a research institute based in Germany. In the six partic-
ipants, five people worked on the SDC project, and the other participant works on
Natural Language Processing (NLP). Five people are working on the SDC project
along with five+ companies and five+ universities with them. The participants
working in SDC do not follow any particular development life cycle where they com-
municate amongst themselves and develop. In the NLP case, 3-5 developers are
working two and a half years on the same project. The NLP project runs on the
Kanban methodology. The responses reported from the workshop are paraphrased
to maintain the confidentiality of the respondents. All the participants from this
organisation work closely in collaboration with the industry. The roles are listed in
the table 4.2.

Participant ID Role
1 Head of Center for Code Excellence
2 Researcher
3 Researcher
4 Researcher
5 Researcher
6 Researcher

Table 4.2: List of Participants from workshop-2

4.2 Roles and Responsibilities

4.2.1 Workshop 1

In the workshop-1, we have found that there are no explicit roles according to the
participants, other than the traditional role (refer Table 4.3 for the roles and re-
sponsibilities) involved in RE phase during the development of DCS. However, they
have also mentioned that there is implicitly uplift in the new roles. The partici-
pants also mentioned that there are no explicit responsibilities for each role. Instead,
they collaborate with teammates using agile methodology, where the Requirement
Engineer and the ML Engineer work together to produce the requirements. One of
the significant issues they have mentioned is they have the expectation of having
a Requirement Engineer who has an understanding of DCS (refer to figure 4.1 for
the results obtained from the Workshop). "There is no single person who does all,
but everyone in the team has an overview of the end goal." Sometimes Requirement
Engineer takes up completely new responsibilities than usual but typically called a
Requirement Engineer despite having taken up a new role.

One of the significant issues they have mentioned is the expectation of having a
Requirement Engineer who has an understanding of DCS (refer to figure 4.1 for the
results obtained from the Workshop).
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Roles Responsibilities
Product Owner They are the bridge for the business. They are the

ones who prioritise the goals and collaborate with
the respective business units.

Business Analyst They makes sure that the stakeholders understand
data and use it to make strategic business deci-
sions.

Data Scientist Determines the attributes of the DCS and develops
them.

Requirement Engineer Determine the requirements of the system accord-
ing to the needs of the stakeholders.

Table 4.3: Roles and Responsibilities

4.2.2 Workshop 2

In contrast to the industry, there are no traditional stakeholders in the research field.
It is the same case for the two teams. During the development phase, the developers
are the stakeholders itself, and they decide the end goal. They achieve that by
looking at what is lacking in the research area and identifying the gaps and framing
new requirements from them. They write a proposal of what they want to build and
develop according to the proposal, and if something does not work according to it,
they look for another way to achieve it or feasibly change the research direction.

One participant’s decision when developing DCS is deciding the necessary Key
Performance Indicator (KPI) to have attention on the operational improvement,
which, according to them, is a crucial factor. Their activities also involve being
up-to-date within the research area and decide what new requirements they need.

Another participants’ decision when it comes to developing DCS is how they can
improve the user’s system and the interface, making the system easy to use ( refer
figure 4.2 for the results obtained from the Workshop).

4.3 Artefacts

According to the respondents, an artefact is one of the by-products produced by
developers during the software development phase. These artefacts are created so
that it might help to produce a part of the software. These by-products include
flowcharts, data-models, design documents, workflow diagrams and so on.

4.3.1 Workshop-1

During Workshop 1, the participants’ answers focused mostly on requirements arte-
facts that are present during the requirements gathering phase and testing phase of
the requirements such as generating use cases and user stories, developing a concep-
tual model to train the model by using Machine Learning algorithms and writing
test cases and test logs while testing the data. Refer figure 4.1 for artefacts found
during the workshop.
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Figure 4.1: Artefacts, stakeholders and their decisions (Workshop-1)

4.3.2 Workshop-2

During Workshop-2, the participants discussed about some of the artefacts used by
the practitioners during the training phase while developing DCS where they have
mentioned the use of different publicly available datasets to train and test the data
that will help in evaluating the designed data models. Furthermore, some partici-
pants have mentioned the use of different datasets for different situations by selecting
different data types suitable to the project and selecting the appropriate data sets
that will help in designing a data model, whereby using some ML models by apply-
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ing some techniques like vertex sensitive EQ, classification, so mostly unsupervised
techniques and from the train and test the data. Refer figure 4.2 for artefacts found
during the workshop.

Figure 4.2: Artefacts, stakeholders and their decisions (Workshop-2)
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4.4 Classification of requirements

4.4.1 Workshop-1

The participants suggested that few requirements classification are the same as con-
ventional software development, but some new additional classification of the require-
ments other than the traditional classification when it comes to the development of
DCS. Refer to figure 4.3 for the results obtained from the workshop.

Data requirements: The new classification data requirements play a crucial role
because the training data defines the behaviour the DCS; this is why it is essential.
The participants are looking at how the data should be structured according to the
needs of the systems. The data requirements also define the quality of the systems.
Data requirements are essential also in terms of SDC because the system is enormous,
and it needs a variety of data to fulfil the needs of the requirements.

Regulatory requirements: Regulatory requirement is another main classifica-
tion that is important because of the SDC that they are developing. They must follow
all the GDPR rules to get permission to launch their SDC. They also mentioned that
they use techniques like pseudonymisation on their data in order to comply with the
GDPR. They also face challenges with regulatory requirements where they have to
sacrifice some attributes to comply with GDPR.

Functional and Non-Functional requirements: The participants commented
that functional and non-functional requirements are strongly co-related when it
comes to the development of DCS. According to the DCS, the functional require-
ment, for example, would be object-detection. Object detection cannot be done just
by stating the requirement, it is needed with what accuracy it needs to detect, and
these accuracy requirements would fall under the non-functional requirement.

Safety and Security requirements: This classification is created when work-
ing on another project related to the banking sector. They observed that it is a vital
classification as the banking sector needs a high security and safety level for its users.

Performance requirements: Performance requirements are useful in identify-
ing the various attributes of how the SDC should function in terms of the perfor-
mance. The various performance requirements that fall under this categorisation are
efficiency requirements, response time requirements, network performance, object
identification accuracy.

4.4.2 Workshop-2

They illustrate that they do not classify the requirements as a conventional pro-
cess as we investigate further into the topic. We find that they expect the system
as to what and how they want it, which we interpreted as classification of their
requirements. The workshop-2 participant’s classification majorly revolves around
two classifications which are functional requirements and performance requirements.
Refer to figure 4.4 for the results obtained from the workshop.

Functional requirements: According to the participant’s information in this
classification, they primarily look for the features they intend to develop, and these
features come under the functional requirement classification.

Performance requirements: In this classification, they talk about various
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traits on what the system should possess. These traits include accuracy, system
correctness, robustness, explainability.

4.4.3 Quality criteria

The participants from both the workshops have a similar perspective on the require-
ments’ quality criteria except for a few. Refer to fig 4.3 and figure 4.4 for the results
obtained from the workshop.

1. Similar quality criteria from both the workshops

• Completeness
"A set of requirements is said to be complete if and only if all stakeholders
approve of the set of requirements" [82]. According to one of the partici-
pants " To test for completeness of the requirements the design team must
go to the customer with the document consisting of the requirements and
make them verify it. If there are any possible errors, then a process is
known as requirements tracing is conducted to trace out every require-
ment and find the requirements that do not match the customer’s vision
and get rid of them".

• Testability
Testing software is one of the most important things to ensure the quality
of a software system. Software testability is defined as " the degree to
which a software artefact (i.e., a software system, requirements or design
document) supports testing in a given test context" [69]. The higher
the testability of the software, the easier it is to detect faults. Suppose
the designers can gradually increase the software’s testability. In that
case, it will lead to fewer development costs, an increase in test activities,
and a high-quality product. One of the participants from Company-B
discussed the importance of testability when developing a product "Any
project that is going to build, the testability is a critical factor in the
time and cost of testing the software being developed. Sometimes, the
company management occasionally tries to drop some phases of tests due
to budgetary issues or to approach the deadline date that eventually leads
to a poor quality product and the product cannot succeed in the market
as well."

• Correctness
Correctness is defined as "The degree to which software, documenta-
tion, or other items meet specified requirements" [72]. Participants from
Company-B mentioned the importance of completeness during the sys-
tem’s verification phase: " To ensure the quality of the system you need
to check out the three Cs of requirements (Correctness, Consistency, Com-
pleteness). To us, correctness means that when we develop a new system
that meets the customer’s overall business needs".
Also, most developers in the industry or the research area go after accu-
racy. For example, an accuracy of 97.5% is considered acceptable from
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the data scientist perspective, whereas it can be improved from a quality
perspective.
Another example given by the participants is when they include factors
such as regulatory, safety and security to the systems it affects the accu-
racy of the system. They want to define this criterion at the beginning of
the project to achieve the quality of the system and does not affect the
budget constraints.

2. The participants from the workshop-1 also mentioned that the completeness of
the requirements is the quality criteria they look for. They mean that require-
ments that are considered should complete all the corner cases to be a complete
requirement. If the requirements do not cover all the corner cases, there might
be shortfalls when developing according to the participants.

Figure 4.3: Classification of requirements and the quality criteria (Workshop-1)
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Figure 4.4: Classification of requirements and the quality criteria (Workshop-2)

4.5 Practices of RE for DCS

This section lists the practices implemented/followed in each RE phase while de-
veloping DCS. Refer to fgure 4.5 and figure 4.6 for the results obtained from the
workshop.

1. Techniques /Approaches used to elicit the requirements

Requirement elicitation process is one of the most critical activities in the
software development process. The primary goal of requirements elicitation is
about learning and understanding the needs of users and customers and com-
municating these needs to the developers. Since requirement elicitation is a
complex process involving many activities, different techniques and approaches
exist to improve this process. Several different techniques and approaches are
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applied in different organisations; some of the techniques and approaches fol-
lowed by both Company-A and Company-B were presented in this chapter.

(a) Interviews: This technique is commonly used in both organisations and
is one of the most commonly used techniques for requirements elicita-
tion. Conducting interviews is an efficient way to collect large amounts
of valuable data quickly [21]. The results obtained from conducting the
interviews, such as determining the quality of the information received,
depending on the interviewer’s skills. Company-A and Company-B have
mentioned the need for conducting interviews to collect necessary require-
ments. One of the participants from Company-A has mentioned that
“while developing a machine learning tool, we have interviewed the cus-
tomer to obtain approval on their needs, requirements, or if there are any
changes to be made concerning the selected requirements. This helped us
to finalise the requirements and proceed to the development phase”.

(b) Requirements Workshop: A workshop is defined as a structured event
for getting multiple stakeholders to discuss, analyse, prioritise and vali-
date the requirements. One of the significant advantages of conducting
group workshops is integrating other elicitation techniques into them and
then incorporating their combined usage into a defined requirements pro-
cess [40]. Both participants from Company-A have mentioned that “In
our autonomous driving project, we have meetings and workshops and
everyone like brainstorm rough categories at first, then people started to
make ontologies and taxonomies for each category. Moreover, we iden-
tify the people involved in training and algorithmic network structures,
quality assurance part, and persons involved in testing. It will be like
the validation part and people involved in the specification process. The
major goal of conducting these workshops is to try to elicit, what do they
have in mind and what goals do they have and so on”.

(c) Reuse of existing specifications: In this technique, various available
documents are reviewed, evaluated, and analysed to find the contents that
can be useful as criteria for elicitation activities. Example: specification
documents and user requirements document of the existing system. A
participant from Company-B discussed the importance of reading user
reports while developing a product “Sometimes, you need to work on mul-
tiple applications at the same time, which means that it is crucial that
you need to have the document by your side to you help you with such as,
tracking the aspects( development, maintenance) of each application. The
documentation is also helpful for knowledge transfer to other developers.

(d) Surveys: When faced with many stakeholders or when stakeholders are
geographically scattered, surveys are the preferred elicitation technique,
and you need to gather the same information from them. Surveys may
also be used to collect requirements anonymously [81]. A participant from
Company-A mentioned that “We are also going to do surveys with all
practitioners. Systematically, we gave them a model to try and prioritise
the different data parameters in order to figure out which ones are relevant
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and to build on the hypothesis incremental model to generate data and
to find out whether those are the most critical parameters to ensure the
high quality of such a system”.

2. Techniques used to analyse requirements

The main objective of the requirements analysis phase is to simplify the needs
and advanced requirements identified in the earlier phases into consistent, trace-
able, complete and clear requirements. The primary step towards creating a
specification and design is Requirements Analysis. There are numerous tech-
niques and tools used by many organisations that help in refining the efficiency
and quality of software[64].

(a) Use cases: Use cases are commonly used methods for finding and docu-
menting functional requirements. Use cases provide a text document that
helps users understand and explain the system’s details quickly. Infor-
mally, these are parts of the structure used to achieve goals. Each use
case provides one or more states that convey interaction with end-users
to achieve predicted outcomes of the system [63]. Some of the partici-
pants from Company-B have mentioned that " Basically, we write user
stories and then break them down into tasks of different types and break
them into use cases, but the user stories in somehow in connection to the
use-cases. The requirements will only give us a simple overview of what
we are trying to build. Use cases are the next step in the design process.
Use cases to incorporate the requirements into a holistic framework that
defines the user’s interaction with the system."

(b) Mathematical formalisation and analysis (Modelling): It supports
the understanding of a system’s functionality, information and behaviour.
The model will establish the core point for analysis in the completeness,
coherence, and consistency of specifications. It becomes the foundation
for the design and provides the software designer with a necessary rep-
resentation of the functionalities by representing the process in diagram-
s/flowcharts [51]. Participants from both companies have extensively men-
tioned the use of models during their design phase. One of the partici-
pants have mentioned the use of knowledge graph in requirements analysis
phase " We apply various techniques, such as classification, usually unsu-
pervised techniques, and as artefacts, we basically get what embeddings
or co-occurrence models and classifications are, and from that, we derive
a knowledge graph and are stored in the database". A participant has
mentioned the process of requirements analysis in automotive cars in the
context of modelling " There is a group that specifies requirements for the
model and one group does data analysis, and then someone is building
the model, and then someone is tweaking the hyperparameters. So like,
one person does it all, or there are specific roles to do this process".

(c) Prototypes: Demonstrating prototypes during a session (workshops and
brainstorming sessions) involving system stakeholders to note down the
stakeholders’ views and capture software requirements. This will help the
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organisation collect feedback from the stakeholders and create discussion
about the proposed system, design scenarios and documenting use case
and the scenarios discussed along with the stakeholder preferences. Par-
ticipants from Company-B stressed the use of prototypes in RE " One of
my Data-Centric approaches to elicit the requirements came while working
on a research project, and that was mainly the developed prototype that
aggregated the data. So, we had a mathematical approach to combine the
tasks we want to run on the system, then we let it run, and then we get
a data and then based on that data, we could make some predictions and
get feedback for those prototypes during sessions with the customer".

3. Techniques used to specify the requirements.

a) Company-A

Since the Company-A is agile oriented, according to the participants they use
user stories and automated tests as living documentation or use graphical rep-
resentations such as pie charts and histograms to visualise requirements and,
they do not follow a specific technique to document the requirements such as
using ontologies in natural languages to describe the object driven development
then they are within this area.

One of the preferred styles of documenting requirements is when the customer
comes with a requirement document that contains precise design details. Al-
ternatively, when the customer fails to specify requirements correctly, then
systems analysts create a design model in collaboration with the customer to
ensure that the final product meets the customer’s needs.

According to them, if there is more than one customer, the company contacts
the customers and conduct workshops (or brainstorming sessions to determine
requirements. These sessions can take longer, as the client’s requirements may
not be explicit. The resulting initial requirements document is then forwarded
to the system analyst who creates a high-level design to obtain the client’s
approval.

The time spent on the specification of requirements varies between projects.
They find that the more time spent on specification and design, the quality
of the project gradually increases, the less "reworking" is required, the more
progress is made in the implementation of detailed specifications.

To specify the requirements, the tools used by them are Jira, sharing word
documents in SharePoint, Confluence and OpenScenario (refer fig 4.5).

b) Company-B

Company-B is a research organisation where the researchers are assigned to a
4-8 member team to work on software engineering projects. They tend to write
a project proposal to appeal to customers. One of the participants describes the
importance of writing a proposal as the method to draw customers "The goal
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Figure 4.5: Tools used to document requirements and RE practices used during the
development of DCS (Workshop-1)

of the proposal is to draw the interest of stakeholders. If you’ve got people’s
interest, the next step is to get them excited about the project."

After gathering the requirements, a person responsible for handling require-
ments (a requirements engineer/data scientist/ML engineer(roles may vary de-
pending upon the project)) or the entire team writes user stories and breaks
them down into tasks of different types. Moreover, if the team consists of
around 10-15 members they follow agile methodology, the team consisting of
fewer members divides the tasks between themselves. They document the user
stories and the changes to the requirements with the help of some software
tools. Sometimes they tend to draw a product roadmap Miro, an online tool
where they think and draw new or upcoming features they want to support
and prioritise. They also tend to write a final report to show the stakeholder
to determine if the requirements are fulfilled prior to what was described in the
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proposal during the beginning of the project.

To specify the requirements, the tools used by Company-B are Miro, Confluence
and Gitlab (refer figure 4.6).

4. Techniques used to Verify and Validate the requirements.

This step is crucial for the successful development of the system. This is impor-
tant because the designers and developers of Data-Centric-systems are people,
and they might make mistakes. These errors can result in undetected faults
during the development of the systems. Errors can result in dangerous failures
that lead to the software being not approved. The goal of V&V is, therefore,
to identify and correct errors in the Software development life cycle as soon as
possible [76]. Due to this strong relation, several advocates of agile software
development even suggest writing requirements in the form of acceptance tests.

(a) Acceptance tests
This testing technique is used to determine if the program meets the
requirements stated by the customer. Acceptance tests are used to assess
the system’s alignment with business requirements and verify that the
required criteria for delivery to end-users have been met. A participant
from Company-B has mentioned the importance of acceptance testing
during the end of development phase” after completing the development
phase of the product we will discuss and ask ourselves if we are able to
satisfy all the requirements and develop the product that the end-user
wants to have”. Acceptance tests help in not only deploying the product
but also helps in ensuring the efficiency and success of the organisation.

(b) Combinatory testing
Combinatory testing is a technique that can minimise costs and signifi-
cantly increase test efficiency for many applications. The main contribu-
tion to this combinatory testing is that not every parameter contributes
to the application’s failure. Moreover, literature shows that interactions
between relatively few parameters trigger almost all software vulnerabil-
ities. This approach has important implications for testing, as it indi-
cates that testing combinations of parameters can provide highly efficient
identification of faults [37]. A participant from Company-A has men-
tioned the need of combinatory testing during requirements “This specifi-
cation is represented with ontology, and then with a more comprehensive
level system, we use testing methods such as combinatory testing, as a
verification-based technique, which does not require any knowledge of the
implementation under test. Combinatory testing is based on the idea that
certain program errors will only occur from the interaction of two or more
parameters and helps to detect such errors early during the testing phase
of the product”.
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Figure 4.6: Tools used to document requirements and RE practices used during the
development of DCS (Workshop2)

4.6 Requirements change management:

Requirement Change Management is one of the frequently discussed topics during
both of the workshops. Change in requirements is an essential aspect of the develop-
ment of software processes. It could occur at any point of software development, and
maintenance, including system specification, requirements analysis, design, imple-
mentation and development. Various internal and external factors involve changes
in requirements, such as new customer requirements, frequent technological changes
in the market, and changes in organisational policies [35] [34]. Participants from both
the companies have mentioned the need to communicate and coordinate to manage
the change in requirements. "If we have changes in other parts of the project we
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just define the direction we want to go, then we look forward towards the benefits as
well as the negative effects of these changes and then we will make the changes, give
a short feedback and write down what the actual change. These changes will only
be successful if we communicate and coordinate along with the customer". Other
participants have mentioned the need to calculate change impact analysis to estimate
what needs to be modified to accommodate those change in requirements " If there
is a change in requirements in DCS, such as a change in terms of what’s required,
we need to retrain the network to accommodate this new requirement, then you
have to do impact analysis on where you have to estimate the effort for that change
somehow".

4.7 Challenges faced by the practitioners during the
development of Data-Centric Systems

This section lists the challenges that the participants face during the development of
DCS. Refer to fig 4.7 and fig 4.8 for the results obtained from the workshop. From
the mural, we have considered the challenges that the interviewees have described in
detail.

Some challenges that were related especially with DCS are:

1. Lack of Specific RE architecture during the development of DCS

Both companies’ participants have stressed that the lack of a specific architecture for
developing DCS might become inadequate when adding new requirements. Further-
more, the project budget might increase if there is a need to rework the architecture.
One of the participants from Company-A has mentioned that "If we had to change
any requirements, then we need to retrain the network for this new requirement.
Moreover, it is good to have a methodology dedicated to DCS that will guide the
way to handle these changes". Participants from Company-B stressed the need for a
new development methodology specific to DCS "There is a huge, diverse technology
available at the moment, but we need to select the appropriate dataset. Gathering
that specific data into a single domain will take long, which paves the way for the
need of a specific process that can reduce the development time".

2. Data Labelling is costly and time-consuming

Many applications exist where the raw data is plenty, but labelling the data( annotat-
ing the data) is costly and time-consuming. Both the participants from Company-A
have mentioned that "data labelling is costly and the same seems to be a big issue for
many practitioners. The requirements for labelling, like, determining what should be
labelled and how much because it impacts the budget. And then depending on how
future data is, especially in autonomous driving, the availability of data for commer-
cial use is not so huge so that the data labelling cost might be minimised". According
to them, extensive data labelling can slow down the development process because
most of the time the Data-scientist is simply identifying, cleaning and organising the
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data leaving only a little time for analysis, which will slow down the development of
the project.

3. Training Data Requirements

According to the participants from both companies, training the data is essential
in developing new Data-Centric systems and lack of training the data can impact
the success of a project. A respondent mentioned the process of training the data "
By using some of the data requirements given to us by the customers we write the
code and create model to train the data and test it". Regarding the challenges, a
respondent has mentioned that " Getting large amount of data is a big issue in most
of the organisations, the data authenticity and how much the data is relevant for the
project is another issue. The more you have project-specific data, the more you can
train the model properly and can predict the results on the test data so that your
model can work."

4. Performance requirements

For a project to be successful, the performance requirements need to be specified
clearly. On the context of DCS, both the organisations have mentioned that accuracy
is a part of performance requirements. One of the participants from Company-A has
mentioned that "The team is more focused on performance KPIs and if this does not
suit them they put more data until the data is suitable to develop the systems". One
of the participants from Company-B has mentioned that "By defining the research
goals and sorting out the existing studies and identifying what is lacking, and what
can be done better, then we define the KPI". Performance requirements are crucial
for the acceptance of DCS. To measure the system’s performance, and participants
from Company-B have mentioned that" By comparing my work with other works that
were already published, I use public publicly available data sets that are popular
in that area and that helped me to judge how good my model is performing ".
Participants from Company-A stressed the need to understand quality assurance,
Machine learning and computer science. The authors also believe that these skills
might help in the extensive research and development in RE for DCS.

Some general RE challenges[20] identified are mentioned below:

1. Neglecting Non-functional requirements

One of the significant challenges stressed by both Companies in context of RE is
neglecting non-functional requirements (NFR). Since most organisations focus on
functional requirements and NFR (security, fairness and maintainability), they are
often neglected during the early stages of the software development life cycle. One
of the participants from Company-A has mentioned that "The first criterion you
go for whole measuring the performance is accuracy. Moreover, you will get a high
accuracy probably if you include usual data, but most people completely ignore
aspects like maintainability, fairness or security". Participants from Company-B
have also mentioned that" Ignoring critical issues such as maintainability and security
early during the development will result in some significant issues during the latter
part of the development cycle".
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2. Requirements change over time.

Changes in Requirements happen in most of the projects. One of the agile manifesto’s
fundamental principles is "Welcome changing requirements, even late in development.
Agile processes harness change for the customer’s competitive advantage" [22]. One
of the participants from Company -A mentioned that "The changes in requirements
happens all the time. It is like things that most of the requirements change depending
upon the needs of the customer. If we had to change any requirements, we need to
retrain the network for this new requirement which is difficult and costly . Then
there is this change impact analysis part in where need to estimate the effort for
that change in requirements". An participants from Company-B have mentioned
the changes in requirements in academia perspective "when we look at a part of the
project that we have changes in and then we define, the direction we want to go and
look at the advantages and disadvantages of making that change. And then we give
short feedback of the change and write down what the actual change. "

3. Lack of knowledge exchange between team members

One of the significant challenges in RE is lack of knowledge exchange between team
members. According to the participants, the lack of knowledge exchange between
team members might decrease efficiency and effectiveness and impact the quality of
the software system. Both of the participants from Company-A stressed the impor-
tance of domain knowledge "There might be 120 or 150, experts from the automotive
industry, who has little knowledge about software required to build an autonomous
car since it is the new trend in the automotive area. If you sit down and built a DCS
in the autonomous driving use case, then you always rely on this partial knowledge
that the team members possess which might result in the development of a product
having poor quality".

4. Minimal Documentation

Since Company-A is agile and agile is focused on rapid and repeated software deliv-
ery, their RE focuses mostly on communication by replacing the traditional Docu-
mentation methods. Company-A have mentioned that some of the documentation
techniques used by them are either using automated tests/user stories as live docu-
mentation. One of the participants from Company-A has said that " Since we work
in a fast-paced environment where we follow weekly sprints and having a lengthy
documentation consumes most of the time, so during the end of each sprint we all
communicate with each other regarding work we have done and get constant feed-
back and reviews over it and we use JIRA as a living documentation tool". If there
happens to be a breakdown of communication when the team communicating re-
quirements to the customer might lead to changes such as the growing complexity of
the application, rapid change in requirements. To mitigate this, other participants
from Company-A have stressed the importance of writing detailed User stories dur-
ing the coding phase of the sprint "writing user stories by including more detailed
artefacts will help us to make some right implementation choices while coding during
the sprint".
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5. Lack of effective communication between customer and team

To have effective communication between the customer and team, it depends on
factors like availability of the customer and having mutual trust between the customer
and the team, especially during the beginning of the project [30]. When the system
development involves one or more customers, and if each customer is concerned about
different aspects of the product and does not entirely understand their requirements,
making them reach the same page might be challenging. It might have a negative
impact on the project. Some participants have mentioned that " The customers have
their own point of view and do not want to compromise in those points and during
some workshop sessions due to lack of understanding their own requirements the
customers made the process of collecting the requirements more difficult".

6. Improper gathering of requirements

One of the most challenging tasks for any project managers or requirements analysts
is to gather requirements during the beginning of the project. Some studies suggest
that nearly 40 % of the projects fail due to faulty RE process. According to par-
ticipants from Company-B, one of the significant challenges that the practitioners
during the requirements gathering phase is Conflicting Requirements between stake-
holders. According to them, one of the primary reasons behind these conflicts is
the availability of large quantities of requirements and developing complex systems
might lead to misunderstanding of requirements, which causes conflicts between the
stakeholders.

Figure 4.7: Challenges (workshop 1)
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Figure 4.8: Challenges (workshop 2)



Chapter 5

Survey Results and Analysis

In this section, we discuss the survey responses that we have received from the
survey. The survey is shared through different mediums such as LinkedIn, Gmail,
Outlook Mail and some personal contacts. The demographics at the beginning of
the questionnaire helped us in assessing the results better. We have received 111
responses out of which 67 responses were neglected because the participants have
selected "NO" option when asked about the experience of using DCS which shows
that this is already a complicated area and the experts are very rare and hard to find.
Hence the total number of valid participants are 44 which shows that most of the
people do not have experience of developing/ working with the DCS. Conducting
a survey helps us understand the various practices that are currently used in the
industry discovered in the workshops. The survey also helps extend findings from
the workshops and find the new or yet undiscovered challenges. The survey results
organised and displayed using a graphical representation such as pie charts, bar charts
and column charts. The total number of respondents(N ) who have answered the
survey is 44. The respondents did not have to answer all the open-ended questions,
so the number of responses received for the open-ended questions might differ, giving
us a varying n (Number of respondents who have answered the open-ended question).

5.1 Demographics

Questions from one to five concentrate on the respondent’s demographics, which
enable us to assess the respondent’s quality. We have considered 44 responses for
results and analysis of the survey.

5.1.1 Roles

The first question of the demographics inquires about the role of the participants. It
is an open-ended question so that it does not restrict the participants choice. The
obtained results are accumulated and grouped and represented in figure 5.1. Major-
ity of the participants, 30% (13 out of 44) are either Software engineers or Software
developers. The other participants who are involved in the survey are Project/Pro-
gram Managers 16% (7 out of 44), Data Analyst, Data Scientist 4% (2 out of 44),
Researcher 4% (2 out of 44), Director (3), Engineer (4), Analyst (3) and Others
23% (10 out of 44). All of the grouped participants as "others" are related to the
study, but these 10 people are individual roles and are not repeated, so we have
grouped them as other. All the other participants are listed below in the table 5.1.
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We have considered all these roles because they have experience on various levels of
abstraction, and we wanted to consider various perspectives when it comes to the
development of DCS.

Figure 5.1: Roles of participants

No. Roles
1 Employee
2 Production
3 Operative
4 Database Admin
5 Cloud Developer
6 Professor
7 CEO
8 Product Owner
9 Change Consultant
10 Marketing

Table 5.1: Roles of the other participants

5.1.2 Domain

In the second question, we asked the participants about their domains, and this is an
open-ended question so that it allows us to understand the various domains that the
participants work. Figure 5.2 depicts the percentage of participants who work with
various domains. Majority of the participants, 20 out of 44 work in the software and
technology domain. The various other domain responses are Automotive 7% (3 out
of 44), Cloud Technologies 5% (2 out of 44), ML/AI 5% (2 out of 44), Education 2%
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(1 out of 44), Telecom 2% (1 out of 44), Banking and Finance 9% (4 out of 44), Web
applications 5% (2 out of 44) ) respectively and other individual domain sums up to
20% (9 out of 44) which can be found in the table 5.2.

Figure 5.2: Domain of participants

No. Domain
1 Advertise
2 Travel
3 HR
4 Production and Manufacturing
5 Agritech
6 Research
7 Automation
8 Services
9 Construction

Table 5.2: List of "Others" in the chart

5.1.3 SDLC

For question 3, we wanted to find out the Software development life-cycle of the
participant’s organisation. This question is a closed-ended question with limiting
the participants choice in scale between Not agile to agile. The scale consists of the
five intervals: Not agile, moderately agile, neutral, relatively agile, agile. Figure 5.3
show us the participants, 5 participants selected "Agile" as their response. "Rather
agile" is selected by a majority of participants which is 23; 9 participants select
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the scale "Neutral." 3 participants choose the alternative "Moderately agile." Four
participants claim that they are "Not agile". In this question, "Not agile" interprets
to being plan-driven. Whereas "Netural" means depending on the type of projects
participants, use agile methodology, or follow the plan-driven approach.

Figure 5.3: SDLC

5.1.4 People Involved in the Project

For question 4, we asked the participants how many people are involved in the project
to understand how large the project is. Figure 5.4 shows us the number of people
involved in the project they are working. A large percentage of the participants,
which is more than 50% of the participants work in a small team with only 0-20
members in the project. Fourteen participants work in teams with a size of 20-50
members. Four participants claim that there are 50-100 members who work on the
project. Only three participants responded that 100+ people are working on the
project.

5.2 RE Practices
The following questions fulfil the survey’s objective, which collects the practices,
quality criteria and the challenges. It is a mix of open-ended and close-ended ques-
tions which enable us to collect better results.

5.2.1 Requirements Classification

Question six focuses on requirements classification. It is a multiple-choice close-
ended question with seven choices in it. We want to find out if these are the same
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Figure 5.4: Number of people in the project

classifications followed by survey participants which are followed by the workshop
participants. The chart in figure 5.5 says that majority of the participants, 37 are
following the functional requirements and next to that is performance requirements.
Only 12 participants selected the option Safety requirements.

Figure 5.5: Requirements Classification
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5.2.2 Requirements Elicitation

Question eight focuses on requirements elicitation. It is a close-ended multiple choice
question with eight options and text field to enter any practice that has been not in-
cluded in the choices. The practices that are included in choices are extracted from
the workshop study. From figure 5.6 we know that 31 participants selected the
option of "Brainstorming sessions" and 29 participants selected the option "Inter-
views" as elicitation techniques. The option "Archaeological analysis" is selected by
only a fewer number of people which is 6. One participant said that they use "design
thinking tools like journey mapping o empathy maps" as an elicitation technique.

Figure 5.6: Elicitation Techniques

5.2.3 Requirements Analysis

Question nine focuses on requirements analysis practices that are being used in the in-
dustry. This question is also multiple choices open-ended question with four options,
and these practices are found out from the workshops data. From figure 5.7, we can
say that 31 participants use "Business Case" as a practice. 28 participants use "Pro-
totyping," and 23 of them use "Prioritising," and 18 participants use "Mathematical
formalisation and analysis."

5.2.4 Requirements Documentation

For question nine, we want to find out various documentation techniques followed
during the development of DCS. This question is closed-ended and also is a multiple-
choice question. The chart in figure 5.8 says that, 26 of them use the User stories
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Figure 5.7: Analysis Techniques

and Natural Languages the most as a documentation technique. 25 participants use
requirement visualisation/information when it comes to documentation techniques
during DCS development. Twenty of them use Mathematical formulas and measures
as a documentation technique.

Figure 5.8: Requirements Documentation

5.2.5 Requirement Validation

Question 11 focuses on the requirement validation techniques to find out which tech-
niques are mostly used for DCS. It is a multiple-choice close-ended question with
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five choices. From figure 5.9, 31 selected the option Peer reviews, and 29 partic-
ipants select simulations as a validation technique. Nineteen participants selected
Walkthroughs as a validation technique.

Figure 5.9: Validation Techniques

5.3 Quality criteria for requirements
For question 10, We posed an open-ended question to determine the quality criteria
for requirements in DCS. To analyse the data, We have performed a thematic anal-
ysis. Codes were generated manually (Since most of the responses were similar, that
eliminated the possibility of using a tool) which were reviewed and grouped into nine
themes. Out of the 44 responses received(N ), 3 respondents chose not to answer this
question. So, the number of respondents who have answered the question is 41(n).
A total of four responses generated two codes.

The exploratory results obtained from the survey are mentioned below (refer to
figure 5.10):

1. Testability: From the results obtained from the survey, we can observe that
around 30%(13 out of 44) respondents have mentioned that they apply differ-
ent testing strategies that help us to determine the successful completion of a
project. Some of the responses received from the respondents are mentioned
below:

• We tend to write a set of automated tests corresponding to the user stories.
When it comes to the requirements themselves, we hold multiple catch up
sessions as the development process advances in order to verify that the
requirements still hold true.
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• We use a batch of periodic tests, and these are either API, Performance
or Regression tests. We also use Jira and Zypher for tool tests.

• Test cases/plans written against specification.

Figure 5.10: Quality criteria of requirements

2. Confirming the requirements with stakeholders: The results obtained from the
survey, we can observe that (7 out of 44) respondents have mentioned that
they need to collaborate with the stakeholders to verify if the gathered require-
ments are accurate. Some of the responses received from the respondents are
mentioned below:

• We have appointments with the client to see if the program meets its goals.
• Product owner, client and business analyst establish requirements, which

are sent for review to the development manager, development lead and QA
lead of the implementation team. Any queries or uncertainties result in
further discussion.

• Review with client, development team and product development group. We
have a standard model that must be done on each project before proceeding.

3. Reviews and sessions: From the results obtained from the survey, we can ob-
serve that around (9 out of 44) respondents have mentioned that some sessions
like requirement review sessions and brainstorming sessions are conducted to
communicate, verify and confirm requirements with stakeholders. Some of the
responses received from the respondents are mentioned below:

• Informal review sessions with the team through simulations, reviews, sur-
veys.
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• We analyse some of the most reliable surveys and make thorough and
reliable research.

4. Checking Data/Quality requirements: From the results obtained from the sur-
vey, the respondents (7 out of 44) have mentioned the need of having a good
data quality that helps in good data preprocessing and identifying errors more
quickly. The responses received for this theme are

• We usually analyse the quality of our requirements and assess the risks
they may have. We also analyse if we can complete the task under the
purposed time. We usually try to create multiple plans for the project.

• Define the quality of the data and then plan everything.

5. Efficiency: A respondent (1 out of 44) have mentioned the importance of ef-
ficiency as a way to boost the performance of the system and accelerate the
lifecycle of the software system. The responses received for this theme are

• By employing a database administration team solely in-charge of data nor-
malising, cleansing unifying the data feed and measuring the efficiency of
various systems

6. Reliability: From the responses (3 out of 44) received from the survey, according
to the respondents reliability is one of the important quality aspects that helps
the software to perform error-free for a given amount of time in a specified
environment. The responses received for this theme are :

• Calculating the reliability of the software to measure the complexity of the
system

• Calculating Mean Time Between Failure(MTBF) and Mean time to failure
(MTTF).

7. Correctness: The respondents (3 out of 44) listed the use of correctness as
an important quality attribute based on the results obtained from the survey.
According to the respondents, correctness defines how users can communicate
with the software and how the software should behave when it is used correctly.
The responses received for this theme are

• Controlling everything we work on and ensuring everything is functional
always.

• I always check if everything is working correctly and that all the require-
ments have been presented.

8. Usability: According to a respondent (1 out of 44), usability helps the devel-
opers verify the user’s needs that help achieve the satisfaction and success of a
product. The responses received for this theme are

• Thinking of how the created algorithm is going to work with specified re-
quirements.
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9. Maintainability: A respondent (1 out of 44) have mentioned the use of main-
tainability as a quality attribute to correct errors, improve performance and
reduce the lifecycle costs of a system. The response received for this theme are

• I always check if everything is working correctly and that all the require-
ments have been presented.

5.4 Challenges faced during the development of DCS
For question 13, we have posted an open-ended question to identify the challenges
faced by the practitioners during the development of DCS with the possibility of iden-
tifying new challenges. This question fulfils one of the main objectives of conducting
the survey. We have used thematic analysis approach to identify the challenges since
some responses were repetitive they were grouped into one. The obtained results are
exploratory. Out of the 44 responses received (N), 10 responses were removed due
to insufficient data. So, the number of respondents who have answered the question
is 34 (n).

The challenges identified from the survey and their frequencies are mentioned
below:

Challenges Frequency

Lack of data quality and increase in budget 3
Performance requirements issues 1
Limited resources 1
More time is required for Data Processing 2
Difficult to understand the clients needs/requirements 13
Discretization of anomalous data 1
Requirements change over time 2
Poorly drawn functional and non functional requirements 2
Hard to find the right level of abstraction 1
Complex Requirements 2
In-depth analysis and quality control of the data 1
Lack of clarity in the client side on data veracity 1
Data cleansing/labelling is costly and time taking 2
Difficult to analyse and design data synchronization process
and provisioning to external systems

1

High optimization costs 1

Table 5.3: Challenges identified from the survey

From the table 5.3 we can see that most of the respondents have mentioned the
challenge "Difficult to understand the clients needs/requirements" (13 out of 34) is
frequently faced by them during the development of DCS. This shows that most
of the organisations need to emphasise on the needs on understanding the client’s
requirements.
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Discussion

In this chapter, we summarise the findings of our research study and consequently,
evaluate and answer the research questions. This study aims to focus on understand-
ing industry experiences in the development of DCS with the main focus on RE and
investigate the techniques/approaches used in the DCS design during the RE process
and to identify the various challenges which industries face during the development
process.

6.1 RQ1: How are DCS developed in practice?

The main focus of the RQ1 is to find out the roles involved for requirements and
the decisions taken by them during the RE while developing DCS. Firstly before
conducting workshops, we planned to include RQ1 to the survey. However, the
workshop results made us change our decision since the workshop participants have
mentioned that there are no explicit role to collect/gather requirements. However,
depending on the type of project, implicit roles sometimes exist. However, if there
is a less number of people on the team, then all the team members are responsible
for handling requirements during the development of DCS. We thought that might
be redundant to ask in the surveys since most of the participants from Fortiss have
the experience of working in many different DCS projects and the participants from
Quality Minds also has mentioned this type of response.

6.1.1 RQ1(a): What (boundary)Artefacts and data sources
are used?

From both the workshops, we have found that most of the artefacts (refer to section
4.3 for the definition of Artefact) used by most of the participants include business
processes, use cases, user stories, conceptual data models, different publicly avail-
able datasets and data artefacts such as (ML models, Knowledge graphs and data
simulation models) during the development phase. During the testing phase of the
requirements, the participants tend to use test cases, test logs, acceptance tests and
requirements checklists. The testing of requirements is conducted in the industry
more often than academia.

61
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6.1.2 RQ1(b) What stakeholders are involved in the develop-
ment process? & RQ1(c) What decisions the stakehold-
ers have to make during DCS design?

From the workshops, the participants have mentioned that the various stakeholders
involved majorly in the RE phase during the development of DCS in their organ-
isation are the PO, Requirement Engineer, Business Analyst, Data Scientist, refer
table 4.3. These stakeholders are hugely responsible for making the decision when
it comes to such systems. These roles have their responsibilities individually, but
when they start developing DCS, they collectively take the decisions which make the
development smooth. However, they may face many challenges during the develop-
ment of such systems. These challenges are gathered both from the workshop and
the survey study and discussed further in this chapter.

On the other hand, when interviewing practitioners who had experience working
in different industry projects, they have mentioned that there are no traditional
stakeholders from the industry explicitly, but there is a lift in the new roles implicitly.
The workshop participants said there is a change of responsibilities of a role, but it
is still referred to the same old name of the role and said there is a need for new
roles. Whereas the researchers they claim themselves as the stakeholders. Also, they
work in small groups which complies everyone in the team to take charge of the
requirement handling, which they do by writing a proposal. They also take their
decision based on the KPIs. Since it is a research field, they frequently check if
they are up-to-date within the research area, they are working in and make decisions
based on that.

From the workshop’s results, we interpret that there is a strong need for Require-
ment Engineer who has experience of DCS. On the other hand, the practitioners
believe that the combination is a challenging skill to acquire.

6.2 RQ2:How do practitioners classify the require-
ments for DCS?

6.2.1 RQ2(a) How are the requirements categorised? Into
which particular classes? Why are the identified classes
important?

This research question helps us to understand how requirements are classified, the
types of requirements that are useful and to identify the types of requirements that
are overlooked when developing DCS.

• Data Quality Requirements: Data requirement is a class which enables the
practitioners in the industry by making it a part of the requirement phase such
that the practitioners have a clear distinction of what type of data they need
so that they can train and test the system which defines the quality of the
system they build. Classifying the data will help the organisation save time
and money by focusing on the project’s relevant data. Thirty-two participants
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also affirmed that data quality requirement is a classification that is practised
across various domains.

• Regulatory requirements: This classification is essential because when
developing any DCS, it is essential that the organisation that is developing
should address all the GDPR rules or ethical aspects. So that the system
they are developing should not have any adverse effects on society. All the
stakeholder who decides what the DCS does should be on top of the legal
requirements [70]. This classification can be validated with the help of a survey
where 17 participants opted the option. We can also say that this choice is less
selected because this is a new classification evolving recently.

• Safety and Security: This classification is considered when the participants
working on banking sector because the banking sector is part where there is a
need for high-level security. This classification is considered because the partic-
ipants worked on different DCS such as "Recommender System" and "Business
Intelligence". A banking sector is a place where is a chance of discrimination
the user’s data. This classification can be validated because it is argued by
[70] and participants from the survey with the domain of banking sector have
selected this classification more often.

• Performance Requirements: There is a strong argument from the practi-
tioners on this classification as to how to decide the performance requirements
of DCS. For example, a stakeholder can say that they need an accuracy of
100% on the other hand ML engineer can assure the accuracy of only 97%
which according to them is the highest percentage which is considered as a
significant percentage according to ML engineer. Another possible explanation
may be achieving 100% of accuracy in DCS is a great challenge, according to
DCS practitioners.

Reflections from the workshops:

During the workshop, the participants have mentioned that they follow traditional
requirements classification techniques. Depending on the project, they identify new
types of requirements classification that belongs to DCS. We have found four types
that are different from the standard requirements specific to SDC: data require-
ments, regulatory requirements, security and safety requirements and performance
requirements.

Reflections from the survey:

The results from the survey say that practitioners who worked with the DCS ma-
jorly concentrate on the functional requirements, performance requirements and data
quality requirements we say this because the choices received are more than 30 re-
sponses and least used classification is the safety requirements as it received only 12
responses.
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6.2.2 RQ2(b) How are the requirements elicited, analysed,
documented and validated?

This research question aims to understand the techniques/ approaches used by the
practitioners in each RE phase during the development of DCS.

Reflections from the workshops:

During the workshop, the participants have mentioned the techniques/approaches
implemented during each RE phase when developing DCS

In the requirements elicitation phase, we have identified six techniques: inter-
views, requirements workshop, prototypes, surveys, reuse of existing specifications,
brainstorming sessions and observations. These techniques will help the practition-
ers learn and understand the stakeholders’ needs better and communicate the stake-
holder needs to the developer. From the survey result, we can say brainstorming
sessions more often used in industry because when developing a DCS such as SDC,
it is crucial to consider different perspectives and should think of all the corner cases
because it takes significant amount of time, effort and cost to develop such systems.
Nevertheless, a customer might have little experience with DCS, and there are im-
plications from the research that customers do not always know what they want [39],
but when it comes to DCS, this has become highly challenging.

In the requirements analysis phase, we have identified three approaches, namely
use cases, modelling. These techniques help practitioners simplify the needs and re-
quirements identified in the elicitation phase into complete, transparent, user-friendly
requirements.

In the requirements specification phase, the participants have mentioned some
techniques/approaches to document requirements. According to the participants,
there is no predefined technique/approach used to document the requirements. These
techniques differ depending on the project, budget and time constraints. Some of
the participants’ techniques to document the requirements are using use cases and
automated tests as living documentation, using graphical representation to visualise
requirements that help both product owners and customers to agree on requirements.
Other techniques of documenting requirements are either in word or Share point
during workshops or sessions, designing a model, writing a project proposal to draw
customers. If the team is small (consisting of 4-6 members) the participants have
mentioned that they divide the tasks between themselves, which saves time and
effort according to them as everyone has a shared understanding of what they are
building. According to the participants, allotting more time towards the software’s
design and documentation will increase the quality and usability of the software. The
participants also recommended some tools to document requirements, namely, Miro,
GITLAB, SharePoint, Confluence and OpenScenario.

In requirements verification and validation phase, we have identified techniques/ap-
proaches to verify and validate the requirements, namely, acceptance tests, combina-
tory testing. These techniques/approaches will help the practitioners to identify and
mitigate the errors which result in the successful implementation of the software.
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Reflections from the survey:

In the survey, we have observed that majority of the participants use brainstorming
sessions as the most frequently used elicitation techniques followed by interviews,
surveys, observations, reuse of existing specifications. We have observed that Intro-
spections and archaeological analysis are less frequently used techniques.

Also, we have observed that more than 70% of the respondents have mentioned
writing Business case as their preferred method to analyse the requirements followed
by prototyping (28 out of 44), prioritising (23 out of 44) and mathematical for-
malisation and analysis (18 out of 44). The most used requirement documentation
techniques are user stories and Natural Languages, and the least used technique is
Engineering Models. In the requirements validation phase, more than 70% of the
respondents have mentioned that peer reviews are most frequently used techniques
followed by simulations (29 out of 44), prototype review (25 out of 44), inspections(22
out of 44), walkthroughs(19 out of 44).

6.2.3 RQ2(c) What are quality criteria for the requirements?

Reflections from workshops:

Participants from the workshop suggested that quality criteria is one area where
research can be conducted because from the results it is suggested that there is a
lot a discussion that is going on between the practitioners developing the system
and practitioners responsible for the requirements. Their perspectives of the quality
criteria are not matching.

Reflections from survey:

We have asked an open-ended question to identify what kind of quality criteria each
organisation wants to have in their product. Out of 44 respondents, 3 respondents
chose not to answer the question. To analyse the open-ended questions, thematic
analysis approach is used. Testability was most frequently mentioned by the respon-
dents(13 out of 44) followed by Reviews and sessions(9 out of 44), Confirming the
requirements with stakeholders( 7 out of 44), Checking data/quality requirements(7
out of 44), Correctness (3 out of 44), reliability (3 out of 44), efficiency (1 out of 44),
usability (1 out of 44), maintainability (1 out of 44).

6.2.4 RQ3: What challenges does the industry face in Re-
quirements Engineering for development of DCS?

Reflections from the workshops

From the workshops: We have identified ten challenges faced by the practitioners
during the development of Data-Centric Systems. Most of the participants have men-
tioned the need to have a proper RE architecture to help them build DCS efficiently,
which helps with budget and development time. Since there is no RE architecture
specific to DCS, this lays a path for many new and undiscovered challenges.



66 Chapter 6. Discussion

Due to budgetary and time constraints, most people tend to ignore regulatory and
non-functional requirements such as maintainability, which tend to cause some issues
during the product’s deployment phase, impacting the quality and budget of the
product. One could argue that this happens because of there lack of understanding
of the legal requirement specific to the DCS.

One of the most critical issues raised by most of the participants was the change in
requirements during the development of DCS. If the needs of the customer change,
then the requirements will also change. Changing the requirements between the
process will make the developers retrain the model by verifying the customer’s re-
quirements, which will increase the budget and development time of a product. Some
participants have mentioned that due to lack of domain knowledge in RE, most prac-
titioners tend to collect wrong requirements which results in the development of a
product with low quality.

To reduce the development time of a product, the data must be clean (easily
understood by user) and labelled. According to participants, in most teams, a single
person in the team is responsible for labelling the data, making the process costly
and time-consuming and labelling the data extensively slows down the development
process. Since most organisations tend to follow an agile methodology focused on
rapid and repeated delivery of software and their RE focuses mostly on communi-
cation like sprint review meetings, they tend to write less documentation about the
requirements and the product. According to them, writing documentation is very
lengthy and time-consuming. However, in the future, it might lead to some unknown
complexities in product development. To mitigate this, some of the participants
tend to follow writing user stories by including more detailed artefacts which will
help them make some right implementation choices while coding during the sprint.

Training data requirements is a critical challenge which only a small percentage
of participants from the survey agreed on. Still, the participants of the workshop
mentioned that when they are developing an SDC because in their case, synthetic
data generation is used to extract the data in order to train the model they desired.
On the other hand, synthetic data is insufficient to generate all the parameters to
develop a whole SDC. To overcome this, many large, medium and small organisations
use a mixed data set both the real data and the data generated synthetically, which
raises another challenge dealing with regulatory parts.

Reflections from Survey:

Out of 111 responses received, 67 responses were removed due to since participants
selected "No" option when asked about the experience of developing DCS and out of
44 respondents who have selected "Yes" 3 responses were removed due to insufficient
data. From the survey. We have observed that the "Difficult to understand the
clients needs/requirements" is most frequently faced challenge. We believe this
challenge arises because requirements for DCS are difficult to define. Moreover, the
customers might not know how to define a particular attribute of DCS as they have
little knowledge of the system. However, one may argue that it is the job of the Re-
quirement Engineer, but according to the participants from workshops, requirement
engineers also have little understanding of DCS. In addition to that, participants
from the workshop they "expect" Requirement Engineer to have experience of DCS.
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Hard to find the right level of abstraction: According to the participants, DCS
is developed to fail intrinsically. It is challenging to achieve the 100% when it comes
to DCS because calculating the corner cases and following all the regulatory parts
might lead the resources to exhaust.

Coming up with requirements that are clear enough to be implemented
correctly, and satisfy the customer use case: This challenge arises because the
customer wants an SDC quickly but has little knowledge of the technicalities on the
DCS system, and there are many methods in which the practitioners can do it, but
the practitioners are confused as to which exactly they need to in order the satisfy
the customer.

6.3 Limitations of the study

6.3.1 Efficacy of workshops

Since the authors had little prior experience conducting research-oriented workshops,
one might argue that the data obtained can be inaccurate and incomplete. To mit-
igate this limitation, under the supervisor and co-supervisor’s rigorous supervision,
the authors were thoroughly trained by conducting pilot studies until they were ac-
customed to conducting such workshops with ease.

6.3.2 Diversity in results

Most of the participants from this survey worked with team members on an average of
10-50. So the survey results are little partial to the small organisation, and they can
be mitigated by conducting a survey with diverse respondents as a future direction
to have more diverse results.

6.3.3 Familarisation of DCS

The limitation here would be little understanding of the term DCS because the
term "DCS" is newly introduced to academia by us. To mitigate this, prior to the
workshop, we have sent the participants a two-page document (see Appendix C)
with relevant background on the DCS and the research area that we want to focus.
However, we are not assured if the participants read the document. So we decided
to give a brief explanation of the term "DCS" and its context and the research area
we are focusing on. It is a counter-measure we have taken in order to have quality
results from the workshop.

6.3.4 Lack of resources due to Covid-19

Due to Covid-19 pandemic, many participants are hesitant to attend the in-person
interviews to mitigate this we have used online platforms. Even then, the availability
of the participants is limited than previously. However, we have been able to get a
fair amount of participants to attend the workshop.





Chapter 7

Conclusions and Future Work

7.1 Conclusion

Due to technological advancements, the way that people consume data is also chang-
ing (which started from 1 byte in 1956 up to 59 zettabytes (equal to 1012 giga-
byte) in 2020) and has grown exponentially. This exceptional growth in data is
leading to an increase in the development of DCS. Developing DCS is complex in
nature; one of the main reasons behind this complexity is ineffective handling of
requirements. If the changes in the requirements are frequent, this might lead to
uncertainty in the software product. Moreover, the literature suggests that a large
proportion (48%) of development problems begin during the requirement phase and
fixing requirements-related problems consume a high cost of rework in later stages
of software development. To design DCS effectively, RE techniques are considered
one of the essential factors, since it is required to promote the combination of a sin-
gle system’s functional and implementation expectations from two entirely different
perspectives, such as customers and developers. Although RE frequently plays a
critical role in DCS, little is known about how RE can effectively be incorporated
into developing such systems.

We have conducted two workshops to identify what kind of stakeholders are
involved in RE and the typical decisions taken by the stakeholders during the devel-
opment of DCS. We observed that there is no “specific role” to handle requirements
involved in RE phase during the development of DCS and the roles differ according to
the type of projects (Instead the participants form the workshop expect that Require-
ment Engineer should have experience of DCS). This method is not just a follow-up
of the classical RE approach. We have identified different types of requirements such
as data requirements, regulatory requirements and performance requirements. The
results show that most practitioners use different techniques/ approaches to elicit,
analyse, specify and validate the requirements. The quality criteria used by the prac-
titioners to determine the quality of the product was discussed. When asked about
the challenges the participants faced while developing DCS, most of the participant
has mentioned the need for proper RE architecture during the development of DCS
and coping up with the change in requirements their main challenges.

To complement the results from the workshops and scaling up the target pop-
ulation we have conducted a survey study in which out of 105 responses received
we have considered 44 responses which show that most of the practitioners do not
have experience of working with DCS. We found that most of the practitioners
tend to favour functional requirements as their preferred method to classify require-
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ments, brainstorming sessions and on-field observations were the most frequently
used techniques/approaches to elicit the requirements, writing use cases to analyse
requirements is their preferred method in the requirement analysis phase, writing
user stories as the preferred documentation method and peer reviews to validate the
requirements.

Thematic analysis was used to analyse open-ended question to identify the quality
criteria used to check the requirements and the challenges faced by the practitioners
during the development of DCS. For the quality criteria, we have identified seven
themes in which testability was the most preferred quality criteria. We have identified
a total of 15 challenges from the survey out of which Four challenges were similar to
the challenges that we have identified from the workshop.

From this study, we believe that we are among the new researchers trying to
understand the RE for DCS.

7.1.1 Future Work

The research focused on finding out the stakeholder involvement, practices and chal-
lenges practitioners face during the development of DCS with significant emphasis
on RE. We also posed an open-ended question both in the workshop and the survey,
which can help the academia to steer the future research direction.

1. The results from both survey and interview have explicitly requested for a RE
framework or even better a methodology for DCS.

2. Research can be conducted to decide the quality criteria of the requirements
when it comes to the development of DCS. There is deliberation among the
practitioners as to how to decide the quality of DCS.

3. This survey and workshop two is carried with the organisation team size below
150. This research can be extended with an even more diverse population or a
specific case study on large organisation or conglomerate.

4. We have found the challenges which are partially biased towards the smaller or-
ganisation. Specific research can be carried only to find the challenges not only
in small but also the medium and large organisation and mitigation strategy
or a paradigm of how they overcame the challenges.

5. There are guidelines to more conventional types of software projects, but there
is a lack of formal agile methodology for DCS. Research can be done in this area.
This methodology or framework has to inculcate the change in the requirements
as a part of the framework. Because retraining a model takes many resources.
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A.1 Survey Questionnaire

Figure A.1: Introduction part 1 of 2
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Figure A.2: Introduction part 2 of 2
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Figure A.3: Demographics



82 Appendix A. Survey

Figure A.4: Practices part 1 of 2
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Figure A.5: Practices part 2 of 2
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Figure A.6: Challenges and future research direction



Appendix B
Invitation Letter

B.1 Invitation to participate in the workshops for
our research study “Understanding RE for DCS.”

Hello ********,

We hope this mail finds you well!
We are doing our Master’s Thesis in Software Engineering under the supervision of
Prof. Daniel Mendez and Tatiana Chuprina The aim of our research is to understand
the process and challenges of Requirement Engineering when developing the DCS.

We need your valuable time for conducting an workshops through Skype / Zoom,
which is ideally scheduled to take 45-60 minutes. To ensure personal identities and
information are not disclosed over the course of the study analysis, we will be assign-
ing labels like R1,R2. . . ( Respondent ).

Your involvement in this study will give us a deeper and insightful addition to
the study. If interested, kindly revert to us, and we will co-ordinate a suitable time
which is ideal for both of us. If any queries regarding the study or any others, you
can contact us back on this thread.

PS: Please find the attachment.

Thank you and have a great day!
Regards,
Venkata Sai Abhishek Poolla & Bhargav Krishna Mandava.

University Supervisor:
Prof. Dr. Daniel Méndez Fernández.
Department of Software Engineering.

Co-advisor:
Tatiana Chuprina
Research Associate
Fortiss GmbH
Research Institute of the Free State of Bavaria
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Appendix C

Invitation to the Industry (attachment to
the email)

C.1 Industrial Requirements Engineering for DCS

Introduction:
Requirements are becoming abundant and increasingly complex. Requirements

have to be recorded, communicated and managed in many dimensions to provide
high-quality products. It covers consumer requirements, cost constraints, quality
goals, regulatory restrictions, product requirements and even service requirements.
Product development processes are focused on requirements. These are exchanged
upstream with consumers, who receive end results of those requirements. Such re-
quirements are mostly present in documents. Even when tools are used for require-
ments, they are usually separated from the rest of the product development process.
Because of this complexity, many engineering companies are struggling to manage
requirements which leads to, increase in product rework costs, delayed delivery time
and poor customer satisfaction. Requirements engineering adds a significant benefit
to the product development process. Engineers can see the requirements as they are
developed, including all attributes. Requirements can also be reused in most of the
projects. Requirements Engineering allows most of the engineers to take a tangible
value-added measure towards a comprehensive system architecture approach.

Data-Centric Systems (DCS) are receiving much attention recently in academia
and industry alike. Although data-driven technologies often form a critical compo-
nent in DCS, little is yet known about how to efficiently integrate the development of
these technologies in software engineering activities.One step in this direction consists
in first understanding what practical challenges lie ahead to guide research activities
in a problem-driven manner.

As it stated in study [1], it is complicated to conduct Requirements Engineering
(RE) for DCS. Therefore, in this study, we want to find out the practitioners experi-
ences in the development of DCS with the main focus on Requirements Engineering.
We plan to investigate the current situation in the design of DCS with its impact to
the RE process and unravel the challenges and perspectives in RE for DCS that the
practitioners face during the development process.

This study is inspired by the work of Andreas Vogelsang and Markus Borg [2],
where they explore challenges in RE for ML-based systems from the viewpoint of
a data scientist. The idea behind our study is to expand this work with considera-
tion of whole DCS development and quality assurance processes, identifying involved
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stakeholders, their activities, decisions they have to make, and respective artefacts.
Afterwards tofind out how the RE process is influenced by the bound with its assets
listed before. Furthermore,we are planning to collect and analyse problems as expe-
rienced by the identified stakeholders in order to frame future research directions.

Study Objectives:
The main goal of our study is to understand:

• how practitioners handle requirements for DCS,- what processes they apply to
this end,

• What problems they encounter during engineering their requirements,

• In which stages of the system development, they encounter these problems.

We focus on exemplars for functional requirements and, depending on the indus-
try sector and domain, on one exemplary non-functional requirements class. We aim
at distinct industry branches, such as the automotive software industry having focus
on safety-critical software systems or the banking sector having security in scope.To
achieve this goal, we plan for a (qualitative) exploratory study via wroskhopss to
find out:

RQ1: How are DCS developed in practice?

(a) What (boundary)Artefacts and data sources are used?

(b) What stakeholders are involved in the development process?

(c) What decisions the stakeholders have to make during DCS design?

RQ2: How do practitioners classify and handle the requirements for DCS?

(a) How are the requirements categorised? Into which particular classes?
Why are the identified classes important?

(b) How are the requirements defined, specified, documented and validated?

(c) What are quality criteria for the requirements?

RQ3: What challenges does the industry face in Requirements Engineering for Data-
Centric System development?

The analysis of these insights will provide to industry a structured overview of the
Data-Centric development process with the defined critical points in Requirements
Engineering. In addition, it shall allow the academic community to steer future re-
search based on a better understanding of industry needs in requirements engineering
for Data-Centric Systems, and to identify further research directions.

Execution of Workshop plan:
For this research, we will conduct a workshop-style interview. You will be in a

panel with other 3-4 professionals/practitioners. This workshop will be conducted for
2 hours. The workshop will be divided into two halves.The first half of the workshop:

• Presentation of the goal of the study (5-10mins): We will give an overview of
our study and on what does our research focus on.
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• Introduction of each participant (10-15mins): You will give us an overview of
your role in the company and your experience of working in different projects
(focusing on DCS)

• Activities to find out the roles and processes (20-30mins): An overview of the
roles that would be responsible for handling requirements during the develop-
ment of DCS and the types stakeholders involved and the decisions taken by
the stakeholders during the development of such systems. In addition to that
to find out the process that are used in practice when developing the DCIS

• Break for 10mins

The second half :

• Talking about each phase of requirement engineering during the development
of Data-Centric Systems (15 min): An overview of how your organisation cat-
egorizes the requirements and how do you collect, document and analyse the
requirements. the challenges faced in each requirements engineering phase dur-
ing the development of Data-Centric Systems (15mins): an overview of the
challenges that you face during the development of DCS.

Overview of the outcome of the workshop will be discussed in the end.
In the workshop, we will start the discussion by giving you an overview of the goal

of our study. Post that, we will discuss the demographics of your organisation. We
will then start talking about the decisions taken, strategies followed, and challenges
faced in each phase of RE during the development of DCS. Our findings will be
shared with you once our study is completed.The results from our study will also
provide the organisations with a better perception of how requirement engineering
functions when developing a DCS. The study will present a list of hindrances faced by
the practitioners, from which the organisations can steer clear off. We also present
standard processes that are followed by most of the practitioners which help the
organisations in shaping its processes to allow such development process.

Ethical concerns:

• We will not ask any questions which shall intervene with personal privacy.

• We will only record the meeting after consent is taken. Recordings will be
deleted once the study is completed.

• We will not publish your name anywhere in the study.

• We will assign IDs such as R1 or P1 when referring to you in the study.

• All the responses that we receive will be kept confidential.

• Responses will be shared only with the research team.

• You may end the interview when you wish to, and you also have the right to
refrain from revealing any details.
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