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Scholars have studied for many years the challenges of integrating requirements traceability in
Agile environments. The scholars' developed tools, frameworks, and models take a rather
technical perspective on the problem. The existing literature focuses primarily on mechanisms
that provide accurate and relevant information retrieval from the requirements database or
analyze various techniques for creating valid links between requirements. Although the
technical approach provides solutions to several scoped challenges, the scholars did not take
into account the business goals, stakeholders’ needs, and business processes. In practice, the
company resources, the development approach, and knowledge workers’ interests play a
critical role in requirements traceability. As a result, multiple tradeoffs are required to develop
a balanced and stable environment. In particular, the approaches are not in sync with agile
development approaches, whereas the first requires documentation, the latter is focused on
working software. Therefore, taking a business and management perspective on requirements
traceability integration in Agile methodologies could bring new meaningful insights into
solving existing challenges.

To solve existing challenges, the research was divided into two parts: 1) requirements
traceability framework and 2) business process model. The first part of the study focuses on
requirements traceability methods, techniques, challenges, stakeholders’ needs, business
processes, and other solutions discussed in the literature. The insights from the literature study
are used to develop the theoretical requirements traceability framework that guide practitioners
with the requirements traceability integration in Agile environments. The second part of the
study is an extension of the framework and focuses on the topic of business process
management and business process modeling. In this part is developed a roadmap detailing
business processes complementary to the traceability framework and is more practical.

The research goal is to build a requirements traceability framework and a business process
model that serve as a roadmap for practitioners on how to achieve requirements traceability
in Agile environments.

To achieve this goal, a detailed research methodology was further developed to ensure the
research's reliability and validity. The data collection for each part was done through a case
study that was performed on a medium-sized company specializing in photonic integrated
circuits technology named ABC. The case study is scoped to the processes related mainly to
software development in the R&D and T&M departments. The results showed that stakeholders
with different roles such as managers and developers have different interests in requirement
traceability. As a result, there are constant tradeoffs made about which tools, methods, and
processes to use for requirements traceability.

The first part of the case study resulted in the development of the Requirements Traceability
Integration (RTI) framework. The framework defines several steps the practitioners should
follow to strategize for traceability in the projects. Some of the framework steps are:
identification of project methodology, business and project requirements traceability goals,
selecting requirements traceability techniques, stakeholders’ needs, analyzing existing
business processes, and others. The RTI framework emphasizes what tradeoffs should be made
in each step of the roadmap. Moreover, the process is iterative and requires adjustments if the
projects are long-term based.

VI
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The second part of the research represents the development of the business process model that
has been developed by considering the RT challenges at ABC. The model closely follows the
steps of the RTI framework and represents an extension that provides a clear view of the tasks
and processes to be followed at ABC to integrate the requirements traceability in their
environment. The language (BPMN) for modeling the ABC processes was selected based on
research findings from the literature study. The business process roadmap decomposes the RTI
framework to individual tasks distributed among practitioners' roles involved in a project.
Therefore, the business process roadmap not only emphasizes the steps to be taken to make
tradeoffs between what is desirable and feasible, but also showcases what stakeholder roles
should be taken into consideration for an effective requirements traceability approach.

In the last phase of the research, the framework and roadmap are evaluated. The practitioners
mentioned that the RTI framework provides a good perspective on the project planning and
makes an individual consider different approaches and complexities associated with
requirements traceability, which will help make the necessary tradeoffs. Interviewees
mentioned that if the workflow is implemented, it can solve the challenges of documentation,
regulatory compliance, improving product development lifecycle, and measuring project
status. Nevertheless, for the processes of frequent requirement change control, the practitioners
mentioned that more work is needed to fit different needs within multiple projects at ABC.

The adopted managerial perspective takes a broader view on the problem of requirements
traceability. It will allow the scholars to direct the research in a way that meaningful insights
into stakeholders' needs and strategic traceability planning is captured. The study provides a
foundation for topics such as: how business resources can influence requirements traceability,
what is the level of stakeholders interests in traceability based on their role, how to make
requirements traceability tradeoffs based on existing organization constraints, and how
business process modeling can help improve traceability in Agile environments. Furthermore,
the thesis brings meaningful data in terms of stakeholders' interests/needs in requirements
traceability by using the best-worst method. The approach provides future researchers with a
foundation for investigating the processes that will facilitate the workflow negotiation within
a dynamic organization that aims to adopt requirements traceability.

To implement the requirements traceability at a company, it is important to start with analyzing
the business goals, project goals, and available resources. The second step would be to follow
the business process modeling lifecycle and investigate the “as-is” processes before
considering new workflow strategies. Performing a retrospective on existing processes will
already showcase several bottlenecks and possible challenges. The third step is to understand
the knowledge workers' needs and interests towards traceability and assess the employees'
knowledge of the concepts. The last step would be to follow the RTI framework and the
business process roadmap and identify the tradeoffs and relevant processes for the company.

For future research, it is suggested to explore how to balance stakeholders’ needs, power, and
interests in requirements traceability. Furthermore, to increase the validity and generalizability
of future research, it is recommended to perform several case studies in organizations that
activate in different industries and conduct a comparative analysis between those industries.
Finally, additional research and development should be done towards the generalizability of
different tasks described in the business process roadmap and to develop a set of best practices
and templates for more complex steps.
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1.1 Background

In 1990 there was a shift in manufacturing towards the customer, which demanded products
that were more reliable, innovative, cheap, and had a greater variety. As a result, the qualifying
standards continuously increased, alongside the demand from emerging economies and higher
living standards (Griffiths et al., 2000). Furthermore, rapid technological advancement in the
software domain, combined with worldwide legislation amendments for an open market, has
encouraged international trade, leading to rapid economic growth in many countries. Such
changes have increased the competitiveness between organizations to a high level. Moreover,
the investors' interest in dot-com companies grew, leading to further competition and pressure
on software companies to reduce the time to market for a product (see Figure 1).

To address this problem, scholars and practitioners proposed redesigning the traditional
methods of the development cycle by including a more iterative approach. The approach
evolved from the Waterfall model as a necessity to meet the market demand (Cohen et al.,
2003) (Batool et al., 2013). Shortly after, the Agile Manifesto was introduced in 2001 by a
collaborative work of seventeen software engineers with the end goal to provide a more flexible
methodology for project development (Beck et al., 2001). The Manifesto stated that Agile is
all about "working software over comprehensive documentation,” "individuals and interaction
over process and tool,” "responding to change over following planning,” and others (Cohen et
al., 2003, pg.7).

However, the new Agile methodologies did not go hand-in-hand with the requirements
traceability (RT) methods used by traditional project development processes. Traceability of
requirements has been identified to positively influence the software products being developed,
increase customer satisfaction, and reduce information asymmetry. Therefore, RT has qualified
as an index of software quality (Qasaimeh & Abran, 2013) (Curcio et al., 2018). Nevertheless,
the organizations that wanted to become more ambidextrous through Agile faced the
burdensome task of maintaining high product quality while abandoning the traditional way of
requirements engineering (RE) and RT.
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After decades of research, a definite answer could not be given on how to combine the Agile
way of working with RT methods most effectively. Scholars have proposed various
frameworks, tools, and ideas. However, most studies tackle only a specific tension or a small
group of factors that could make the integration easier. However, such analysis usually takes a
computer science perspective on the problem. As a result, the studies put less emphasis on the
broader picture of how RT challenges and processes are interconnected with business goals,
project constraints, and stakeholders' needs.

With all the available knowledge on the topic, a different approach can be investigated by
taking a management perspective on the problem of RT integration in Agile environments. The
new perspective focuses on business process management (BPMa) techniques and Process
Modelling Business (BPMo) languages in order to develop an integration roadmap so that
practitioners can make the necessary tradeoffs easier between different interconnected RT
tensions. The knowledge contained in this research will allow organizations to guide
themselves through the process of integrating Agile methodologies and RT techniques based
on organization-specific circumstances, rather than following a strict particular model,
framework, or tool. Nonetheless, before developing such a roadmap, it is critical to understand
the base concept of RT, the Agile way of working, and business process management.

1.2 Research Context

Agile Methodologies

The Agile methods are incremental and iterative and usually do not perform any extensive RE
and RT on the overall architecture at the beginning of project development. While, in
traditional approaches, the RE and RT represent critical initial steps to make a consistent and
well-developed final product (J. C. Lee & McCrickard, 2007). Overall, the scholars who have
studied the Agile methodologies in large organizations have emphasized that correctly
remodeling the process of RE and RT represents one of the main challenges for a successful
transitioning and implementation of Agile (Uludag et al., 2018) (Batool et al., 2013)
(Bjarnason et al., 2011).

Agile methods are known in multiple cases to reduce problems related to dynamic
environments and requirements that change fast. The methods such as Scrum, Kanban, XP,
also introduce new challenges such as the complexity of striking a good balance between agility
and regulatory compliance necessary for certain industries such as automotive, medical or
telecommunications. Therefore, the desire to comply with industry standards while maintaining
a high degree of flexibility raises the problem of how to maintain a reliable process for RT in
Agile environments?

RT Challenges and Shortcomings

Many articles that provide a well-defined model about traceability are based on the traditional
software development processes (Gomes & Pettersson, 2007 pg.7) (Cleland-Huang, 2012 pg.
11-12). On the other hand, the Agile requirements traceability models always emphasize the
existing and possible implementation challenges in the industry through case studies.
Furthermore, the authors usually provide a more abstract view of how traceability can be
achieved via automation, ontology (semantics), machine learning, and other techniques
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(Furtado & Zisman, 2016) (Bjarnason et al., 2011). The software development methods such
as Scrum, Kanban, XP, Lean, Crystal, and Streamline (hereafter called Agile methodologies)
cannot be supported by existing traditional models of RT, because the traditional require more
bureaucracy, different management roles, and administrative work, which does not align with
the philosophy of Agile Manifesto.

The existing articles about the traceability approaches in Agile, do not take a broader view on
analyzing the tensions and challenges from a business process perspective. A more
comprehensive view on the topic can help prioritize the existing shortcomings and challenges
based on the industry, stakeholders, product, organization size, experience, and other metrics.
Therefore, it can be argued that a practitioner would be better equipped to develop a good
process of managing RT tensions in an Agile environment if a well-defined and flexible
roadmap would be available as a starting point.

Business Goals and Stakeholders Needs

Numerous stakeholders involved in the daily business operations add an additional layer of
complexity to the integration of Agile methodologies and RT. For an effective RT process, the
stakeholders in different departments should agree on a set of communication channels and
tools for system design, implementation, and validation. However, if to make the predicament
that a change is required in the project development process, then the bureaucracy, lack of
motivation, and personal interests of different stakeholders can become obstacles for quick
adjustments and ambidexterity. As a result, this does not align with the core Agile philosophy
mentioned in the above sub-chapters. For example, in a project within an organization
operating in an industry such as telecommunications, there are usually involved: electronics,
telecommunications and software engineers, project managers, product owners, auditors, and
other regulatory inspectors. Every stakeholder speaks a different language within the project,
while they all must be involved in the short iterations and feedback loops required by Agile
methodologies. Furthermore, the product owner and manager should trace and understand the
validation and testing of project requirements performed by stakeholders from different layers.

In a paper by Alaa & Samir (2014), it is mentioned that the stakeholder's interest varies
depending on the role they have within the project. The "multi-faceted roadmap" framework
described in the paper emphasizes that the product owner is least interested in the traceability
data and focuses more on quality verifications. On the other hand, Scrum masters, for example,
will allocate more time in tracing requirements, analyzing design, test cases, and system
performance.

The implication of different stakeholders and their divergent levels of interests regarding
traceability and product development provides a good template for dividing the stakeholders
into separate layers that follow unique processes. Such division in combination with a BPMo
language should provide a good view of how the stakeholders should interact to serve
everybody's best interest and lead to a more successful rate to meet the customer needs.

1.3 Problem Statement

The complexity to achieve a symbiosis between the Agile practices and RT depends highly on
the project complexity, available resources, technology, and others. However, a study on
traceability in Agile software projects conducted by Cleland-Huang et al. (2014, pg. 5) has
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shown that “[1] Traceability research must be driven by the needs of its stakeholders, who
ultimately adopt tracing solutions...[2] there is little prior work that examines the specific
needs of the stakeholder in the traceability process and, as a result, academic researchers are
left making assumptions about industry needs...”. Furthermore according to Rempel et al.
(2013, pg.1), “...the overall quality and mismatch of analyzed traceability suggests that an
upfront-defined traceability strategy is indeed required.

Scholars and practitioners have researched the problem for more than two decades. Still, a
definite answer on how to integrate RT in Agile environments with a high efficacy could not
be fully provided. The factors affecting the integration of RT in Agile environments are
complex and interconnected. The practitioners constantly face difficulties on how to balance
between RT and Agile way of working (see Table 6). Especially organizations that try to move
from a more R&D phase toward complex, large-scale manufacturing processes. The studied
literature emphasizes a couple of solutions to several isolated tension factors (see Table 7).
However, very few studies tackle how the challenges are interconnected and how RT is affected
by the stakeholder needs. Furthermore, the practitioners are missing roadmaps on how to
integrate RT business processes in Agile effectively and how to make the correct tradeoffs in
the long-run. Therefore, organizations have to analyze multiple sources and materials to
understand how to design and plan such processes.

1.4 Research Objective

As mentioned in chapters 1.2 and 1.3, the existing literature on RT implementation in Agile
mostly focuses on analyzing existing issues in the organizations, and the studies are narrowed
to more technical aspects such as what are the best methodologies to establish traceability links,
how to automate the traceability processes, and what tools should be used. However, this thesis
proposes to take a more business perspective (management) approach on the problem of RT in
Agile environments with the help of BPMa techniques and BPMo tools. Therefore, the research
objective of this study can be summarized as follows:

Develop a theoretical roadmap and business process model to enable requirements
traceability in Agile environments.

As RT originated from the traditional software development methods, several tensions appear
as described in the chapters above. Such tensions are believed to be mitigated by developing a
BPMo roadmap for implementing traceability in Agile environments, as shown in Figure 2
below.

Bussiness Process Model

Traditional

Methods Traditional

Methods

Better overview and
planning for a project

Figure 2: Research Objective

4



<3
TUDelft
1.5 Research Scope

Research Environment

The study was conducted in a medium-sized company named ABC that activates in the
telecommunication industry, developing fiber-optic communication systems based on Photonic
Integrated Circuit (P1C) technology. The company has encountered rapid growth of more than
150 employees in a short period of three years due to its technology and delivering promising
results in the area of 5G and PIC. The research performed at ABC is about studying the tensions
of RT methodologies when these are integrated into Agile environments and how these tensions
can be resolved through the context of an RT framework and business process modeling. As
the company rapidly moves to large-scale manufacturing and towards releasing the high-end
5G transceiver modules to the market, many customers will look for quality assurance
certifications in the areas of manufacturing, hardware, and software development. However, in
a study by Espinoza & Garbajosa (2011), it was mentioned that RT practices with Agile
methodologies could not be performed in a traditional requirement management fashion as
required by SWEBOK or ISO/IEC 12207:2008 standards. This can be explained by the
completely opposing approaches required by Agile and traditional methods for documentation
and collaboration, a tension frequently mentioned in the paragraphs above. Furthermore,
Espinoza & Garbajosa (2011) highlighted that RT challenges in Agile could lead to problems
in processes such as requirements change management, project estimation, and impact analysis.

Therefore, the scope of this study is limited to conducting a case study analysis at ABC R&D
and Test and Measurement (T&M) departments. The T&M and R&D departments at ABC
work in a dynamic/ad-hoc environment where the business processes start to slowly move from
pure R&D processes to more production processes due to the plans of mass product
manufacturing. The data for the study will be collected from ABC and from other organizations'
R&D departments similar to the ABC size, for research generalization (transferability). The
results from the ABC study case, combined with the samples collected from a more extensive
population set, are believed to provide a better understanding about the business processes that
could facilitate the integration of Agile methodologies and RT.

Furthermore, in current research, the concept of Agile environment(s) will often be mentioned.
The Agile environment(s) is used to describe dynamic, flexible, ad-hoc environments where
requirements can often change, and it is hard to define stable business processes to support the
product development.

RT and Business Process Model (BPMo)

A BPMo can be applied to any process within the ABC business environment. However, in the
current study, the emphasis is on developing a BPMo that describes the process of reducing
existing traceability tensions when practiced with Agile methodologies. The model will focus
on the key stakeholders of the environment as well as the independent variables such as
requirements elicitation, project methodologies, stakeholder needs, tools, and other factors that
influence the design of BPMo and RT integration.



3
TUDelft

1.6 Research Question

The main research question (MRQ) for the thesis is as follows:

How can business process modeling enable requirements traceability in Agile
environments of small and medium-sized enterprises?

The RQ is an explanatory question that aims to analyze the complexity of integrating RT
methods in an agile environment. The question will be answered through carefully designed
data collection methods as described in Chapter 4.

To more precisely define the most essential mediating and moderating variables, a set of sub-
questions that be investigated are the following:

What are the factors that influence
requirements traceability in Agile
environments?

Gather data and get an overview on the
factors such as artifact traceability,
granularity, requirements change,
stakeholders collaboration, documentation.

How does a framework aiming to
enable requirements traceability and
reduce tension in the context of Agile
environments look like?

Select the key factors/criteria that reflect the
tension and challenges when integrating RT
in Agile environments.

How will a business process model
diagram look like in the context of the
developed framework?

Develop a BPMo so that the key factors of
the framework are translated into a business
process.

Is the developed framework and
business process model evaluated as
detailed and complete?

To evaluate the developed framework and
business process model and better
understand the practitioners' needs and the
direction of future research.

Table 1: Research Sub-Questions
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1.7 Research Overview

This chapter provides an overview of the strategy followed for the current thesis to answer the
MRQ. The layout and flow of the research are depicted in the graph shown below (see Figure
3). For more details on the research approach, the reader should look at Chapter 4.

Research questions

Literature Study

[ - : 8 Integration challeng
Literature
Types of RT Stakeholder Analysis SRQ
1
RT methods and Role of Humans in
techniques Traceability Loop
Translating challenges
\ Modeling Management )

Theoretical
Framework

Case Study
1
Data Collection

Personal "
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(e =)

RTI Framework

Roadmap Design
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e M o ]

ABC Data Analysis

H

SRQ
2

w
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]

Research Evaluation
Evaluation: Evaluation:
RTI Framework BPMo Roadmap
RTI Framework BPMo Roadmap MRQ

Conclusion

Legend

IR common
[ Part 1: RTI Framework
I Part 2: BPMo Roadmap

Figure 3: Research Methodology
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Research Strateqy

This research is divided into two key parts:

e The design of the RTI framework
e The development of BPMo Roadmap.

The separation can be observed throughout the research such as in: literature study, case study,
and research evaluation (see Figure 3). The sub-processes described in the BPMo roadmap are
directly correlated with the steps described in the RTI Framework. The two designs should
always be viewed as complementary and not as separate components to answer the MRQ. The
reason to divide the research into two parts is related to the different approaches taken by the
framework and the roadmap. The RTI Framework will focus on
requirements  traceability, existing challenges, methods,
techniques, stakeholders’ needs, business processes, and other
methods discussed in the literature study. The framework
represents the theoretical perspective on the problem. On the other
J' hand, the BPMo roadmap, is developed based on the topics such as
business process management and business process modeling. It
represents a design-oriented approach to the thesis. The roadmap is
designed to provide a more detailed overview for practitioners on
the topic of RT integration at ABC. The BPMo roadmap is the

more in-depth and practical extension of the RTI Framework.

Figure 4 Research The case study is represented by the data collection, data analysis,

Strategy and development of the RTI framework, which will serve as the

basis for designing the BPMo roadmap for ABC company. Further

in the research, there will be one more round of data collection and analysis to evaluate the
quality of the created BPMo roadmap.

To answer the research questions mentioned in Chapter 1.6, several strategies have been taken
into consideration:

SRQ-I: The first sub-research question requires desk research to establish the main tensions
related to RT in an Agile environment. The output of the desk research will serve as the basis
for the theoretical framework and the development of the RTI framework.

SRQ-I1I/111: In order to answer the second and the third sub-questions, a study case approach
will be conducted at the ABC company. This will give the possibility to investigate the
phenomena of requirement traceability in agile environments in its real-life context.
Furthermore, the case study will help analyze in-depth the traceability processes used by the
ABC employees and their challenges (see Chapter 4).

SRQ-IV: The last sub-question will be answered by conducting another round of interviews
with the several selected ABC employees to receive an evaluation of the RTI framework and
BPMo roadmap. This evaluation will be used as guidance to understand the design limitations
and also to better frame the scope for future research.

The validity threats were analyzed separately for the RTI framework and BPMo roadmap in
the research limitations - Chapter 6.
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This chapter describes two essential topics for the current research. Firstly, the chapter will
describe RT types, methods, goals, and the challenges related to RT integration in Agile
environments. Secondly, the focus will be on business process management, processes
categorization, and modeling languages. The research on the topics mentioned above should
provide a good foundation for the case study.

2.1 Part |l - RT and Aqgile

The term "traceability” is referred to in this study as the ability to correlate artifacts created
during the process of software development so that the end system can be described from
different levels of abstractions and perspectives. Furthermore, the definition of Gotel and
Finkelstein (1994, pg.94) is also taken into consideration which defines traceability as "The
ability to describe and follow the life of a requirement, in both a forward and backward
direction, i.e., from its origins, through its development and specification, to its subsequent
deployment and use, and through periods of on-going refinement and iteration in any of these
phases".

RT represents a sub-category of RE and has been identified to have a critical role in positively
influencing the software products that are being developed, therefore qualifying as an index of
software quality (Qasaimeh & Abran, 2013) (Curcio et al., 2018). The standards such as I1SO
9001:2008 (ISO 2015, para. 8.5.2), ISO 26262 in automotive (Pitchford 2019, pg. 280),
medical IEC 62304 (Regan et al. 2013, ch. 3), have enforced traceability as a hard requirement
for organizations to receive the industry quality compliance certification. Therefore, RT is
necessary, in specific industries, to release the product to the market.

Besides the factors of RT mentioned above, the process also brings several other benefits and
challenges, which are described in the below chapters via a more in-depth introduction to the
topics such as:

e Current applicability of traceability in Agile projects.

e What types of RT exist.

e What traceability methods are being used.

e What is the future of RT integration in Agile.

e How BPMo tools can play a role in further shaping the future of Agile methodologies.
e What are the key stakeholders involved in RT.

2.1.1 RT introduction in Agile projects

Traceability in projects directly influences the development activities such as validation,
impact analysis, reuse. In addition, it tackles some of the Agile implementation's main
obstacles, such as lack of documentation, imprecise cost estimation of projects, constantly
changing customer requirements, and others (Curcio et al., 2018) (Espinoza & Garbajosa,
2011). The RT also helps with tracking defects that appear during the software development
life cycle, such as overlap between components, positively impacts the communication
procedures in the team, and finally helps with transparency on the status of the project in
different development phases (Qasaimeh & Abran, 2013) (Spanoudakis & Zisman, 2005).
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The benefits of RT can be easily denoted in many studies. However, developing a model to
integrate RT in Agile is a complex task. Therefore, it is essential to understand when the RT
should be used in projects and when is the case where extensive RT can lead to project failure.
To better understand the tensions and the challenges introduced by RT in Agile environments,
a closer look should be taken in Figure 5: Agile and RT below.
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On top of the existing Agile iteration
processes, the team should follow a set of
additional operations such as "Update
Requirements”, "Update Project Status,"”
and update product "Backlog,” which
come from a more traditional software
development pattern. Such a fundamental
restructuring of the product delivery
process raises a couple of questions such
as: How to manage such integration? In

what scenarios should this approach be
implemented? Which stakeholders should

Update Project
Status

be involved?
A study conducted on several
organizations by Jakobsson (2009)

Update Product
Owner

emphasized that the knowledge workers
are reluctant to add additional routines to
the Agile process and have decreased
motivation and creativity if the
administrative burden is increased. Similar findings are mentioned in a study by Hoang Duc
(2015), and the "Human Factor" is also listed as a challenge of traceability in a report by
Antoniol et al. (2006). Therefore, an organization should always carefully assess if the RT is

required and if there are enough resources and motivation to support it.

Tension

Figure 5: Agile and RT Tension Points

Empirical studies state that Agile methodologies can increase project success if managed
correctly (Serrador & Pinto, 2015). Suppose a project does not have a hard requirement on
traceability, and there is no concrete answer to why RT should be included. In such scenarios,
a better approach would be to follow the standard Agile methodologies, alongside the
principles of Lean development as described by Reis, (2011). The cost of creating and
maintaining traceability links should be lower than the expected benefit.

However, if the organization or a particular project is subjected to rigorous control from
regulators to comply with a certain industry quality standard (e.g., ISO9001, ISO 26262, IEC
62304), whilst the desire to maintain agility represents a top priority. A more in-depth analysis
of the trade-offs, challenges, RT Types, tools, and existing solutions should be performed. For
such cases, a more detailed analysis is performed in Chapter 5 below.

2.1.2 Types of Requirements Traceability

From the traditional methods of RE, requirements are divided into several traceability types.
These RT types define the technique for how the requirements will be tested and how the
customer expectations will be met. In software engineering, this represents the ability to
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associate software artifacts. According to Gotel & Finkelstein (1994), traceability can be
divided into two types: "Pre-RS traceability™ and "Post-RS traceability” (see Figure 6). The
Pre-RS traceability is concerned with the requirement's life prior to the inclusion in the
requirement production (backlog). Post-RS traceability is about the requirement's life after
inclusion in the backlog and how the requirement is monitored when the deployment and
development work starts. The authors have emphasized that a clear distinction between pre/post
RS traceability directions should be made, as the problems related to RT in practice were partly
because of the lack of the distinction mentioned above.

Users/Customers

$LE
S - B - B -

Pre-RS Traceability Requirements V1.0.0 Post-RS Traceability

Requirements V2.0.0

Figure 6: RT Types and Tracing
Source: (Li et al., 2002)

According to Cleland-Huang (2012, pg. 20), Post-RS/Pre-RS traceability can be further
divided into four types: Forward Tracing, Backward Tracing, Horizontal Tracing and Vertical
Tracing.

Forward Tracing is commonly used in the software engineering context for monitoring the
tracing path that usually starts from the user stories and continues to requirements backlog,
design, testing, and code. Cleland-Huang (2012, pg. 19) defines that tracing can be primary or
reverse trace link direction, and it is dependent on the specifications of the participating traces.

Backward Tracing refers to tracing links from code and design back to the requirements
backlog and initial user stories. As in the case with forwarding tracing, the tracing can be
primary or reverse trace link direction, and it is dependent on the specifications of the
participating traces.

Horizontal Tracing refers to the decision to trace between different versions of requirements
and versions of the design, testing, or code. The horizontal tracing can be both forward and
backward and is at the same level of abstraction. An example of such traceability can be as
follows: (i) The product owner creates a different version of a requirement that can be traced.
(if) The traces between the system design version and code where system performance is
monitored. (iii) The traces of all the requirements created based on a particular user story.

Vertical Tracing — Represents the tracing of artifacts at different levels of abstraction and can
also employ both backward and forward tracing. Such traceability is used to accommodate the
end-to-end traceability or life cycle-wide. An example of vertical traceability can be tracing
different versions of the requirements to the same version of the code or system design.
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Tracing Methods

The artifact tracing requires tools and knowledge from workers on how to operate and
effectively manage the requirements within the project. In literature, the scholars have defined
three types of RT: Manual, Semi-Automated, and Automated (Cleland-Huang, 2012, pg. 10).

Manual Tracing — Such tracing involves a knowledge worker who initializes and monitors the
process of requirement traceability. This involves actions such as traceability creation and
maintenance, usually through simple actions such as edit, delete, drag, drop, and assign, found
in the requirements management tools.

Automated Tracing — The method refers to the process of establishing automated techniques
for requirements traceability. This involves automatic updates to the actions specified in the
manual tracing based on changes done by knowledge workers during the process of design,
testing, or user story updates. An automated vertical or horizontal tracing is very complex to
achieve because it involves semantics. Currently, there are several studies on using advanced
statistical algorithms to establish such traceability.

Semi-Automated Tracing — Such traceability is the most common and involves combining
automated techniques and processes with the knowledge workers' interaction. An example of
such a combination can be an automatic notification to the product owner when a test case has
successfully finished and ticked from the product backlog a customer requirement.

2.1.3 RT methods and techniques

Agile and RT come from two opposing methodologies. Therefore, the tools and process of
defining artifacts, monitoring requirements, and maintaining good status control differs. The
chapters below describe the process of determining the artifacts, establishing the RT technique,
and defining granularity in Agile and RT projects.

2.1.3.1 Defining Artifacts

In Agile methodologies, the "User Stories" represent the main source for developing the system
requirements. The user stories are more open to interpretation when compared to the traditional
methods. Therefore, it is harder to translate to more unambiguous requirements at the beginning
of the project. However, this is compensated by the iterative approach introduced by Agile
methodologies. In addition, the stories in Agile are used for developing user tests, which further
contribute to the process of test-driven development (TDD). During the TDD process, the
complete design and system requirements are further captured and linked directly to the
production code (Martin & Melnik, 2008) (Espinoza & Garbajosa, 2011).

As Agile methodologies embrace constant change to requirements and its core philosophies
are about rushing into software development as a priority, the RE slightly differs from
traditional methods. In a paper by Alaa & Samir (2014), the authors highlighted the RE process
for Agile development as depicted in Table 2 below.
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Elicitation & | Early customer and other stakeholder involvement; Frequent

Analysis communication; Defining and collaborating on user stories.
Specifications | Verifying/reviewing the quality of user stories; Developing the product
backlog; Defining the sprints from backlog;

Elaboration Quick prototyping based on the backlog key tasks; Frequent team
communication; Code review sessions.

Validation Unit and integration Testing; Review sessions/user acceptance tests;
Evolutionary prototyping;

Management | (Varies based on Agile methodology).

E.g., Scrum: Planning Sprints; Organizing product backlog; prioritizing
epic tasks; dividing epic tasks into subtasks.

Table 2: RE in Traditional Methods and Agile

Researchers such as Carniel & Pegoraro (2017, pg.1-2), Furtado & Zisman (2016, pg.68),
Alaa & Samir (2014, pg.1) and others, have stated that user stories are the main source to derive
the first set of artifacts (ideas, requirements), that builds the product backlog and provides the
first input parameters to their traceability model. The backlog is then used to develop and
support the TDD process and can also be considered an artifact. According to Carniel &
Pegoraro (2017), the user stories must be documented in a structured way to achieve
traceability in Agile environments. However, documentation represents one of the key
challenges of integrating RT in Agile environments (see Chapter 2.1.5). Furthermore,
documentation introduces new routines that some practitioners believe in decreasing creativity
and that little attention is given by their colleagues who might be interested in the project design
(Jakobsson, 2009). In the paper by Ratanotayanon et al. (2009), where a more practical
approach to requirements traceability is described, the authors have used the mechanism of
version control in software to monitor test cases and reflect the validity of requirements. This
is also supported in the paper by Espinoza & Garbajosa (2011, pg. 63), which mentions that
"If continuous integration and rigorous testing are practiced, FIT-style requirements should
be consistent with the produced code, through traceability support.” However, to achieve such
a well-established process of monitoring, testing and continuous integration a set of RT
tensions should be addressed, which vary per organization (see Chapter 2.1.4).

2.1.3.2 RT Techniques

The topic of RT methods, techniques, and tools has been studied for a long time, especially in
the context of traditional methodologies such as Waterfall. RT is important to maintain
consistency throughout the system development lifecycle. The techniques used for RT provide
a way to trace information of various forms and differ based on the number of links. These can
trace the number of interconnections and the flexibility to adjust the trace links based on
requirements changes.

According to Espinoza & Garbajosa (2011), several traceability techniques help ensure RT
during the project development, as described in the table below. It should be mentioned that
the traceability methods were not only investigated from the Espinoza & Garbajosa (2011)
paper, but rather a snowballing technique was used to define the relevant sources and
information to the below-mentioned traceability methods.
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RT Matrices

RT matrices (RTM) are the most used method to maintain trace links in
software-intensive and safety-critical systems. The RTMs can vary based
on the organization's needs. Nevertheless, they always contain four key
components: requirement id (first column), description (module name,
author name), test case id, test case description, and the status of the
requirement. These usually represent a worksheet where the center is the
requirement and all the possible test case scenarios with their current state
and if some tests have passed or failed. Therefore, the RTMs are helpful
in visualizing requirements coverage by using the test cases and
communicating easier with the customer about the project status. As a
result, this ensures higher quality for the developed system.

Integration
Documents

The methodology provides traceability between different life cycle
phases of the project or components via documents. In a paper by
Lefering (1993), it is described that to obtain such traceability, two
components are necessary. First, the “Source Document” contains a set
of requirements of a particular element or phase and the “Target
Document,” which requirements are linked to the source. The documents
are not aware of each other's existence, but they communicate with the
second component, the “Integrator”. The integrator dictates the rules for
requirements (via a “transformation-table”) and allows user interaction
to control the trace links.

Such systems are rarely designed from scratch by companies focused on
developing a specific product, but rather the organizations procure a
finalized “Integration Documents” product combined with RTMs or any
other tracing methodology.

Graph-based
Representation

The tracing methodology is also known in the literature as “Model-based
requirements management” and is aimed to create a visual map of
requirements and how these are interconnected (Holder et al., 2017). The
visualization in literature research varies from UML diagrams to abstract
nodes, representing visually linked requirements. The graph-based
approach aims to combine all traceability management activities such as
recording, identification, and information retrieval maintenance in a
single framework. Such methodologies are believed to improve the
validation and development of the product (Schwarz et al., 2010).

Hypertext

The methodology is part of the ‘“semi-automated” requirement
traceability recovery process. There is a consistent problem in
requirement management: if the traceability links change over time, the
validity is also impacted. As a result, the data about how the system
quality has changed, and the initial links are lost. Hypertext in
requirements tracing uses various statistical analyses to discover terms
and associate them based on their meaning. For example, in a study by
Maletic et al., (2003) it is analyzed how a technique such as “Latent
semantic indexing” can help with the retrieval of valuable information
about requirements.

Hypertext has become an interesting topic for scholars and practitioners
because of the advances in the recurrent neural network (RNN) and
natural language processing (NLP) algorithms.
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Key-phrase The key-phrase dependencies is another methodology for traceability
dependencies described in a paper by Jackson (1991). The technique is not based on
machine learning but instead uses specific syntax and keywords pre-
defined in a table. The program then looks for the keyphrases and parses
them correspondingly to data in the table to retrieve the linked
requirements. In the paper by Jackson (1991), the author argues that the
software developers can use in their code the same syntax. And this will
also allow linking directly to the software code of a system.

The advantages of working and developing such a system are that it does
not require a large amount of data to link and define meaning from the
requirements. The disadvantage is that it depends on human interaction
and relies on a process to use a specific key-phrase convention that can
be easily ignored if multiple cross-functional teams work on the system.

Table 3: Requirements Traceability Techniques

An interesting observation is that few authors from the studied papers have included in their
design one of the RT mentioned above techniques when describing their models for
traceability. Thus, when it comes to RT in Agile, scholars, and practitioners are divided into
two groups. One of those groups relies on the studies performed on the topic of RT in the past,
but carefully acknowledge its limitations in Agile context (e.g., (Furtado & Zisman, 2016),
(Espinoza & Garbajosa, 2011), (Qasaimeh & Abran, 2013), (Carniel & Pegoraro, 2017)).
Whilst other authors put very little emphasis on the past studies done on RT and classifies them
as outdated for the Agile methodologies because of fundamentally opposing characteristics of
the methods and roles (e.g., (Alaa & Samir, 2014), (Ratanotayanon et al., 2009)). However,
the scholars that put little emphasis on the past studies, also took a more practical approach to
develop a model for RT.

2.1.3.3 Traceability Links

In the phases of requirements elicitation and specification, the product owner and the architect,
or system analyst, should know what requirements are important to trace and which are the
traceability links that should be formed to deliver the end product in time with the desired
customer quality. In practice, the traceability links depend on how safety-critical the system
should be and what certifications are required for regulatory compliance. According to Alaa &
Samir (2014), Espinoza & Garbajosa (2011), Furtado & Zisman (2016), Qasaimeh & Abran
(2013), Hoang Duc (2015), Ratanotayanon et al. (2009), and other scholars, there are several
methods which are concluded of importance when it comes to establishing traceability links
within a project:

o Stakeholder — Requirements: During the requirement elicitation phase, it’s important
to store the information about who is the owner of a specific requirement. This will
allow project managers to create feedback loops and validate the requirement with the
right stakeholder. Moreover, it helps to create a map of stakeholders and assign
responsibilities accordingly.

e Requirement — Requirement: Being able to trace different requirements can help better

link the user stories together and understand the overall scope of the system. Such trace
links can also be between different versions of the same requirement. However, in Agile
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environments, the requirements change quickly, and frequent adjustments lead to
overhead to maintain such trace links.

e Requirement — System Design: After the requirements validation, the system design
represents the next phase of product development. In traditional methodologies, failure
to comply with key requirements can lead to a wrong product being delivered at the end
of the project timeline. In the case of Agile development, this can represent a wasted
iteration cycle. Furthermore, failing to comply with some essential requirements at this
development phase can lead to incorrect budget estimations, milestone deadlines, etc.
Therefore, maintaining a trace link and a history of a system design change to
requirements can drastically increase the product quality.

e Requirement — Test Cases: TDD is the most common technigque practitioners use to
validate the system code based on the requirements. Being able to trace from
requirement to test-case and backward should increase the system quality and ensure a
bug-free software code (given that TDD best practices were used in the project)

e Stakeholder evaluation — Version: In the paper by Alaa & Samir (2014), the author
identified that practitioners also value the linkage between the stakeholders' (user)
feedback and the acceptance criteria. The information collected for these trace links is
user satisfaction, flaws in business logic (if any), problems with the project
development, and others.

e The projects vary in size and complexity based on the requirements such as safety,
reliability, accuracy, performance, and other metrics. This complexity also requires
other trace links to make sure the product is performing based on the specifications.
Therefore, practitioners use a lot more trace links in the industry. Some of these links
are described in the thesis by Hoang Duc (2015) and can be resumed as follows:

o User Story — System Design; User Story — User Story; Test Cases — Source
Code; Test Case — System Design; System Design — System Design; Source
Code — Source Code.

Even though the trace links are well defined and argued in different papers, the most complex
seem to be the "Stakeholders — Requirements " and " Requirements — Test Cases". As described
by Jarzebowicz & Weichbroth (2021), the iterative nature of agile methodologies creates extra
complexity in constantly measuring and tracking the non-functional requirements in the
system.

2.1.4 RT Goals and Strategies

When it comes to RT goals, there are usually four perspectives to be explored. There are RT
business goals, project goals, stakeholders' goals, and research goals. This sub-chapter will
analyze business, project, and research goals perspectives. The stakeholders' interests are
described in more detail in Chapter 2.1.7 below.

In the paper by Rempel et al. (2013, pg.1), the authors argue that many researchers believe
traceability rarely happens in an ad-hoc manner and is usually explicitly planned upfront. But
their findings clearly emphasize that it is quite the opposite; many practitioners follow no
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explicit traceability strategies. However, the process of determining all suitable trace paths is
technically complex and involves multiple stakeholders' interests. As a result, this causes the
discrepancy between the existing traceability, reported traceability, and the actual applied
development process. Nevertheless, the authors derived a traceability strategy model, as shown
in Figure 7 below (for more details, see Rempel et al. (2013, pg.1)).

The framework represents a detailed view of the decision-making process that practitioners
should take before traceability goals are defined. However, the perspectives given by the
framework are only on the project level; no frame of reference is provided by the authors when
it comes to business goals.

Indentify traceable artifacts

Indentify trace paths

Assess traceability information model against

Develop conceptual traceability information model traceability usage goals

Assess conceptual traceability information model Detect missing trace paths

Detect superfluous trace paths

Detect ambiguous artifacts

Detect volatile traces

Detect trace path duplicates

Assess traceability usage goals against
process goals

Detect missing traceability goals

Identify traceability usage goals
Develop conceptual goal model of traceability usage

Detect superfluous traceability goals

Identify actors in software development process

----- Correlated to the topic
Gather goals and tasks of actors

RT Strategy development
Derive conceptual goal model of the sotware process and analysis flow.

Figure 7: Project Goals
Source: Rempel et al. (2013, pg.1)
To build further on the idea, the business perspective on the topic can be derived from the paper
by Cleland-Huang et al. (2014, pg. 3). The author introduces “a goal-oriented perspective” on
the challenges experienced by researchers when investigating the topic of RT. These challenges
are categorized into a set of goals. Each goal is defining the focus and the challenges that are
analyzed under a particular purpose, as described in the table below.

Traceability Research Perspective Business Perspective

Goal (Cleland-Huang et al. (2014)) (Adjusted)
Purposed The research aims to identify and | The knowledge workers' roles and
better understand what traceability is | their workflow, needs, and
needed and how the tasks are | interests play a critical role when
connected to RT and support the | selecting a specific traceability
stakeholder needs. method or tool to be used within
the context of the organization.
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Cost-
Effective

The studies are aimed to analyze what
is the ROI for using a specific
traceability technique. The researchers
should look at different traceability
decisions and product life-cycle to
understand the cost and benefit.

The management estimates its
budget for a particular project and
defines what tools and methods for
traceability should be
implemented. The team looking at
a cost-effective solution should
also develop strength and
weakness matrices for different
methods.

Configurable

The research for configurable systems
focuses on dynamically identifying
traceability links that could potentially
be more relevant for stakeholders'
needs whilst being at the same time
semantically reach and relevant.

From the business perspective, a
configurable system is the one that
can be adjusted first to the existing
business traceability processes in
different departments and projects.
However, the system can also be
tailored to individual stakeholder
needs.

Trusted

The articles that are based on the
Trusted goal focus on investigating
and developing models and tools that
bring confidence in their information
retrieval techniques. The research
focuses on systems where the
stakeholders have complete
confidence in traceability.

A trusted system is viewed from
two perspectives. First, it is looked
at from the maturity level and if
long-term support is available. The
second perspective is the accuracy
provided by the tool/method on
traceability. Every organization
has a different threshold for trust.

Scalable

The studies focusing on the Scalable
goals should investigate how the
artifacts can be traced on different
granularity levels across all the
organization boundaries.

The business goal matches the
research goal in this context.
However, scalable requirements
tools and processes vary based on
the needs of each organization.

Portable

The goal of portability can be attained
in the research by investigating
standards, policies, and possible
exchanging  formats that can
accurately integrate  information
across different projects so that the
system can be reused and merge across
the organization.

In business, a solution that attains
the goal to be portable is usually
the one capable of integrating with
other business processes without
too much overhead. Furthermore,
a portable solution can the one
which  processes align  with
business planning and satisfy the
management thresholds for KPIs

Valued

The research aims to develop a
traceability method that involves the
needs and workflows of each
stakeholder. The method should
support the technical and business area
of the project.

A valued system does not create an
additional administrative burden
while supporting the existing
business processes flawlessly.

Table 4: Research Goals for Requirements Traceability

Combining the papers of Cleland-Huang et al. (2014, pg. 3) and Rempel et al. (2013, pg.1)
with a business perspective interpretation provides a new layer of abstraction that better

18



3
TUDelft

integrates the business goals with the project goals. For example, now it is possible to go
through the five steps of Figure 7, while taking the perspective for the system to be Cost-
Effective. In such a case, the processes such as “ldentify traceability usage goals” and “Identify
trace paths” will be answered with the goal of Cost-Effectives in mind.

2.1.5 RT - Challenges

Very often, in practice, the traceability is conducted in an ad-hoc manner. The vague
traceability processes cause the RT benefits to go unnoticed or not fully realized. To improve
the traceability processes and to create real industrial-strength solutions, a group of researchers
has met in 2005 at the International Conference on Software Engineering and launched the
“Center of Excellence for Software Traceability” to investigate “the Grand Challenges of
Traceability” (Giuliano Antoniol et al., 2017). The initiative to create such a group led to a
wide range of topics and challenges discussed by scholars and is further elaborated in this sub-
chapter.

In 2017 the scholars had announced a new meeting on “Grand Challenges of Traceability”.
During the event, the participants agreed on two critical areas that could improve the research
quality on RT and help tackle the traceability challenges in the upcoming years. The first area
was about the lack of datasets on traceability. According to Giuliano Antoniol et al. (2017),
such scarcity is caused by the organizations that impose restrictions on scholars to share the
datasets or even the investigation results. The second challenge is the lack of researched tracing
techniques adopted in industrial practice, followed by the absence of datasets from those real-
world implementations. Nevertheless, besides the difficulty of investigating the RT topic, the
researchers are confronted with multiple technical, strategic, and business-related problems and
knowledge gaps raised by practitioners when integrating RT practices in their organizations.
Some of the existing and future planned research alongside challenges are briefly summarized
in Table 5 below:

Trace Strategizing |

Evaluation of Measuring The scholars are still investigating what an effective
Traceability Traceability | traceability utility value is and how this should be
Utility measured. The discussions on the topic varied from

measuring the recall and precision of requirements
from the tools to measuring the value from tasks and
how much more effective and quick they are
accomplished and understood by the project players.

Traceability Develop The practitioners are using a multitude of tools for
Queries and TIM models | documenting, maintaining, querying different types of
Strategies for the | to improve requirements. This represents an obstacle because the
Requirements RT information is scattered, and it needs to be consolidated
Engineering navigation from all the data sources to have meaningful insights.
Domain and analysis. | An analysis performed on the queries can help create

information  traceability  models (TIM)  for
practitioners. Nevertheless, no definite answer on how
to improve the RT navigation by business analysts and
engineers could not be given and is currently still being
researched (Malviya et al., 2017)
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Best of Both
Worlds:
Synthesizing the
Human

and Method Sides
of Requirements
Tracing

Using Deep
Learning to
Improve the
Accuracy of
Requirements to
Code Traceability

Too Little for Big
Data?

Software
Engineers'
Information
Seeking Behavior
in Change Impact
Analysis

Develop
flexible RT
tools that
adapt based
on human
interaction.

Trace Link Creation and Evolution

Develop
effective and
flexible IR
systems.

Trace Link Usage

Harvest data
for an
accurate
Impact
Analysis
Assessment

The scholars argue that simply focusing on improving
traceability tools or processes followed by humans is
not enough to achieve good RT. Instead, a better
perspective looks at how stakeholders interact with
different tracing tools and the optimum value for trace
automation and manual interaction. Therefore, the
researchers should also focus their analysis on human
interaction data, improving the RT research and data
guality in the long term (Niu et al., 2017).

The technique to perform accurate information
retrieval (IR) is still a challenge in RT research.
However, using commits, code comments, and
documentation to fetch into a neural network such
RNN can improve the accuracy of IR models.
Especially if RNNs are used with existing external
databases where developers post questions and code
(Zhao et al., 2017) (Hayes et al., 2017).

The proposal of such research topics in 2017 gives
insights that even with RT techniques such as RT
matrices, integration documents, hypertext, the
practitioners still have difficulty maintaining good RT
DroCesses.

Many engineers do not consider traceability as a
beneficial  process. Researchers make such
observations for many years. As a result, this creates
difficulties for performing change impact analysis
(CIA). However, each stakeholder is only interested in
some specific variables of CIA, and the methods to
perform such analysis is preferred to stay flexible
(Borg et al., 2017).

Table 5: Traceability Challenges
Source: (Giuliano Antoniol et al., 2017)

In Table 5 above are described only a very small sample of the existing challenges and future
research that should be conducted on RT. There are still many unknowns on measuring,
maintaining, and promoting RT practices within an organization effectively. However, the
complexity rises significantly if the RT practices are integrated with Agile methodologies (see
Chapter 2.1.1). In such a case, the stakeholders change their perspective, start to behave
strategically, both methodologies have opposing philosophies, and existing tools usually do not
support both processes. Moreover, Agile methodologies are complex to integrate within the
product development lifecycle when quality and regulatory standards represent a hard

requirement.

2.1.6 RT Integration in Agile Environments - Challenges

In the chapter above, several RT challenges were analyzed in order to show the complexity that
scholars and practitioners are currently facing. However, in this sub-chapter, the concept of
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RTI challenges will be introduced. The RTI challenges are referred to as challenges related to
RT integration in Agile environments. Because the requirements in Agile environments are
expected to change quickly, the practitioners are faced with a certain degree of uncertainty
during the product development. As a result, this also increases the complexity when compared
to the traditional RT described in textbooks.

Many scholars who conducted literature studies based on RT integration in Agile have
identified critical challenges which influence the accuracy and efficacy of their models and
frameworks. This chapter compiles the tensions of integrating RT in Agile described in
fourteen selected articles. A semantic analysis was performed so that all the identified variables
are grouped into fifteen challenges emphasized in most of the papers related to RT and Agile.
Also, most RT challenges are included in the RTI challenges, which are further described in
the table below.

Identifying
Granularity
Level

Traceability brings the difficulty of determining the
correct granularity of an artifact in the project.
Moreover, a challenge relies upon defining the key
information to be traced; and developing a meta-
model to correctly store the links between artifacts.

Granularity represents the traceability depth of the
requirements that should be implemented in a model.
The granularity cannot be static and depends on
multiple variables such as the project complexity,
team experience, size, user stories, confidentiality
agreements, etc. According to Espinoza &
Garbajosa (2011), a user story can be mapped to
several requirements, and tests become essential to
support accountability of the top-level artifacts. But
how much depth can be traced back to a single user
story is important to consider.

(G Antoniol et al.,
2006); (Espinoza &
Garbajosa, 2011);
(Hoang Duc, 2015)

Maintaining
and Scaling the
Number of
Requirements

The challenge is correlated to "Link Semantics™ and
"Tools" and is described in the papers as a problem
on effectively and accurately query large numbers of
traceability links and artifacts.

(Furtado & Zisman,
2016); (G Antoniol
et al, 2006);
(Cleland-Huang et
al., 2014)

incoming changed requirements. However, this
requires more resources and time.

Automating The tools that provide traceability are already | (Hoang Duc, 2015);

Traceability complex and have multiple management control | (G Antoniol et al.,

Links models. Automating such tools and processes that | 2006); (Espinoza &
follow is complex and invokes techniques such as | Garbajosa, 2011);
machine learning, TDD pattern, and others.

Frequent In Agile environments, one significant difficulty is | (Lin & Chen, 2019)

Requirement constant and frequent requirement change.

Change Therefore, the RT implementation should be

Control designed with the flexibility to keep pace with the
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Impact
Analysis after
Requirement
Change

As there is no knowledge about a fully automated RT
system, many entries are still done manually. This
leads to errors in explicitly documenting the
relations between requirements and estimates such
as effort, system quality, and others. As a result, an
accurate analysis is relatively hard to achieve in an
Agile environment.

(Lormans, 2009);
(Curcio et al,
2018); (G Antoniol
et al., 2006)

Administrative
Burden

As RT comes from traditional methods, it might
require some additional heavy routines on top of the
Agile way of working. Even though such routines
can be minimized, achieving compliance from the
employees represents a significant challenge.

(Lormans, 2009);
(G Antoniol et al.,
2006); (Jakobsson,
2009);

Regulatory
Compliance

RT is critical to have industry-standard certification
for any project. In Agile environments, measuring
and ensuring traceability represents a challenge for
regulators as well as for enterprises.

(Qasaimeh &
Abran, 2013);

Measuring
Project Status

Failing to accurately measure a project's existing
progress and status through artifact links can lead to
inappropriate  architecture. ~ Scholars  have
emphasized that in practice, the status attribute of
every requirement is not used, which leads to the
lack of accuracy on estimations. A more complex
problem is created when managers try to benchmark
the project status in Agile environments.

(G Antoniol et al.,
2006); (Curcio et
al., 2018);
(Lormans, 2009)

Tools

RT differs per organization based on size,
complexity, industry, regulations, etc. Therefore, the
commercially available tools to tackle the RT
problem can be costly, too complex, too simple,
don't cover all the cases, and others. Furthermore,
integrating such a tool in AE brings additional
requirements such as flexibility, automation,
transparency, uniformity, consistency, and others.
Therefore, finding, developing, adjusting such a tool
for each organization's needs represents a big
challenge and costs expensive resources.

(Curcio et al,
2018); (Hoang Duc,
2015); (Lormans,
2009); (G Antoniol
et al., 2006);

Costs

Integrating RT in AE brings extra costs from new
routines, processes, tools, training, and maintenance.

(Jakobsson, 2009);
(Curcio et al,
2018); (Ramesh et
al., 2010);
(Cleland-Huang et
al., 2014)

Product
Development
Lifecycle

Agile methodologies are focused on quick product
development interactions and involving the
customer in the early stages of the project.
Introducing in the process RT with new routines can
impact project performance and time to market
(TTM) for a product.

(Curcio et al,
2018); (Espinoza &
Garbajosa, 2011)
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Tracing Across
Organization

Complex projects can involve multiple parties. This
can be affiliated divisions of an organization or

(Hoang Duc, 2015);
(Furtado & Zisman,

Boundaries external contractors that collaborate. As a result, | 2016); (G Antoniol
next to the complexity of managing Agile | etal., 2006);
methodologies among distributed teams or large
projects, the employees should also focus on
maintaining traceability of the artifacts and
versioning of the product backlog.

Workers The knowledge workers who are accustomed to the | (Curcio et al.,,

Motivation Agile way of working often see the additional | 2018); (Jakobsson,
processes and routines, such as traceability, to | 2009); (Mader et
directly impact their creativity and performance with | al., 2009); (Lin &
little to no gain. RT benefits are long-term rather | Chen, 2019);
than short-term. Therefore, if an employee does not
notice a direct correlation with KPIs in a short period
of time, then the RT routines tend to be ignored.

Workers The introduction of RT in Agile can require training | (Curcio et al.,

Knowledge for employees to get accustomed to the new tools and | 2018); (G Antoniol

and Skills methodologies. Furthermore, a company might lack | et al.,  2006);
workers who are familiar with RT or lack significant | (Lormans, 2009);

experience. As a result, this represents a big
challenge to successfully integrate new processes
that require skills, certification, and knowledge.

(Furtado & Zisman,
2016)

Documentation

Agile methodologies are people-centric (as
mentioned in chapter 1.1). The process of
documenting the project progress and development
is believed to produce low value for meeting the
customer needs. RT quality is directly impacted by
documentation. Therefore, tension arises between
flexibility and RE routines. A challenge, which
many organizations try to balance based on the
project complexity and industry standards.

(Ramesh et al.,
2010); (Furtado &
Zisman, 2016);
(Laux, 2019);
Ratanotayanon et
al. (2009)

Table 6: Challenges of integrating RT in AE
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Literature RT solutions for Agile environments

This chapter further builds on the results from Table 6 above. The goal is to analyze existing
solutions in the literature and assign them to the defined challenges from Table 6.

Trace++ Trace++: A Traceability Identifying Granularity (Furtado &
Approach to Support Level; Measuring Project | Zisman,
Transitioning to Agile Status; 2016)
Software Engineering
Traceability | A study to support agile Identifying Granularity (Espinoza &
Meta-Model | methods more effectively Level; Automating Garbajosa,
(TmM) through traceability Traceability Links; 2011)
Impact Analysis after
Requirement Change;
Administrative Burden
Audit Model | An audit model for ISO 9001 | Regulatory Compliance; (Qasaimeh
for ISO 9001 | traceability requirements in &  Abran,
agile-XP environments 2013)
Language The impact of using a Identifying Granularity (Urbieta et
extended domain language for an agile | Level; Impact Analysis al., 2020)
lexicon requirements management after Requirement Change;
(LEL) Maintaining and Scaling
the Number of
Requirements;
Traceability | Effective requirements Measuring Project Status; | (Kirova et
Web traceability: Models, tools, Costs; al., 2008)
and practices
TraceMan A non-invasive approach to | Costs; Identifying (Antonino et
trace architecture design, Granularity Level; Tracing | al., 2014)
requirements specification, Across Organization
and agile artifacts Boundaries; Workers
Motivation
Echo An agile approach to Costs; Identifying (C. Lee et
capturing requirements and Granularity Level; Tools; | al., 2003)
traceability Costs; Frequent
Requirement Change
Control;
TmM - Just in | Towards requirements reuse | Product Development (Elamin &
Time by implementing traceability | Lifecycle; Automating Osman,
Traceability in agile development Traceability Links; Costs; | 2017)
Administrative Burden;
Domain Agile requirements Product Development (Taromirad
Specific traceability using domain- Lifecycle; Maintaining & Paige,
Requirement | specific modeling languages | and Scaling the Number of | 2012)
Traceability Requirements; Frequent
Requirement Change
Control; Documentation;
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AMME Agile modeling method Identifying Granularity (Karagianni
engineering Level; Maintaining and s, 2015)
Scaling the Number of
Requirements; Frequent
Requirement Change
Control;
TraceMan Lightweight traceability for | Costs; Impact Analysis (Gayeretal.,
(Extended) the agile architect after Requirement Change; | 2016)
Tracing Across
Organization Boundaries;
Workers Motivation;
Requirements; Frequent
Requirement Change
Control;
SPL and XP | Extreme product line Costs; Frequent (Ghanam &
engineering: Managing Requirement Change Maurer,
variability and traceability Control; Workers 2009)
via executable specifications | Motivation; Impact
Analysis after
Requirement Change;
Multi-Faced | A multi-faceted roadmap of | Identifying Granularity (Alaa &
Adoption requirements traceability Level; Workers Samir,
Roadmap types adoption in Scrum: an | Knowledge and Skills; 2014)
empirical study Impact Analysis after
Requirement Change;

Table 7: RT Solutions for Agile Environments

The analysis of existing solutions in the literature provides a good overview of the rather
technical approach taken by the scholars to solve the problems of traceability and RT
integration in Agile environments. Solutions such as “Echo”, “TraceMan (Extended)”, “SPL
and XP”, “Trace++” and others, discuss the problem from a computer science perspective and
focus on developing algorithms, frameworks, and tools to maintain traceability in dynamic and
complex environments. For example, in “Echo” study, the authors used the “Eclipse” integrated
development environment (IDE), to develop their tool. However, there are two problems with
such an approach: 1) the IDE could become outdated and, as a result, irrelevant for practitioners
2) the scope is limited to solve only some RTI challenges such as granularity and trace links.
Nevertheless, the RTI problem is broader and more complex, as described in the chapters
above.

However, it should be mentioned that in studies such as “Multi-Faced Adoption Roadmap”,
“TraceabilityWeb”, “AMME”, “Audit Model for 1SO 9001” the focus is shifted towards
product development, responsibility division, quality assessment analysis, stakeholder needs,
and other aspects. Therefore, in the literature, there is a tendency to study the problem of RT
from different perspectives. Nevertheless, no studies were found to take a management
perspective and focus on measuring the stakeholder interests in traceability, optimizing and
analyzing existing RT processes in organizations and studying the tradeoffs and negotiations
required to be made by an organization given the limited resources and existing workflows.
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2.1.7 Literature Stakeholder Analysis

Many projects involve stakeholders and teams with unique goals, interests, and values, that act
based on their role, power, and constraints. The differences between the teams can cause
different tension points and provide a good balance that can increase the product quality.
Overall, the project managers, architects, developers, and others, usually agree about a set of
processes to ensure that the customer demands are met, and the final product is delivered on
time. However, the most significant complexity and tensions do not arise during the project
planning. It usually manifests itself further in the project development, when a substantial effort
should be made to maintain and adapt the initial project processes to the changing requirements.
How often the requirements change depends entirely on the complexity of the environment in
which the project is built to operate. Nevertheless, to reduce such tensions, the stakeholders try
to balance between a more mechanistic process such as RT and the more organic one such as
the Agile methodologies.

One of the approaches to balancing stakeholders' tensions was researched by Alaa & Samir
(2014). In their study, the authors found that the practitioners are only interested in specific
requirements traceability links. These links are stakeholder — user story, user story — test cases,
and user story — acceptance criteria. Therefore, to reduce the tensions between the stakeholders
in the RT and Agile environments, each project player must be responsible only for the
traceability links they find essential. However, to support such a process, it is required to use
an RT tool capable of arranging the information and requirements based on the stakeholder
role and needs in the project. The authors further suggest that somebody with the role of project
owner will trace the least data because they are only interested in the product quality. On the
other hand, the Scrum masters trace more data and are explicitly interested in test cases,
stakeholder requirements, and project design/architecture data. As a result, the developers will
trace acceptance criteria and stakeholder requirements more often than test cases (Alaa &
Samir, 2014). Nevertheless, organizations often create their own definition and responsibilities
that come with each role. For example, in the Alaa & Samir (2014) paper, the product owner
will not trace product data. However, from practical observations, the product owner role is
often involved in product backlog tracking and updates. Therefore, for the current research, a
clear definition per role is provided in the table below.

Customer The customer represents a person who has a clear overview of the
business needs and operational constraints of the product to be
developed. The customer provides priorities on requirements and
guidance during the development. The interest of the customer is
about product quality and having at any moment in time a realistic
view of the project status.

Product Owner The product owner role has the responsibility to manage the product
backlog and requirements database, discuss with the customer about
the priority of requirements, develop the project plan, create the
product development team and ensure transparency into the
upcoming work.
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System Architect The system architect role is about validating the requirements
discussed by the customer and product owner, design the top-level
system architecture for the product desired by the customer, update
the requirements database and backlog, work together with
developers to co-create the system components.

Scrum Master The scrum master makes sure the update the Sprint backlog, enforce
Scrum rules, and plan the daily scrum and sprint meetings.
Developer The developer is responsible for designing the system components

described by the system architect, view assigned open requirements,
test system requirements, and keep up to date the implementation

status.
Reviewer (Quality | The reviewer has the responsibility to assess if the organization
Assurance standards and best-practiced are followed during the product
Administrator) development.

Table 8: Stakeholders Roles Definition

Stakeholders Goals and Interests

In the paper “Acquiring Tool Support for Traceability” by Cleland-Huang (2012), the author
emphasizes the importance of stakeholders' goals, interests, constraints, and their role in the
project development when introducing new traceability processes and tools in the organization
or a project. Such changes represent a frequent occurrence that comes from a scope change or
new requirements. However, the author brings forward the idea that not all stakeholders' needs
can be met. Usually, to stay flexible, the needs of the stakeholders should be prioritized unless
there is an infinite budget and timeline for a project or business opportunity. The paper by
Cleland-Huang (2012) provides a broader view on the topic of process change and managing
a traceability tool. The author identifies an important stakeholder by looking from such a
perspective named “negative stakeholder”. Such stakeholders are the ones who neither want a
new requirements management system nor want to change the existing requirements and
processes. They usually should identified through an analysis and can take any position in a
power-interest matrix model.

The most important tasks that stakeholders should undertake in an RT and Agile process match
the Alaa & Samir (2014) and Cleland-Huang (2012) findings. Figure 8 illustrates several roles
during the project development and their interests and activity regarding RT. An interesting
observation is that in the paper of Alaa & Samir (2014), the topic was analyzed from the
perspective of RT and Agile, whilst in the Cleland-Huang (2012) paper, the perspective was
only on how to integrate and new traceability tool within an organization. However, both
authors reached the same conclusion when it comes to the roles and their interests in the tasks
to be performed in an environment where traceability is a critical requirement.
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Figure 8: Stakeholder Use Cases for Traceability Interests
source: (Cleland-Huang, 2012)

Such distribution in tasks and interest of project players provides a clear picture of how to
distribute and develop the initial processes to reduce tensions between the involved parties.
However, Figure 8 does not answer the problem when all the stakeholders' needs are
impossible to attain.

Overall, the studies conclude the power and traceability interests of product owners, architects,
quality assurance managers, system analysts, and others. Usually, the roles follow a
hierarchical top-down approach in terms of power and interest in the traditional methodologies
and Agile environments. Figure 9: Power and Interest of Stakeholders based on different goals
clearly illustrate how the stakeholders can be distributed (PD circles). Nevertheless, there can
be slight deviations from the diagram based on how the organization is internally structured
(e.q., flat, hierarchical, organic).
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If the goal changes from “Product Development” to “Requirements Traceability,” then Figure
9 shows an entirely different distribution of stakeholders (RT circles). The RT represents a part
of product development, and in the literature is mentioned that it can positively impact the
project status. However, the stakeholders' interests and power vary from the “Product
Development” goal. Such a difference is expected since the RT goal already enforces a specific
process for stakeholders and product development. As a result, the diagram provides a good
visualization of where the key tension points between stakeholders can appear. For some
stakeholders, both the power and interest increase, while for others, it decreases. Therefore, to
find a good balance between stakeholders, it is important to be informed about each player
position within the project and how it changes with the introduction of new processes and tools.

2.1.7.1 Regulatory Inspectors and Auditors

RT does serve to enhance transparency when structured disclosure about the system is
requested. Furthermore, it provides a roadmap to understand the system's integrity and safety
when this is in doubt (Kroll, 2021). An easily traceable system is less likely to be subjected to
unauthorized changes and cause any safety or security issues. Traceability in software projects
is a key criterion for auditors to certify organizations to a specific software quality standard.
The auditors represent a stakeholder on the outside layer of project development and usually
verify the processes enforced by quality assurance administrators within an organization. The
ISO 9001, ISO 90003, ISO/IEC 12207:2008, or SWEBOK represent some of the standards for
which organizations try to obtain certifications. However, such standards were developed with
the traditional methods in mind and are less flexible in accepting an alternative implementation
such as Agile with RT.
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Moreover, the differences between the legislation and methodologies practiced by
organizations leave the regulators with room for interpretation for specific articles and
paragraphs specified in the legislation/standards. As a result, an organization should always
elaborate with the local authorities or an expert of a particular market on the exact requirements
for certifications. Such conversations can save the company precious resources by not
implementing unnecessary administrative routines that reduce company productivity or
completely abandon Agile methodologies.

In the paper "An Audit Model for 1ISO 9001 Traceability Requirements in Agile-XP
Environments” by Qasaimeh & Abran (2013), the author addressed how the Agile
methodologies should be audited for 1ISO9001 certification. The paper describes a model that
auditors can use as a guideline to check if certain organizations using Agile in their projects
comply with the traceability requirements of ISO 9001 standards. The authors have developed
a model containing two criteria: "Engineering criteria” and "Management criteria”. These
criteria grade the model based on nine "Yardsticks", each measuring a unique feature of RT.
Some examples of "Yardsticks" can be summarized as: proper structure for user stories, RT
encompasses entire product life cycle, artifacts relationships, traceability links are well defined,
and others. Such models can be effective for practitioners to self-assess compliance with the
ISO9001 standard while not losing extra resources on unnecessary details.

2.1.8 Role of Humans in Traceability Loop

The RT processes are currently heavily dependent on human actions. The manual tracing of
requirements has shown to be unpleasant and demotivating. Therefore, scholars and
practitioners continuously improve the tools, methods, and processes for automated and semi-
automated testing. Thus, for Agile methodologies, which are believed to be people-centric and
very flexible, the traceability solution only relies upon automated and semi-automated tools. In
a semi-automated tool, the analysis starts with setting up the tracing tasks by selecting from
user stories and backlog the high and low-level artifacts with a specific tracing technique (see
Chapter 2.1.3.2). Afterward, the tool generates a graphical representation of the links (e.g.,
traceability matrix (RTM)). The practitioner carefully analyzes this matrix and adds the missing
traces or refactors the incorrect links. The benefit of the human-software tracing is higher
accuracy, but it can introduce the cost of high effort when the tool fails to establish the
traceability links correctly.

For the Agile way of working, even minor inconsistencies in the tool can be seen by knowledge
workers as an administrative burden with no benefit. Therefore, the reliability and versatility
of the traceability tools should represent one of the key metrics in an Agile environment.
However, a study conducted on human behavior and traceability tools by Cleland-Huang
(2012, pg. 260) show that high accuracy of TMs "does not lead to better analyst performance
in semi-automated tracing tasks do not always lead to better results”. Furthermore, the author
mentioned that an equally important indicator besides high accuracy is the human-computer
interaction (HCI). The author says that HCI is important because, with the poor Ul capabilities
of a tool, the analyst is prone to more errors and less motivated to further continue with
traceability. Therefore, a new direction of traceability research can be on developing front-end
services that increase analyst performance. Such an approach is different from what currently
exists in the literature because it focuses more on human nature than statistical analysis,
algorithms, and requirements link semantics.
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2.2 Part Il — BPMa and RT

2.2.1 Business Process Management

For many projects, the organizations follow a set of business processes that represent the core
activities that should be accomplished to meet the customer's requirements or the milestones
proposed by the project managers. According to Jander (2016), business process management
(BPMa) is a topic that is being intensively researched because it represents a combination of
best practices, technologies, and methods that can maximize the performance of the
organization. BPMa can be used to target specific or multiple departments within a business
entity so that KPIs are improved through effective cooperation, clear process visualization, and
possible automatization. According to Weske (2007), BPMa can be defined as “a set of
activities performed in coordination in an organizational and technical environment. The
activities jointly realize a business goal”. The business goal can vary based on the
organization's needs. However, in the current research context, the goal could be to effectively
integrate RT processes with Agile methodologies.

The core of BPMa is about how to effectively structure the business processes to reduce human
error and arbitrary decision-making. However, not all the processes can be structured to the
degree that they are flawlessly maintained and that no impediments to the organization's goals
are encountered. In many cases, businesses are confronted with decisions where they have to
rely on the training of their employees or on good judgment to reach the initial established
goals of an organization or project (Jander, 2016). Furthermore, the methodology focuses on
a specific business process to improve, and usually, the processes vary in terms of structure,
collaboration, repetition, and complexity. According to Leymann & Roller (1999), the business
process can be categorized based on how high or low is the business value, degree of
repetition, and degree of structuring.

e The “business value” describes how important is the business process for the
organization. The processes with a high “business value” are usually at the core of an
organization and directly contribute to the overall value the business brings to its
customers and partners.

e The “degree of repetition” refers to the number of times a process is repeated within a
company. For example, business processes aimed at mass production are usually given
a high mark of repetition. Such processes generally receive a very large budget for the
design phase because the expenses are shared between repetitions. On the other hand,
the processes that receive a lower score for repetition are only used once, and their form
remains unchanged until the specific goal is achieved. According to Leymann & Roller
(1999), the processes with a low repetition score are usually designed to facilitate the
collaboration between participants.

e The author described the “degree of structuring” as a process with a high degree of
detail for most activities and execution constraints. A high value of structuring usually
requires little to no decisions to be made by the stakeholders. The outcomes and steps
to be taken are already clearly elaborated in the business process. A structured process
requires no independent judgments by the employees and therefore minimizes the
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chances of human error. Such processes are also usually very repetitive across projects
and departments.
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Figure 10: Traditional Business Process Management Focus
Source: Leymann & Roller (1999)

Furthermore, according to Leymann & Roller (1999), the processes can be divided into four
classifications: “Collaborative”, “Production”, “Ad Hoc,” and “Administrative”. Each of these
classifications has specific strategies and design patterns for process development. For
example, the “Collaborative” processes are used for scenarios with a high degree of business
value. Still, they are designed specifically for a type of environment that creates relatively low
repetition and structure. In the case of RT processes in Agile environments, it can be argued
that these can be categorized as “Collaborative,” especially if the process is in its initial phases.
RT processes are constantly challenged by events were external judgment or experience of
employees should play a part in the decision-making process. As a result, the practitioners use
a more iterative approach to business process design, as shown in Figure 11. The BPMa
lifecycle model (shown below) is elaborated in detail in the research of Jander (2016) and
Razavian et al. (2016). The authors describe the model as an important tool for evaluating the
business processes and workflow management for different organizations. However, the BPMa
lifecycle has different starting points. If a process has already been designed, the managers
should start the process improvement from the “process identification” phase. If the process
was not yet elaborated and implemented, then the lifecycle starts from the “process design”
phase.
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The BPMa lifecycle is described in the literature as follows:

In the paper by Razavian et al. (2016), the BPMa lifecycle starts from the “Process
Identification”. In this phase, the managers overview what processes are relevant and
how the processes are correlated. The result of this step is a list of processes and a top-
view visual diagram to show the relationships between them.

The “Process Discovery” phase is where the content of the processes starts to be
elaborated. The managers discuss the roles of stakeholders, the resources, and the
responsibilities that have to be fulfilled. Furthermore, a description is done about how
the data such as documents, requirements updates are communicated between tasks and
how different processes should be linked.

The next phase is “Process Analysis,” where the current performance of the process is
being evaluated. In this phase, the weaknesses and bottlenecks of the process are
assessed. Furthermore, if certain quantitative measures for the process are available, an
analysis of different KPlIs is also performed.

The “Process Design (redesign)” action list differs based on the business processes
status. According to Jander (2016), in the case of initial process design, the managers
in this phase should develop strategic planning to achieve a strong linkage between
business goals. This phase requires a business process modeling language that can
clearly describe the process behavior while sustaining the strategic planning of the
business. In the case of “process redesign,” Razavian et al. (2016) highlights that this
phase should be focused on implementing the solutions discovered during the process
analysis. The managers can evaluate several solutions based on their complexity and
the impact on the KPIs.

“Process Implementation” is the first runtime phase where the developed business
model is tested within the organizational context. The new or changed process might
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require changes or process automation. If the automation changes directly affect the
human factor, usually this is accompanied by many tension points and extra expenses
that go into negotiation moments. However, the managers typically take into account
such outcomes beforehand and create the implementation plan accordingly.

e The second runtime phase is “Process control and monitoring,” in which the
management team can analyze information about the processes that are running in the
real environment. The monitored information can be the start and duration of a task,
interaction of the participants with the workflow process, and the errors, bottlenecks,
issues encountered over time. All the collected data can be used as an input to a new
BPMa lifecycle, eliminating design flaws and improving performance.

2.2.2 Business Process Management Lifecycle Challenges

Based on Jander (2016) and Razavian et al. (2016) studies, the BPMa lifecycle phases are
susceptible to bad design practices due to several factors that practitioners should consider.
According to Jander (2016), when practitioners develop business processes, they tend to focus
on “Administrative” or “Production” processes which are very mechanistic in nature.
However, very little attention is given by the researchers to the development of “Collaborative”
processes, which entail a certain degree of flexibility when designed, implemented, and
monitored. The author argues that a more flexible process can be achieved if a goal-oriented
approach is taken. “Workflow model agility”, “Strategic Operational Cohesion,” and other
goals examples should be used for every step in the BPMa lifecycle such as “Analysis”,
“Design”, “Implementation”.

From Razavian et al. (2016) perspective, every BPMa lifecycle phase comes with cognitive
biases that lead to bad design. The biases can introduce an incomplete process model because
participants have only partial knowledge about the system operation or the number of
participants in the process discovery is limited. Furthermore, the stakeholders can have separate
views on what processes should be changed and which ones have good performance indicators.
Moreover, stakeholders such as managers, product analysts, product owners have in mind a
map of which processes are wrong and should be changed. As a consequence, omitting the
complete process analysis phases and failing to discover the real bottlenecks and system
weaknesses.

2.2.3 Business Process Modeling Languages

In the business process management field, besides identifying business processes running
within an organization, it is equally important to acknowledge the procedure of defining the
language needed to build the models to support the business strategy and goals. Therefore, a
process modeling language represents the key elements that should be used to understand better
the business processes and strategic design workflows that can be automated and improve the
project or business KPIs.

Process modeling languages aim to support contrasting demands of two groups of users Jander
(2016):

e The business users mainly focus on the top-level business processes, strategies, and
goals of the project or organization they are activating. The user is expected to have the
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expertise, different perspectives, and good understanding of the business processes
within the organization the user is performing its daily activities.

e The technical users are characterized to have expertise in the technical fields of IT
software systems used to collaborate, design, and support business processes.

Therefore, because of the difference between the two groups, the process modeling languages
are known to be divided into three categories: informal, formal, and semi-formal. Each of these
categories are used based on how diverse the audience is, how many details are wished to be
conveyed, or portray how the processes communicate and interrelate. Based on the Jander
(2016) study, the usage of each category is described in the table below:

Informal | An example of informal language is the natural language used to describe the
business processes, usually in a written form. The informal language describes
the business processes on a very abstract level and does not have any semantics.
Therefore, when conveyed to a specific user in a group (business, technical), the
messenger and the receiver can interpret it differently. The benefit of using
informal language is to reach a large audience of technical or non-technical
stakeholders involved in a process design.

Formal | The formal language is the modeling language used to design well-defined
business processes and workflows. The formal language has strict semantic
definitions for each of its components. This means that the language has a single
way of information or process interpretation. Furthermore, the formal languages
require model designers to know the semantics and develop valid execution
processes for 1T-based systems.

Semi- The semi-formal language represents a conveyed combination of informal and
formal formal language aspects. The designers use it to develop less known processes
in natural language and the processes that are clearly defined in the formal
language. This helps the designer not be overwhelmed by forcing himself to
formalize executions subjected to change from the start. Examples of such
languages are BPMN and CMMN described in the sub-chapters below.

Table 9: Business Process Modeling Languages Categories

In practice, the researchers have identified that practitioners use many language variations and
semantics to describe their business processes. According to Jander 2016, one representation
of the modeling language can be a textual representation, for which the designer should use
specific text editors which support the semantics of the language. However, a more common
approach found in practice is the graphical representation of the language. The graphical
representation of information has a significant advantage over the textual representation by
providing really quick overviews of the business processes. Moreover, graphics are usually
more intuitive and pleasant to people, as it requires less analysis to understand the process flow
and the correlations that exist.

2.2.3.1 Language Selection

Selecting the correct language for mapping internal business processes does not represent an
easy task. Each organization has its own set of requirements and approach towards process
mapping. Therefore the language should be able to support the business goals and the workflow
of the company employees. According to Lu & Sadiq (2007), the BPMo languages (graph-
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based or rule-based) can be analyzed through the five key criteria: Expressibility, Flexibility,
Adaptability, Dynamism, and Complexity. Furthermore, the research of Pereira & Silva,
(2016), which builds on the findings of Lu & Sadiq (2007), and several other researchers, have
introduced ten additional criteria for the process of language selection. Several of these criteria
were not selected for further description due to the substantial similarity between their
concepts. For example, criteria such as Usability and Readability mentioned in the research of

Pereira & Silva, (2016) are included in the definition of Complexity in the table below.

Expressibility

The possibility the language offers to represent different organizational use
cases. The language clearly can express the process requirements and
process modeling. It uses clearly defined structure, execution, business
processes, information transactions, data management, etc.

Flexibility

Flexibility represents the capability of the language to execute the business
process based on a partially specified model, where all the additional
details are added at runtime.

Adaptability

Adaptability is about the capability of the language to allow the creation
of process workflow that can react to certain ad-hoc circumstances and
enable the execution of one or several processes simultaneously.

Dynamism

Refers to the ability to be able to modify the business process workflow
when the processes evolve or should be replaced. The evolution can be
referred to as a process improvement or something more complex such as
complete process innovation.

Complexity

This criterion helps to analyze the difficulty to design/model, analyze and
deploy in production the mapped processes. For example, the complexity
can be increased or reduced due to availability or lack of tools or support.

Formality

Refers to the property of the language to reduce the ambiguities in the
business process model interpretation and to be accurate in description
while keeping the formal aspect in place.

Versatility

Versatility is about the suitability of the language for different tasks. For
example, is the language suitable only for analysis of the processes and
documentation, or can it also be designed to be executable and deployed
on different machines?

Universality

Universality represents the level of awareness (high or low) about the
language among the knowledge workers and the level of support from the
users in terms of implementation in the business environment.

Concision

The ability of the language to describe different characteristics/angles of
specific business processes using a smaller set of components.

Tools Support

The concept refers to the availability of tools to support the main workflow
and semantics of the language.

Ease of
Learning

Refers to the amount of work required to get acquainted with the language
and master the key components to developing industry-standard designs.

Collaborative
Work

The criterion is about the property of the language to support collaborative
processes (work). An example can be system architecture design or any
type of meeting.

Table 10: BPMo Language Selection Criteria
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The criteria defined in the literature provide a good base to categorize and select a particular
language for process modeling. However, the relevance of the criteria and the weights given to
each language in practice is less prominent when there is no desire from employees to introduce
any type of change in their workflow. Nevertheless, the criteria could help to communicate
better the concrete reasons to refute a particular language selection for process mapping.

Practitioners and scholars use multiple languages and platforms to describe their business
models. Furthermore, there is no definitive universal tool that satisfies the needs of all users.
There are numerous languages due to each user's background difference and different concepts
and processes the user wishes to describe or automate. However, it is of crucial importance to
know and understand the usage, advantages, and limitations of several existing languages
before selecting a particular one to describe the business operations, processes, or system. In
the following sub-chapters, three languages will be emphasized: Flowcharts, BPMN, and
CMMN. These languages can describe and help to automate ideas with different levels of
complexity, flexibility, formality, and other criteria that might be important for specific
stakeholders.

2.2.3.2 Flowcharts

Flowcharts represent one of the earliest modeling languag that was introduced by Gilbreth &
Gilbreth, (1921). The flowchart language was quickly accepted as a means of communicating
different business processes and system behaviors among various organizations. The language
was later adopted by the American Society of Mechanical Engineers as a standard across many
industries. Over time, the practitioners have introduced slight variations to the language in
terms of components that are used to describe a particular process (Jander, 2016).

Because of its visual simplicity, the flowcharts require little to no experience in process
modeling in order to convey a certain workflow, algorithm, or describe the process of solving
a particular task. In addition to the largely used flowchart components (see Table 21, Appendix
B — BPMo Languages), there are several which can help to design more complex workflows.
These components are “or-junctions” and “summing-junctions,” which, as in the “Decision”’
flowchart component (see Table 21), helps enrich and direct the process flow. The language
also offers annotations for different data storage methods such as “databases” and “stored
data, ” which refers to hard drives, memory cards, or any other storage devices. Furthermore,
the language can describe data access methods such as “Sequential Access Storage . Also, the
designer could provide data input methods such as “Manual Input” of data or describe a
“Manual Operation”. As a result, it can be argued that the language provides all necessary
components to describe simple business processes and requires little time to get accustomed
by knowledge workers.

The introduction of Flowcharts at the beginning of BPMo chapter was done due to the
language's simplicity. The Flowcharts are most commonly adopted and known by knowledge
workers who fulfill different organizational roles. In SMEs that practice the Agile way of
working and do not have any methodology for describing their business and system processes,
Flowcharts can represent the first step towards business process modeling standardization.
According to Wiemuth et al. (2017), standardization of business process modeling has
increased workers' productivity and helped reduce systematic errors. Consequently, this
allowed the knowledge workers to further plan for applications which include automatization
of different systems and processes within the organization or specific project.
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Flowchart Disadvantages

The first disadvantage of the flowchart is the fact that the language instructions and elements
are written in the natural language, which as a result, cannot be interpreted by IT systems.
Unless, when complex natural language processing and machine learning algorithms are
applied. The lack of executable flowchart models is not a mistake by design. Instead, the
language was specifically developed to assist the workers in communicating system or business
processes to other workers. Furthermore, the computer systems that are currently capable of
running complex execution models on the local PC or remote servers were not available when
the language was developed (Jander, 2016).

The language is also lacking key components such as events. Events are referred to items that
are part of the process which can be triggered by external stimulus and can change the workflow
of a particular process. Furthermore, suppose an organization would like to move to process
automation. In that case, the business processes designed using flowchart diagrams will have
to be translated and redesigned in more syntax-rich languages such as BPMN. As a result, this
could increase the cost and introduce steep learning curves for the knowledge workers.

2.2.3.3 BPMN

The BPMN is part of semi-formal languages that can target audiences with different knowledge
backgrounds when communicating the business processes. The language was developed by the
Business Process Management Initiative (BPMI), which at a later stage was taken over by the
Object Management Group (OMG) (Jander, 2016).

The informal part of BPMN is represented using graphical visualization. It is usually a non-
executable model used for portraying a clear process flow necessary to maintain the business's
daily operations or project timelines. The informal BPMN can be developed as a means of
documentation to which every stakeholder can refer at any moment in time. Therefore, to
ensure clear communication among stakeholders, a universal business process communication
language should be adopted in the first place. As a result, it can be argued that for R&D or
small organizations, non-executable BPMN can be the first step towards bringing more value
to the customers and the business itself. The non-executable BPMN is also more simplistic in
terms of the technical infrastructure required to design the processes. It can usually be
developed either by business or technical users, which primarily design the model using
symbols widely used in practice (Recker, 2010).

According to Aagesen & Krogstie (2015, pg. 238), several case studies have shown that the
core construct of the BPMN language is known by the organizations. However, the
practitioners tend to disregard the extended set of components that provide a richer meaning
and understanding. Furthermore, the knowledge workers also tend to neglect the standardized
rules of BPMN to fit the local needs, such as improving readability or simplifying the modeling
and design tasks. Nevertheless, it should be mentioned that the case studies were conducted in
the years 2008 and 2011. In the above-mentioned timeline, the BPMNs 1.0/1.2 were still used
by organizations where the diagrams have to be mapped from “valid” BPMN to BPEL
(Business Process Execution Language), which the engines could interpret and execute.
However, the model was missing concrete process execution semantics. Therefore, as the
language was mainly used to communicate internally, and the execution was a complex task,
the practitioners made changes as they saw fit. With the introduction of BPMN 2.0 and the
improvements it brought to the execution semantics, events, choreography diagrams, and
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appearance of intuitive design tools, the process designers were put into an environment to
follow a more standardized pattern for the BPMN design so that the engine can interpret the
results. Hence, it can be argued that the risk of tailoring the BPMN standards should be less
common with BPMN 2.0. However, the workarounds can still represent a threat for
organizations using the non-executable models. Furthermore, in the Aagesen & Krogstie
(2015) book, there is no data regarding the standardization metrics and values achieved with
BPMN 2.0, and the research available on the topic is limited.

The executable BPMN requires a closer collaboration between the business and technical
users. It represents a platform composed of complex components such as local or remote
servers, data analytics tools, content management services, user rights administration,
databases, and others. The decision to use an executable BPMN in the daily business operations
or in a particular project should be supported by a thoroughly carried analysis for the return on
investment, available knowledge capital of the company, existing business processes, potential
improvements, and future perspectives. The decision should also be accompanied by extensive
research using the BPMa lifecycle and the BPMa categorization diagram as analysis tools.

Language Components

With the release of BPMN 2.0 in January 2011, a set of new features were added to the
language. Therefore, to provide a better overview of the BPMN main components, these were
categorized into four main groups: Flow Objects, Connecting Objects, Pools and Swimlanes,
and Artifacts.

Flow Objects

The flow objects are composed of three key components: Events, Activities and Gateways (see
Jander (2016), for more details).

Events These represent the trigger to start, modify or end/complete a process. Events
can be further divided into three types: Start, Intermediate and End. The Start
and Intermediate events can include additional symbols which describe in
more detail what is the trigger for the event. For example, it can be a message,
timer, error, conditional, escalation, and others.

Start Message Timer Error Conditional ~ Escalation End

Activities The activities represent specific tasks performed by a person or by a particular
system (hardware or software). The activities can be divided into four types:
Tasks, Transactions, Event sub-processes, and Calls. It should be noted that
all the activities can be generic or triggered by a particular event.

— Tasks represent single actions that occur in the business processes.
Some examples of tasks can be updating backlog, creating RTM,
writing documentation, etc. Overall the tasks represent actions that are
performed by the process participants and are usually the most
common in BPMN diagrams.

— Transactions are a sub-process component that constitutes a payment
process. The transactions verify if all participants have completed
their parts of the transaction before finalizing a particular sub-process.
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— Event sub-processes are triggered by a start event and differentiate
because the component does take part in the business process's regular
flow. These can be interrupting and non-interrupting

- Calls are activities that are external to the process definition and
allow the creation of process definitions that can be reused.

Generic Message ) Event Call
Task User Task Task Transaction subprocess Activity

Gateways | The gateways should be viewed as decision points that can adjust/modify the
process flow based on certain events or conditions. Gateways do not represent
decisions; neither should these be viewed as components that make decisions.
Instead, the gateways dictate the flow of the process. BPMN 2.0 differentiates
between seven different types of gateways: Exclusive, Event-based, Parallel,
Inclusive, Complex, Exclusive Event-based, Parallel Event-based.

Exclusive gateway routes the sequence flow to one of the outgoing

branches of the flow. It waits for the incoming branch to complete

before triggering the outgoing branch.

- [Event-based gateway represents a branching point where the
alternative paths are followed based on the events that occur.

— Parallel gateways ensure that all the outgoing branches are activated
at the same time. When the merge occurs, the gateway waits for the
incoming branches to complete before activating the outgoing flow.

— Inclusive gateway is one of the most commonly used in BPMN
designs. When splitting, one or multiple branches can be activated.
The incoming branches should all be complete before the sequence
flow continues.

— Complex gateways are used less frequently than other gateways.
However, in specific scenarios, these can simplify the need to use a
combination of multiple gateways. An example can be when a parallel
gateway starts multiple flows, but only several are required to
complete to trigger the outgoing flow.

— Exclusive event-based gateway is used to start new process instances
when the alternative paths are determined by events instead of
conditional flows. An exclusive gateway can be used when the
decision about some alternative approach should be taken by someone
external to the process (e.g. customer).

— Parallel event-based represents a combination of the event-based and
parallel gateways. It allows for more than one process to happen
simultaneously, but it does not wait for all the events to arrive.

Exclusive Parallel
Parallel Inclusive Complex Event Event
based based

Event

Exclusive based

Table 11: BPMN Flow Objects

Artifacts

The artifacts in BPMN are used to bring an additional level of detail to the designed diagrams.
The artifacts can be used to represent data from different perspectives as well as to add notes
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that describe the process better. There are three types of artifacts: Data Objects, Group Objects,
and Annotation Objects.

Data Object | The components help to represent business data that is being interchanged in
a BPMN process. Data objects can be attached to different associations
which can denote if the data needs to be stored, collected, or processed. The
data object can be of five types: data Input, Output, Collection, and Data
Storage.

— Data input can be seen as an additional requirement necessary to
complete a certain task. If the task to be completed is data-dependent,
this is usually shown with the data input object.

— Data output is usually used when a particular process or task
generates data. An example can be the process or task of developing
the product backlog or conducting a survey.

— Data Collection symbol is used when there are multiple documents
and other datasets that should be handled by the process. An example
can be a collection of requirements from different sub-systems,
invoices, etc.

— Data Storage is used when the data collected from the process should
be temporarily stored for later use. The data storage component can
be accessed at any moment in time during the process. It basically
represents a database.

Group The group object is straightforward as these are only used in the process flow

Object to organize tasks that have significance to the process or structure the overall
BPMN design for better readability.

Text The designers use the annotation object to convey a certain message about a

Annotations | particular task or processor to increase the readability and understanding for
the other stakeholders involved in the business process design.

Table 12: BPMN Artifacts Description

Pools and swimlanes

A distinctive feature of BPMN is the ability to clearly divide the process flow and tasks based
on the participants' roles and other possible external collaborators. In the context of BPMN, the
pools are used to define the major participants in a collaborative process. Furthermore, because
each participant has its own process flow and states, BPMN guidelines do not allow to connect
direct sequence flow between elements located on different pools (see table below).
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Participant

A pool can be further divided into swimlanes. The swimlanes can be used to specify a particular
group of users who are in charge of a sub-process. For example, a can pool can be an
organization, and the swimlanes can represent different departments within that organization.
Using swimlanes helps to clearly define who is accountable (responsible) for some part of the
process. As opposed to the pools, the sequence flow between the swimlanes is allowed.
However, this usually takes place via the Message flow components. Furthermore, the
swimlanes can be subdivided with additional lanes which are nested.

Participant
Participant

Participant

Connecting Objects

Similar to other graphical-based languages, there are components in BPMN that show the
relations, associations, and the sequence and message flow of its components. The connecting
objects represent lines that provide a clear view of the order of activities to be performed. There
are three symbol types: Sequence Flow, Message Flow, and Association Flow.

Sequence The sequence flow shows the main order of activities that the model performs.
Flow It is graphically represented as an arrow. The direction the arrow points
represents the sequence flow for the business process. The sequence can be
default or conditional.

Sequence Flow Default Sequence Flow
Message The symbol shows the messages that flow across the pools. The message
Flow flows are used to connect different tasks between the swimlanes. (see the sub-

paragraph below)

Message Flow

Association | The association symbol shows the relations between the artifacts and the flow
objects. The symbol is also used to connect data stores, data objects, and text
annotations. It can be directional or bidirectional.

Directional Bi-Directional

Table 13: BPMN Connection Symbols

2.2.3.4 CMMN

In the paper by Wiemuth et al. (2017) is mentioned that formalization and standardization of
process have shown to increase productivity and allowed to broaden the capability to apply
automation systems to a larger extent. However, the highly standardized processes designed
through languages such as BPMN could create difficulties for developing more dynamic
processes due to the language semantics. Practitioners and scholars have raised concerns that
the BPMN 1.0/2.0 language lacks flexibility when it comes to design processes that account
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for ad-hoc and dynamic events. Such events usually require a non-standard procedure to be
followed by stakeholders.

To address the issues raised for the BPMN language, in 2014, OMG has released the Case
Management Model and Notation (CMMN) 1.0. In 2016, OMG introduced CMMN 1.1, which
brought better visual differentiation between connectors, text annotations, the possibility to add
extensions, and many other technical fixes. The language was developed to address the problem
of designing models for unpredictable processes. However, CMMN was not designed with the
intention to replace the BPMN.

One of the key differences between BPMN and CMMN is in the workflow. According to Marin
(2016), CMMN represents a declarative language where the modeler describes “what” is
allowed or forbidden in the process. On the other hand, BPMN can be described as an
imperative language where the modeler describes “how” to proceed in each step of the process.
Furthermore, the system (model) developed using BPMN provides a clear roadmap on how to
achieve the business goal, and the model uses the workers to achieve the initially established
business goal. Contrarily, the case management systems, such as those developed using
CMMN, knowledge workers take complete responsibility to accomplish the business goal and
use the model as a tool to achieve the goal (Marin, 2016).

The case management systems rely on the knowledge worker's expertise to deal with a
particular event. However, as in BPMN, the CMMN language provides a set of components
that help the workers better communicate and improve the case management process. These
components are briefly described in Table 22, Appendix B — BPMo Languages.

CMMN Disadvantages

CMMN was introduced by OMG with the initial goal to fill in the gap in BPMo languages
when it comes to case management and ad-hoc processes. In the beginning, the language was
supported by practitioners and viewed as a valuable technique to improve the organization's
productivity. However, as several companies developed tools and created language engines to
support the CMMN semantics, the practitioners became more reluctant when it came to the
implementation of CMMN in the organization processes.

In an article posted by Deehan, (2020) titled “How CMMN never lived up to its potential.”, the
author described how Camunda, an organization specializing in BPMo languages such as
BPMN, decided to leave the CMMN support behind after several years of development and a
couple of releases. The reason behind the leave was related to the lack of traction from
organizations when a functional engine was presented by the Camunda organization. In
addition, the practitioners were reluctant to switch to CMMN because of the burdensome task
of learning a new language, which was characterized by a steep learning curve. Furthermore,
the author argues that the many processes considered ad-hoc or unpredictable, the practitioners
were still identifying repetitive elements that could be modeled using BPMN. Another
disadvantage of CMMN, as Deehan (2020) argued, was that the practitioners were missing an
explicit event modeling and labeling, which made the CMMN processes often hard to read.
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The viewpoint adopted in this study is that many SMEs that integrate RT with the Agile way
of working will face several tension points because of opposing processes required by the two
methods during the project development. Furthermore, this study analyzes if the challenges can
be managed using a business process modeling approach.

The extensive literature analysis has shown that the tensions points are not limited only to the
integration challenges of RT in Agile, but also extend to the stakeholders' interest in
traceability, alongside their roles and power within the project (see Chapter 2.1.7).
Furthermore, RT processes face challenges such as developing accurate information retrieval
algorithms and developing accurate impact analysis assessments (see Chapter 2.1.5). The
tension is also increased when the managers have to decide what traceability technique to use,
which traceability links to form, and what will be the granularity of RT (see Chapters 2.1.1,
2.1.2, 2.1.3). Moreover, the decision-makers have to consider the business and project goals,
project complexity, and as a result, design a business process model that can support the
product development, but not further increase the administrative burden and project
complexity. However, the task of designing a good BPMo comes with its challenges. Some of
these challenges are: standardizing on a BPMo language in the organization, identifying the
key processes, maintaining a flexible system, and selecting a BPMo language capable of
describing and support all the business needs (see Chapters 2.2.1 and 2.2.3).

The organizations that try to enable RT and the Agile way of working are faced with a complex
problem. However, not all organizations are equal. They don’t have the same mission, objective
and are not operating under the same regulations and governmental control. As mentioned by
Blaauboer et al. (2007), adopting RT is essentially a matter of choice, whether to trace
requirements or not during the development. Such decisions are made from analyzing the
available alternatives, which through the irrevocable allocation of resources, is expected to
have revocable resources such as time, money, innovation, and others. Therefore, an
organization might not face all the challenges and tension points described in the literature
since the return on investment to implement a complex RT and Agile process might be
negative. As a result, the management might opt for a more simple technique to reach their
target goals.

Considering all the complexity and tension expected from integrating RT methods with the
Agile way of working, one of the theoretical framework's goals is to emphasize how the tension
points are correlated. Furthermore, attention is placed on the lack of research on the topic of
how to identify which tension points are the most critical for the business or project that is
being developed. This is because the business missions, values, and needs, are different and so
are the combination of the RT and Agile integration challenges faced by them. The analysis
from Chapter 2.1, helped further to identify the details of the existing research gap. Therefore,
it is possible to conclude that very little research was done on developing a requirements
traceability integration (RTI) framework. Therefore, this study focuses on developing a clear
RTI framework and BPMo roadmap to facilitate the RT and Agile integration process at ABC
and any similar SME.
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3.1 Tension Points - Correlation

From the literature study conducted in Chapter 2.1, several tension points have been identified
when it comes to integrating RT with Agile methodologies. These tensions were studied by
scholars using different perspectives. For example, in the papers by Cleland-Huang (2012) and
Alaa & Samir (2014), the RT in an Agile environment is analyzed through the perspective of
the stakeholder roles and their interests (see Chapter 2.1.7). It is concluded that developing a
clear roadmap for the stakeholder interest in traceability can facilitate in the end overall RT
process in every environment. Every stakeholder will not be subjected to tasks characterized
by them as burdensome or irrelevant. However, if there is an increase in the project complexity,
this can directly add new challenges such as Costs, Tracing Across Organization Boundaries,
Maintaining and Scaling the Number of Requirements, and others. These new challenges can
directly affect the stakeholders' collaboration and add extra administrative burden because of
an increase in hierarchy and process management. Therefore, stakeholders' interests in
traceability cannot be assessed separately from the project complexity (see Figure 12). The
project complexity can be defined based on the certainty/uncertainty in the technology to be
developed and the agreement/disagreement in the project requirements (Stacey, 2007).

= = ey Project
Stakeholders = ™ Methodology
Power and and

Interest Complexity

Businsss RT Integration
RRe Slest with Agile RTI
eﬁ:.s Methodologies Challenges
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Figure 12: RT Integration with Agile Tension Points

In a complex project where RT and Agility are a priority, the management team should
carefully assess which RT links, granularity level, and techniques are the most appropriate to
meet their traceability goals. As mentioned in the papers by O. Gotel et al. (2012) and later
Cleland-Huang et al. (2014), there are several traceability research goals such as: Cost-
Effective, Scalable, Valuable and other. These research goals, as mentioned in Chapter 2.1.4,
can also be translated into business goals. However, if the managers do not prioritize their RT
business goals correctly, this can lead to an over-engineered traceability process. For example,
a traceability system designed to be Scalable and Cost Effective will have a different level of
complexity when compared with a traceability system that should be Portable to other projects.
As a result, an incorrect assessment of the traceability business goals can introduce complex
RT methodologies in the project, bringing new RT challenges and further increasing project
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complexity. In addition, the traceability techniques affects stakeholders' interests and brings
new RT and Agile integration challenges such as a decrease in Worker Motivation or requires
new Knowledge Workers and Skills to maintain new complex processes (see Chapter 2.1.5).

Such scenarios can be triggered from any of the tension points represented in Figure 12. As
previously described, these can create a chain reaction that makes the organizations' processes
or product development more complex. Despite the intertwined correlation shown in Figure
12 above, it is still possible to identify where a chain reaction starts and a possible end.
However, when these occur in complex real-world environments, it can take a long time to see
the complexity of the project increasing. The changes compound over time, and when an audit
is performed to see what decision caused issues within the project, it is very hard to trace.
Processes, requirements, documents, and others are changed over time by many stakeholders
who usually follow their interests and goals. In SMEs with a very flexible way of working, the
chain reaction phenomena can have very destructive implications on the projects. As a result,
it can be argued that ad-hoc decision-making, when it comes to RT, should be carefully
assessed and removed on the process level rather than focusing the RT strategy on specific
challenges, tools, and methodologies.

RT Research in Practice

The strong correlation between tension points shown in Figure 12 makes it hard to rely on a
single framework or model to solve the problem of integrating RT processes with Agile
methodologies. The researchers cannot anticipate all the challenges, chain reactions, and
possible environments in their studies. However, this does not mean that targeted research on
specific challenges will not reduce the problem complexity. In fact, it can be argued that is
quite the opposite. It is rare for an organization to face all the RT and Agile integration
challenges at one specific moment in time, if the management team went through a guided RTI
process and clearly defined their business and project RT goals. As a result, the research papers
such as Antonino et al. (2014), C. Lee et al. (2003), Gayer et al. (2016), which focus on specific
challenges like Measuring Project Status, Costs, Tools, Worker Motivation and other,
contribute significantly to researchers and practitioners because the papers provide insights and
perspectives on how organizations can solve such challenges. However, the drawback of the
studies mentioned above is that the proposed solutions involve specific tools and frameworks
that might not be generalized to similar organizations that use a different toolkit and processes
for RT in their Agile environments. Furthermore, the above metnioned research is also more
subjected to phenomena of time depreciation because the tools, frameworks used in the
industry change quickly.

3.2 Research Perspectives — Combining Part | and 11

The research performed in the literature study chapter provided five key perspectives on the
problem of integrating RT in Agile workflow:

e The first viewpoint is that the integration of RT and Agile way of working is not only
limited to the differences between RT mechanistic approaches and the Agile “just
enough (flexible)” approach. Instead, the tensions to integrate the two methodologies
into a business or project processes extends to the design and definition of business and
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project goals, stakeholders' interests, selecting the correct project methodology, project
complexity, and already existing RT technical challenges described in Chapter 2.1.5.

As described in Chapter 3.1 above, the tension points are strongly correlated and can
trigger chain reactions in the project processes, raising complexity without any trace
for the origin point. Moreover, the symptoms of an incorrect process design for
integrating RT and the Agile way of working does not manifest in the short term unless
there is a small organization, project, and team.

Many researchers have focused their studies on a particular group of challenges to
analyze and solve regarding the RT integration in Agile workflow (see Table 6).
However, no studies were found to combine and calculate the weights for the challenges
based on the practitioners’ perspective. Furthermore, no guidance or roadmap has been
developed to highlight which RT methodologies, techniques, and challenges a manager
should consider for an effective RT process in the environment where the project or
business is being operated. A researched gap that is further explored in the following
chapters.

Based on the study of Leymann & Roller (1999), a business process can be tagged as
Ad-hoc, Administrative, Production, and Collaborative. These are categorized based on
how much business value the process brings and how Structured and Repetitive the
process is. The process of RT in Agile environments can be tagged as Collaborative
because it brings high business value but is less structured and not designed to be the
same for every project.

Categorizing the RT and Agile integration process as Collaborative allows proceeding
to the BPMa lifecycle design. However, the process of design should be supported by
an appropriate BPMo language. The language selection should be based on the level of
pre-structured processes. From the literature analysis, two BPMo languages have been
investigated: BPMN and CMMN. This can also relate to the HCI concept mentioned in
Chapter 2.1.8, which refers to the aspect that human interaction with the computer
should be user-friendly, since otherwise, with poor Ul capabilities of a tool, the analyst
and process manager is prone to more errors and less motivated to further continue with
the action or process.

Research Perspectives

The research overview provided above depicts the findings, existing challenges, and the
research gap covered in the current thesis. This helps to frame this research and clearly visualize
where a significant scientific and societal contribution can be made with the following case
study. To address the challenges and the research gap described above, two new components
were added to the Figure 13 shown below. The first block is the “RTI Framework™. This
component aims to support the decision-makers to carefully analyze their goals and
environment before developing a process to sustain RT in Agile environments. This component
embeds the idea that many challenges can be addressed effectively by the practitioners if a
structured RTI design approach is taken beforehand. Because such an approach will reduce the
number of challenges to tackle, concrete solutions could be applied. As previously mentioned,
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chain reactions that can increase project complexity over time, usually come from decision-
makers that might have a lack of understanding of how the tension points are inter-connected,
what information should be traced, what processes should remain flexible, and other rigid.
Therefore, it is argued that answering these questions beforehand should reduce the number of
tensions and help develop a more structured process with the help of a BPMo language.

The data collection and analysis results described in the upcoming chapters will be used to
delineate the key components and processes of the RTI framework. The framework has the
primary goal to serve as RT pre-planning roadmap and provide answers about which are the
key RT factors to be considered by the knowledge workers in project development phase.
Furthermore, the RTI Framework will provide guidance on how RTI challenges should be
balanced in an environment where there are different points of view, interests, and biases. Such
guidance could be provided based on a BWM analysis conducted with practitioners for the
fifteen challenges identified in the literature.
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Figure 13: RT Integration with Agile Methodologies Research Contribution

The analysis and data collection performed for the RTI Framework will be directly connected
to the business process management and modeling component. The RTI framework
components will be translated to one-on-one processes using a BPMo language such as BPMN.
Therefore, the BPMo roadmap and RTI Framework should be viewed as complementary
components which are aimed to showcase the trade-offs to be made between what is desirable
and feasible given limited resources and the need to stay agile.

The BPMo part of the research is explorative and will be less susceptible to generalizability
compared to the RTI framework. The business modeling will be based on the processes and
business goals at ABC, which represents an SME moving from the product R&D phase to
large-scale production. However, certain BPMo processes like Agile methodologies (e.g.,
Scrum) and TDD are usually designed very similarly across multiple businesses since these are
implemented based on pre-existing industry standards to receive certification (see Chapter
2.1.8). The Business Process Modeling component is believed to help further maintain,
monitor, and suppress the tensions during RT integration with Agile methodologies.
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3.3 Answering SRQ |

The current study concludes that fifteen key challenges can influence the integration of RT in
Agile environments. However, it is further argued that it is of rare occurrence when all
challenges would manifest at once at a single point in time. Nevertheless, if the organization
has not developed any standardized business process model for RT, different teams might
develop their own traceability patterns. As a result, all fifteen challenges could manifest in one
organization, but these challenges are different per department and team.

Furthermore, an important observation is that these fifteen challenges cannot be separated from
other tension points such as stakeholders' needs and interests, business and project RT Goals,
project methodology definition, and RT techniques. All these factors are interconnected and
can raise project complexity if not managed correctly. Therefore, the process of integrating RT
in Agile environments cannot be viewed only through the perspective of single challenges. The
factors influencing requirements traceability can be on a different level of abstraction.
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This chapter will describe the research methods and data collection approach used to achieve
the research objective from Chapter 1.4 and answer the research questions from Chapter 1.6.

Introduction to Case Study Approach

The case study approach was selected for this research to understand better how the identified
tension points from integrating RT processes with Agile methodologies might be operating in
the existing ABC environment and how the challenges might be diminished. According to
Sekaran & Bougie (2016), case studies implicate deep, contextual analyses of comparable
situations in other organizations. Therefore, choosing the appropriate case for analysis,
understanding, and correctly translating the dynamics to one's situation is critical for successful
problem-solving. Considering that many companies prefer to guard their proprietary data, it is
not easy to find many authentic case studies (Giuliano Antoniol et al., 2017). In order to protect
the data of the company chosen for conducting the case study, the decision was made to use
the name ABC instead of the actual name of the company. The ABC company was considered
as a perfect environment for the scope of the research, which is the tensions of RT
methodologies when integrated into Agile environments (R&D and T&M departments). This
company is moving rapidly from the R&D focus to a more extensive scale production approach
while trying to integrate the mechanical processes in the Agile way of working.

4.1 Data Collection — Part | (RTI Framework)

After the desk research on the topic of RT, data collection represents the next step to develop
the theoretical framework. This chapter described the methods such as data sampling, results
validation, and how the generalizability and validity threats will be counter-measured.

4.1.1 Face-to-Face Survey

The data needed for this research will be collected through a face-to-face survey (also called
interview-survey), a survey method utilized when a specific target population is involved
(Sincero, 2012). The purpose of conducting a personal interview-survey is to explore the
knowledge workers' perspectives and gather more and deeper information on the researched
topic. There are several reasons why a combination between survey and interview data
collection methods is the most suitable for this research. First, it is essential to mention that
case studies provide qualitative rather than quantitative data analysis and interpretation
(Sekaran & Bougie, 2016, pg.55). The quality is achieved by researchers through the
opportunity to ask questions which are more detailed, open-ended, complicated or technical
(Doyle, 2005). The survey data collection part of this interview-survey method represents a
hard requirement for applying the Best-Worst method in data analysis.

Considering the pandemic circumstances, the face-to-face survey will be conducted via online
communication channels, and the aim will be to have only personal survey-interviews.
However, in the case of any technical difficulties, telephone interviews will be conducted.
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Face-to-Face Survey: Advantages and Disadvantages

One of the main advantages of the face-to-face survey is the fact that the researcher can clarify
the doubts of the interviewee on a particular question. In other words, the methodology gives
the possibility for the researcher to follow up with another question or explanation that will
provide more clarity or will allow to obtain more relevant information. Another characteristic
specific only to personal survey-interviews is the big use of non-verbal clues (facial expression,
body language) to understand better the interviewer's reaction or opinion about a specific topic.
Usually, personal interviews are characterized by a higher response rate when compared to
surveys, which is an important factor to consider when there are a limited number of potential
respondents. This is also the case for the current research.

There are, of course, certain disadvantages of the personal interview-survey. First, there are
mentioned the high costs of conducting personal interviews in the literature, which will be
mitigated using the online communication channels. The same solution will be applied to
geographical limits, which is characteristic of personal interviews. In the case of online
personal interviews, there are only two downsides and namely: response bias and
confidentiality difficulty. Therefore, the interviewees will be informed about the known issues
of the online interviews, and the option to retrieve from the interview at any moment in time
will be provided.

Telephone Survey: Advantages and Disadvantages

As previously mentioned, if there will be any technical problems to perform an online, face-
to-face survey, the telephone survey will be the alternative.

The main advantages of a telephone survey are low costs, less discomfort of face-to-face for
respondents, and less time consuming, which makes it also more efficient. At the same time,
the telephone interview is limited to only verbal clues and has a lower response rate when
compared to personal interviews.

4.1.1.1 Pre-test

To verify the comprehensibility, validity, and time needed to complete the face-to-face survey,
a pre-test is required as the first step of the survey. The pre-test will be provided to 3 persons
from the target group (see sub-Chapter 4.1.2). The feedback provided by the participants of
the pre-test is then used to update the questionnaire. Then the improved survey can be used to
collect data from the entire target group, such as software developers and managers of ABC.

4.1.1.2 Final face-to-face survey

After the pre-test phase, the final face-to-face survey will be conducted with the target
population (see sub-Chapter 4.1.2). The questionnaire participants will be asked to respond in
their role as employees of ABC company. All the respondents will be assured of
confidentiality.

To attain the respondents, an invitation to the interview will be sent using the university email
account to avoid the email being perceived as spam mail. The knowledge workers will also be
persuaded to participate by briefly explaining the aim of the research and its impact on the
company at the beginning of the survey, or in the email.
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Furthemore, by organizing/grouping the questions logically in appropriate sections and
providing instructions on how to complete each of them, will help the respondents answer the
questions without difficulty. The survey will be structured in 3 parts: Establishing credibility
and rapport, Funneling, and BWM.

> Closed questions
Interview-Surve Y
Y

L Closed questions

Figure 14: Interview- Survey Design

Establishing credibility and rapport

In order to gather honest answers from the participants to the interview, the interviewer should
build rapport and trust with them. In other words, the researcher should be able to make the
respondent sufficiently comfortable to answer truthfully without fear of any consequences. In
this respect, the interviewer should state the aim of the interview and assure confidentiality.
However, establishing rapport with the interviewees may not be easy. Some knowledge
workers could be suspicious that the researcher in on the management's "side™ (to propose a
reduction of employees or to increase the workload) (Sekaran & Bougie, 2016). Therefore it
was decided to start the face-to-face survey by introducing the purpose of the research and how
the respondent was selected to be one of those interviewed. In this regard, the respondents were
informed that this survey aims to better understand the tensions faced by organizations when
combining requirements traceability practices with the Agile way of working. In addition, the
interviewees were told that the data collected will be used to identify and compare the literature
findings with the existing practical challenges.

On the other hand, the researcher is also interested in this first phase of the face-to-face survey
to obtain some relevant information about the interviewee regarding his/her experience,
function, and department.

Funneling

At the beginning of a semi-structured interview, it is highly recommended to ask open-ended
questions to obtain a broad idea and get some impressions about the current situation in the
organization: tools, challenges, responsibilities. From the answers on the broad questions, more
focused questions can be asked, as the researcher guides the respondents’ through the interview
and takes notes of some potential key challenges relevant to RT in an Agile environment. This
transition from broad to more specific subjects is called the funneling technique (Sekaran &
Bougie, 2016). The technique will allow to get a better grasp on interviewee perspectives,
challenges and frames of thinking.
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The BWM survey will be used to analyze and understand the stakeholders’ interests and
encountered tensions in regards to RTI challenges within their working environment. The data
collected should provide insights on how practitioners rate different RT challenges, and which
ones are the most important and least important to them based on the role fullfilled within a
project. The results will be used to contribute to the development of the RTI Framework.

The final part of the data collection is the survey which consists of two closed questions
regarding the “most tension factor” and the “least tension factor”, for which the interval scale
is used. This survey design was chosen to satisfy the requirements of BWM.

After choosing the most and the least tension factors, the respondent should compare the
tension of the other fourteen factors regarding the most/least one. This approach is called
pairwise comparison. In the designed survey, the Likert scale is used to examine how strongly
subjects agree or disagree with statements on a nine-point scale with the following anchors: 1
refers to an equal amount of tension, and 9 refers to absolutely more tension, and vice-versa
(see Chapter 4.1.3 for more details).

4.1.2 Sampling Approach

Sampling is the process of selecting a sufficient amount of correct elements from the studied
population so that a study of the sample and an understanding of its characteristics make it
possible to generalize such properties to a larger population set (Sekaran & Bougie, 2016). The
sampling steps considered in this research are shown in the figure below.

Internal and External

Target Population Strata Convinient Selection Samples

Final Sample
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Figure 15: Stratified Sampling

Sampling begins with precisely defining the target population (Taherdoost, 2016). The target
population of this research consists of all the ABC employees involved in software
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development projects, who have the role of managers (product managers, product owners,
quality assurance managers), engineers and software developers, and the customers of ABC
who use internal software products. While sampling helps to estimate population parameters,
there were identified subgroups of elements within the population that are expected to have
different parameters on a variable of interest to the study (Sekaran & Bougie, 2016). The
process of stratification was applied in order to identify the groups that are relevant,
appropriate, and meaningful in the context of the research. The population was divided into
mutually exclusive groups: managers (product managers, product owners, quality assurance
managers), engineers and software developers, and the customers of ABC who use internal
software products. The convenience (non-probabilistic) sampling approach was used for
selecting the representatives of each group for collecting the data, since it implies fewer rules
to follow, gives the possibility to collect data quickly, and it is a cost-free methodology.

In order to generalize the study, the target population was extended outside the ABC
boundaries. The intention is to add managers and software developers from three similar
companies and compare them to the results from the ABC population.

Considering that the number of persons who are part of the target population is very limited
(around 30) and this study is part of the qualitative research it was decided that a sample of 13
of persons would be appropriate for the Part | of the study.

4.1.3 Data Analysis BWM

The data collected will be analyzed using "The best-worst method" (BWM), which is a multi-
criteria decision-making (MCDM) method built up by Dr. Jafar Rezaei in 2015. BWM is used
to rank several options, which are analyzed based on certain multiple criteria. In this way, the
best solution is chosen.

The benefits of BWM:

e More reliable pairwise comparison
After identifying the best and the worst options, there is a precise range of the
evaluation, leading to a more consistent pairwise comparison.

e An effective strategy in mitigation of anchoring bias
The BWM is a so-called consider-the-opposite strategy. This means that the pairwise
comparison is based on the best and worst (opposite) alternatives in a single
optimization model.

e Higher chance for a compromise on a solution
BWM is originally a non-linear model, which brings multiple solutions (compared to a
linear model). In this way, the flexibility is increased in a group-decision making
environment.

e Data (and time) efficient method
The pairwise comparison methods are either single vector methods or complete matrix-
vector methods, both types having their weaknesses. The main downside of the methods
based on one vector only is that the consistency of the provided pairwise comparisons
cannot be checked. The methods based on full matrix-vector do not encounter this
problem, but there are other issues as confusion and inconsistency, which occur because
of too many questions being asked. The BWM stays just in the middle with the two
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vectors approach, which gives the possibility of checking the consistency and at the
same time being the most data and time-efficient method.

Pairwise comparison

The goal of an MCDM is to select the most important alternative depending on a set of
decision-making criteria. Weights are assigned to the criteria based upon a pairwise comparison
between the criteria (Rezaei, 2015). In the current research, BWM will determine the factor
that creates the "most tension” within the ABC organization when it comes to integrating
requirements traceability processes alongside Agile methodologies. Pairwise comparison
between the RT challenges enables us to assign weights for factors in each dimension, which
can be associated with the importance of the factors. The most important advantage of BWM
over the other MCDM is its pairwise comparison approach, which requires less comparison,
leading to higher consistency to derive the weights (Rezaei, 2015). Instead of comparing
between each value, first the most important and the least important factor of fifteen RT
challenges identified in Chapter 2.1.6 are determined. Based upon this reference factor, the rest
of the challenges from the list are subsequently compared. The process of determining the
weights of the factors in the set of RT challenges is divided into five steps:

Step 1

The set of decision criteria is determined: RTI challenges with Agile methodologies composed
of 15 factors (cy, 2, C3, C4,...,C15). See Chapter 2.1.6.

Step 2

The expert (respondent of the survey) determines the challenge from the set of criteria (c1, C2,
C3, Cs4,...,C15), Which creates the most and the least tension when integrating requirements
traceability processes alongside Agile methodologies.

Step 3

Respondents determine the preference of the “most tension factor” over all the other criteria
(in regard of the tension it creates when it comes to integrating requirements traceability
processes alongside Agile methodologies) using a number between 1 and 9 (1 refers same level
of tension and 9 refers to absolutely more tension). These comparisons result in a best-to-other
vector.

e.g. RTI challenges with Agile methodologies Cg = (Cgz, Cs2, CB3, C4,..., Ca15), Where B: Most
tension factor

cgj indicates the expert's preference on how much more tension is created by B when compared
to the tension created by j from the RTI challenges with Agile methodologies dimension ( c),
evidently cas = 1.

Step 4

Similarly, respondents determine how much more tension is created by all the other challenges
when compared to the tension created by the “least tension factor” using an interval between
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one and 9 (one refers to an equal amount of tension and nine refers to absolutely more tension).
These comparisons result in an others-to-worst vector.

e.g. RTI challenges with Agile methodologies Cw = (Ciw, Cow, C3w, Caw,..., c15w), Where W: Least
tension factor

Cjw indicates the expert's preference on how much more tension is created by j when compared
to the tension created by W from the RTI challenges with Agile methodologies dimension ( ¢),
evidently cww = 1.

Step 5

The last step implies the calculation of the optimal weights for the set of factors: RTI challenges
with Agile methodologies (w1, W2, Wes, Wes, ..., Weis). A solution can be found when the
maximum absolute difference for all j is minimized for the following set (C in our case) {|ws-
Cgjwi|, [wij-Cjwww|} (Rezaei, 2015).

Formulation of the solution minmax

{{we-Cgj wil, [wj-Cijw wul}]

Xwei=1

wgj> 0, forall j

This formulation can be translated to a linear programming problem: min &_
|ws-Cgj wi| < &, forall j

Iwi-Ciw ww| < &L, for all j

Xwei=1

wj> 0, for all j

The model above has been formulated as a linear problem, which has a unique solution. The
solution to this model is the optimal weights for the tension created by the challenges of RTI
with Agile methodologies (wci, We2, Wie3, Wea, ..., Wels).

For the linear model of BWM, &_ is considered a consistency indicator of the comparisons, and
values of &_ closer to zero show a higher consistency level (Rezaei, 2015).

Reliability and Validity

Reliability refers to the consistency of the measurement. Reliability shows how trustworthy the
test score is and includes two components: stability and internal consistency.

Stability of measures refers to the ability of the results to remain the same over time. For
ensuring the stability part of the reliability in this paper, the test-retest method will be
performed (only for a couple of interrogates). However, because of the limited time available
for the research, the stability will not be tested.

Internal consistency refers to the homogeneity of the items in the measure that tap the
construct. The higher the internal consistency, the more reliable the survey is. As previously
mentioned, one of the advantages of BWM s that it provides the possibility to check the
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consistency of the provided pairwise comparisons, using ratios of the relative importance of
criteria in pairs estimated by a decision-maker, from the two evaluation vectors (Liang et al.,
2020). For the linear model of BWM, ¢&_ is considered as a consistency indicator of the
comparisons, and values of &_ closer to zero show a higher level of consistency (Rezaei, 2015).
Reliability is an essential prerequisite of validity, which will be explained below.

A measure cannot be valid unless it is reliable, but just because a measure is reliable, it is not
necessarily valid. Validity shows how a specific measure is suitable for a particular situation.
If the results are accurate according to the situation, explanation, and prediction of the
researcher, then the research is valid. If the method of measuring is accurate, then it will
develop in valid results.

In order to ensure the collection of valid data in the survey, the pre-test will be executed (see
Chapter 4.1.1.1). Several modifications, including clarifying and simplifying some of the
languages, can be made. Extra response categories and scale items can also be added.

Generalizability

Generalizability refers to the range of applicability of the research results from one
organizational setting to the others (Sekaran & Bougie, 2016, pg.22). The broader the scope of
applicability of the findings generated by the study, the better the research. In the current study,
the scope extends to R&D and T&M departments of technical SMEs based in the Netherlands.
The large scope makes this research of a very high value and usefulness to its users. For making
the generalization possible, the research sampling design has to be reasonably developed.
Therefore, it was decided to extend the data collection to other ABC similar-sized Dutch
companies. This sampling design will allow the comparison of the results from different
organizations and, in this way, it will increase the research validity and, therefore, its scientific
value.
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4.2 Data Collection — Part Il (BPMo Roadmap)

4.2.1 Structured interview

In order to evaluate the quality of the designed BPMo roadmap, it was decided to conduct
several structured interviews. Structured interviews are the most appropriate method of data
collection “when it is known at the outset what information is needed” to collect (Sekaran &
Bougie, 2016, pg. 208). In the case of this study, the primary purpose is to identify how and if
the designed BPMo roadmap for ABC company would help in diminishing the main challenges
identified during the BWM analysis. Moreover, the interviewees will be asked for suggestions
for improvements to the designed BPMo roadmap.

Taking into consideration the pandemic circumstances, the interviews will be conducted
virtually but still in the face-to-face format. During the interviews, the graphical representation
of the BPMo will be showed and explained to make the roadmap components clear to the
practitioners.

4.2.2 Sampling approach

Considering the time constraints for the roadmap analysis, the Convinience sampling approach
will be used. Furthermore, only three interviews will be conducted that will cover three types
of stakeholders: one manager, one software developer, and one architect.

Since the BPMo roadmap was designed especially for ABC organization, all the interviewees
will be employees of this company. The practitioners that will be selected for the interviews
are from the same population that was used for the face-to-face survey approach described in
the chapter above.

4.2.3 Data Analysis

The data from the collected qualitative interviews begins with an analysis on set of transcripts
generated from the conducted interviews (Sheppard, 2020, pg. 256). However, for the
generation of transcripts data, a specific process will be followed as described below:

e First, a complete overview of the BPMo roadmap will be given to the practitioners.

e Afterward, several questions will be asked about the roadmap and the company
processes. Detailed notes will be taken during the interviews, including both verbal and
nonverbal responses.

e Finally, the notes will be read and transformed into a conclusion regarding the quality
of BPMo roadmap for ABC company. Furthermore, with the help of practitioners,
several methods of improvement for the roadmap will be identified. These
improvement suggestions will be used as an input limitation analysis and future
research discussion.

58



3
TUDelft

This chapter will describe the results of the data collected from the interviews at ABC company
and from several external companies. The data analysis was based on ten interviews rather than
the initially planned sample of thirteen interviews as described in chapter 4.1.2 Sampling
Approach The variation of three interview samples was due to the lack of responses received
from the practitioners to participate in the study. Therefore, the analysis performed in the sub-
chapter below is based on three ABC managers, one ABC customer, three ABC developers,
and three external developers. The data collection process was followed as described in chapter
4.1. However, the “telephone interview” was omitted since all the respondents agreed to
conduct a face-to-face survey.

All of the respondents were subjected to the same interview-survey process (see Chapter 4.1)
with the final goal to identify how the practitioners describe their environment based on project
development methodologies, what traceability techniques are used in their team, what
challenges are faced with RT and Agile way of working, and in the end to define how much
weight each practitioner attributes to the 15 challenges described in the chapter of literature
study. The weights calculation and distribution were based on BWM steps described in chapter
4.1.3. The reliability of the results was assessed based on the & value and the raw data available
in Table 25 appendix.

The data analysis in this chapter provides several new insights on stakeholder roles,
environment complexity, and challenges weights, which were not mentioned in the studied
literature and provided a better overview and understanding of how RT should be integrated
into different environments. The results from the analysis are used to build upon the concepts
of the RTI framework described in Chapter 3, Theoretical Framework. The RTI framework
can be utilized to facilitate the decision-making process for selecting the appropriate RT
methodologies and techniques for ABC.
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5.1 RTI Challenges and Framework — Part |
5.1.1 Product Development Methodology

At the initial phases of project development, practitioners are constantly faced with the question
of which development methodology to use so that the best performance, quality, and quick
product lifecycle development is achieved. In the context of the current research goal and
theoretical framework, analyzing such a question is highly important. According to Serrador
& Pinto (2015), implementing Agile methodologies in the project has increased the satisfaction
of the product owners and contributed to an overall better product at the end of the cycle.
However, for larger projects, Jargensen (2018) argues that the Agile methodologies have
created more tension compared to the more traditional way of working. Furthermore, Agile
methodologies are designed for flexibility to operate and develop the product in very dynamic
environments. However, how effective such a flexible method will fit in projects where the
technology and requirements are tested for decades. The product development follows a more
linear approach, with COTS components and well-defined business processes. As a result, it
can be argued that each project should be analyzed individually, and there is no one
methodology that fits all the needs.

E gA According to Stacey (2007), system complexity

E§> can be analyzed through two components:

“Requirements close to an agreement, or far

from the agreement” and “Technology close to

certainty, or far from certainty”. Analyzing the

=N - project in these dimensions can help understand

a1 " which product development methodology is the
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Figure 16: Complexity Analysis
Ralph Stacy matrix

certainty

agreement the requirements are, we deal with a
more simple environment. An environment
where things a more static is best suited for

traditional ways of development. However, as the uncertainty increases and the requirements
change frequently, the environment because more complex, and as a result, our product
development methodologies should also change.

When the environment of the ABC company was analyzed by asking, “which methodologies
best represent the processes in the project the knowledge worker is involved”, the practitioners
did not give only one definite answer. A vast spectrum of methodologies was used in different
projects. This is represented by circles in the Figure 16 above. Furthermore, the practitioners
have stated that there is a mix between two methodologies like Agile (Scrum) with V-model
or Waterfall with Agile (Kanban). An interesting finding is that the methodology used is not
closely linked to the company department. Nevertheless, Agile was mentioned four times in
the context of R&D, and Waterfall was mentioned twice in the context of the Manufacturing
department.
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In contrast, external software engineers have described their followed process as being Agile.
The engineers mentioned that there is a combination of methodologies such as Scrum and
Kanban depending on the project. The differences can be due to the tensions observed at ABC,
where the company is trying to keep the R&D processes to further develop the product quality.
At the same time, the management team focuses on business processes necessary for large-
scale production and manufacturing, not only for software but also for hardware components.
However, the external results were based on developers working mainly with products that
were still in the R&D phase, and no large-scale production was mentioned.

. ‘ Methodology | Stakeholder = Departments
ABC Methodologies (Responses) | Roles
Agile (3) Software Production;
Engineer; Test and
Waterfall Arghitect; Measurement;
: Chief of R&D
A Waterfall; V-Model Staff
259, Waterfall (2) | Quality Production;
Assurance; | Test and
: = Agile Models (Scrum, Software | Measurement;
b Kanban, XP, etc.) Engi ing:
VModel; » AP, etc. : gineer Manufacturing;
12% = Agile Models and V- Agile and Software Test and
Model Vmodel (1) Engineer Measurement;
R&D
= Agile Models and Vmodel (1) | Project Test and
Waterfall Manager Measurement;
Agile and Project Manufacturing;
Waterfall (1) | Manager Test and
Measurement;
Production

External Methodologies

“ -

Table 14: Environment Complexity and Project Development Methodologies

Stakeholder
Roles
Software
Engineer;

Methodology Departments

((RES D)
Adgile (3)

Production;
R&D

The results from Table 14 slightly change the perspectives adopted in the theoretical framework
(chapter 3.2). The initial thought was the each SMEs have unique requirements for their RT.
Therefore, they can usually adapt their processes with a more Agile way of working and deploy
the design for multiple projects in different departments. However, Stacey's (2007) study shows
that this does not always represent the best decision because the complexity varies, and with
the complexity the product development methodology should change. But the most important
factor is that internally at ABC, the requirements agreement or technology certainty can vary
so much per department and project that each team may have unique traceability goals and
require different traceability characteristics. But as previously mentioned, the focus of the study
is on the Agile environments within organizations. From the data analysis is possible to observe
that the Agile departments are mainly R&D and Production. Nevertheless, slight variations
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exist for specific projects in both departments towards a more Agile and V-model or Agile and
Waterfall approach.

5.1.2 Goal Definition

In the Theoretical Framework of the study was mentioned that the lack of RT goals within an
organization or project could lead to chain reactions that can increase the complexity in the
long-term to very high levels. It can be argued that rarely a practitioner will weigh equally, at
a single moment in time all the RT goals mentioned in Chapter 2.1.4. Therefore, to design a
better RT business process, the practitioners should prioritize their traceability goals.

From several observations made at the ABC, it was possible to conclude that a clear goal
definition for RT was never agreed upon among practitioners who follow the same interest and
work in the same departments. Furthermore, by analyzing the answers to the open-ended
interview questions, it was possible to remark that the employees are looking towards a
Configurable, Trusted, and Portable system. The interviewees mentioned that a significant
amount of tension in their work is created by the fractured tools across the organizations and
that there is a “[1] lack of a full system that integrates everything”, and that the “[2] approvals
for certain requirements change, takes time and is not efficient”.

Therefore, it can be debated that if the decision-making process for the RT practices contained
the negotiation rounds to define the key traceability goals then, a more structured point of view
would have emerged among stakeholders, and a common system would have been adopted in
the early stages of ABC product development. And as a result, the business goals of ABC could
also greatly benefit from a systematic approach to requirements and the tool used to support
the business operations.

5.1.3 Understanding Stakeholder Needs

Several research articles which were analyzed in the literature study conclude that the needs,
interests, and constraints faced by employees in their role as a software developer, manager,
analyst, and others, are of key importance when the traceability processes and tools are changed
or new ones are introduced (see Chapter 2.1.7). Furthermore, the analysis completed in the
theoretical framework showed that stakeholders could directly influence increasing project and
RT complexity if their interests are not met, or the RT processes do not support their workflow,
which varies per role.

This sub-chapter examines the interests and needs of the stakeholders at ABC when it comes
to RT and the Agile way of working and how these relate to those found at external companies.
The gathered data analysis should further emphasize if the employees' workflow matches the
one described in the literature and if the challenges faced by different roles are caused by an
incorrect assessment of traceability needs and inaccurate modeling of business processes based
and human biases (see Chapter 2.2.2).

Before proceeding to the challenges and interests of stakeholders in RT and Agile, some
preliminary questions were asked to understand the interviewees' knowledge base about the
concepts such as Agile, RE, and RT. From the results shown in Table 15 below, it is possible
to see that the actors on average rated their knowledge on the main topics slightly above
average. However, an interesting observation is that the interviewees with a lower value for
years of relevant experience assessed their understanding of particular topics with a score on
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average of two to three points higher compared with interviewees who have more experience
in the field. Furthermore, the practitioners have generally agreed that Agile methodologies
efficiently respond to change quickly, promote communication with the team, and deliver
higher customer satisfaction. Although, contradicting results were found in the literature
studies of Beck et al. (2001), Serrador & Pinto (2015) for the topics of increasing team
members' motivation and being people-centric rather than process-centric. Practitioners have
neither agreed nor disagreed with the topics mentioned above, but Agile methodologies, on the
contrary, are highly advocated to promote such processes and values.

The compiled results on knowledge assessments provide an insight that the practitioners are
not biased towards a methodology or practice and assess their knowledge as balanced, but with
plenty of room to learn and explore new concepts and theories that probably are still unknown.
Moreover, such equitable results on the knowledge assessment bring the opportunity to explore
further the challenges faced by practitioners.

Knowledge Assestment

1 = Strongly disagree
9 = Strongly agree
| have good knowledge about Agile

methodologies

| have good knowledge about _
Requirements Engineering
| have good knowledge about the

Requirements Traceability
methodologies and processes

Years of relevant experience

(=]
=
N
w
B
w
-]
~
co
w0

Agile Perspectives

Respond to change quickly NI

Promotes frequent communication
in the team

Y:0-5 Y:10-5 mY:20+ mY:5-7
Higher customer satisfaction

Increases the quality of final
product (software)

Increases team members
motivation

1 = Strongly disagree
3 = Neither agree or disagree

I
T
Higher customer collaboration [
T
T
T
5 = Strongly agree

People centric instead of process
centric

Table 15: Interviewees knowledge of main thesis concepts

To better understand the interests and constraints faced by stakeholders at ABC and at the
external organizations, a set of questions were asked about what challenges/problems the
organization faces when it comes to integrate or maintain the RT processes alongside the Agile
way of working, or if they are familiar with any active projects currently within the company
for improving the RT integration with Agile way of working. To further explore gathered data,
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based on two roles: project managers and

[Project Manager] Increased and hard to
manage backlog due to constant changes in
the product requirements since a big part of
product design is still in the R&D phase.

[Project Manager] There is no product
owner to keep track of requirements and no
person to translate the customer
requirements to functional and non-
functional requirements.

[Project Manager] There is no process and
responsibility assigned to do prioritization of
the requirements.

[Quality Assurance Manager] There is no
process or tool implemented to help with
impact assessment analysis on a requirement
change. Therefore, no visibility is ensured,
and system quality is diminished.

[Customer] The requirements capture
process is missing entirely, and there is a
lack of a tool to monitor the status of the
requirement.

[Internal] The requirement capturing tool is
missing; if the requirements were changed at
some time, the blame is set on the developer
for not understanding the requirement.

[Internal] The frequent requirement change
rate overwhelms the requirement traceability
log and makes it unusable. This decreases the
traceability appeal to the team members, and
the process ends up being avoided by the
engineering staff.

[Internal] A tighter control on requirements
change at the start of the project will be
beneficial. However, few processes have
been implemented to support such a change.

[External] Rapid succession of scope
changes can lead to muddied traceability as a
result and decrease the product quality.

[External] No standard chapters for
documentation, any architect and developer
can document the project in its own way.

[External] Even if all the employees
followed the same course for Agile (green
belt). Every person insists on their own way
to implement the Agile process and use the
RT tools in a different way and process.

Table 16: Managers and Software Developers Perspectives on RT and Agile Challenges

The compiled challenges from the table above clearly distinguish how different roles within
the project focus on different workflows and are interested in different RT parameters.
Therefore, the results resemble a close match with the studies by Alaa & Samir (2014) and
Cleland-Huang (2012). Managers are interested in prioritizing requirements and ensure a
structured backlog. The quality assurance actor is interested in impact assessment and
requirements information retrieval. The customer is focusing on product quality but has no
visibility in the case above on the requirement status. On the other hand, the developers are
overwhelmed by the traceability log since they are interested in tracing acceptance criteria,
viewing assigned open requirements, and performing development.

Table 16 provides two more insights on the RT in dynamic environments. Firstly, the missing
processes of RT at ABC create tension between different stakeholders' roles. As mentioned by
an internal software developer, the missing process of monitoring requirements might result in
misunderstandings and arguments between different roles. As there is no description of the
actual functional or non-functional requirement, there is no party to be made responsible if a
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requirement was not delivered as expected. The second insight comes from an external
developer that emphasizes that even though the employees follow the same training to
implement Agile methodologies and RT practices, they still view the business processes
modeling and implementation differently from the rest of the colleagues. From these findings,
it can be argued that product development methodologies and RT practices should be
accompanied by semantic-based solid modeling languages that define a clear implementation
process. Nevertheless, such results increase the validity of the study by Razavian et al. (2016)
on how cognitive biases negatively impact the BPMa lifecycle.

An interesting observation is that several interviewees mentioned some key challenges related
to RT integration with Agile methodologies before introducing them to the BWM analysis.
Some examples are “frequent requirement change control”, “impact analysis after requirement
change”, “worker motivation to trace the requirements,” and others. A strong correlation was
observed between what was initially described by several practitioners and what later was
selected as the “most tension” and “least tension” in the BWM survey. It can be argued that it
gives further validity to the challenges defined in the literature and what practitioners
experience in their daily work.

When asked about the existing solutions to address the RT challenges, the managers had more
extensive knowledge on the topic. They mentioned integrating several tools, switching from a
fractured tool base to a more structured one and others. However, the developers were less
aware of upcoming changes and proposed solutions. This points to a lack of communication
between different roles- a tension and a challenge that is separate from the process of RT
integration in Agile environments but directly influences and increases the complexity of
integration. It can be argued that these observations further validate the theoretical framework,
which emphasizes that the tension points strongly correlate, and the process of RTI should be
investigated as a wicked problem as described and defined by Rittel & Webber (1973).

5.1.4 Traceability Characteristics

RT is a complex process that should be managed within organizations to increase product
quality and customer satisfaction. Even though RT as a process has been implemented in many
organizations successfully over the years, the scholars are still faced with a set of RT challenges
such as: developing more accurate information retrieval models to help with project analysis,
introduce flexibility and adaptiveness in RT tools to improve the HCI, support the management
team with query parameters that give a better overview on the impact assessment on
requirement change, and others (see chapter 2.1.5). However, until an RT tool is developed
that fits all the organizations' needs, each management team is responsible for carefully
designing their RT business processes to support their product development. This requires that
the actors understand traceability methodologies and techniques and set boundaries to what is
essential to their business goals.

To assess how practitioners tackle the RT challenges and understand what parameters and
techniques are used in their daily operations to monitor requirements, an open-ended question
was asked about the organization's current tools and methodologies for requirements
traceability? From the received responses, it was clear that the practitioners felt more
comfortable discussing the tools rather than starting a conversation about requirements
traceability techniques, traceability links, and what granularity level is actually important to
trace in their current projects. Despite the above-average results achieved for the self-
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assessment on the RT methodologies and processes in Table 15 above, the interviewees were
more conservative to elaborate on the above-mentioned topics. However, many practitioners
did mention the workflow of RT in their projects. The RT flow usually starts from the product
datasheet specified by the customer. Then the requirements are discussed and translated into
additional functional and non-functional requirements. These requirements are then stored in
different tools, and each project manager is responsible for translating them and manage their
product backlog. The workflow described by practitioners only refers to one type of RT, which
is Forward Tracing, mentioned in chapter 2.1.2 and described in reasonable detail in the
Cleland-Huang (2012, pg. 20) paper.

Nevertheless, one interviewee noted that an RT technique used is RT matrices. However, a
problem faced is that the requirements specifications do not match the tasks necessary to
accomplish the requirement. That very little traceability and analysis is done on the topic.

Another interesting insight on the topic of RT in Agile environments is provided by the Figure
17 shown below. The graph provides an overview of all tools used at ABC to perform RT and
monitor product development status. The toolkit mentioned by each practitioner highly
correlates with their role. For example, software engineers at ABC noted that their traceability
tools are Jira, Git, Confluence, Gitlab, and Asana. On the other hand, the project managers and
product owners referred to PDM, Smartsheets, Arena, and Asana. Such a fractured overview
of the tools can represent a symptom of the long R&D period the ABC processes were subjected
to. Nevertheless, bringing the tool to a more standardized package should start with several
negotiation rounds between different teams to compromise. A long-term operation with a
fractured eco-system can drastically decrease the organization's product quality and
ambidexterity.

ABC and External RT Tools
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Figure 17: RT Tools at ABC and External companies

5.1.5 BWM Weights Analysis

This chapter will address one of the research gaps mentioned in the theoretical framework and
mainly analyze and describe the weights for the most tension and least tension RTI challenges
in agile environments based on the practitioners' perspective. As mentioned in chapter 2.2.3,
no analysis was found on the topic in the studied literature. The calculation of weights (W,
We2, Wes, ..., Weis) and the & value was done based on the 5 step process described in chapter
4.1.3. The sum of weights calculated for each interview satisfies the conditions: X wCj = 1 and
wCj >0, for all j.
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The approach to analyzing the BWM results will be based on the stakeholders' roles as defined
in the literature study, chapter 2.1.7. The reason to take such an approach is based on the goal
to understand how different stakeholders rate the RTI challenges based on their roles. The
Figure 18, provides the first view on which challenges the practitioners think to create the most
tension when integrating RT in Agile or flexible environments.

All Interviews Data

Frequent Requirements Change Control
Tracing Across Organization Boundaries
Impact Analysis after Requirements Change
Administrative Burden

Product Development Lifecycle
Maintaining and Scaling the Number of Requirements
Documentation

Measuring project status

Worker Motivation

Identifying Granularity Level

Workers Knowledge and skills

Automating Traceability Links

Tools

Costs

Regulatory Compliance

0 0,02 0,04 0,06 0,08 0,1 0,12 0,14
BWM Weights

Figure 18: RTI challenges weights based on all interview samples

The practitioners have rated the “Frequent Requirement Change Control” as the most tension
challenge. The challenge is described in the literature as the ability to keep pace with constant
and frequent requirement changes of the projects. Such a result is expected since the challenge
was mentioned several times during open questions during the interview process. Several
studies have tried to address a group of challenges, including the frequent requirements change
witnessed in Agile environments. The tools such as TraceMan (Extended); AMME; Echo, and
other mentioned in Table 7: RT Solutions for Agile Environments describe that automated task
status updates and the TDD approach should reduce the tension of the challenge. However, as
mentioned in the theoretical framework, such solutions might address the symptoms but not
the actual problem. The actual problem, for instance, can come from an external tension point
unrelated to RTI, such as lack of communication between different roles within the
organization or lack of knowledge workers to maintain and regulate the requirements flow.
During an interview process, an interviewee mentioned that sometimes an employee should
take the shoes of 2 or 3 roles (e.g., project manager, developer, and analyst). Therefore, it can
be argued that to address such challenges, a broader perspective should be taken into
consideration as the first step and then address the problem through different automation tools.
This argument can be further supported with the low weight achieved for the challenges of
tools, automating traceability links, and costs.

As mentioned at the beginning of the chapter, the current sample differs from the one planned
during the research approach design. The final sample contains four stakeholders with
managerial roles and 6 with a developer role. Therefore, Figure 18 does not accurately express
the weights given by different roles to the RTI challenges. To address this issue, the data was
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divided into the management group and the developer group, as shown in Figure 19 and Figure
20. The first very noticeable difference between the two groups is represented by the weight of
the Documentation challenge. For the managers at ABC, the documentation creates the most
challenge when it comes to integrating RT into their projects, and a weight of 0.125 was
calculated. However, the developers assigned to documentation a weight of 0.04. The 3x
difference between groups on a particular challenge showcases how important it is to
understand such divergences and develop a proper decision-making process to prioritize which
challenges to be addressed first when developing a business process for RTI.

ABC - Management Tension Areas
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Figure 19: Management perspective on RTI challenges

Nevertheless, the Frequent requirements change control is rated by both as a challenging
process that creates a lot of tension in their workflow.

An anomaly in the results can be noticed in Figure 19, related to the Measuring project status.
Such a low weight is unexpected because the challenges mentioned by practitioners during the
open-questions interviews should also create tensions to accurately measuring the project
status, yet this is not the case. Having said that, in studies conducted by G. Antoniol et al.,
(2006), Curcio etal. (2018), it is mentioned that failing to measure the project status accurately
can lead to different design failures during the project development. Nevertheless, the studies
point that in practice, the status attribute of every requirement is not used and is ignored by
most stakeholders. This can be further explained by the fact that R&D processes and ways of
working still prevails over more structured and mechanistic processes required for large-scale
product manufacturing and operations.
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Developers (ABC & External)
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Figure 20: Software Developers perspective on RTI challenges

5.1.6 ABC Challenges — Summary

The ABC challenges discussed above can be summarized in several bullet points as described

below:

Until a certain point, there was no specific methodology used to define the product
development methodology. As a result, the management team does not have at their
disposal the correct tools to help define a standardized process for a particular project
complexity.

The Agile methodologies are not seen in the company as being people-centric, but
rather more process-centric. However, most employees agreed that the method helps to
respond to change quickly and promote communication within the team. Nevertheless,
as in the case of project complexity, the organization lacks a clear roadmap on how to
add Agile to certain projects and the process to be followed.

The company is still working on defining the correct processes that will make a person
responsible for prioritizing requirements and taking the role of the product owner for
specific projects.

The ongoing work to define roadmaps for product development and define the process
to assign responsibility for requirements prioritization directly influences the workflow
and productivity of the software developers. For developers, the frequent requirement
change and the lack of standardized processes were mentioned to overwhelm tracking
the traceability log. Furthermore, because there is no person responsible for
requirements in certain projects, the blame is placed on developers for
misunderstanding the requirements. Therefore, from developers’ perspective, tighter
control on requirement change is required.

Another challenge is the lack of standardization for writing the documentation among
software developers. Even though certain guidelines were created, every developer can
define a preferred tool and structure to write the documentation. However, it should be
mentioned that on the top level, the requirements specification documents, system
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design documents, and others follow a more rigorous control and templating. On the
other side for certain R&D projects, such control is missing.

e The complexity increases for managers and developers by the fragmented set of tools
used across the organization. Version control systems such as git are combined with
tools like Jira and Gitlab that both are operating and serving the same goal. The same
follows for different aspects of documentation (e.g., Confluence, Word, Google
Sheets), which do not have a common place for storage and naming convention. The
product backlog and requirement tracing (Arena, Asana, Smartsheets, etc.)

e From the collected data, the practitioners have not defined a set of goals for the
traceability systems that will satisfy the business values and mission. Even if the
management team defined the goals, these are not properly communicated throughout
the organization. As a result, this leaves many employees wondering why some
processes are necessary.

e The BWM analysis has shown that there are also several conflicts between stakeholders
on prioritizing the RT challenges that should be tackled first.

The challenges will go as input to the business process modeling. The non-executable will be
used because of the existing problems. Semi-informal and formal language because it provides
a more rigid environment to understand the process flow etc.

5.1.7 RTI Framework

The data analysis performed in the above sub-chapters brings the current research to address
the next research gap discovered in the literature study. The gap refers to the lack of a
framework that can be used to understand which tension points a manager or any other
stakeholder should consider for an effective RT integration in Agile environments.
Furthermore, there is no explicit representation of the process practitioners should follow to
define possible tensions in their environment clearly. Therefore, with the help of the data
analysis performed in the chapter above, and the research conducted for the literature study, an
RTI framework is proposed, as shown in Figure 21 to support the decision-making process of
practitioners when it comes to RTI.

Prioritizing key RT Challenges

BPMa
Traceability
Lifecycle
Planning

Product Business and
Development Project RT Goals
Methodology Definition

Prioritzing
Traceability
Interests

Challenges
Weights
Analysis

Stakeholder
Analysis

Process
Categorization

Traceability
Characteristics

Prioritzing Key
Challenges

BPMa Design

Using Collected Data from the research

Figure 21: RTI Framework

The process flow shown in the RTI diagram closely resembles the flow used to perform the
data analysis in the case study. The variables analyzed in the data analysis chapters were
correlated in the theoretical framework. The same variables (tension points) mentioned in the
theoretical framework were used to collect key information from face-to-face interviews to
understand better the RT integration challenges in an Agile and flexible environment such as

70



3
TUDelft

the one at ABC. The results from data analysis have shown that by analyzing in a systematic
and structured way, the tension points discussed in the theoretical framework can help identify
the root cause of several RTI challenges and point to other tension factors that can indirectly
influence the process of RT. This point of view is also supported in a study by Rempel et al.
(2013, pg.1), which mentions that “...the overall quality and mismatch of analyzed traceability
suggests that an upfront-defined traceability strategy is indeed required. Furthermore, we
show that the decision for or against traceability relations between artifacts requires a detailed
understanding of the project’s engineering process and goals”.

Stakeholders Interests and Traceability

In chapters 5.1.2 and 5.1.5, the data analysis supported the findings in the literature regarding
the stakeholders' roles and their different workflows and interests when it comes to RT.
Furthermore, the BWM analysis has pointed to a new tension factor in the project development.
Stakeholders with different power in a project had given equal weights to different RT
challenges. For example, the developers ranked as high tension the frequent requirement
change control (weight = 0.12), whilst the managers have as the most tension factor the
documentation (weight = 0.12). Therefore, in such scenarios, which RT challenge should be
addressed as a priority when the time and budget is limited by the organization? A dichotomous
answer to this question cannot be given. However, in such situations, the stakeholder interests
can be used as a foundation factor to start the negotiation process. For example, one of the
developers' workflows and interests is viewing assigned open requirements, whilst the
managers are interested in having a structured product backlog and documentation. Therefore,
common ground can be reached by using web-based documentation that can combine both
interests.

Another point of view that can be taken is to ask what causes such high tension for frequent
requirements change control and documentation? The analysis of this question can lead to
identifying the third hidden factor, which is the causes of both challenges. The root cause
analysis of the problem can be identified using the Five Whys technique developed by Sakichi
Toyoda, and as described in detail by Serrat (2017).

In the paper by Cleland-Huang et al. (2014, pg. 59) is mentioned that “[1] Traceability
research must be driven by the needs of its stakeholders, who ultimately adopt tracing
solutions...[2] there is little prior work that examines the specific needs of the stakeholder in
the traceability process and, as a result, academic researchers are left making assumptions
about industry needs”. The developed RTI framework in part I of the study, is founded based
on the conception to take in the early stages of RT business process development the
stakeholders' needs. The steps such as the “Complexity Analysis”, “Goal Definition”, not only
help to define what tracing techniques are the most important but also aid to correctly
categorize the business processes for further RT processes modeling (see chapter 2.2.1).
Nevertheless, the RTI framework contains the main components to be a valuable guideline for
practitioners to define a map of higher and lower surface tension points for RT integration in
different types of environments. However, for other types of organizations, new weights
calculations should be performed.
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Business Process Modeling Phase

The last three stepts of the RTI Framework are composed of Process Categorization, BPMa
Lifecycle, and BPMa Design.

The Process Categorization step helps to set the correct perspective on the as-is and to-be-
developed process. From the ABC analysis, it was concluded that the organization's as-is
processes are Collaborative. However, there is low structuring and repetition, which causes
tensions points for frequent requirement change control and documentation, which as a result,
increases the administrative burden with no added value. Therefore, ABC is currently aiming
for a more structured and repetitive process that can be used in multiple cross-functional teams.

The next step in the RTI Framework is BPMa Traceability Lifycle Planning. After categorizing
the as-is and to-be processes for RT, the practitioners have to identify the key steps in the
product development operations that are inefficient, missing, were designed with no particular
goal, or have been the result of some cognitive biases as described by Razavian et al. (2016).
In the case of ABC, it was possible to conclude from the interviews and on-site observations
that most of the company processes were developed with the initial goal to sustain the basic
operations of R&D activities. However, with the company's growth, the established processes
cannot support the required standards by the customers, industry, shareholders, and legislators.

The BPMa design is the last and relatively complex step in the RTI Framework. If there is no
standardized business process description language adopted in the organization, this would be
when the practitioners have to make a clear selection. The language selection for BPMo should
be based on the process categorization, goals, and the complexity to be described by the
language. As described in chapter 2.2.3, the language can be formal, informal, or semi-formal.
Furthermore, the BPMo can be executable or non-executable. For ABC, the answer for the
language that should be used might vary based on the department (e.g., production, R&D). If
to look from the R&D perspective (as defined in the research scope), the organization should
aim for a non-executable language that can be transformed into executable processes. Having
a flexible language will ensure a more tension-free adoption across the company
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5.1.8 Answering SRQ 11

The framework capable of reducing the RTI tensions in Agile environments has seven building
blocks aimed to help the practitioners approach the RTI in a structured and strategic way.

From the designed framework, the first step to RTI is to understand the complexity of the
project or environment in which the integration should take place. The complexity should be
analyzed based on the level of agreement or disagreement for the requirements, and based on
technological certainty or uncertainty to be used in the project. This first component in the
framework forces practitioners to decide on the correct project development methodology to
use (Agile, V-Model, Waterfall, etc) (see Chapter 5.1.1). The next step is about understanding
the project and the organization's traceability goals. For instance, the business goals can vary
from developing a portable RT system or a more cost-effective RT system. Clearly defining
the goal will help understand which traceability methodologies and techniques are the most
appropriate for the practitioners' circumstances (see Chapter 5.1.2). In this way, it can be
avoided that a decision-maker must consider all the fifteen RTI challenges at a single moment
in time. As a result, the practitioners should start thinking about trade-offs in the early phases
of project planning.

The next step in the framework is to understand the stakeholders' needs and interests in
traceability. The literature studies, and the performed data analysis, have clearly shown that the
stakeholder roles in traceability are of key importance. If the implemented RT business
processes do not support the stakeholder workflow, the practitioner will avoid the process
altogether, or will try to circumvent it. Therefore, a framework that can enable requirements
traceability in Agile environments should contain a table defining which traceability challenges
are of key importance for each stakeholder role. For example, if to consider that two
stakeholders, with different roles, are conflicting because of an equal amount of weight given
to two different challenges, then the RTI framework provides a negotiation step where the
manager should take into consideration the stakeholder's interests and workflow.

The last step of the framework is to help practitioners to design a business process model that
will support RT in Agile environments. The framework uses the input from previous steps of
the framework to define the process categorization (e.g. Ad-hoc or Collaborative). As a result,
this would help to determine the proper business process modeling language to create the
design. The implementation of the business process model should be guided by the BPMa
lifecycle and the RT goals defined in the initial steps of the framework.

The processes that introduce RT in Agile environments should be adapted periodically based
on the external environments and the changing needs of stakeholders. This is also shown by
the feedback loop in the RTI Framework from Figure 21.
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5.2 Roadmap Design — Part 11

Based on the conducted literature study, theoretical framework, BWM data analysis, and the
RTI Framework, a BPMo model for ABC will be designed In. This chapter describes the
aspects of ABC Business Process categorization, ABC traceability lifecycle planning, and the
business process modeling using the BPMN language. Moreover, the BPMo design shown in
Figure 22, represents an extension for the RTI Framework steps. Therefore, both diagrams
should be viewed as complementary rather than separate components to solve RTI problem.

It is essential to mention that the following chapter does not attempt to develop an executable
model using BPMN. The language will be used as a semi-formal method to communicate the
processes that can be implemented at ABC in order to sustain a good BPMa lifecycle in the
context of RTI framework and Agile way of working. The model will be based on the literature
study, information gathered during the interviews, survey, and BWM data analysis.

5.2.1 RT in Agile - BPMo Design

The RTI Framework described in Chapter 5.1.7 provides concrete steps to reduce RT tensions
in Agile environments. However, the framework should be translated into business processes
using a BPMo language. Nonetheless, before designing the BPMo roadmap, it is important first
to analyze the ABC environment from the business process perspective. Such an approach will
help to understand what processes (e.g, Collaborative, Production, Ad-Hoc) are better suited
for ABC, and the challenges encountered in the organization when maintaining the business
processes lifecycle.

Furthermore, the process mapping for ABC is also affected by the slight variation of role
definition compared to different literature studies. Each organization defines the roles slightly
differently in the project. For example, at ABC, a product owner can also fulfill the role of the
system architect.

5.2.1.1 Process Categorization and Business Processes Lifecycle

As already mentioned in Chapter 2.2.1, according to Leymann & Roller (1999), the processes
can be divided into four classifications: “Collaborative”, “Production”, “Ad Hoc,” and
“Administrative”. Each category describes how structured or ad-hoc a specific business process
is and how much business value it brings. From an organizational perspective, any
improvement in employee productivity, product quality, or reduction of costs are considered
aspects that can bring high value. ABC company has a large base of processes ranging from
structured ones in the production environment to the more ad-hoc and less mapped processes
in the R&D department. However, the organization has many processes that are constantly
being subjected to change due to many uncertainties that come from technology development.
Furthermore, business processes considered at some stage rigid and structured can become
unsuitable in a short period of time due to new challenges/variables that were not accounted
for at the beginning of the process development. The constant change in the business processes
resulting from the uncertainties of design innovation leaves many knowledge workers
unmotivated to spend time mapping (developing) business processes that might change
quickly. Therefore, many projects in the R&D department at ABC give very little attention to
process development. Instead, the focus has been shifted to product development. As with any
organization that for many years stayed in the R&D phase and heavily relied on external
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investments, the focus is to break even and release a functional product to the market that meets
the customers' specifications.

Nevertheless, shifting a lot of resources in product innovation and development, and leaving
behind process mapping and design might not be the fastest way to increase the organization's
value. Paying more attention to processes running within the R&D department at ABC could
allow managers to take a more top-view approach and observe inefficiencies that, if addressed,
can speed up the product development/innovation. However, more literature analysis and
interviews should be conducted to arrive at a more definitive conclusion on the topic mentioned
above. Still, due to a limited time frame, this was not entirely further researched.

The lifecycle described in Chapter 2.2.2 represents the idea that the business processes usually
cannot be designed to be static for an extended period of time in any organization. Therefore,
there should be a constant overview and analysis of the existing business processes to achieve
optimum performance within any company. However, even if from a theoretical perspective,
following routinely the business process lifecycle steps can increase the business value and
contribute to better product quality, in practice, the lifecycle might not be followed rigorously.
In a rapidly changing environment such as the one at ABC, process management can require
many resources. Usually, changes in the business process can require a lot of time to be
implemented. Furthermore, such changes might manifest their benefits in the long term rather
than the short term. Time, however, can represent a key resource that might not be available,
especially when the market moves quickly and the competition is very high. Nevertheless, the
business process lifecycle diagram is shown in Figure 11, Chapter 2.2.2, which starts with
analyzing the existing “as-is” processes before a new re-design. However, the current thesis
does not analyze “as-is” processes in great detail due to the lack of resources and time. Still,
the observations and interviews from Part | are used to creating a probabilistic overview of the
“as-is” processes.

In conclusion, it can be argued that process mapping should be approached with diligence in
dynamic/ad-hoc environments where resources are limited and time-pressure to market is high.
However, in such scenarios, practitioners could rely on the industry best practices that will
serve as a good foundation to propel the organization when it has more resources and time to
design and standardize the business processes in different departments. For example, for
software engineering, such best practices can be version control, standardized documentation,
and scheduled peer-review. At ABC, more emphasis had to be placed on the best practices in
software, hardware, team management, design innovation, and product development lifecycle
at the early stages of the company foundation. Designating specific roles or sub-teams
responsible for implementing and researching industry best practices can be an initial first step
with high impact. However, as the organization grows more prominent, the complexity to
implement changes also rises drastically because of multiple stakeholders' interests. Therefore,
even if the management team would act in everyone's best interest to promote industry best
practices, a lot of attention should be given to stakeholders' interests/power and to the “negative
stakeholders” mentioned in Chapter 2.1.7. Furthermore, through interviews and observations
performed during non-formal discussions with the ABC management, more transparency
should be made on the business goals and business process modeling lifecycle. Overall, the
employees reflected that a better overview has to be provided by the top management on the
company strategy and how specific projects can help achieve the company goals.
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Consequently, this would increase employees' motivation and allow them to contribute better
to design innovation and product development life cycle processes.

5.2.1.2 BPMN Language Selection

As mentioned in Chapter 2.2.3 and briefly in Chapter 5.1.7, mapping the business processes
requires selecting a specific modeling language. In the literature study chapter (see Chapter
2.2) it was mentioned to choose a BPMo language, a designer/manager should pay attention to
three key aspects: Process Categorization, BPMa Challenges and BPMo Language Criterias.
As described in the chapter above, the processes at ABC vary per department. But if to closely
analyze the R&D branch of the company, the processes that are followed are either missing,
are Ad-Hoc, or Collaborative. When it comes to business process management lifecycle, the
practitioners focus mainly on product development and take less into consideration the business
process management for several reasons mentioned earlier in the thesis. Therefore, considering
the company approach to process management, there are several essential principles to
consider. From Table 10 in Chapter 2.2.3.1, it is possible to identify five key criteria that might
facilitate the BPMo language integration at ABC. These criteria are Expressibility, Low
Complexity, Ease of Learning, Tool Support, Universality, and Formality. However, it is
important to mention that no data was gathered from employees to identify these criteria. These
were only based on the observations and the interviews/survey conducted in Part | of the thesis.
Therefore, the actual requirements of ABC employees for a process modeling language can
slightly vary.

After an analysis of available literature, no study was identified that compared the Flowchart,
BPMN, and CMMN languages on the above-selected criteria. Nevertheless, the exclusion
method can be applied to estimate an appropriate modeling language for ABC from the ones
researched in Chapter 2.2.3.

It can be argued that Flowchart, even though it satisfies most of the above properties, the
language lacks expressibility when it comes to describing certain event-driven business use
cases. When it comes to Ad-Hoc or Collaborative processes, the event-driven approach to
design business processes can be an essential criterion for a well-defined and explicit mapping.
The CMMN language was designed by OMG to be case-driven and address the business
processes that are ad-hoc. But the language lacks in terms of Universality, Formality and Ease
of Learning. Furthermore, certain market players such as Camunda have also dropped their tool
support for the language (Deehan, 2020). Therefore, a language that overall could satisfy the
majority of criteria is BPMN. According to a study by Pereira & Silva (2016), the BPMN has
scored the highest on the criteria mentioned in Table 10 in Chapter 2.2.3.1. However, in the
Pereira & Silva (2016) article, the BPMN was compared to languages such as EPC, UML-AD,
RAD and IDEF. The grade given by the author from 0 to 5 was based on the support or lack of
it for the abstract criteria discussed above. Furthermore, the grading process is not the most
accurate because it is based on the author's perception of the language's capabilities and the
other scientific articles describing the languages. In addition, the author didn’t gather any data
from practitioners to support its claims of the BPMN results. Nevertheless, the scholars and
practitioners overall agree that BPMN is a universal language for business process modeling
which was largely adopted by practitioners in many industries.
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Therefore, because the BPMN satisfies most criteria and represents a largely adopted language
by practitioners, it will be selected as a language to map the RTI process at the ABC Agile
environment.

5.2.1.3 Role definition

In Chapter 2.1.7 of the literature study, different stakeholder roles were analyzed, and their
unique interest in traceability was described (see Figure 8). The division between each
stakeholder role was clearly delineated and their potential input or tasks during the project
development. However, in practice, a slight deviation from the theoretical definitions of roles
was observed when studying the ABC environment. At ABC, a single knowledge worker could
take the responsibility of several roles, such as the ones of a Developer, System Architect, and
sometimes even Product Owner. Furthermore, the role definitions are not set in stone for every
single project. As a result, mapping the business process for the RTI has an additional challenge
because the role definitions do not vary per department but often vary per individual project.

Such a designation of roles at ABC can be due to three factors:

e Firstly, the organization does not have a clear categorization of roles within the project.
Furthermore, at the beginning of each project, in many cases, there is no pre-planning
done for assigning an employee a specific role. As a result, the lack of a clear definition
of roles often creates confusion about who should be responsible for particular
requirements or release dates. It is important to mention that the researched departments
at ABC were mainly R&D, where employees usually face more flexibility in product
development methodology. Nevertheless, because of the lack of a clear process to
define the project methodology and the lack of a process to assigning responsibilities
through roles, the development of the products is less efficient and often creates a lot
of miscommunication between the teams and the customer (internal and external).

e Secondly, the project (to be developed) might be relatively simple and does not require
a whole team working on its components. Therefore, a single employee is assigned
responsibility for the deliverable and fulfills most of the project roles. Such an approach
can prove effective as long as the employee is not responsible in the same manner for
several other deliverables/projects. However, at ABC, one employee is involved in
multiple projects at the same time. As a result, the quality of requirement traceability,
project documentation, and industry best standards are not followed accordingly.

e The last factor is due to the lack of resources. For example, a single knowledge worker
might sometimes be assigned multiple roles because there are not enough resources to
support the project with a larger team.

Regardless of why a single knowledge worker is fulfilling multiple roles during a project, there
are still mechanisms that, if implemented, can improve product development lifecycle and
requirements traceability. For example, creating and assigning the role of a Reviewer, can help
to ensure that certain company standards for traceability, documentation and other industry
best standards are followed. There can be two types of reviewers:

e Aninternal reviewer who knows the details of the project and besides the standards can
also advise on system architecture.
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e An external reviewer only ensures that the requirements traceability practices are
followed, the documentation is updated, and the correct template is followed.

In conclusion, it can be argued that ABC should pay close attention to follow a specific product
development methodology (e.g. Scum), use a common tool base, and follow a process to define
different roles within a project, and assign particular responsibility to those roles.

5.2.1.4 Process Mapping (BPMN Overview)

This sub-chapter describes the BPMo diagram designed to improve the requirements
traceability practices in an dynamic/ad-hoc environment at ABC and increase the efficiency of
the product development lifecycle. The selected language for process mapping and design is
BPMN, as described in Chapter 5.2.1.2.

The BPMN roadmap was developed using the RTI Framework and the data analysis performed
in Part I, combined with the study of ABC processes described in Part 11, as shown in Figure
22 below. The BPMN roadmap follows the building blocks of the RTI Framework. The
roadmap is created from a single pool called ABC - R&D Department. The Pool is further
divided into several swimlanes such as Product Owner, System Architect and Software
Development Team. The swimlanes, as described in the literature study, represent key roles for
achieving the business goal. In this case, the business goal is to integrate RT in an Agile
environment and increase product development KPIs at ABC. Furthermore, the Software
Development Team swimlane is divided into the following roles Scrum Master, Software
Developer and Reviewers. It is important to mention that even though one employee can have
multiple roles at ABC, it was decided not to combine the roles in the BPMN roadmap. It is
easier later to combine the roles in another BPMN design when these are clearly divided in the
roadmap. Furthermore, having separate roles in a project is a methodology considered a best
practice. This is exactly what BPMN roadmap is developed to convey.

The following subparagraphs provide an overview of each group of processes described in
BPMN roadmap. These groups represent a translation of the RTI framework into business
processes that are believed to help ABC improve its internal efficiency for requirements
traceability and product development.

The reader is advised first to analyze Figure 22: ABC BPMN Roadmap to better understand
the paragraphs below.

Requirements Validation

The process starts with a message event coming from the customer (internal or external) which
requests a particular product or component of a system to be developed. This initializes the
first task for the product owner, which is the Collect and Define Project Requirements. This
task represents a sub-process in which the steps of requirements elicitation, specification, and
elaboration are completed. Then the process moves to the system analyst or architect, which
has the technical knowledge to Define the Validity of Requirements. In the next step, the process
divides into two paths:

e If the requirements are not validated, the architect informs the product owner, who
further forwards the message to the customer. This route resets the process in the initial
phase
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e On the other hand, if the requirements are validated, the project can start and move to
the next phase of Project Development Methodology.

Project Development Methodoloqgy

In this part of the process, the product owner, with the help of the system architect, should
define the appropriate methodology for product development. First, the system architect should
define the project's complexity using the Ralph Stacy matrix and clearly state the technology
certainty/uncertainty and requirements agreement/disagreement (see Chapter 5.1.1). After this
task, the product owner has the key information about the project complexity and is responsible
for selecting the appropriate methodology for the project. The methodology can be Waterfall,
V-Model, Agile (e.g. Scrum, XP), or a combination of both. However, in practice, the product
owner might base their decision on previous experience, which does not guarantee the best
project outcome.

Nevertheless, at ABC the management team in the R&D department will most likely choose
the Agile or a mixed approach of development.

Goal Definition

The goal definition phase starts with the decision to Identify Business Traceability Goals. If
these were already defined within the organization, the product owner should start with
Identifying Project RT Usage Goals using the Requirements Database file.

The Business Traceability Goals refers to the goals discussed in Chapter 2.1.4, Table 21, and
mainly describes the key characteristics the company is looking to have for its traceability
systems and other tools. For example, initially at ABC, a tool called Redmine was planned to
be introduced for RT. The tool was open-source had a lot of configurability and the
requirements for scalability. However, Redmine was never introduced in the company because
it lacked support from other departments, did not completely match the workflow of the
projects, and finally, did not have a clear team responsible for its implementation. From the
above-mentioned Redmine characteristics, it is possible to deduct the Business Traceability
Goals, which were important for ABC. These can be summarized as Cost-Effectiveness,
Configurability, Scalability, Valued and Purposed. In the case of Redmine, the tool didn’t fit
the Valued and Purposed goals because it didn’t support the workflow of the employees and
was seen to increase the administrative burden. Therefore, the product owner needs to
understand the business goals before proceeding to the project implementation.

The Project RT Goals refer to safety, Regulatory Compliance, Industry Compliance, Customer
satisfaction, and others. Defining project RT goals helps the management team answer the
question of why the traceability is done or why the planned project must be developed.

The following process task (step) is the Analysis of existing software development processes &
Tools that are aimed to support the business and project RT goals. The system architect should
perform the analysis, which has two possible routes:

e Ifthere are no tools aimed to support the defined goals, the system architect should start
a research process to define the best tools available on the market that will align with
the established RT goals. After the analysis, the task moves to the product owner, who

79



3
TUDelft

starts the complex sub-process of implementation. However, it can be argued that the
research and implementation should not be part of the product development process.
But rather, a separate sub-team should be delegated that will focus entirely on the
analysis and provides a set of tools for the company to use.

e Suppose there is already a set of common agreed tools for RT within the company that
supports the main business and project RT goals. In that case, the product owner should
start to focus on the next phase of the process, Traceability Characteristics.

Traceability Characteristics

The traceability characteristics phase starts by identifying the key artifacts/requirements that
should be traced in the project. The next task for the product owner identifies the RT types such
as forward, backward, horizontal and vertical traceability, as defined in Chapter 2.1.2 of the
literature study. Afterward, the system architect should take responsibility for suggesting
tracing methods such as manual, semi-manual, or automatic tracing (see Chapter 2.1.2).
However, the tracing methods are also often imposed by the capabilities of the selected tools
for the RT. The last two tasks represent the responsibility of the product owner to identify the
traceability technique (RTM, integration documents, etc.) and finally develop a traceability
information model (TIM).

In the context of the BPMN roadmap, the TIM refers only to categorizing requirements into
groups so that the information about specific requirements is easier retrieved from the database.
For example, the project requirements can be categorized based on the functional purpose, like
safety, privacy, reliability, etc.

After defining all the technical details of the RT, the product owner moves to another key phase
in the roadmap and mainly Stakeholder Analysis and Team Definition.

Stakeholder Analysis and Team Definition

In the stakeholder analysis phases, the product owner and system architect have four key
actions that should be accomplished:

e Product Owner: Create the team requirements based on the available budget,
complexity, and customer requirements.

e System Architect: Create the team with the necessary competencies based on the
provided requirements.

e Product Owner: Inform the team about the start of a new project.

e Product Owner: Identify the key interests of each role within the project. As described
in Chapter 2.1.7 of the literature study, the knowledge worker's interests in traceability
vary based on the project role. Therefore, an analysis of the role and interest should
help the product owner organize the RT workflow within the project correctly.

These actions will ensure that the team designated for the project has the right competencies
and create the base for the team structuring necessary for the next steps.

Prioritizing Key RT Challenges

This phase of the BPMN roadmap is about addressing three key factors:
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e What is the process to Research and acknowledge existing RT challenges within the
company

e Understanding the stakeholder's interests and their usual way of working within the
projects.

e How to negotiate with the team members on a standard workflow and define which RT
challenges to tackle first if specific conflicts exist.

The phase starts with the task of Analyzing existing RT Challenges. This task is aimed to force
the product owner to do a pre-check and identify what went good or bad in the previous projects
and what can be done better in the new projects.

The next task is to request a workflow flowchart per each role involved in the project. If the
workflow is known from previous projects, this request can be omitted. As the other team
creates a flowchart with their workflow, the product owner uses the already researched and
weighted BWM identified challenges from the Part | of the ABC case study and identifies
conflicting RT challenges between different roles. For example, the Documentation challenge
is weighted by managers with a value of ~0.13 and represents the most tension factor. For
developers, on the other hand, Documentation is only weighted with ~0.04 and is at the bottom
of the list. This represents a conflict RT factor that should be addressed by the product owner
in the first place.

The last tasks for the product owner are gathering available workflows from the roles,
identifying common workflow patterns, and starting the negotiation process with the team
members on which RT challenges and issues to address first so that the administrative burden
for all the involved parties is not increased.

Even though the phase of Prioritizing Key RT Challenges might sound like a burdensome
process to follow, its practice can be made simplistic and take only one meeting, given that
workers' workflow is known by the product owner beforehand or from experience.

RT and Aqgile way of working

The last step of the BPMN roadmap represents the description of the Scrum workflow. During
this workflow, all the knowledge workers fulfilling a certain role use the requirements database,
sprint backlog, and project RT goals to release a working product to the customer (see Figure
22 below).

In addition to the industry standardized Scrum workflow, the role of the Reviewer is introduced
as described in Chapter 5.2.1.3 Role definition. The reviewer meeting is scheduled in the
BPMN roadmap on a weekly basis, given that the Sprints take more than one week.

The processes described in the last phase of the roadmap represent a contribution to the ABC
organization because it gives a clear view of each action taken by each role involved in the
project. Furthermore, because ABC is still in transition to a more standardized way of working
(e.g. following concrete Scrum steps), the BPMN roadmap provides a clear overview how the
roles should be designated in a project. Moreover, the roadmap workflow can be adapted to
satisfy the needs of teams in different projects, not only in the R&D department.
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Figure 22: ABC BPMN Roadmap
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5.2.2 Answering SRQ 111

The components of the business process model aimed to integrate RT in ABC’s Agile
environment closely resemble the RTI Framework steps. Each step from the framework, such
as defining the Product Development Methodology, Traceability Characteristics, Stakeholders
Interests, and others, were translated into specific business process components in the BPMN
roadmap. Furthermore, in each step of the roadmap, every stakeholder responsibility has been
clearly delineated per role. As a result, this allows the customer and other parties to identify
who is responsible for the requirements database, project backlog, quality assurance, meeting
planning, system integration, testing, and other parts of the project. It is argued that the project
managers should initially spend time in project pre-planning and develop a clear definition of
tasks. Even though such an approach might increase at the beginning the administrative burden,
in the long-term, the knowledge workers are encouraged to develop well-defined project
templates that will increase flexibility while maintaining industry best practices.

By analyzing the Figure 22 above, the management should make trade-offs between what is
desirable and feasible given limited resources and the need to be ambidextrous. The BPMN
roadmap approach should still be considered Agile. The decisions for negotiations and trade-
offs must be made before any Agile methodology is followed. As a result, because of the
strategic planning required at the beginning of the roadmap, the knowledge workers can
maintain the best practices for RT and Agile way of working. Moreover, each step of the BPMN
roadmap was analyzed and discussed in detail in the literature study chapter. The existing
literature has detailed answers on some of the steps discussed in the roadmap. As a result, the
practitioners from other organizations can also use the same roadmap, and are encouraged to
investigate further what will be the best alternatives for them, given the available information.

Moreover, before designing any business process, a specific language should be selected by
the management team. For dynamic environments such as those found at ABC, the focus
should be on a BPMo language that fulfills six key criteria: Expressibility, Low Complexity,
Ease of Learning, Tool Support, Universality, and Formality. From the studied modeling
languages, the BPMN satisfies the majority of the criteria. Moreover, during the interviews
conducted at the ABC, practitioners have shown no difficulties in understanding the workflow
and task division described by the BPMN roadmap. The BPMN also has the advantage of being
translated into executable models for more Production-based processes at a later stage.
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5.3 Roadmap and Framework Evaluation — SRQ IV

This chapter provides an analysis on the practicality of the BPMN Roadmap and the RTI
Framework as viewed by the practitioners at ABC.

The interview results, transcribed in detail in Table 27 in the Appendix chapter, provides a
clear overview of the practicability of the designed framework and roadmap. The interviews
were conducted based on the approach described in Chapter 4.2, and the results will be
generalized and further elaborated in the sub-paragraphs below.

RTI Framework

The practitioners at ABC found the RTI framework useful because it gives a good perspective
on the steps to be taken to develop better project planning. According to practitioners,
following the framework could generate a checklist of RT challenges and processes to which
the managers should pay close attention. One of the interviewees specified that the RTI
Framework “gets you thinking about different aspects that go into project planning, and
provides a good overview on the process”.

Improvement Suggestions and Limitations

The framework also had several suggestions for improvement. All the interviewees found the
RTI Framework to be too generic and too theoretical. One of the developers mentioned that the
framework “is a perfect picture on how the things should be. But in reality, there should be a
person (or team) responsible for the quality assessment of the processes. [Furthermore], often
because of lack of budget, time and practicality reasons certain steps (from the diagram) might
be offset (omitzed) ”. Another project manager at ABC mentioned that ““I do think the roadmap
is useful. But it has to be templated, so it does not cause overhead”. Through the word
“templated,” the project manager referred to a limited set of best practices for each step in the
RTI framework that practitioners can use choose from. These best practices will have to be
frequently designed based on the organization's needs. As a result, the employee will not have
to go through the whole research process each time a new project is started but instead will
select certain processes in each step of the RTI Framework from a limited option list.

Overall, the RTI Framework is viewed as complete, as it closely resembled some processes in
the past where the organization tried to integrate a new tool. Nevertheless, the practitioners are
more interested in the detailed processes and strategic planning described in the BPMN
roadmap. Because it provides more details and an accurate overview of the tradeoffs to be made
in order to integrate RTI in ABC environment.

BPMN Roadmap

From the interviewees' perspective, the BPMN Roadmap should help generate more accurate
RT. The roadmap forces all the roles involved in the product development to follow a process
to maintain the project backlog, update the project status, and write documentation while the
product is still in development. According to a practitioner, “very often at ABC to force
developers to write documentation is a big challenge”. The task of writing documentation at
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ABC is usually left at the end of the project. As a result, the documents never get to be written
because a new project knocks on the door. Another interviewee emphasized that BPMN
roadmap should “provide a good foundation to have regulatory compliance (e.g. 1ISO 9001)
and the process described in the roadmap is good for supporting the business/project goals”.
Thus, from the interview data is possible to conclude that the roadmap could reduce the RTI
Challenges such as Documentation, Updating Project Status, Product development lifecycle,
and others.

Further in the interview process, practitioners also mentioned several drawbacks and possible
improvements to the roadmap. Overall, the drawbacks identified in the diagram during the
interview process can be generalized to three aspects:

e The BPMN Roadmap takes only the perspective of the external customer. With external
customers, the requirements can be locked in the initial phases, and the development
process can start from there. However, at ABC, the knowledge workers often deal with
the internal customers that provide the software/hardware requirements that could
change daily. Therefore, the BPMN Roadmap does not provide a process to introduce
new requirements in the database during the Sprint run or even Daily Scrum.

e The BPMN Roadmap is too generic for a certain task which can require a lot of
effort/research to complete. More detailed steps should be identified, like selecting from
a list of predefined tools, selecting from templates for requirements categorization, etc.

e At ABC, the requirements should often be traced between different layers such as
photonics design, hardware (electronics), and software. Unfortunately, the BPMN
Roadmap is missing the linkage between different requirements databases.

The main challenges to introduce BPMN Roadmap at ABC were identified to be the people
and the administrative burden. One of the interviewees mentioned that the first thing employees
would ask is, “Will this work in practice?”, “Is it complex?”. Furthermore, the practitioners
raised the concern that some employees would prefer to stick to the old workflows, and the
main argument could be “that their current workflow worked for many years, why should they
change?. Moreover, the BPMN Roadmap is only applicable for projects which are of
“sufficient size and budget. Otherwise, you can waste ~10% of the project's total time to go
through this roadmap”. As a result, such processes implementation would not attain the
necessary “critical mass for the things to move forward”.

In conclusion, the overall BPMN Roadmap sentiment from the practitioners at ABC was
positive. The process mapping, however, as with any complex deliverable, requires several
iterations before producing a satisfying output. Due to the limited time and resources available
for the thesis, it was not possible to iterate and implement the feedback suggested for the BPMN
Roadmap. However, the improvements proposed by the practitioners represent findings that
can be used as a foundation for future research.
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This chapter describes the limitations associated with the process of the data collection, data
analysis, the developed framework, and the business process modeling roadmap.

6.1 Limitations — RTI Challenges and Framework

There are several threats that should be discussed in the context of the developed framework.
The first threats are associated with data sampling, data collection, and analysis:

The initially planned sample (as described in chapter 4.1.2) was composed of thirteen
practitioners, from which two were intended to be external managers and two internal
ABC customers. However, due to a lack of responses from practitioners, only ten
interviews were conducted. As a result, there was no sample of external managers as
initially planned, and only one ABC customer was interviewed. Therefore, the BWM
weights assigned to the RTI challenges might not represent the entire researched
population. As a result, this can also threaten the validity of the RTI framework.

The BWM method used to identify the RTI weights was composed of fifteen challenges
(criteria). A value far from the recommended maximum of nine criteria in the studies.
Therefore, to have more representative results for such a large number of criteria, a
larger sample than ten interviewees had to be selected. Another measure could have
been to perform a longitudinal study to see if the interviewees' perspectives do not vary
over. However, because of the limited amount of time allocated for this research, such
atest could not be conducted. Therefore, the stability of the results can represent a threat
to the study validity.

The fifteen challenges identified in the literature study were used in the face-to-face
survey to collect data and calculate the BWM weights. The interviewees had to compare
the challenge that creates the most tension and the least tension compared to other
challenges. However, because of the large number of criteria and the complex concepts
that come with RT and Agile methodologies, many practitioners were not very
confident about how to compare the challenges between them. This was also observed
in situations when they had never experienced a particular challenge in the past.
Moreover, the interviewees were often jumping in different time frames when
comparing the challenges. For example, did they have to focus on what tensions they
face at the moment, which ones they used to have in the past, or which ones will occur
in the future? Clear instruction on the time frame was not given, and therefore the results
are not representative of a specific time period. However, it was mentioned that it
should be focused on the ABC environment.

The current study cannot fully guarantee the reliability of the measurements. As defined
in the data collection Chapter 4.1.3, the reliability is measured through two key
properties: Stability and Internal Consistency. To measure stability, a test-retest
procedure had to take place. However, because of the lack of time available from the
practitioners and for the thesis development, a re-test of the data collected for BWM
was not possible. Nevertheless, the BWM, as described by (Rezaei, 2015), makes the
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comparisons “in a structured way, which makes the judgment easier and more
understandable, and more importantly leads to more consistent comparisons, hence
more reliable weights/rankings”. The value of & (si) is considered as a consistency
indicator of the comparisons. Therefore, the condition & < 0.1 was analyzed for every
survey. And because in all the cases, it was a guided survey, the interviewees tried to
keep consistency in their comparisons. However, the optimum value for & for 15
criteria was not calculated due to limited time.

e Another limitation can be the non-probability sampling was used to collect data. The
population has been divided into strata (project managers, developers, customers, etc.).
However, a disadvantage of non-probability sampling is that it is difficult to know how
well the population was represented. The ABC population is relatively small. Therefore
the sample can be considered representative. Nevertheless, the several interviews
conducted externally for generalizability do not guarantee that it accurately represents
the challenges of all SMEs with similar environments as the one ABC, R & R&D
department. As a result, the fifteen challenges identified during the literature study and
the results of the BWM can have issues of generalizability.

Generalizability and Transferability

The first problem of generalizability is that the data sampled from the external companies is
composed only of developers. Managers were not available when interviews were conducted.
As a result, due to the limited time available for the current thesis, the decision was made to
continue only with the developers' data.

Figure 23 and Figure 24 provide an overview of the RTI challenges at ABC and at the external
companies. It can be observed that the weights for the Documentation and Regulatory
Compliance challenges remain low in both cases. This can be explained by the similarity in the
developers' workflow and because of their RT interests during the project development. As
mentioned in the chapter 2.1.7, the developers focus mainly on viewing open requirements,
engineering, and providing implementation status updates.

In addition, the challenges of Frequent requirement change control and Impact Analysis after
requirement change have relatively high scores in the BWM results. Such correlation can be
explained by the flexible, Agile, and sometimes uncertain environment where the developers
execute their work. Since the data collection was performed at organizations of similar size as
ABC, and the interviews were conducted with the employees working in the R&D departments,
some results show a close resemblance. Moreover, the practitioners have also generally agreed
that Frequent requirement change control can lead to a lack of power on the product backlog.
As a result, there is high uncertainty the constant changes will have on the overall product.
Furthermore, if the requirements are not monitored, which can be observed by a low score for
the Documentation weight, then this can lead to tensions between different stakeholders' roles
when the certain “agreed” requirements do not meet the initial set target goals.

Therefore, it can be concluded that there is a correlation between ABC and other organizations.
Nevertheless, the framework cannot be generalized to a very large population, given the
limitations discussed in this chapter. Nevertheless, the idea of framework transferability to
other similar organizations will be further analyzed.
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Figure 23: External Developers BWM weights
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Figure 24: ABC Developers BWM weights
Transferability

The RTI framework provides clear steps for the management to strategize RT planning based
on the organization's resources, and make the correct trade-offs given the organization's need
to stay agile. Due to the similarities in the workflows and the close resemblance in the RT
weights given by knowledge workers from different interviewed organizations, it can be
concluded that the developed framework might not be generalizable for all organizations.
However, the RTI framework steps are designed to guide the management team in the right
direction, whilst at the same time, it gives full flexibility and responsibility to make the right
tradeoffs based on the organization's needs. Because of such characteristics, it can be argued
that the framework can be transferred and used by many organizations which face similar
challenges as ABC (see Chapter 5.1.6)

Construct Validity

When identifying the RT and Agile way of working challenges from the literature, no concrete
definitions were mentioned in the scholars' studies. Overall, there is a slight variation on how
the researchers interpreted challenges such as frequent requirements change control, impact
analysis, measuring project status, worker motivation, and others. As a result, the definition
given in the current research for a particular challenge, does not necessarily reflect word-for-
word interpretation and constructs described in the studies of other scholars. Therefore, future
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studies need to pay close attention to the common aspects of the definitions before analyzing
and reaching a certain conclusion based on the data presented in this research and other studies.

6.2 Limitations - BPMN Roadmap

Collecting data for the BPMN Roadmap analysis is also associated with several threats that
could have influenced the data interpretation and lead to wrong conclusions. These threats can
be summarized as follows:

e As specified in data collection Chapter 4.2.2, due to time constraints, only three
interviews were conducted to identify practitioners' opinions on the BPMN roadmap.
Even though three distinctive roles were selected (manager, architect, developer), the
limited number of interviews does not represent the entire population of practitioners
at ABC.

e After designing BPMN Roadmap, the interviews also offered the possibility to present
to the practitioners the RTI Framework. However, due to the limited availability of the
employees and the desire to get feedback for the framework and roadmap, a big part of
the interview process was rushed when it came to describing certain components of the
BPMN Roadmap. As a result, there is a high risk that practitioners did not fully
understand certain parts of the framework or roadmap, leading to more skewed
feedback.

e Another limitation associated with the interview process is that none of the interviewees
were familiar with the BPMN language. Thus, this could have influenced the
practitioners' interpretation of the workflow, even if they were guided through each step
of the roadmap.

Generalizability and Transferability

This research had no objective to generalize the results of the BPMN roadmap. Nevertheless,
from the second round of interviews, performed for evaluation purposes, the feedback received
from the practitioners was that the roadmap, in some instances, is too generic to be directly
implemented at ABC. The practitioners were looking for a solution where the tradeoffs of RT
were already made for them for specific projects in the organization. However, the roadmap
was intended to serve as a flexible guideline that managers can adapt to their needs, rather than
set-in-stone steps to follow to implement accurate and flexible RT in the Agile environment.

Transferability

From the transferability perspective, the BPMN roadmap could serve other similar
organizations to ABC in terms of establishing better processes and strategic planning for RTI.
Figure 22, which describes the BPMN roadmap, clearly shows the tradeoffs that a knowledge
worker should make in order to: select the correct project methodology, how and when to
choose the proper project tools, when should a manager start the negotiations with other
stakeholders regarding RT, and how at a later stage, the Agile practices can be included. These
steps are not unique to ABC, rather they should be viewed as an extension of the RTI
framework. As a result, stakeholders outside ABC could use the exact roadmap for their goals.
Nevertheless, each company will have to adapt the processes based on their resources.
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The process of integrating RT in Agile environments can represent a long and complex journey
where multiple tension points have to be considered in different moments in time. The existing
literature studies usually focus on a group of RT challenges for which solutions are provided
in the form of automated tools, algorithms, and trace models. However, rarely an organization
seeks a traceability tool or model that can solve a particular traceability issue. Instead, the
businesses look for systems that support a wider range of activities and are capable of
integrating with the stakeholders' workflow and needs.

7.1 Answering MRQ

MRQ: How can BPMo enable requirements traceability in Agile environments of small

and medium-sized enterprises?

From the collected data during the literature and case study, it is possible to conclude that
BPMo could improve RT in SMEs similar to ABC environment, with the condition that certain
steps are followed. During the research, one of the first findings is that tackling only the
identified RTI challenges within an organization is less likely to yield visible improvements.
As argued in the theoretical framework, the RTI challenges are only a symptom of a series of
interconnected problems such as: missing business and project traceability goals, neglection of
stakeholders' interests in traceability, lack of processes for project planning, etc. The
practitioners at ABC have ranked as a top priority the challenges such as: frequent requirement
change control, documentation, impact analysis on requirement change, tracing across
organizational boundaries, product development lifecycle, etc. However, the employees
seemed to frequently refer to a certain cause that is creating these challenges. Some of the
mentioned reasons were that the ABC is missing requirements capture processes; there is no
responsibility assigned for prioritization of the requirements; more has to be done to coordinate
between different departments/teams and other aspects. These findings strengthen the idea
described in the theoretical framework that RTI challenges are interconnected with other
concepts within the business. As a result, the interconnection of the challenges can create a
chain reaction that makes the organizations' processes or product development more complex
and less stable. Furthermore, the complexity rises with time. However, sometimes due to
constraints such as money, time, human capital, and tensions created by other people, the
practitioners cannot fully identify the root causes of the problem, or they deliberately neglect
the interconnection of the problem with other people challenges.

Nevertheless, only modeling the business processes for RT integration might not lead towards
significant results either. Scholars, and ABC practitioners, have argued that an upfront-defined
traceability strategy is indeed required. The RTI Framework was created to help guide
practitioners to develop more elaborate traceability strategies. During a case study interview, a
practitioner identified that the steps shown in the RTI Framework closely resemble the steps
followed by the ABC company when trying to integrate a new RT tool. However, the tool was
never integrated due to a lack of support. The practitioner mentioned that RTI Framework
process was not fully followed because no BPMo was developed, the RTI challenges were not
fully identified, and the existing ABC processes were not entirely analyzed.
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Nonetheless, the interviewees described the RTI framework as a source to provide a good
perspective on project management and traceability implementation. The findings also
strengthen the idea that different roles during the project development are interested in different
traceability aspects. An example is the BWM results shown in the research. The managers
graded Documentation as one of their top challenges, while developers identified
documentation as a challenge that causes the least tension in their work. However, there are
more similarities in the BWM results than the divergence between the perspective of the roles
on the traceability problems.

In conclusion, it can be pointed that BPMo might not be enough in some instances to provide
better traceability within SMEs with dynamic environments. However, translating the RTI
Framework steps into specific processes that are individual for each organization can lead to
better integration of RT in Agile workflow. The ABC practitioners have identified that the
designed BPMN roadmap can improve ABC RTI challenges such as frequent requirements
change control, requirements management, and others. However, the management team might
not have the human capital or time to develop unique strategies per project. As a result, even
though the roadmap facilitated the communication of the workflow strategy between different
stakeholders and contained relevant solutions for certain RTI challenges, the practitioners were
looking for processes templates that can be directly applied based on different tasks and phases
defined in the BPMN roadmap. Furthermore, the practitioners identified it as useful to have a
common language across the organization to describe business processes. Nevertheless,
questions were raised on how to gain the critical mass for the workflow implementation? Who
will be responsible for ensuring the quality of the process? How to convince other employees
to follow the new roadmaps? Answering these questions was never the scope of the current
research; however, it can be a good starting for future research. More specifically, it is
interesting to define several BPMN templates per each phase of the RTI Framework and
analyze which ones can be generalized for the SMEs.

7.2 Academic Reflection

Scientific Implications

The current study provides a new perspective on RT integration in Agile environments by
adopting a managerial perspective rather than a technical perspective taken in the literature.
The newly adopted perspective focuses on the business processes, stakeholders' needs, and
tradeoffs made based on the company resources and business goals. Such an approach allows
taking a broader view on the problem of RT, and design business processes that provide the
possibility to support some of the technical solutions already described in the literature.

Furthermore, the RT and Agile problem have been acknowledged for a long time, but scholars
were still missing essential data and direction on how to map and direct the research in a way
that meaningful insights into stakeholders' needs and strategic planning are captured. The
current study aims to serve as a point of reference on how the managerial perspective can be
framed so that a clear objective is maintained and the relevant research gaps are filled.
Furthermore, the thesis brings meaningful data in terms of stakeholders' interests/needs in
requirements traceability by using the BWM method. The approach shall provide future
researchers with a good foundation for investigating the processes that will facilitate the
negotiation procedure and the tradeoffs to be taken within a dynamic organization that aims to
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adopt RT. Moreover, a clear visual representation of the framework and roadmaps, which are
flexible, can be transferred by scholars to various businesses in order to investigate what
practitioners value the most and how the interests of stakeholders vary based on industry,
organization size, business structure, responsibilities, etc.

It cannot be claimed that this work provides a dichotomous answer to the problem of RTI in
Agile. Nevertheless, it can be argued that the thesis can represent a good starting point for what
can be the direction of future research when a managerial/business perspective is adopted to
the problem of RT and the Agile way of working. The study provides a good foundation for
topics such as: how business resources can influence RT, what is the level of stakeholders
interests based on their role, how to make RT tradeoffs based on existing organization
constraints, how business process modeling can help improve RT in Agile work environments.

Societal Relevance

The small and medium-sized technology companies that work in an Agile environment will be
the main beneficiaries of the RTI challenges analysis, RTI Framework, and BPMo roadmap.
All the three main groups of the involved stakeholders: managers (product managers, product
owners, quality assurance managers), software developers, and customers, will benefit from
the delivered Business Process Model, which was design to minimize the RT challenges which
create the most tension in the organization. Furthermore, the feedback provided by practitioners
could also serve as a contribution for the reader to know the main drawbacks, necessary
processes improvements, and potential future research.

Moreover, the societal relevance of this research is underlined by the participation of four
technological companies in the data collection, which further served as the main raw material for
the results. During the interviews, a high interest in the topic and a curiosity for the study results
were observed among the respondents. This represents one more argument in favor of the high
societal relevance of this research.

7.3 Managerial Implications

This paper provides a design-based analysis considering that an RTI framework and a BPMo
roadmap have been developed to serve as a guideline for organizations trying to implement the
traditional RT techniques with the Agile methodologies into their work environment. Both
complementary designs provide clear steps for RT strategizing and show the tradeoffs a
practitioner should make in the process. Management requires to make trade-offs between what
is desirable and feasible given limited resources and the need to stay agile (flexible). As a result,
a framework for making these trade-offs is developed. In addition, a model capturing the main
elements needed for traceability is designed, which can be modified/customized by other
companies to realize RT given the limitations (or no limitations) brought by resources and
business goals/strategy.

ABC Contribution

This study has significant importance, especially for ABC company, since the case study was
conducted at the organization. First of all, a considerable contribution is the identification of
the current challenges faced by the knowledge workers: managers, internal customers, and
software developers, when it comes to RTI in an Agile environment.
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As concluded during the second round of the interviews, the designed BPMo Roadmap has the
potential of minimizing the main tensions identified per each group of employees, and namely:

e For managers: documentation, regulatory compliance, and measuring the project status;
e For software developers: product development lifecycle, synced tools, clearly defined
responsibilities.

Lastly, this research can serve as a source of measuring reliability for future studies conducted
at ABC on the topics of Agile and RT.

7.4 Future Research

This research has provided an Agile & RTI Framework, which implies the concept of defining
weights for RTI challenges. The created Framework was further used to develop the BPMo of
RTI in Agile methodologies. However, there is always scope for improvement and space for
further research as suggested below:

e As observed during the interviews, there could be a situation when two stakeholders with
different powers/interests should negotiate about the equally given weight to two different
RT challenges. Therefore, we recommend future research to investigate what will be the
appropriate decision-making process to negotiate between different RTI challenges.

e Taking into account the limited scope of the current research, another possibility of further
investigation could be a deep analysis of the weights for the challenges in the context of
other organizations activating in various industries and performing a comparison analysis
between those industries.

e Another area of research to be explored is the BPMo language to use for creating process
models to sustain RT in Agile environments.

e Furthermore, the practitioners classified the RTI Framework and BPMN roadmap as
generic in some instances. Therefore, the knowledge workers suggested creating specific
process templates to choose from in each step/phase of the framework and roadmap.

7.5 Reflection on Management of Technology

The process of researching and writing my master thesis provided me with a valuable
opportunity to not just learn about how to navigate better the uncertainties when it comes to
integrate RT practices with Agile methodologies but also to develop a unique contribution to
this topic, and namely Agile & RTI Framework, the concept of defining weights for RTI
challenges, as well as to develop the BPMo of RTI in Agile methodologies.

My research began with the broad desire to learn more about what methods and tools tech
companies use for the adaptability of BPMa in an Agile environment. My interest in this topic
arose during the course “Digital Business Process Management” [MOT1531], where many
relevant subjects for my research were discussed: Business process improvement strategies and
approaches, Agility and adaptability of BPMo systems, and the users, business process and
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agile enterprises. After this course, | was already determined with the direction of the topic |
would like to further investigate in my master thesis.

There were many other courses during MOT program from which | gained valuable knowledge
relevant to my research. These courses are the following:

From the “Complex System Engineering” discipline, a good understanding about the concept
of design thinking in socio-technical systems helped me a lot in finding a suitable design
approach for specific RT challenges in Agile Methodologies.

From the research design perspective, there were two courses that provided useful insights on
how to design and execute research, as well as how to interpret and critically assess the
outcomes of research: “Research Methods” [MOT2312] and “Preparation for Master Thesis”
[MOT2004]. During these two courses, | gained sufficient knowledge for developing and
executing all the research steps from the initial research problem until drawing a conclusion.

Considering all the above mentioned, this research is very relevant to the MOT curricula through
the following subjects: Product Development Methodologies (Agile, Waterfall, V-Model),
Business Process Management, Business Process Modeling, designing solutions for socio-
technical systems, and defining process management strategies to tackle certain challenges.
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Table 17:Appendix - Table of contents

Appendix A - Selection Criteria

Almost two decades have passed since the introduction of Agile methodologies; companies are
still struggling to fully manage and find the correct models to best adopt RE in Agile context.
This observation led to my interest in further analyzing the problem and better understanding
the complexity the organizations are facing. Moreover, the nature of the research, the large
number of articles released on the topic from 1990 till 2020, and the impairment to provide a
dichotomous response, can represent a symptom of a wicked problem (Rittel & Webber, 1973).
The nature of wicked problems is such that there can be room to find a research gap and narrow
down the scope of the topic to a particular problem of interest.

Initial and refined keywords

The first step in my literature research was to define the keywords. The initial keywords used
to perform the search were "Agile”, "Requirements Tracing”, Tension", "Management",
"Traditional Methods" and “Business Process Modeling”. Any combination of the words
mentioned above if introduced in the "Google Scholar" search engine, were resulting between
10 000 and 25 000 articles. Several articles (eight in total) from the initial results were used to
better understand the different branches of research published on the topic of Agile,
documentation, RT, problems in managing, and case studies. This also helped to gather more
in-depth knowledge about the scientific terminology, which gravitates around the topic. After
analyzing several papers on Agile RT and software development by Furtado & Zisman (2016),
Lee & McCrickard (2007), and Curcio et al. (2018), a set of new refined keywords were found
such as "Requirements Analysis”, "Extreme Programming”, "Requirements interaction
management". A more detailed description of how the words were refined is further elaborated
in Table 18.
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Agile

*Scrum,

*Extreme Programming (XP),
*Continuous software engineering,
*Lean Software Development
*Dynamic system development method
*Feature-driven development (FDD),
*Scaled Agile Framework (SAFe),
*Rapid Application Development (RAD)

Even though the overall scope is
more generic than a specific Agile
methodology, all the refined
keywords will be used to find the
relevant articles for the scope.

Requirements
Engineering

*Plan-Driven Approach,
*Tayloristic methods
*Process-oriented software
*Traditional engineering methods
*Requirements Management

*Traditional engineering methods
*Tayloristic methods
*Plan-Driven Approach
*Process-oriented software

Tracking and

*Horizontal Traceability,

Tracing *Lightweight Traceability
*Documentation
*Requirements interaction management
Business *Business process management
process *BPMN Approaches
Modeling *Business process modeling languages
*Agile business process modeling
Tension *Challenges/Problems/Issues -

Table 18: Search words refinement process

After refining the keywords, the next step was to narrow down the scope of the research. Web
search engines such as "Google Scholar", "Microsoft Academic”, "Scopus”, "Wiley online
library,” and "TU Delft Research Repository" were used in combination with the words defined
in Table 18. The number of returned results from the search engines was used to narrow the
scope, but it did not represent the selection criteria for scientific articles.

Google Scholar

The search engine was used to perform the initial research on the
topic to get a better understanding of the generic concepts, it helped
to refine the initial keywords and narrow down the scope.

Microsoft Academic

According to (Thelwall, 2017), Microsoft Academic can be

considered a good source for research. For the year 2017, certain
searches on the engine have provided ~5% more results than
Scopus. The engine is also known to index spurious papers that
come from arXiv and SSRN. Therefore, the search engine will be
used with care, and papers will be studied on reliability (see Table

20).

Scopus / Wiley online

The search engines were used to narrow down the scope with the

library use of refined keywords and find new sources.
TU Delft Research | Used to narrow the scope and find new sources from the references.
Repository

Table 19: Search tools and their relevance
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Research Strateqy

Searching for papers using phrases such as "Continuous software engineering and Agile",
"Scrum and Requirements Traceability challenges”, "Lightweight Traceability in Agile
context" led to many research articles and study cases that described certain models and
techniques to achieve better traceability in Agile projects (Ghazarian, 2008) (Qasaimeh &
Abran, 2013). The words Agile/Scrum/XP and other methodologies were used interchangeably
with various combinations from the list of defined keywords. This helped to find new articles,
titles, and combinations that could be used to search further for new papers, for example,
"Requirements interdependencies and Scrum”. Because my search queries contained words
such as "software", "requirements”, "Agile", "tracing,” many indexed articles were not related
to the aspect of RT. To filter between the desired articles and papers which were outside the
scope, a quick read through the title and abstract was done. Another indicator used for quick
scanning through the articles was the author's keywords. From the initially selected articles, an
analysis of references was performed to obtain further studies on the topic of traceability. A
great help in this direction was a paper by (Curcio et al., 2018), where research was performed
on the overall RE concept to find research gaps and obstacles in implementing RE in Agile.

During my search for papers, | did not find any studies that tried to describe a generic
process/model that has to be followed to implement RT in Agile. This led to new queries such
as "BPMN and Requirements Tracing in SCRUM".

Selection Criteria

References | Papers > 10 references Papers < 10 references
Research Books/Chapters, Journals, Scientific | Personal blogs, News websites
Type Journals, Grey Literature.
Research * Papers reflecting on Agile and | * Papers related to advantages and
Field / Topic | Documentation. disadvantages of Agile

* Papers with the focus on | methodologies.
Requirements Tracing (Requirements | * Papers related to differences

Engineering) and Agile. between Agile and Plan Driven
* Papers focusing on technology | approaches.
behind RT. * Papers describing different Agile

* Papers describing the tension | methodologies or Plan Driven
between RT and Agile methodologies | methodologies.

* Study cases on RT and Agile.

* Papers related to RT

* Papers describing the tension to
combine Plan Driven approaches
with Agile methodologies.

Year - No restrictions

The article had a clear objective, | The article does not provide an
Credibility | findings, and a justified conclusion. | adequate description, findings, and
(no dichotomous answers) conclusion.

Table 20: Research articles selection
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Appendix B — BPMo Languages

Flowchart Components

Flowline

The flowline shows the order of the workflow. It is used to connect the
components of the diagram in a comprehensive way, so a clear order of
the operation is shown.

Terminals

The terminal is used to indicate the beginning or end of the process, task,
or algorithm the designer tries to convey. The flowchart diagram should
always start with a terminal.

Start Terminate

Process

The process component is where the user or the
system/algorithm/program performs a set of operations that lead to a
change of a specific value, state, location, or make a call to perform a
particular action.

Decision

The decision symbol illustrates a conditional operation that directs the
process flow in one of two possible directions. The most common
operation is usually dichotomous.

Input/Output

The component indicates the action of data input or output in the process.
The process of data input/output can be either manual or automated.

Data Input
or Output

Annotation

As in the case of many other modeling languages, annotations are used
to present additional information about the process. The designer can
view these as informative comments attached to the workflow.

Annotation

Predefined
Process

A predefined process, also known as subroutines, is a component that
allows the designer to use a predefined (existing) process and reference
it anywhere in the workflow.
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Document

The component is used to denote that a particular process requires the use
of a document that contains data from a database, from previous input, or
hard drive.

Table 21: Flowchart Components

CMMN Components

Case Plan &
Roles

The case plan represents the component that provides a complete
description of the case that is being handled. However, the CMMN
modeling usually does not clearly describe how the data gets into the case.
Furthermore, not all work tasks are clearly defined since management
often relies on the knowledge workers' experience to handle a particular
task.

Tasks

The tasks are components that can only be part of a case plan. These
represent the actual work that is accomplished during the case. CMMN
distinguishes between several types of tasks:

- Human task: the human task can be either blocking or non-
blocking. The task refers to a specific role whose responsibility is
to process and participate in solving the case.

— Decision task: is used to call a decision requirements model from
the case plan. The decision requirements table (model) helps to
guide the user through the decision process. The task is considered
to always be a blocking task.

— Process task: A process task is executed using an imperative
workflow similar to the call activity from the BPMN language.

— Case task: A task which links to another CMMN diagram

— Discretionary task (CMMN 1.1): The discretionary task keeps
the case worker deciding whether to perform the particular task or
skip it.

-~ = = = =5
o = E' | Discretionar 1
Human Task Decision Task Pracess Task Case Task v
1 Task |
N e =/

Event
Listeners

The event listeners in CMMN are similar in functionality to the events in
BPMN language. However, the CMMN is mainly limited to three types of
events: generic event listener, timer event, and human event listener. Such
paucity of events is due to the declarative semantics of the language.

QOO
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Stages

A stage is used to divide the case into subdivisions. The stage allows the
designer to group tasks, sequence flows, and sub-stages to form complex
flows. The stages can also be discretionary. An example of the stages can
be the division of customer complaints into two categories: product
complaints and service complaints.

Stage

=]

Milestones

The milestones represent accomplishments (or sub-goals) within the
process. The component is used to indicate that a particular stage within
the case has been reached or completed. The process does not continue
until the main task, events, or stages have not been completed. Therefore,
the designer can use the milestones to convey the progress of a particular

case better.
Mileitone

Case File

The case file component is used to represent a document or data file that is
relevant to a particular task, stage, or case. The case files are usually
interlinked with other items via connectors. This implies that the other
element for its execution uses the case file. For example, a case file can
contain patient information, user account details, etc.

Case File

Sentries
(Criteria)

Sentries is a component used in CMMN to indicate entry and exit criteria
to any task, milestone, stage, or case. Sentries have a diamond-shaped form
and can also stand as stand-alone elements with no attachments to other
tasks.

— Entry Criteria: The entry criterion set the condition for the
process flow to complete all the entry components before
continuing with the workflow, for example, completing a survey
before moving to the next stage.

- Exit Criteria: The exit criterion informs the user when the
workflow can continue from a particular task or stage. For
example, a user can continue the workflow from a specific Stage
only when a certain milestone was reached.

Stage

Entry [update] Exit [occur]

D— ------- —_———— Milestone
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Decorators

Decorators are components that provide more detail about a stage or task
to be completed. Decorators are of four types:

Auto Complete .: The decorator is used when the modeler wants
the stage or case to complete as soon as all the items that composes
stage are finished.

Manual Activation D: The manual decorator is used when the
task or stage should be initialized manually by the user. If the
decorator is not placed in the item, then the task will start
automatically as the entry criteria is satisfied.

Repetition H: A repetition decorator is used when a milestone,
stage, task, or case can be repeated multiple times. However, only
the items that have at least one entry criteria can be assigned the
repetition decorator.

Required !: The decorator is used when the process designer
would like a stage, task, or milestone to be executed before the
scope: case or stage, is allowed to be finalized.

Table 22: CMMN Main Components
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Appendix C — Ethics Review for Human Research

Delft University of Technology
ETHICS REVIEW CHECKLIST FOR HUMAN RESEARCH
(Version 12.03.2021)

Table 2: Risk Assessment Checklist

Note: if you answer “yes” to any of the questions in this checklist, please ensure that you summarise
and confirm how these will be dealt with in Section IV (Risk Management and Informed Consent)
below. Where appropriate please include the relevant advice/approval (eg: from the Privacy Team,
Data Steward or HSE representative) as an additional attachment to this application.

Potential Risk Yes No

1. Does the study involve participants who are particularly vulnerable or unable to give X
informed consent? (e.g., children, people with learning difficulties, patients, people
receiving counseling, people living in care or nursing homes, people recruited through
self-help groups).

2. Are the participants, outside the context of the research, in a dependent or X
subordinate position to the investigator (such as own children or own students)?*
3. Will it be necessary for participants to take part in the study without their knowledge X

and consent at the time? (e.g., covert observation of people in non-public places).

4. Will the study involve actively deceiving the participants? (For example, will X
participants be deliberately falsely informed, will information be withheld from them
or will they be misled in such a way that they are likely to object or show unease when
debriefed about the study).

5. Will the study involve discussion or collection of personal sensitive data (e.g., financial X
data, location data, data relating to children or other vulnerable groups)? Definitions
of sensitive personal data, and special cases are provided on the TUD Privacy Team
website.

6. Will drugs, placebos, or other substances (e.g., drinks, foods, food or drink X
constituents, dietary supplements) be administered to the study participants?
If yes see here to determine whether medical ethical approval is required

7. Will blood or tissue samples be obtained from participants? X
If yes see here to determine whether medical ethical approval is required

8. Is pain or more than mild discomfort likely to result from the study? X

9. Does the study risk causing psychological stress or anxiety or other harm or negative X

consequences beyond that normally encountered by the participants in their life
outside research?

10. Will you be offering any financial, or other, inducement (such as reasonable expenses X
and compensation for time) to participants?

1 Important note concerning questions 1 and 2. Some intended studies involve research subjects who are particularly
vulnerable or unable to give informed consent. This includes research involving participants who are in a dependent or
unequal relationship with the researcher or research supervisor (e.g., the researcher’s or research supervisor’s students or
staff). If your study involves such participants, it is essential that you safeguard against possible adverse consequences of
this situation (e.g., allowing a student’s failure to complete their participation to your satisfaction to affect your evaluation
of their coursework). This can be achieved by ensuring that participants remain anonymous to the individuals concerned
(e.g., you do not seek names of students taking part in your study). Please ensure that you include such risks —and how you
will mitigate against them in your risk section.
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Potential Risk Yes No

Important:
if you answered ‘yes’ to any of the questions mentioned above, you MAY be asked to submit a full
Research Ethics Application.

11. Will the experiment collect and store any personally identifiable information (Pll), X
including name, email address, videos, pictures, or other identifiable data of human
subjects??

12. Will the experiment involve the use of devices that are not ‘CE’ certified? X

Only, if ‘yes’: continue with the following questions:

» Was the device built in-house?

» Was it inspected by a safety expert at TU Delft?
(Please provide a signed device report)

> If it was not built in house and not CE-certified, was it inspected by some other,
qualified authority in safety and approved?
(Please provide records of the inspection).

13. Has this research been approved by a research ethics committee other than this one? X
If yes, please provide a copy of the approval and summarise any key points in your Risk
Management section below.

14. Is this research dependent on a Data Transfer Agreement with a collaborating partner X
or third party supplier?
If yes please provide as a copy of the signed DTA and summarise any key points in your
Risk Management section below.

2 Note: You have to ensure that collected data is safeguarded physically and will not be accessible to anyone outside the
study. Furthermore, the data has to be de-identified if possible and has to be destroyed after a scientifically appropriate
period of time. Also ask explicitly for consent if anonymised data will be published as open data.
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Appendix D — Interview and Survey Results (Part I)

Interview results from the face-to-face survey, including the open-question to identify tensions
points at ABC

Management Perspectives

Company: ABC Documentation ( Products Rapidly Growing company
datasheet -> Module Specs ->

Role: Project Manager, = SmartSheets) The company is in the phase of

Product Owner R&D for the product to be

Each requirement is discussed  released for the market
Department: Test and with an architect and customer
Measurement / R&D to assess feasibility. Backlog increases rapidly
Need for ISO compliance
Experience: 5-7 years The process followed is a more
top-down approach and is
Most Tension: similar to V-Model.
Documentation
For smaller projects is used
Least Tension: Agile methods with tools such
Regulatory Compliance as (Scrum Boards, Asana,
Confluence)

Company: ABC Asana (tool) There is no product owner to
keep track of requirements
Role: Team Lead, Chief PDM (tool)

of staff There is no person to translate
Arena (tool) the customer requirements

Department:

Production, IT, One person having multiple

Manufacturing roles within the project

(developer & product owner)
Experience: 10-15
The requirements are not

Most Tension: Frequent clear, and change quickly.

Requirement Change

Control There is no process and
responsibility assigned to do

Least Tension: Worker prioritization of the

Motivation requirements (which can be

done together, which ones can
be combined)

Approvals for certain

requirements change take time
and is not efficient
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Company: ABC

Role: Quality
Assurance

Department:
Production, R&D
Manufacturing,
Purchasing, Sales

Experience: 20 years
Most Tension: Impact
Analysis after the
requirement change

Least Tension: Costs

Company: ABC
(customer side)

Role: Project Manager

Department:
Production, R&D, Test
and Measurement, IT,
Manufacturing,
Purchasing, Sales

Experience: 20 years
Most Tension: Tools
Least Tension:

Measuring Project
Status

Asana, Gitlab (for process
tracking), Jira, Confluence.

Arena (Document business
processes, QMS process,
quality manual, describes the
organization, how the
processes are controlled,
placed to drive the direction,
objectives of the organizations)

PDM is not used anymore.

Arena TEC Design,
electronics, PIC
documentation, .gds, - Altium
files linkage, all the
documentation.

A product requirement
document. SFP is stored in the
team project/design project, the
stage where the document is
moved to the arena and
controlled, parametric
functionality

Actual testing is outside of the
Arena software.

Documents such word, excel,
used to store requirements and
processes design.

Overall, there is no tool to
capture the requirements and
processes that are being
developed properly.

Deployment for the software,
affects other parts (hardware,
manufacturing). The technical
approval and the deployment is
not covered.

Where we make of change, the
change should take into
consideration different types of
aspects. For example, if we
change the documentation
(requirement change), we need
the customer to approve, then
we have to change the
software—no visibility on this
process.

Challenge is a consistently
deployed /used process that
should be followed and
implemented within the
organization. There is none.

Hard to define a traceability
process because the product is
still in the R&D phase.

Also, there can be a
communication barrier
because of cultural differences.

| do not believe we have a
requirements capture process
at alll

Table 23: Management Interview Questions Results Summary
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Developers Perspectives

Company: ABC Asana (tool)

Role: Software
Engineer, Project

Arena (tool)

Manager We don’t have a specific

process to keep traceability
Department: links between different
Production; Test and components of a system.
Measurement

Experience: 5-7 years

Most Tension:
Measuring Project Status

Least Tension:
Regulatory Compliance

Company: ABC Issue lifecycle traceability in

Asana, Spec doc -> Eng doc ->
Role: Architect, Data
Analysist, Embedded

Software Engineer.

Quialification and Test
documents on
Dropbox/office/PDM (V-
Department: Research ~ Model).
and Development

Specification / Test traceability

Experience: 7-10 years in  RedMine (deprecated).
BOM (build of material) in
Most Tension: Costs Arena, Mechanical design

traceability to assembly and
instructions in  Solidworks
PDM (part number linked to
Arena).

Least Tension:
Measuring Project Status
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Scenario:

A feature request comes in.
Then, the tasks get to a
specific developer that
manages the requirement and
develops it).

The problem with this is that
there is no time for
documentation. Then more
people join the project, and
the customer changes their
mind about a specific
requirement. Then the burden
of the requirement goes to the
developer. But actually, /t’s
about the decision made in the
beginning.

Other:
Lack of a full system that
integrates everything.

The non-functional
requirements are not
monitored tracked

Constant feedback increases
the requirement change rate,
which bloats the requirement
traceability log and makes it
unusable. This decreases the
traceability appeal to the team
members, and the process
ends up being avoided by the
engineering staff.
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Company: ABC
Role: Software
Engineer, Hardware
Engineer
Department: R&D
Experience: 20+ years
Most Tension: Frequent
Requirements Change

Control

Least Tension: Costs

Company: External
Role: Software Engineer
Department: R&D
Experience: 0-5 years
Most Tension: Tracing
Across Organization
Boundaries

Least Tension: Impact

Analysis after the
requirements change

Asana for tasks tracking

Quialification, Test, and

Requirements documents (e.g.,

word, excel) on Dropbox.

Some projects use Confluence

Confluence for the

documentation, at to define the

design and architecture

Confluence - User stories and
Customer requirements

Jira for code development

Kanban board for software
developer.

Tracker - (Atlassian)
Requirements
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For small projects (2-4 people)
it is easier to maintain, update
and keep the quality of
requirements ourselves (as
developers). This increases
communication and
understanding of the
architecture and overall
requirements of the system.
However, for larger projects,
this becomes burdensome, and
now it becomes more difficult
to maintain.

At the moment, tighter control
on requirements at the start of
the project will be beneficial.
However, few processes have
been implemented to support
such a change. Therefore,
there is a challenge to develop
a product of high quality in a
flexible environment where
requirements constantly
change.

More flexibility results in
lower quality control

Even if all the people followed
the same course for Agile
(green belt), every person
insists on its own way to
implement the Agile process
and use the Jira and
Confluence tools.

Difficulty to apply Agile in
early research projects,
Requirements are not
necessarily come as a
necessity.
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Company: External
Role: Architect,
Software Engineer, l0T
Consultant
Department: R&D,
Production, Test and
Measurement
Experience: 0-5 years
Most Tension: Frequent
Requirements Change
Control

Least Tension: Tools
Company: External

Role: Software Engineer
Department: R&D
Experience: 0-5 years
Most Tension: Frequent
Requirements Change

Control

Least Tension: Tools

Jira, TTD, bi-weekly review
with stakeholders

Confluence for documentation.

Good naming schemes +
Conventions for naming -
feedback on the naming
conventions

100% test coverage.

10% of project time dedicated
to QA

JIRA (tickets management,
requirements), Confluence
(Design, best practices,
architecture),

GIT (Implementation and
code),

Cl Jenkins (Verification,
deployment, test, validation,
really depends on the project),

S&PC (Security and
performance center
responsible for maintenance,
security updates and incidents)

Apprehension of overhead
Example:

Everything should go between
4 eye principle. Is it valuable
enough to go through this
traceability process?
Something that the developers
face when doing the
traceability at this level?

Operational cost

A rapid succession of scope
changes can lead to muddied
traceability

No standard chapters for
documentation; any
responsible architect can
document the project in its
own way.

No agreement on the official
language to be used in the
documentation. (Many
documents in both English
and Dutch)

The desires of the client might
conflict with the Agile
processes established within
the company

Table 24: Developers Interview Questions Results Summary

113



3
TUDelft

Appendix E - BWM (& (KSI) values and weights)

The interviews in table below are organized in the same order as in the Appendix E. Therefore,

the KSI values are fist presented for the managers, developers, and external developers

Interview Data Value Weights
Details
Company: KSI 0,066740 0,2
0,18
ABC 0,16
0,14
R 0,12
Role: Project Most Documents 0,189952 0,1
Manager, Tension 329 ggg
Product 88‘2‘
Owner Least Regulator 0,013690 s
Tension | Compliance 258 EUE g g 0@"@&:&&“e&’;g"\*\}&“’o@“}e‘“\
<& & & & S & S &
Department: FHETE SES IS
e & & & S
Test and @‘@s $i€°&ﬁo°@oq e°§i‘§i°éi"$:@&&‘\ Q‘:\;@"‘%&‘&d
;\/I ;gslg rement & v.éoa"z@b"é Qﬁé\,i&&“ {@Q\& &
% RIS &
<& g
Company: KSI 0,073162234 0,25
ABC
Most Frequent 0,219486 02
Role: Team Tension | Requirement 703 015
Lead, Chief of Change '
staff Control 01 -
Least Worker 0,036581
Department: Tension | Motivation 117 0,05 7
Production, o
IT,
Manufacture. S EEFFEFE IS &8
&@vy&f”e\@o‘\@e&\é‘\v & °°Q&°Q’e°“’g§&°¢,’3é$ J\o&yi@
Experience: FFFE L G FEE S S
S N ¢ F P& e N
& T & o F & TS
10-15 & & T
so‘ @9” @b" \a@(" Qgs? vé& &'b &
e“”b ) v‘ﬁ&& \&"\&
R & &
\6&
Company: KSI 0,062825103 05
ABC ’
Most Impact 0,198608
Role: Quality Tension | Analysis 39 02
Assurance Least Costs 0,022067
Tension 599 0.15
Department: 01
Production, '
R&D 005
Manufactur. ’
. 0
Experience:
20 years §°°b§ ~{b\\o“ Sb‘\e"@ &S ‘9@" @o& é&(\&oﬁ? 00¢°\ < &@"’ \g;?\
&qy S é,o" @9“(\ Ny & oQ &Q c’b &o 6&@ & é‘d
FM g SIS & € & & &L &
R A G & & & E TS
S & F FF TS TS E
e"’*. o“"bo & SR @6& é’i& oéoe 6‘&0
£ & .g,g@&@\ o O
< & & &
(')‘& VQ& e‘?z «-,‘?\
R & & Q
\<~‘Q \Q‘b
('\(\
&
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Company: KSI 0,041511332
ABC 0,18
(customer Most Tools 0,159490 | o,16 -
side) Tension 905 0,14 -
. 0,12 +
le: . Least Measuring 0,022333 01 -
Role: Project | Tension | Project Status | 582 008 -
Manager ’
0,06 -+
0,04 -+
Department: 002
Production, "o
R&D, Test
and & ‘}\\9 & ‘\09 F L ¥ P ES LS
FFFF T F &S F
Measurement, &@é‘;ﬁ&“@\i@p&bﬁé ‘6\""\:0‘(8\,0'\\“‘&0&@%&’0: %o"*‘\* fe}‘;\@é»
Manufactur., F ST E S
<€ < & & F & & & F
‘_é" 0&? Qé‘QQ' & ¢ V’(@S‘ o\&& é@“\ t\‘)& &\&
; “o* & S ° o & F
Experience: &é « v@@;g :f«,
20 years « &< '&Qf
e*"&q’
Company: KSI 0,068375355 0,18
ABC 0,16
Most Measuring 0,168308 0,14
Role: Tension | project status | 566 Ooli
Software L ’
east Regulatory 0,021038 008
Engineer, Tension | Compliance | 5707129 | o6
Project 738 0,04 -
Manager 0,02 -
0
Department: . N
. g o X8 <3 o & 3 2
Production; FFEESF TS T EE TS TS
S S S FT e S E
Test and & F o AL EEE S
CRI SN © E e <
Measurement &5 0”9,4“‘ & ,,w}a & Qo*;@;@e"
96& ‘o"" @5\) é‘?f‘@ Qg,&)\ v?"o \(&? &F
H 5o & & &
Experience: 5- & €&
7 years
Company: KSI 0,04753915
ABC 0,18
0,16
Most Costs 0,164988 014
Role: Tension 814 '
0,12
Architect, Least Measuring 0,016778 | o1
Data Analyst, | Tension | Project Status | 523 0,08
Embedded 0,06 -
Software 0,04 -
Engineer. 0,02 7
0
Department: N .
PO SPCSCII I g g & & &2
Research and &é\@ »,&io‘\@;o“@: \.g,a“ & ;6‘900\@43& c,t’}"b;@i;@*w;é&és\@
Development °°&4;\°6&'3¢ ‘»)o“ Q&q}‘ &ée‘odc'é‘.p@&o (}\'po @“z’b %&e 00(3
& & FF S ETS S0
i o@‘" R KL #f &,\&&@&’ 7'&:05&@
Experience: 7- ¥ & S i %&Q«, Q
o o
10 years & S
&
Company: KSI 0,061197917
ABC
Most Frequent 0,154947
Role: Tension | Requirements | 917
Software Change
Control
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Appendix F — Interview and Survey (Part 1)

Included the face-to-face survey used to collect the relevant information for the data analysis
chapter. Which, in the end, helped to define the RTI Framework.

In what industry the company you are currently working is operating? (Please
choose all that apply) *

Electronics
= Software
Requirements Tracing in Agile felecommunication
Environments Energy
Transport

You are invited to participate in an survey for a master thesis research entitled
“Requirements Tracing in Agile Environments” conducted at the faculty of Management of
Technology at the TU Delft .

Construction

The purpose of this survey is to get a better understanding about the tensions faced by Manufaciuring
organizations when combining requirements traceability practices with Agile way of
working. The results of this survey will be used to highlight which factors in practice create Aerospace
the most tension within the companies when integrating the two methodologies. The data
from your participation will be used to identify and compare the literature findings with the Pharmaceutical
existing practical challenges.

Health Care
The final goal of the thesis is to develop a roadmap using business process modeling
notation (BPMN) which will help practitioners to identify and tackle the most critical factors Hospitality

when combining the requirements traceability and the Agile methodologies. The roadmap
should also help organization to better plan and allocate available resources so that
tensions points are reduced during the process of product development.

Entertainment

O000O0ooooooooao

Other:
Completing this survey takes about 30 to 45 minutes. Your participation in this research is

entirely voluntary and you can withdraw at any time. | believe that there are no known

privacy risks associated with this study. Your answers in this study will remain confidential

to my best ability.

Thank you for your participation and support. What is the size of the cnmpany?

Mihai
M.lliuhin@student.tudelft.nl Choose -

* Required
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Which of the following roles best describes your current position? (Please
choose all that apply) *

D President/VP/CEO/COQ/CIO/CTO
Business Development Manager
Project Manager

Product Manager

Product Line Manager

Process Manager

Operations Manager

Product Owner

Architect

IT Staff

Data Analyst

Software Engineer

Photonics Engineer

Hardware Engineer

Test Engineer

Quality Assurance

O00O0o0cooooopooooao

Other:

In what department(s) within the organization most of your work is taking place?
(Please choose all that apply) *

[ Production

Research and Development (R&D)
Test and Measurement
Information Technology (IT)
Manufacturing

Purchasing

Marketing

Sales

Finance

Human Resources (HR)

O00oooooooo

Other:

Years of relevant experience *

Choose -

To what extent do you agree/disagree with the following statements (1 refers to
"strongly disagree” and 9 refers to "strongly agree”): *

I have good

knowledge

about Agile O O O O O o o o o
methodologies

(e.g. Scrum)

I have good

knowledge

about

Requirements

Engineering

(Elicitation, O O O O o O O O O
Specification,

Validation,

Management,

etc))

I have good

knowledge

about the

Requirements O O O O O O O O O
Traceability

methodologies

and processes
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To what extent do you agree/disagree with the following statements (1 refers to

"strongly disagree" and 9 refers to "strongly agree"): *

| have good
knowledge

about Agile O O o O O O O O O

methodalogies
(e.g. Scrum)

| have good
knowledge
about
Requirements

qarerns 5 O O O O O O O O

(Elicitation,
Specification,
Validation,
Management,
etc.)

| have good
knowledge
about the

Requirements O O o O O o O O o

Traceability
methodologies
and processes

What are the current tools and methodologies used by the organization for

requirements traceability?

Your answer

Who in your opinion should be responsible to maintain, update, and keep the

quality of the requirements and traceability links within a project? *

Your answer

Are there any challenges/problems the organization faces when it comes to
integrate or maintain the Requirements Traceability processes alongside Agile

way of working? *

Your answer

What solutions have been implemented within the organization to balance

between Requirements Traceability and Agile way of working? *

Your answer

Are there any active projects currently within the company for improving the

Requirements Traceability techniques alongside Agile way of working? *

Your answer
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Which of the following factors is creating the "least tension” within your Which of the following factors is creating the "most tension” within your
organization when it comes to integrate requirements traceability processes organization when it comes to integrating requirements traceability processes
alongside Agile methodclogies? * alongside Agile methodologies? *
Choose - Choose -
How much more tension the other factors are creating when compared to the How much more tension is creating the "most tension factor” selected above
“least tension factor” selected above on the scale of 1-9. (1 refers to equal when compared to other factors below on the scale of 1-9. (1 refers same level of
amount of tension and 9 refers to absolutely more tension) * tension and 9 refers to absolutely more tension.) *
Please Note: You will find the selected “least tension factor” in the below list. For that factor a value of 1 Please Note: You will find the selected "most tension factor” in the below list. For that factor a value of 1
should be set, because they are of equal tension. should be set, because they are of equal tension.
1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9

poumenain O O O O O O O O O bocumeniain O O O O O O O O O

Workers Workers

kowedge O O O O O O O O O mowedge O O O O O O O O O

and skills and skills

Workers Workers

vovaion @ O O O O O O O O Moivaion Q@ O O O O O O O O

Tracing Across Tracing Across

ogizzton O O O O O O O O O ogaizaton O O O O O O O O O

Boundaries Boundaries

Product Product

Development Development

Lifecycle Lifecycle

Costs Costs

Tools Tools

Measuring Measuring

project status project status

Regulatory
Compliance

Regulatory
Compliance

Administrative
Burden

Administrative
Burden

o O O O O O
O 0O O O O O
O O O O O O
o O O O O O
o O O O O O
O O O O O O
o O O O O O
O O O O O O
o O O O O O
O O O O O O
O O O O O O
O O O O O O
O O O O O O
O O O O O O
O O O O O O
O O O O O O
O O O O O O
O O O O O O

Impact Impact
Analysis after Analysis after
Requirement Requirement

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

Change Change

Frequent Frequent

Requirement Requirement

- O O O O 0O O o0 O O oo o o0 o O O O O O O
Control Control

Automating Automating

:hilraceability O O O O O O o o o Ii.hiiraceabimy O O O O O o oo o o
inks inks

Maintaining Maintaining

and Scaling and Scaling

the Number of O O O O O O O O O the Number of O O O O O O O O O
Requirements Requirements

Identifying the Identifying the

Granularity O O O O O o o o o Gran‘ularity O O O O O oo oo o o
Level Level
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Appendix G — Interview and Results (Part I1)

Q1: Will, in your opinion, the RTI Framework provide any assistance
to the practitioners to develop better traceability strategies for their
organization or specific projects?

RTI Framework
Practicality

Q2: How, in your opinion, the BPMN Roadmap (if implemented), will

BPMN Diagram

affect the Requirements Traceability Challenges weighted by the | Efficiency and

developers and managers? Accuracy

Q3: What are possible improvements that can be made to the BPMN | BPMN Diagram

Roadmap? Improvements

Q4: What, in your opinion, will be the main implementation challenges | BPMN

when it comes to BPMN Roadmap diagram? Implementation
Challenges

Q5: Taking into consideration the Requirements Traceability Tensions
at ABC, what, in your opinion, the company had to do differently to

ABC Processes
Retrospective

overcome the current challenges?

Table 26: BPMN and RTI Framework Interview Questions

Interview Answers

Role: Software
Engineer, Project
Manager

Department:
Production; Test and
Measurement

Experience: 5-7 years
Most Tension:
Measuring Project

Status

Least Tension:
Regulatory Compliance

Q1: RTI Framework

| definitely see value in having such a roadmap for project
development and RT. However, this is a perfect picture of how
things should be.

In reality, there is a lot more to this process. For example, there
should be a person (or team) responsible for the quality
assessment of the processes, somebody to enforce such processes.
Oftentimes, because of lack of budget, time, and practicality,
certain steps (from the diagram) might be offseted.

Furthermore, the diagram does not show how to handle the
implementation for different departments.

Q2: BPMN Diagram
Very often at ABC to force developers to write documentation is
a big challenge. However, if we have the process to write the
documentation whilst the product is developed weekly, this will
definitely improve the product quality and help measure the
project status better.

However, challenges such as “Frequent requirement change
control” are not really addressed for the ABC case. The process
shown in the roadmap will work great when an external customer
is providing the requirements. In this case, you lock the
requirements, and every change made is at the customer’s
expense.
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At ABC, the customer | work with is usually internal, which has a
lot of freedom to change the requirements at any moment in time.
Moreover, the customer is treated too friendly and is welcomed
at any moment to make a change. Therefore, some challenges are
not really addressed by the BPMN.

On the other note, | think challenges such as Administrative
Burden, Tools, Product development lifecycle will be improved
and will be less of a burden.

Q3: BPMN Diagram Improvements

As Dbriefly mentioned in the previous question, the roadmap
assumes that the requirements are fixed! But in the ABC case, the
requirements often times change during the “Sprint”.

Also, the negotiation process with the client is missing in the
roadmap. When a new requirement comes, the customer's first
question is: “How long Will this take?”. Oftentimes, this is a
difficult question because if the requirement requires re-
engineering of a big system component, we don’t want to delete
what we already have. This usually requires a repurposing of
what is already in the system, and the amount of work is very hard
to predict. Nevertheless, such a process is missing in the
roadmap.

Q4: BPMN Implementation Challenges

The first thing that comes to mind is that people will start asking
questions like: “Is to complex?”, “Will this work in practice?”.
People are used to working in a certain way. So if you introduce
something new, they will always say that the new methodology
will not work. Also, other employees will say that their current
workflow worked for 15+ years; why should they change?

Another aspect is that no matter what process/workflow you will
introduce, there will be cases when people will get creative and
will bypass the workflow. As a result, this will make the process
you try to implement look less valuable in the long term.

Q5: ABC Processes Retrospective
1 do believe that some designing (processes) of the workflow I've
seen the BPMN roadmap had to be implemented in the past.

Furthermore, the company grows with no base processes to help
with growing teams. As a result, the new employees who join the
company bring with them their own methodologies and workflows
and start to implement them because they see a lot of missing
parts. As a result, we now end up with a conglomerate of
processes and workflows per project and team. The employees
were not properly introduced to the dynamics (workflows) of the
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company, but deliverables were expected from them. Therefore
the new colleagues had to improvise.

Therefore, having an initial strategy or teams to develop certain
standard processes had solved many issues that we currently face.

Role: Project Manager,
Product Owner

Department: Test and
Measurement / R&D

Experience: 5-7 years

Most Tension:
Documentation

Least Tension:
Regulatory Compliance

Q1: RTI Framework

| think structuring the projects is important, since this will
generate some checklists. Also, following the process will
generate some documentation by default.

| do think the roadmap is useful. But it has to be templated, so it
does not cause overhead. So, for example, if you have limited
time, you cannot constantly monitor the progress or consider all
the RT challenges.

Therefore, even though the roadmap provides some perspective
to RT and product development, in practice, it might be more
useful to have limited options to choose from in each step of the
RTI Framework. This will speed up the process a lot.

Q2: BPMN Diagram

| think for managers, such workflow should help generate
traceability and documentation. The roadmap balances between
development and traceability; this gives good flexibility and a
project approach. Also, following such a process provides fewer
moving targets which are good for developers and can reduce the
“Frequent  requirement  change  control”  tension.

Also, such processes provide a good foundation to have
regulatory compliance (e.g., ISO 9001). Furthermore, the process
described in the Roadmap is suitable to support the business
goals.

In theory, the roadmap should improve the currently faced RT
challenges; however, there are a lot more unknowns in practice.

Q3: BPMN Diagram Improvements

| believe the roadmap is too generic to be implemented in practice
directly. Also, some tasks in the process require a lot of work to
be accomplished. Therefore, having some templating (a limited
number of options to choose from) will provide a better
roadmap/process.

Furthermore, the roadmap/processes are developed with an
external customer in mind; however, we also deal with internal
customers at ABC. There is more flexibility in the workflow with
internal customers, and all the procedures are usually not
followed. You often do not define concrete traceability steps and
requirements with the internal customers at ABC. Therefore, the
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roadmap map could provide some administrative burden for
certain scenarios.

Q4: BPMN Implementation Challenges

As previously mentioned, the BPMN roadmap generates a certain
amount of overhead. For the described process to work, the
project should be of sufficient size and budget. Otherwise, you can
waste ~10% of the total time of the project to go through this
roadmap. Sometimes you want quick/ad-hoc developments.

Nevertheless, a common language for process mapping makes
sense to be implemented. However, the coordination to implement
it at ABC can be challenging. Different teams work in a certain
way; asking people to do things differently causes a lot of
overhead.

For example, when people were asked to transition from
Microsoft Planning to Smartsheets, there were many pros and
cons raised by different people. | believe this goes for any
implementation that we try to do.

Therefore, gaining a ‘“critical mass” for the things to move
forward will be the biggest challenge for the BPMN roadmap.

Q5: ABC Processes Retrospective

More had to be invested in the coordination between different
departments and teams. For example, in R&D, we have a lot of
flexibility, and introducing a tool that works for Production might
not be suitable for us. Therefore, coordination and negotiations
had to take place earlier.

In Conclusion: The BPMN Roadmap should be implemented
slowly, part by part. For example, we lack the quality department,
which the BPMN Roadmap advocates, but this comes slowly also
with the organization scale-up.

Role: Architect, Data
Analysist, Embedded
Software Engineer.

Department: Research
and Development

Experience: 7-10 years
Most Tension: Costs
Least Tension:

Measuring Project
Status

Q1: RTI Framework

The framework describes very well the process we went through
at ABC when we tried to introduce the Redmine RT tool. However,
we were missing the last two steps of categorizing the existing
business processes and analyzing the existing process challenges.

For ABC, the BPMa lifecycle is not that important yet. But if the
product matures, we have to pay closer attention to it.

Q2: BPMN Diagram

BPMN Roadmap will improve the aspect of Documentation,
however many other challenges such as “Frequent requirements
change control”, “Measuring project status”, “Tracing across

organizational boundaries”, and others are not properly
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addressed by the diagram and | think will remain unchanged if
we follow the BPMN Roadmap processes.

Q3: BPMN Diagram Improvements

In the case of ABC, the main product is a combination between
photonics, hardware, and software. The BPMN roadmap does not
provide a clear representation of how these requirements should
be traced between the three layers of our product.

Furthermore, the process to introduce a new requirement during
the “Sprint run” or “Daily Scrum” is missing in the BPMN
roadmap. The frequent requirements change during Sprint runs
is one of the most challenging aspects we have to deal with at
ABC.

Q4: BPMN Implementation Challenges

In the first place, implementing a common business process
modeling language is a challenge. For example, the
production/manufacturing teams could benefit from something
like this because the processes are more structured. But in the
case of the R&D department, they should be more flexible in
choosing what they want.

Furthermore, having a common language requires training of
certain people to operate the language correctly. As a result, if a
change has to happen to the process, an employee has to go to the
process gatekeepers to make the changes. This could increase the
administrative burden.

But in the long-term, having a standard modeling language will
definitely increase efficiency for some departments and projects.

Q5: ABC Processes Retrospective

The management had to place more emphasis in the beginning to
train people on the concepts of Design Innovation and Product
development lifecycle. Many employees are not that familiar with
the process and do not see the bigger picture for certain tasks and
projects that should be done.

Also, investment in different licenses, hardware, and tools to
facilitate the employees' jobs could have drastically sped up the
product development and quality of the product.

Table 27: BPMN and RTI Framework Interview Results
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