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ABSTRACT 
 

 

 

 
Context. Flexibility in requirements management allows organizations to react quickly to changes in 

market demand. Organizations rely primarily on different documents to track projects, which are 

inefficient at maintaining traceability between requirements and other development artifacts. Finding a 

model to structure change impact analysis and change propagation is needed. 

Objectives. First, this thesis studies the current practice for enabling flexibility of scoping decisions. 

Second it evaluates the identified flexibility enablers – requirements centralization, requirements 

abstraction, and requirements grouping – in an industry context. The current practice is then 

contrasted with these flexibility enablers. 

Methods. To understand current practice, a case study was performed in industry. Data collection 

relied on interviews and document and repository observations, and grounded theory was used to 

analyze it. A solution containing the flexibility enablers was developed and evaluated at the 

organization where feedback on the tool was received. 

Results. The practitioners followed a strategy to handle changes in requirements where the impact 

analysis and decision making process were the most critical. Several challenges were identified which 

hindered flexibility for scoping decision. As a consequence, the studied project suffered from delay 

and budget overrun. The three presented enablers supported flexibility in decision making. The 

flexibility enablers facilitated decision making by providing a single, linked, consistent, and versioned 

set of requirements of multiple abstraction levels. Traceability between requirements was maintained 

which allowed propagation of changes between requirements. The multiple abstraction levels allowed 

for targeted viewing of the requirements based on role. Grouping requirements with implementation 

proposals provided traceability between the requirements and the design, which further helped change 

propagation. 

Conclusions. Although the studied organization followed standard procedures such as Change 

Control Boards (CCB) and change impact analysis (CIA) to enabling flexible decision making, they 

did not adopt any of the methods provided in recent studies. Additionally, the organization still 

depended on documentation to capture requirements and counted on their tacit knowledge to analyze 

the impact of changes. This hindered flexibility for scoping decision. Traceability as a strong point of 

centralization was aligned with previous studies in enabling flexibility while the family feature was a 

concept with no previous empirical evidence. We also proved that abstraction enabled flexibility, 

which has not been discussed in any previous studies. Similarly, we found no empirical evidence 

related to requirement grouping based on implementation proposals in enabling flexibility in decision 

making. Although the three enablers supported flexibility for scoping decision, the practitioners still 

had to invest a certain amount of manual work to benefit from them, since the tool did not handle 

everything automatically. 
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1 INTRODUCTION 
Market-driven product development in large-scale projects faces the challenge of 

dealing with huge information flows. Product managers need to deal with a constant 

flow of new product requirements that is not limited to a specific development instance 

[32]. Requirements come from many sources throughout the product lifecycle, and 

often emerge from the employees themselves [41]. Handling changes in this volatile 

environment forces development teams to become flexible in the requirements 

engineering process to benefit from competitive advantages [11]. Being unable to 

adapt to these volatile conditions will reduce market-share and lead to products that are 

obsolete even before entering the market. Flexibility should be achieved up to a 

sufficient level and be in balance with cost, control, and traceability. 

Flexibility, adapted from manufacturing practice, is defined as ‘the ability to 

change or react with little penalty in time, effort, cost, or performance’ [48]. We define 

flexibility for scoping decision as the ability to react towards changes by reducing the 

difficulties of making scoping decisions, which are to include new things or to exclude 

existing things – requirements, goals, etc. There have been attempts to embrace 

flexibility as a feature of the requirements engineering process. Some approaches 

attempt to mold the planning processes to accommodate the change process and be 

able to react quickly [7], or have refined their working methodologies to include 

changes as part of the cycle [50].  

However, flexibility does not come for free. Trade-offs in flexibility includes cost, 

control, and traceability. Flexibility in a market-driven project is costly since more 

effort is needed to evaluate and implement changes [6]. Flexibility also conflicts with 

strong management control. This control is achieved through an upfront development 

of a plan as a predetermined script. Being flexible means changes are introduced into 

these plans [29]. Organizations targeting to be compliant with a certain standard such 

as CMMI need to deal with traceability [14]. Flexibility conflicts with such standards. 

Traceability is prone to changes, and changes of traceability are effort-intensive.  

The following approaches are likely to enable flexible decision making: the 

Requirements Engineering Support Technique (REQUEST) [53], the Requirements 

Abstraction Model (RAM) [27], and feature trees [24]. REQUEST provides a basic 

structure for capturing and maintaining continuous arrival of requirements with a 

centralized requirements database. Such centralization enables flexibility by focusing 

the communication of team members and stakeholders on a single, versioned set of 

requirements. RAM takes requirements of multiple abstraction levels as input and 

offers a structure for refining and abstracting requirements. Abstraction enables 

flexibility by allowing changes to lower-level requirements to be traced back to the top 

level requirements to evaluate the impact of the changes and make better and faster 

decisions. Feature trees allow grouping of requirements into features that represent 

alternative decision options. Grouping of requirements enables flexibility by helping to 

reduce the complexity of decision making. This can be done further by enabling 

decision makers to consider coarse-grained features instead of detailed individual 

requirements.  

It has not been shown whether requirements centralization, abstraction, and 

grouping enable flexibility in reality. The requirement centralization approach is only 

the first step to enable flexibility. It serves as a base for requirement abstraction and 

grouping, but alone may not have sufficient effect on flexibility. While specifying 

requirements to different abstraction levels has the potential to inform decision 

making, it also adds more information (i.e., the traceability between abstraction levels) 

that needs to be maintained upon change. Past studies have focused only on the quality 

of the requirements [26]. Requirements’ grouping reduces complexity. However, such 

requirements groups, the product features, may be highly interdependent and may even 

share the same requirements, hence complicate the preparation of decision-support. 
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This thesis report contains the early results of the work performed, which aimed at 

improving flexibility for scoping decision. Industry adopts configuration management 

to handle changes, but there is no empirical evidence that evaluates to what extent 

flexibility is achieved. The first aim of our thesis is to identify the current working 

process of practitioners in handling changes. The inductive approach used in the 

research has been chosen since the best practices for improving flexibility for scoping 

decision have not yet been established [8]. This allows the organization to learn from 

past experience and include the results of the research into the new process model. The 

second aim is to determine whether requirements centralization, abstraction, and 

grouping enable flexibility for scoping decision. 

The organization in question is focused on the development of embedded software 

systems, and as such, is concerned with both software and hardware aspects of 

development. The research is conducted in a development organization, where 

information was gathered through the use of surveying techniques on various roles in a 

project. Special emphasis was placed on a particular project of interest, where most of 

its members were interviewed. This data was later verified by triangulating the results 

with project data gathered from their repository. A grounded theory approach was used 

in analyzing all data, and a proposed solution for improvement was handed to the 

organization to improve their workflow. The result is a summarized description of 

real-world practice and a solution for improving flexibility in decision making for 

product development. 

The remainder of this thesis is structured using the following sections. We first 

study the state-of-the-art practice of decision making in the background work 

performed and identify the need for this research. Next, we define the objective of the 

research, and the methodology chosen to attain it. This includes the data collection 

method and how the analysis is performed. A summary of the unit of analysis is given, 

followed by the identified threats to validity. Once the structure of the research has 

been explained, we describe the specific research performed to answer the first 

research question posed, followed by its analysis and synthesis. In the subsequent 

section a similar structure is followed to answer the second research question, where 

we also explain the proposed solution given to the organization. We then discuss the 

findings from the previous two sections, where we synthesize the results. Finally, a 

short summary and conclusion of the thesis work is presented. 
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2 BACKGROUND AND MOTIVATION 
An organization relies on being flexible to be able to adapt to a changing market, 

and consequently gain a competitive advantage by reacting quicker to changes. 

Nonetheless, there are trade-offs in achieving flexibility, such as cost, control, and 

traceability. There is no established literature on how flexibility in decision making is 

achieved in an industry setting, if at all. Some approaches from literature suggest being 

able to enable such flexibility, including centralization, abstraction and grouping. 

However, an empirical evaluation has not been performed.  

We performed a literature study to investigate the state-of-the-art requirement 

changes management which includes identifying solutions (i.e.: strategy, procedure, 

and tools) used to handle changes and also challenges faced by using such solutions. A 

total of 4 databases were used in the literature study: ScienceDirect, IEEE Xplore, 

ACM Digital Library, and Springer Link. We filtered down the list of results based on 

the language (i.e.: English), availability (i.e.: full-text), year of publication (i.e.: >= 

2000), and content (i.e.: handling requirement changes in product development). The 

results of this literature study are presented below. 

Through the use of agile practice, we can adjust the development process to 

accommodate changes that come up during the execution of the project. Agile 

development allows product development teams to cut the requirements flow into 

manageable pieces. The development is split into short iterations with controlled 

requirements input and feedback from stakeholders on development results. 

Throughout the iterations, new requirements are included while others are discarded, 

which allows development teams to react in a shorter amount of time compared to 

traditional waterfall development [18]. The continuous change inherent in agile 

development leads to planning problems in decision making for software development, 

but there are proposed methods such as [25] that try to deal with this. The beginning of 

the iteration is preceded with a decision to determine its scope, which allows for 

flexible arranging of the initial and incoming requirements. However, there are certain 

situations that do not allow practical implementation of these practices due to linear 

development of the models, legacy projects, and other factors [40].  

Alternatives to agile methodologies can also be employed to deal with changes. A 

predominant approach to dealing with changes in a product lifecycle involves creating 

a change control board, included in many research papers such as [3,33,36,50]. Other 

more specialized approaches such as [42] can be employed under strict project 

properties. This approach provides a project management framework which is capable 

of presenting diverse views of a product to its stakeholders seamlessly, and offers high 

resilience to requirement changes.  

When changing the development processes is not an option, the challenge to 

overcome is how to decide the course of action to take with respect to changes. The 

primary course of action is to evaluate how the change will affect the project, and 

whether it should be carried out or discarded, through change impact analysis (CIA). 

The benefits of change impact analysis have been shown in a number of research 

efforts by several teams [13,30,38]. In the first paper, the authors explain a foundation 

of CIA related to various entities, including not only requirements but other artifacts in 

their analysis through the use of a web-based tool. Another paper emphasizes 

prioritization according to potential impact of a requirement change, by creating a 

metric to compare different cases. A third research effort attempts to perform CIA 

starting from a high-level design to reduce the tedious manual process of change 

propagation. The techniques proposed are successful to varying degrees in the scope of 

the research. However, we felt the need to include in the process other artifacts that are 

not taken into account, such as hardware components, the component constrains 

brought by them, implementation proposals, and the interdependency between 

products – where requirements in a family are re-used to specify new products. 
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Another line of research into flexibility attempts to predict changes before they 

happen. This is ultimately manifested in product line engineering, where the ability for 

change is designed into the methodology. One such example is an approach that injects 

flexibility into the process modeling phase to promote reuse of requirements the 

product line techniques [7]. There are also other papers that detail the advantages of 

product line engineering, such as [21,45]. However, these approaches require the team 

to have an excellent concept of the project – usually, this pertains to projects with little 

innovation – and is therefore not suited to many development teams. 

Currently, techniques such as the ones described in the literature are not widely 

used. Organizations mostly rely on the experience or knowledge of the team leaders, to 

be able to analyze the ramifications of implementing the change or not. There are 

usually several aspects to analyze when performing impact analysis, including revising 

business goals, technical feasibility, and impact on the current project [2,13]. 

Commonly, these tasks are being performed manually by a team of experts in the area, 

who may or may not be able to identify all the affected components. Being able to 

perform the impact analysis as thoroughly as possible and with the most accurate 

results allows the organization – independent of their development process – to react in 

an appropriate time with the best course of action, enabling flexibility in their 

development process. 

In the literature, there are several approaches that try to deal with the issue of 

impact analysis with the goal of flexibility, among other approaches. It is worth noting 

that while each paper focused on a different methodology to deal with flexibility, the 

majority of papers proposed a solution based on two key aspects: centralizing the 

requirements and other artifacts in a single repository, and leveraging abstraction 

levels or layers to maintain traceability. Some papers take on the problem by drawing 

inspiration from Product Lines, where the modular structure lends itself to flexible 

design and reuse [7]. This does not serve a general purpose and can only be applied to 

specific projects. There have been other approaches to incorporate changes into the 

development process to reduce inconsistency between the market demands and the 

delivered product [50]. Another reoccurring topic is enhancing traceability between 

requirements [13,34], and between heterogeneous project artifacts such as test cases, 

documents, meetings, etc. [4,52]. 

One of the antecedents of this line of thinking is a method named REQUEST [53], 

which provides a basic structure for capturing and maintaining continuous arrival of 

requirements with a centralized requirements database. It also introduced a 

methodology to help maintain the requirements repository. Although the tool is now 

very old, the ideas that it put forth are still applicable to systems present today. Some 

of the challenges solved by this method include a lack of formal process, lack of 

traceability, impediment of accountability, and no centralized repository. Through the 

literature study we performed, this last point was present in even current papers, and 

thus we decided to include it as the first of our flexibility enablers. 

A paper which offers deep insight on abstraction levels is the Requirements 

Abstraction Model (RAM) [27] that takes requirements of multiple abstraction levels 

as input and offers a structure for refining and abstracting requirements. The paper 

proves that requirements arrive at different abstraction levels, and must be worked-up 

or broken down as needed in order to allow comparison between them. Having the 

ability to compare different requirement is the basis for decision making, where more 

than one solution must be evaluated to be able to select the decision with most value. 

We considered this model to enable flexibility in decision making, and therefore 

arrived at our second flexibility enabler. 

Finally, an approach to reduce the complexity of decision making is through the 

use of feature trees [24], which groups requirements into feature groups so decisions 

can be made on just a subset of the total requirements. By reducing the number of data 

points to analyze, faster decisions can be made. It also provides a visualization tool for 

product managers to create a mental image of their product, enhancing their decision-
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making skills. The advantages presented by this approach aligned with our intentions 

to enable flexibility in decision making, and we thus included it as our third enabler of 

flexibility to analyze, requirements grouping. 

Our motivation to carry out this research is to understand the state of practice with 

respect to handling changes to achieve flexibility for scoping decision. We found that 

solutions proposed in the previous studies were not evaluated in an industry context, 

with the exception of agile practice. The other proposed solutions were evaluated in a 

qualitative evaluation, simulation, or academic study, which leads us to believe that the 

industry is not ready to adopt those solutions. We can assume that there must be some 

prerequisites to those solutions which have not yet been fulfilled.  

Additionally, we are motivated to evaluate enablers of flexibility for scoping 

decision. Although requirements centralization, abstraction, and grouping have shown 

signs of enabling flexibility for scoping decision, there is no empirical data to 

corroborate the statement. Requirements centralization alone may not affect flexibility, 

but serves as a base for requirements abstraction and grouping. Regarding 

requirements abstraction, past studies have focused only on the quality of the 

requirements [26]. Moreover, requirement abstraction is concerned with traceability of 

requirements, which is a trade-off of flexibility. Finally, requirement grouping has the 

potential to reduce complexity, but has the drawback of interdependency of 

requirements which complicates the decision-making process.  

Without knowledge of the state of practice we cannot determine a course of action 

for improvement. By addressing these knowledge gaps, organizations will learn from 

past experience and become more adept in implementing solutions in handling 

changes. 
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3 RESEARCH DEFINITION AND PLAN 
The goal of this section is to report on the undertaken research plan while 

explaining the steps taken to achieve it. We also expand on the reasons why the 

selected methodology was chosen. 

3.1 Research Definition 
Our first aim is to understand the state of practice with respect to how experienced 

practitioners handle requirement changes. Secondly, we aim to enable flexibility for 

scoping decision in software development with the flexibility enablers: requirements 

centralization, abstraction, and grouping to handle the trade-offs of such flexibility. 

The objectives to fulfill the stated aim are: 

1. To study the current practice in handling requirements and its impacts on 

flexibility in scoping decision. 

2. To implement and evaluate the identified flexibility enablers on flexibility 

in scoping decision in software development. 

Our hypothesis is that the flexibility enablers provide an efficient foundation in 

structuring requirements, thus enabling identification of change propagation to the 

design or implementation layer. They provide practitioners the ability to produce a 

detailed change impact analysis to be used as input in the decision making process. 

The stated objectives will be achieved by answering these research questions: 

1. RQ1. “How do experienced practitioners handle requirement changes?” 

a. RQ1.1. “What kinds of changes do requirements undergo?” 

b. RQ1.2. “What strategies do practitioners apply in handling 

changes?” 

c. RQ1.3. “What kinds of challenges faced when applying the 

strategies?” 

2. RQ2. “How do the identified flexibility enablers affect decision making in 

product development in comparison to the previous practice of handling 

requirements?”  

a. RQ2.1. “How did the previous practice enable flexibility?” 

b. RQ2.2. “How do the identified flexibility enablers affect 

flexibility?” 

We decided to address the research questions into two studies. The first study was 

to find out the current practice with respect to requirement changes at different points 

in the product lifecycle. This gave us an idea of the challenges and problems that 

practitioners are facing today, and the way we could use our system to aid the 

development process. The second study revolves around how the flexibility enablers 

we found in the literature could be evaluated in an industry context. This second part 

focuses on the solution of the problems identified in the first phase, and how we can 

evaluate our proposed tool in a live project. 

3.2 Research Process 
In the domain of software engineering, there are some methods which are 

commonly used for performing research, which include: controlled experiments [51], 

surveys [22], case studies [54], action research [39], and simulation [5].  

We discarded using a controlled experiment since this method cannot be used 

effectively in a complex environment where not all the variables can be controlled. We 

were considering using action research, but the practitioners were not ready to start a 

pilot project where we could participate and collect the results. Creating a simulation is 

a time-intensive task, and we were not convinced that we could recreate the full 

situation of the studied project to collect results.  



 

  9 

The method most appropriate for us was the use of a case study, where we 

evaluated a project at the host organization to answer our first research question. We 

chose to use case study as the primary research method because we wanted to study a 

real world situation that was complex and environment dependent. We also used 

interviews to collect data to answer this first research question. For our second 

research question, we used evaluation through interviews to collect data from various 

perspectives of different levels of management. 

Data was collected through observation of documentation and other project 

artifacts, as well as a series of interviews from the people involved in the studied 

project, which enabled us to get a better idea of the data we extracted from the studied 

project. It also gave us insight into the reasoning behind some of the decisions taken in 

the studied project that were not recorded in the data.  

For our second set of research questions, we designed and implemented a system 

based on the flexibility enablers we had identified. We intended to test this system 

with a pilot project but due to some constraints from the organization side we are 

unable to get the result on time. By the time this report is being written, the pilot 

project was still at its early phase. Instead of waiting for the result, we conducted 

training sessions with various roles to receive an introduction to how the system 

worked. We presented our solution and performed an evaluation in a form of a static 

validation through a series of interviews with the practitioners.  

The analysis method chosen for our research is based on the grounded theory 

approach described by Strauss and Corbin [17], which were used in analyzing 

interview data. The data obtained from both observation and interviews was then 

contrasted in a process known as data triangulation [44], which compares the 

information obtained in one source independently of the other. If both sources are in 

agreement over the conclusion drawn, then we can confirm its validity with greater 

certainty. The motivation of using several sources is to reduce the impact of having an 

erroneous source, due to information bias, misinformation, or incorrect recollection of 

events in the case of interviews.  

We analyzed the data following the three sequential series of stages: open coding, 

axial coding, and selective coding. First we started with open coding which is a 

procedure where we group information based on certain categories. We continued with 

axial coding. In this stage we interconnected categories that we have defined. Last, we 

built a story that connects the categories to produce theoretical propositions. This stage 

is called selective coding.  

Open coding was done iteratively after every interview batch, which resulted in 

emergent codes. We refined the questions for the subsequent interviews based on the 

current open coding result. We used the constant comparative approach in attempt to 

saturate. We looked for instances that represent the categories defined and continued 

looking until new information did not provide further insight into the category. 

In the axial coding stage, we explored the relationships of categories and made 

connections between them. We followed a model which is built upon: causal 

conditions, central phenomenon, context, intervening conditions, actions/interaction 

strategies, and consequences. The definitions of these elements are described in the 

following table. 

  

Element Definition 

Causal condition Entities which influence the central phenomenon 

Central phenomenon The central idea, event, happening, or incident 

Context Environment of the event 

Intervening condition Condition which constrain or facilitate the action or 

strategy 

Action/interaction strategy Process taken as a respond to the phenomenon 

Consequence Result of the action/strategy taken 

Table 1: Elements of Axial Coding Model 
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In the last stage, the selective coding stage, we identified a single category as the 

central phenomenon then constructed a story around this. We systematically related 

the core category to the others. Finally, we performed data point triangulation where 

we compared and contrasted the data obtained through observation with the story we 

constructed as evidence to support it. 

3.3 Development Organization 
The study was conducted in collaboration with ABB, Microsoft, and Zuehlke. 

Each of these stakeholders had their own objectives in the project, and we all wanted 

to obtain value from this project. In the case of the host organization, they wanted to 

improve the requirements engineering process for their current projects. They had 

detected some deficiencies in the way requirements evolved throughout the lifecycle of 

the project and wanted to define a new workflow that would enable them to achieve a 

more efficient way of working. On the other hand, Microsoft wanted to gather data of 

how their clients were using their products. The intention was that they would like to 

improve their current tools to benefit organizations that are using them by tailoring the 

tools to their needs. Finally, Zuehlke, a consulting company, was interested in the way 

we improved the process at ABB, since they had helped the organization previously. 

All three companies played an important role in defining the scope of the project, and 

their advice and support was invaluable to the success of the project. 

The organization where the research took place is a market leader in the power and 

automation systems industry, and was based in Zurich, Switzerland. The research was 

developed within ABB’s Substation Automation business.  

 

 
Figure 1: The Organization Structure 

 

Figure 1 depicts the organization structure. The organization was responsible for 

developing systems and products for protection and substation automation application 

which included embedded software development, engineering tool development, and 

hardware development. Each team in the organization was responsible for handling 

different projects. A project was usually tied to a specific version of a product.  

The organization ran a software process improvement program that aimed to 

benefit the development teams with leading practices in this sector. When this research 

took place, they had achieved CMMI level 2, but no future plans were in place to 

progress to the next level of certification. 
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Figure 2: The Organization’s Requirements Engineering Sub-processes (dotted: 

optional, solid: required, grey: R&D, white: PM) 
 

Figure 2 depicts the requirement engineering (RE) process established as a 

guideline, which follows a stage-gate system [16]. The organization uses gates (G) as 

milestones in project lifecycle. There are three major sub-processes which are marked 

by G0, G2, and G5: innovation and negotiation (pre-G0), in-project requirements 

development (G0...G2), and in-project requirements management (G2...G5). Activities 

in each sub-process are stated in Table 2 below. 

Requirements are grouped into two types: market requirements and technical 

requirements. Market requirements for a product are specified by the product manager 

responsible for the product as a Market Requirement Specification (MRS). Derived 

from this market requirements are the technical requirements. These requirements are 

defined by the R&D team as a Technical Requirement Specification (TRS). 

 

Phase Activity 

Pre-G0 Align requirements to development needs and ideas by innovating 

(continuously) and negotiating (upon invitation by the product manager). 

G0 Agreement to start a project, where tentative requirements (draft MRS) 

are handed-over. 

G0 – G1 Influence project scope by studying the requirements (draft MRS), 

proposing requirement changes, and providing effort estimates. 

G1 Agreement on project scope with finalized requirements (approved MRS). 

G1 – G2 Ensure acceptance of the intended solution by handshaking with product 

management. 

G2 Agreement on project scope and implementation proposals (approved 

SRS/TRS). 

G2 – G5 Report on progress and handle requirements changes during project 

execution in a structured way with the major project stakeholders (Change 

Control Board or CCB).  

Table 2: Phase and the Related Activity 
 

Projects do not have to strictly follow this guideline. Table 3 below draws the full 

picture of practices which deviate from the guidelines. While some deviations might 

lead to a better result, there are others which actually hinder the development process. 
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Guideline Practice Reason Implication 

The product 

scope should 

be frozen at 

G2. 

Product scope 

can still be 

changed even 

after G2. 

Organization policy, 

market requirement, or 

technical limitations are 

not predictable and might 

appear at any time during 

the development. 

By deviating from the 

guideline, product is 

developed closer to the 

stakeholders’ needs.  

The gates 

model 

consists of 

five gates. 

Project based 

on agile 

practice may 

combine G3 

and G4 

together. 

The gates model is 

aligned with waterfall 

model. In agile practice, 

design and development 

run in parallel which 

contradictory with G3 

and G4 concept. 

The gates model is not 

used as a strict 

milestone. Based on the 

development process 

used in a project and 

certain situation (i.e.: 

project with high level 

of uncertainty), team 

might modify the model 

as necessary.  

G3 is used to 

mark 

development of 

requirements 

with higher 

technical risk 

and uncertainty 

This practice is adopted 

to discover uncertainty as 

soon as possible. In case 

of change is needed, the 

team still have some 

space to work on it. 

Traceability 

must be 

ensured. 

Requirements 

are often not 

up-to-date. 

Requirements are 

scattered in different 

documents.  

Requirements are only 

used at the beginning of 

the project to specify 

the product scope. 

Team relies on the tacit 

knowledge for the rest 

of the development. 

There is no 

traceability 

between 

requirements 

and test cases 

Different systems are 

used to maintain 

requirements and the test 

cases and there is no 

communication between 

the two systems. 

If manual cross 

reference between 

requirements and test 

cases, there is a chance 

that the product might 

not comply to the 

stakeholders’ needs. 

Table 3: Deviation towards the Guidelines 

 

The project chosen to be studied is a long-running migration project that has 

suffered many changes, re-envisioning and changes in the development team and 

management. As a consequence, nobody on the actual staff has been through the 

project from the beginning. The criteria we pick to choose this project were influenced 

by: 

1. The variation of requirement changes happened in the project. 

2. The impact of the changes towards the project schedule and budget. 

3. The use of requirement’s management tools in the RE process. 

In the current version of the product being developed is undergoing a complete 

platform changes as a result of technology adaptation. On the requirements 

perspective, some new requirements were introduced while some others deviated from 

the original ones. The whole situation makes the project an ideal candidate for 

studying its flexibility. 

The studied project was started in December 2008 (pre-G0). It was forecasted to 

complete by September 2013 which is almost a 1.5 year delay from the original plan. 

Two project managers were involved in this project. The first one led the project from 

December 2008 until February 2012 (mid of G2-G3). The second project manager 
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took over it until now. Figure 3 below depicts the schedule deviation of the studied 

project. 

 

 
Figure 3: The Studied Project’s Planned versus Actual Milestones 

 

The two project managers used different tools in managing requirements. The first 

project manager used unstructured documents while the second one used a repository 

to store requirements; some of the requirements which were outside the repository 

were migrated to the repository at a later stage.  

The RE process run in the project is illustrated in Figure 4 below. It was aligned 

with the organization’s guideline with a deviation when identifying the TRS. The TRS 

was constantly refined after G2 instead of having it finalized before. We can see from 

the figure below that the handshaking process is still performed past G2. The 

handshaking is a negotiation process between the product manager and development 

team, to make implementation decisions that create value [23] in the form of 

implementation proposals (ImP). 

 

 
 

Figure 4: The Studied Project’s RE Process 
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In the survey phase of the data collection, we performed interviews with the team 

members of the studied project (the practitioners). The interviews were carried out 

primarily with the managing positions of the project. This included a product manager, 

technical product manager, line manager, project manager, and a lead architect, whose 

responsibilities are summarized in Table 4. The heterogeneity of the leadership 

positions studied gave us different perspectives on the way they handled requirements 

change, and allowed us to achieve a greater vision of their current process. 

 

Role No. of Interviewees Responsibility 

Product Manager 1 Manage a product roadmap, 

market requirements, and price. 

Technical Product 

Manager 

1 Liaison between product manager 

and team, support engineering 

tasks, organize maintenance. 

Line Manager 1 Lead a group of project managers 

and technical experts in the 

research and development 

organization. 

Project Manager 3 Develop a project plan, execute 

it, and manage the project team, 

stakeholders, risk, schedule, and 

budget. 

Lead Architect 1 Design product architecture, 

define sub-systems and assign 

development tasks. 

Table 4: Practitioners Chosen from the Studied Project 

 

Two project managers were involved due to the length of the project. The second 

project manager replaced the first one between G2 and G3. The third one was planned 

to be in charge for the subsequent product version. Therefore, we decided to interview 

all of them. 

3.4 Threats to Validity 
Performing research in industry has certain threats. Taking threats into account 

early in the research can help reduce their impact on the results. Threats to validity for 

the chosen research methods are explained in [44]. We will use the four categories 

established in that literature to explain the threats to the validity of this research. 

 

Generalizability 

A threat to how the result is valid and applicable is that this research was only 

carried out in one department of a single organization. In this industry research, we 

were focusing on this particular company’s issues, and solving them according to the 

enablers we had found in the literature. We had no intention to generalize the work as 

it was intended to address the specific case of the company. Additional research is 

needed for generalization. To mitigate the impact of this single organization on the 

results, we clearly describe the context of the study and the structure of the 

organization to supports the generalization of the problems identified. This helps future 

studies to map the results of our work to a different context. 

 

Reactivity 

This threat relates to the risk that the presence of the research workers can 

influence the results. One way we mitigated this issue is by changing the subject’s 

perception of the researchers and developing a trust relationship during our stay at the 

organization for a prolonged period of time. We signed non-disclosure agreements and 
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were given the same treatment as new employees would receive when joining the 

company. This helped us gain their confidence as though we were just new 

recruitments for their team and allowed them to confide details that would not have 

been given to outside researchers. It also helped that the organization had a long 

history of performing research studies in the department, fueled by the working 

philosophy of a R&D grouping.  

 

Respondent Bias 

This threat occurs if the interviewees give answers that try to please the 

interviewers instead of giving their true beliefs. We reduced this threat by the use of 

reflexive approach. We tried to be aware of the effects of our “methods, values, biases, 

decisions, and mere presence” [10] during our interviews. Concretely, we asked 

neutral questions that did not give the participant hints toward the expected answer. 

Emphasis was put on letting the expert broadly and honestly. We also aligned our 

research towards the interest of the interviewees. We further validated the 

interviewees’ answers by the use of triangulation with the project data (i.e.: 

documentations and data obtained from the repository).  

 

Researcher Bias 

This threat is related to the researchers’ preconceived ideas and assumptions that 

influence the result. It can be caused by the possible incorrect selection of the studied 

project and candidates for the interviews. To mitigate this issue, we had the line 

manager of the organization assist us to find the suitable project. The selected 

interviewees were chosen as a combination of role, experience, and process 

knowledge. To assure that the responses we received were of value to us, the line 

manager once again advised us in the selection of interviewees. This led to a specific 

group of individuals who passed our selection criteria as well as the internal advisor’s 

consulting, which gave us a variety of roles and different projects to consider in the 

interviews. Our process had a strong component of semi-structured interviews, and the 

correct selection of interviewees was of high importance.  

 

Reliability 

This refers to the degree in which the results are reasonable, and is also concerned 

with the repetition or replication of the research. By strictly following the research 

method outlined in this section, we achieved reliable results. We used a mechanical 

device to record the interviews is important so the researcher does not misreport the 

participant’s responses. Then, we individually transcribed the recordings to 

documents, and coded them. This allowed us to maintain a chain of evidence 

throughout the process. We assured that the answers towards our research questions 

are correct by triangulated the data we obtained from the interviews with other 

evidences such as the product requirements and other project-related artifacts (i.e.: the 

project summary documents of the related product version, presentation slides that 

were used in meetings, project status reports, and the product roadmap documents).  
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4 HOW EXPERIENCED PRACTITIONERS HANDLE 

REQUIREMENT CHANGES 
This section describes the data collection, analysis, and interpretation related to the 

first research question: RQ1. “How do experienced practitioners handle requirement 

changes?” We describe how the research actually was performed followed by 

presenting the data. Finally, we answer the first research question by summarizing, 

aggregating, and analyzing the data obtained. 

4.1 Data Observation and Interviews 
The collection of data was performed through four sources. The first source of 

information was the interviews carried out with the team members of the studied 

project, as shown in Table 4. The second source of data was the product requirement 

documents of the studied project: market requirement specifications (MRS) and 

technical requirement specifications (TRS). Access to other artifacts related to the 

studied project were also given as the third source included the project summary 

documents of the related product version, presentation slides that were used in 

meetings, project status reports, and the product roadmap documents. The last data 

source was the product requirements which were stored in a repository at a later stage. 

These data points were later contrasted against each other to build a timeline of 

events for the recent history of the project. We considered this an important first step 

in understanding the events that the interviewees were referring to, as well as a good 

idea of the project to contrast their opinions. Furthermore, it gave us a reference for the 

terminology being used in the team, and how each role played a part in the project 

structure. 

We developed the questionnaire presented in Appendix A – Questionnaires RQ1 

for the interview. The interview followed a semi-structured approach, where we 

brought up an aspect of the project we considered interesting for our research, and let 

the respondents elaborate in the manner they thought was most appropriate. We 

contacted a total of seven practitioners of different roles as presented in Table 4 to 

participate in the interview. 

Each interview took not more than an hour. We first introduced ourselves as well 

as explaining our interest for the thesis project. We then asked the interviewee 

questions following the questionnaire we had prepared previously. We then let the 

interviewee respond, and built our successive questions based on their answer, 

following the development of the conversation. Nonetheless, the first batch of 

interviews followed a similar structure: 

1. Background and experience: we started the interviews with simple questions 

about the interviewee’s background and role in the project. 

2. Identification of issues and resolution: we prompted the interviewee to tell us 

about any events related to requirements changes that they could remember, 

and how they solved them. This lead to a discussion on the merits and 

challenges of their current methodology. 

Once the interviews were completed, they underwent a process of manual 

transcription using MS Word. In total, 7 interviews were selected for transcription 

after filtering out the ones where quality was poor. The time taken to transcribe the 

interviews was 2-3 hours per interview, with a word count in the range of 1000-2500. 

All transcribed documents were open coded manually. The initial result of such 

coding was around 10 categories and 27 sub-categories. We then refined this result to 

align with our research questions. The final results consist of 6 categories: cause of 

changes, type of change, context, strategy in handling changes, challenges, and 

consequence. 
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4.2 Results 
Figure 5 depicts a model upon which the argumentation is built. Causal condition 

influences the central phenomenon and a strategy is taken as a response to this 

phenomenon. The context affects the strategy, since the team is not familiar with the 

new technology which limits their ability to analyze. The condition which constraints 

or facilitates the strategy is reflected as the intervening condition. The result of the 

strategy taken is captured as the consequence. 

 

 
Figure 5: Requirement Changes Handling in the Studied Project 

 

The central phenomenon that we wanted to observe in the study is related to 

requirement changes in an embedded software migration project and how practitioners 

handle them. Requirement changes that occurred in the studied project were caused by 

either organization policy or technical constraint. The organization set new policies to 

meet certain standards which influence requirements, while the technology evolved at 

a fast pace. Components, as parts of the product, must adopt these technological 

changes which eventually influence the requirements.  

The practitioners followed a CIA in order to deal with these changes. The process 

started with an impact analysis done by the product’s lead architect and continued with 

discussion within the team, discussion with the product manager in CCB meeting, and 

finally discussion with stakeholders in Steering Committee (SteCo) meetings 

iteratively to make a decision. The practitioners tried to identify several possible 

solutions and decided on the best one during the process. They faced challenges which 

hindered the impact analysis process, and as a consequence, impact analysis often took 

longer than expected and required more effort to perform. Furthermore, the analysis 

did not fully cover all the project artifacts. The practitioners found difficulties in 

making decisions towards changes. They often decided to just implement the available 

solution and analyze the result later (trial-and-error). As consequence, the studied 

project suffered delays and was over budget.  

The following data was used to build the model of requirement changes handling 

in the studied project shown in Figure 5:  

1. Three scenarios of requirement changes which were reconstructed based on 

project-related documents (i.e.: MRS, TRS, and meetings presentations) and 

interviews with the practitioners. 

2. The studied project’s requirements which were stored in a repository for the 

second half of the project. 
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Scenario 1: Low Impact Policy Change 

 

 
 

Figure 6 illustrates the timeline for scenario 1. A new policy to replace the old box 

of a hardware product with a new one which had different dimensions was introduced 

just before G1. This new policy affected one of the market requirements. The issue 

was brought to the G1 review meeting in December 2009 and a decision was made to 

accept it and make a deviation on the affected market requirement. During the impact 

analysis, the team did not foresee any problem with the new component except for 

effort recalculation including budget and schedule adjustment. The requirement was 

agreed to be deviated from the original one. 

 

“We had an original requirement and we made an implementation proposal for it, 

but then the box got outsourced to another unit; then the impact analysis was 

basically ‘if we do this then we can't have those dimensions’” 

 

We observe that the change is introduced early in the product lifecycle (i.e.: before 

the MRS document is finalized) and the consequences are low. The change impact 

analysis performed by the architect was made simpler since the design had not been 

finalized. The dimensions of the box determined the layout and size of the other 

components. Changing it at a later stage would have affected the components that had 

already been decided. 

 

Scenario 2: High Impact Policy Change 

 

 

 

Figure 6: Low Impact Policy Change Scenario Timeline 

Figure 7: High Impact Policy Change Scenario Timeline 
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The timeline of scenario 2 can be seen from Figure 7 above. The organization 

made a request to follow a mainstream design for a certain family of communications 

board, replacing the board that was currently being used. The request was first 

discussed in SteCo meeting in October 2011 (between G2 and G3). No clear decision 

was made in that meeting. A CIA was conducted with several technical concerns 

regarding the request identified. One of the problems was the uncertain availability of 

the board, since the expected shipping schedule did not line up with their own project. 

The lead architect then came up with two proposals using two different 

communication boards. 

 

“We had agreed in an implementation proposal to have redundant communication 

ports, but when we saw the board delivery would not fit our schedule, we had to 

use another board and have that as a deviation.” 

 

Further impact analysis was done before the next SteCo meeting in November 

2011. During the analysis, the architect identified additional technical efforts needed to 

adapt the component’s driver which led to a project delay. A decision was made in the 

second SteCo meeting to accept the proposal and continue with the plan. In January 

2012, another SteCo meeting was held due to a risk of an unexpected technical issue 

(overheating of the system) produced by the proposed board in combination with the 

box they were using to house it, which might incur additional cost for hardware 

redesign. The practitioners failed to identify this risk during the previous CIA. 

 

“There was an issue with the new board and the box where you would run into 

thermal issues.” 

 

One month later, a decision was made during the fourth SteCo meeting to continue 

the development with further tests regarding the thermal issue. In addition to that, the 

team was made aware of the risk of the new tests failing, which would lead to the team 

having to come up with another solution. Finally, in the fifth SteCo meeting in May 

2012, the issue was resolved and the tests results were accepted. 

The impact analysis had been performed three times in this scenario. Even after 

the last impact analysis, further testing was needed to determine the validity of the 

solution. We observed that the thermal issue was related to solution uncertainty which 

was difficult to be identified. 

 

Scenario 3: Component Constraint Change 

 

 
 

 

Figure 8 depicts the timeline for scenario 3. This event has the longest timespan 

compared to the other scenarios. The product manager defined a market requirement 

Figure 8: Component Constraint Change Scenario Timeline 
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which depended on a certain component (i.e.: configuration tool). Once the 

development had started, the configuration tool team made some changes without 

acknowledging that the studied project was using this component. 

 

“One of the requirements was to have a common platform tool, which forced us to 

use a specific component.” 

 

“[The product being developed] is not in the scope of [the configuration tool] 

before March 2013.” 

 

“When the common platform project took the decision to change the specification, 

they did not take into account that [the product being developed] was using the old 

component. They didn't have the full picture because the information is somehow 

scattered.” 

 

The product was not in the scope of the new version of the configuration tool. The 

development was dragged for quite some time because the team was waiting for this 

component. After some time, the component was delivered but still without the desired 

quality which created another technical problem. This issue was brought up in a SteCo 

meeting in January 2012 with a decision to create a workaround to cater the problem. 

A CIA which was done before failed to identify the full change propagation (i.e.: 

entities affected by the change). As a consequence, the development time took a longer 

time that what had been scheduled. Since the project was running late, it was not 

possible to fulfill the requirement. The team had to agree to deviate from the original 

requirement. This decision was made in the G4 review meeting. The original 

requirement will be realized on the next product version. 

We observe in this scenario that dependencies between components common to 

multiple products are not maintained. When these common components changed the 

change was not propagated to other projects. 

 

Requirements Stored in a Repository for Second Half of Project 

Around April 2012, the team decided to start using a repository to keep track of 

the requirements. This was seen as an opportunity to improve their requirements 

engineering process with a troublesome project. The project in its current state 

encompasses a set of 229 requirements, split into 5 strategic-level requirements, 99 

feature-level requirements and 125 function-level requirements. The data collected 

about the requirements spans a year of development time, from April 2012 to April 

2013, although there were some initial requirements gathering prior to the introduction 

of the repository to this project. 

 

 
Figure 9: Mapping of the 3 Scenarios on Repository Data 

 

Figure 9 above depicts the mapping of the three scenarios reconstructed based on 

the interviews with the data found in the repository. This data was a representation of 
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the state of their requirements at the time we had access to this project (April 2013). 

The project had not finished yet, having missed several milestones due to technical 

issues (such as scenario 2 described in the previous sub-section). On the graph axis we 

have time on the horizontal axis, and requirements on the vertical axis. The colors 

represent the state of each requirement through time:  

 Green is used when the requirement is created, and is used to symbolize that 

the requirement has not changed from its inception.  

 The different shades of blue represent the number of changes the requirement 

has gone through; the darker the color, the more times the requirement has 

been changed.  

 The light-red color is used when a requirement has been marked as 

“Resolved”, i.e. the associated tasks have been completed successfully, but the 

requirement has not gone through testing.  

 The bright-red color is used when a requirement is marked as “Closed” in the 

repository with the reason being “Rejected”, signifying that it is no longer 

being included in the scope of the project.  

 Finally, the orange lines represent requirements that have also been marked as 

“Closed”, but with the reason being “Complete and Does Not Require 

Review/Test”, which indicates the requirement has been successfully fulfilled 

and no further action is needed. 

 

 
Figure 10: Requirements Lifecycle Groupings of the Studied Project 

 

We visually separated the graph into three regions based on the product’s features, 

as can be seen in Figure 10 above. The first and last regions were the ones which 

contained the new features. Region two contains requirements which were not new to 

this product version. 

The first and third regions suffered very little changes. Based on the interview with 

the project manager, they were prioritizing the existing features most of the time. Thus 

they did not maintain the state of the requirements that fall in these two regions. 

However, scope changes still happened in these two regions. 

In contrast, we can see that the second region is the one that has received the most 

changes. This is due to the section containing most of the migration requirements that 

were critical to the success of the project, and also the ones that had been worked on 

the most. This big fragment of requirements comprised the same requirements from 

the previous version of the product. They are included in this version, as stated before, 

because the product platform had changed but it still supported the same features. 
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Changes that happened in this region are mostly related to project management (i.e.: 

schedule changes and effort changes) not to requirement changes. 

Scenario 1 and 2 belong to region 1 while scenario 3 falls into region 3. While 

some of the data of scenario 2 could be found in the repository, it only related to the 

aftermath of the scenarios, and as such was not valuable for our analysis. We could 

only confirm that content and release changes were captured in the tool but we could 

not confirm any traces between the requirements in the three scenarios with the other 

requirements, especially the ones that were actively changed (region 2). The 

practitioners admitted that they never used this data in the CIA process due to not 

having traceability available. The product manager used this solely to manage the 

work distribution in the team. 

In our early observation, we found several potential problems that might hinder 

CIA process. First of all, the requirements captured in the repository (and also in the 

current documentation) are incomplete. The practitioners admitted that the actual 

number of requirements for this product is a lot bigger than just 229 requirements. The 

actual requirements were captured in the first version of the product’s technical 

specification document. This document was not available anymore. Without a 

complete set of the product requirements, it would be difficult to perform the 

migration. 

We also saw that although practitioners had been grouping requirements into 

different abstraction layers, they did not do it consistently in all cases. For example, 

there were 4 strategic-level requirements identified that did not have any children. 

These goal-like requirements were either not realized by any features or there were 

features that were traced to the wrong strategy. All 99 feature-level requirements were 

justified by 1 strategic-level requirement. Moving to the layer below, we found the 

same issue. There were many feature-level requirements that did not have any 

children. Related to traceability, requirements were only linked vertically (i.e.: 

strategic – feature – function) but not horizontally which means two or more 

requirements that were highly coupled could not be identified, which could hinder 

change propagation while performing a CIA. 

Throughout the lifecycle of the requirement, we tracked any changes made to the 

requirement as can be seen from Table 5 below. 

 

Type of 

Change 

Sub-

Type 

Strategic Feature Function Total % over Total 

Requirements 

Content  0 15 0 15 6.55% 

Release  0 8 1 9 3.93% 

Schedule 

change 

Start date 0 16 39 55 24.02% 

End date 0 19 54 73 31.88% 

Effort 

change 

 0 1 16 17 7.42% 

Table 5: Type of Changes Recorded in the Repository 

 

We identified that 73.8% over the total requirements (169 requirements over the 

total of 229) were changed at least 1 time during the development process. A large part 

of the changes, 75.7%, were related to schedule change (i.e.: 24.02% change is related 

to the start date and 31.88% change is related to the end date) while scope change and 

effort change were only 14.2% and 10.05% respectively. Schedule change and effort 

change are not considered as requirement change as they are considered to belong in 

project management change. Scope change relates to changes that modify the content 

of the requirements, or changes to which release the requirement would be realized. 

4.2.1 What kinds of changes do requirements undergo? 
The term ‘change’ can be broadly defined; it includes any entity that might affect 

requirements. Based on the requirement attributes affected, we identified that there are 
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three types of changes. Table 6 below lists the type of changes we found in the 

projects. 

 

Type of Change Definition 

Content change The requirement deviates from its original specification. 

Release change The requirement changes to a different project release version.  

Implementation 

proposal change 

Change in a proposed solution which could include design or 

component 

Table 6: Type of Changes 

 

When the practitioners were asked about changes to the set of the product 

requirements, most of them stated that requirements did not suffer many changes, if 

any. There were only few cases where they had additional requirements introduced 

after G2. Most of the time, the changes introduced were only related to deviation to the 

content of the requirements.   

 

“Actually, we haven’t changed that much in our requirements here right now, so 

we didn’t play through the game.” 

 

“It’s not deviation in the content of the requirement but a deviation to the content 

of the requirement, so you need to keep the original content of the requirement 

because that’s what the PM wants, and in the next meeting we are going to re-

assess this requirement and try to remove the deviation.” 

 

The first scenario involved content change, the second scenario was about 

implementation proposal change, and the third scenario involved release change.  The 

cause of these changes can be categorized into two sources: organization policy and 

technical constraint. Organization policy involves requirements which require products 

to meet certain standards or to use certain components. They are policies taken by 

upper level management which align with the organization goals. They are usually 

strategic-level requirements which affect more than one product. On the other hand, 

technical constraint involves issues with the components or the unavailability of the 

components resulting in implementation proposal changes and scope changes.  

Table 7 below lists the scenario of changes, the source, and the decision taken for 

each scenario. 

 

No. Scenario Source of Change Result 

1 The organization declared a policy 

which stated that the old casing is 

no longer supported. 

Organization 

policy 

Request was 

accepted with 

additional effort 

required to 

implement change 

2 The organization made a request to 

follow the main stream design for 

the communication board. Later 

on, some parts of the component 

was found out to be not yet ready. 

Organization 

policy  

Request was 

accepted which led 

to an unexpected 

issue afterwards.  

3 Product manager defined a market 

requirement to support certain 

feature. The development of the 

component to support the feature 

could not be delivered on time 

with the desired quality. 

Technical 

constraints: the 

component 

required was not 

fully ready 

Requirement was 

accepted with 

deviation. The 

original requirement 

will be fulfilled in 

the next version. 

Table 7: Scenario of Changes and the Decision Taken 
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In scenario 1, the original requirement stated that the box must be able to contain a 

certain number of components. The new policy introduced the use of a new box with 

different dimension than the original one. This affected the number of the components 

that could fit into the casing. Scenario 2 deals with implementation proposal change. 

The related requirement remained unchanged. An example of release change was 

identified in scenario 3 where the original requirement stated to use a common 

configuration tool. Due to the unavailability of this component, the requirement 

needed to be postponed to a later version. 

We could not confirm a relation between the types of changes with the impact on 

the project. The only conclusion that we can draw is that the better the CIA process is 

done, the less impact would occur on the project. In the first scenario, the practitioners 

argued that they were able to identify most of the entities that would be affected by the 

change. This enabled the practitioners to make a better design and effort calculation 

up-front. In contrast, the practitioners had difficulties dealing with CIA process in 

scenario 2 and 3 thus resulting in project delay. 

4.2.2 What strategies do practitioners apply in handling changes? 
The practitioners followed five general steps in the process, as outlined in Figure 

11 below: initiation, analysis, decision making, implementation, and testing.  

 

 
Figure 11: Change handling process 

 

The process is started when the practitioners received a change request, and then 

followed by a CIA process to evaluate it. Decision making process goes through three 

levels of meetings which includes internal meeting, CCB meeting, and SteCo meeting. 

If a change is approved, it will be included in the product backlog and finally be 

implemented and tested. There are two possible cases for a change to not be approved. 

First, a further analysis is needed simply because the practitioners perceive that the 

analysis result is not sufficient to make a decision. Second, there is enough evidence to 

reject the change. The analysis and decision making steps in this figure correspond to 

the Strategy in the requirements change handling model in Figure 11. 

Change will first be analyzed mostly by the lead architect. This CIA process 

involves determining artifacts that might be affected by the change. The architect must 
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also come up with effort estimation of how long the change will take to apply. Most of 

the time, the CIA process depends only on the tacit knowledge of the architect and the 

development team. This is due to an uncertainty factor and most traceability between 

the product artifacts are not yet established. The result of this CIA will then be brought 

to a series of meetings to reach the final decision. 

 

“When I have a change request, I do my impact analysis and provide several 

options to the stakeholders to decide on how to proceed.” 

 

 “[Before a final decision is made on the change] you make parallel paths, 

alternative solutions so the team has work to do (…) and we know that one of the 

solutions will end up in the trash. But it's better to spend that money than you 

delay the project by a month.” 

 

All interviewees explained the same procedure which involved three levels of 

meetings when making a decision towards the change. The discussion is started within 

the team (internal project meeting), and then followed by discussion between project, 

product, and technical product manager in the CCB meeting. It is then continued with 

a SteCo meeting. A SteCo meeting involves stakeholders of the product where the 

decision is finally approved or rejected. Figure 12 below illustrates the decision 

making process taken, which correlates to the third step in Figure 11. 

 

 
Figure 12: Decision Making Process 

 

Decision for a simple change can usually be reached during the internal project 

meeting while bigger ones might need a CCB meeting. Any change that impacts the 

project schedule or budget must be decided in a SteCo meeting. The decision making 

process is iterative. 

 

“Officially, there is a change request. Product manager has to issue a change 

request – if it’s a released product we have to create Change Control Board 

(CCB). Usually the CCB – someone from manufacturing attends, someone from 

development, product manager, and the change request is approved or not.”  

 

“Steco means Steering committee. It is a meeting with management to present the 

project status and a board where you can ask for decisions (e.g.: additional 

funding, etc.). In the CCB, we handle changes on project level. Normally the 
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project manager, product manager, and technical product manager are part of 

this meeting.” 

4.2.3 What kinds of challenges are faced when applying the strategies? 
To achieve flexibility for scoping decision, the practitioners need to have a 

detailed impact analysis as a base for making decisions. This is considered a proactive 

action and the most effective approach by management. 

 

“When you analyze flexibility in decision making, decisions are always related to 

transparency, impact; especially for management. You really have to prepare 

detailed information as a base for decisions; the decision itself is easy, normally.” 

 

However, the practitioners argued that it was difficult to perform proactive impact 

analysis from the requirements because they were not traced to the design and finally 

the implementation. 

 

“We don’t have such a detailed impact analysis that we go through the 

requirements… because from the requirements we don’t see the implementation, 

and what actually happens in the system. So somebody starts writing some code 

and then he realizes, “if I do this, it will have an impact there”, and that’s when 

we need to react to that. We can’t always think ahead. It’s easier to implement it 

and see if it works, and otherwise we can go back to the way it was, and then 

we’ve only wasted a little bit of effort.” 

 

Another reason given for the difficulty in performing proactive impact analysis is 

due to uncertainty. The uncertainty that the practitioners mentioned here was more 

related to solution uncertainty (whether the implementation will meet the 

requirements) rather than problem uncertainty (whether the requirements will produce 

the desired effect if they are met). We can see these facts happened in scenario 1 and 2 

where the thermal issue was actually caused by the new casing used (scenario 1) and 

the new board (scenario 2). The practitioners did not identify any issue when the 

decision to use the new board was made. The thermal issue was only discovered when 

they started to implement the solution. In scenario 2, the practitioners could not present 

a detailed impact analysis which led to several meeting iterations. 

 

“If you start looking at what the impact analysis means, you start to change the 

architecture, first half, and I think whether we have covered everything we need in 

the end is not clear.” 

 

 “If you want to know everything at the beginning, you have to finalize the project 

at the beginning, so there’s always uncertainty.” 

 

The consequence of performing the proactive impact analysis can be a delay in the 

project. While the CIA process was still on-going, development was still running and 

other changes could be introduced to the project.  

 

 “To prepare information from the impact analysis for some of the changes took 

well over half a year. Due to that long time, the situation was again changing, and 

that is one of the factors for such a high cost of the project, because of the 

uncertainty we had for a long time.”  

 

Table 8 below summarizes the challenges identified which hinder impact analysis 

process based on the interview result and our observation of the project data. 
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Table 8: Challenges that Hinder Impact Analysis 
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4.2.4 Current Practice of Handling Requirement Changes 
The results of our first research question, “how do experienced practitioners 

handle requirement changes?” is that the practitioners followed five steps in handling 

changes, where the impact analysis and decision making process were the most 

critical. The practitioners dealt with three types of requirement changes – content, 

release, and implementation proposal change – which were caused by policy change 

and technical constraints. They faced difficulties in making scoping decisions towards 

requirements changes, which impacted the development project negatively. The 

strategy used by practitioners relied on the established change impact analysis process 

which was primarily driven by the tacit knowledge of the experts. The context affects 

the strategy, since the team is not familiar with the new technology which limits their 

ability to analyze. The practitioners must also deal with intervening conditions such as 

unclear or incomplete requirements, missing traceability, and uncertainty. The result of 

such impact analysis process was not enough to make an informed decision, and 

therefore the practitioners relied on their intuition in making the final decision. The 

consequences of this process were project delays and budget overrun. 

We based this analysis on the observation of the three requirement change 

scenarios. These scenarios also explain the cause of the changes, the strategy taken, 

and the consequences.  The interview data collected corroborates the strategy used by 

the practitioners and sets the context for the project. We identified the intervening 

conditions of the strategy by observing the data from the repository and complimented 

it with the interviews. 

The model should be used to improve the organization’s requirement change 

handling process. In this model we outlined the strategy the organization used to 

handle change. Furthermore, we identified challenges the practitioner’s faced when 

applying the strategy. Being aware of these challenges helps the organization address 

them directly. 
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5 EVALUATION OF FLEXIBILITY ENABLERS 
This section describes the research operation, data analysis and interpretation 

related to the second research question: RQ.2 “How do the identified flexibility 

enablers – requirements centralization, requirements abstraction, and requirements 

grouping – affect decision making in product development in comparison to the 

previous practice of handling requirements?” We first explain the implementation of 

the flexibility enablers in the Microsoft Team Foundation Server (TFS) 2012 system. 

Then, we answer the second research question by comparing this implementation with 

the method that the practitioners used in the studied project. 

5.1 Implementation of Enablers 
In order to evaluate requirements centralization, abstraction, and grouping, we 

implemented a system built on TFS 2012 that captures all three flexibility enablers. 

The following sections contain the implementation details of the system. 

5.1.1 Requirement Centralization 
The first enabler that we introduced is requirement centralization, which refers to 

having all types of requirements and other artifacts attached to them in a single 

repository to facilitate greater traceability between them. In the implementation, 

centralization is achieved by including the market and technical requirements in the 

TFS structure commonly used only for effort tracking and project estimation. In this 

section we will discuss the implementation details of the solution, divided into the 

project structure that must be followed by new projects using the tool, the internal 

representation of the development artifacts, and the types of links used to enable 

traceability between them. 

 

Project Structure 

The previous method of working without the TFS tool relied on the use of diverse 

documents that existed as a combination of physical and digital copies. When using 

the implemented solution, all these documents are contained in the centralized 

repository. On a general level, there are two main sections to the system: the team 

product repository and the family feature repository. The team product repository 

contains the product information together with all the requirements and development 

artifacts for a single team, and is detailed in a subsequent paragraph. The family 

feature repository contains requirements common to more than one project that can be 

reused in later projects. 

The family feature repository includes only feature-level requirements which are 

generic, and therefore reusable in different products. For example, one might think of 

safety or security requirements that are standard across all products. To implement it, 

we created a new Team Project inside the same TFS Project Collection that would 

only hold family feature requirements. It was important that this project be in the same 

Project Collection to allow access to its requirements from other projects due to a 

limitation imposed by the TFS system. The workflow would then include the product 

manager’s finding and copying the family feature requirements into their new project 

instead of having to re-write them. For the system to work, when the market 

requirements for a new project are completed, the product manager can choose to 

upload some of these requirements to the Family Feature Project so other product 

managers can use them. This is not required, and is left to the discretion of the product 

manager to decide if any of the new requirements could be reused in a later project. 

Just as requirements change during the lifecycle of the project, so do the Family 

Feature requirements evolve. Over time, certain features will become obsolete – for 

example, new standards may be developed to substitute the current ones. When this 
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happens, the feature will be superseded by the new one, but not deleted. This is 

represented by Figure 13. 

 

 
Figure 13: Evolution of Family Features Diagram 

 

Any projects that are using this older version of the family feature (FF v1.0) will 

be notified by the person making the change that they are no longer working with the 

latest version, as would be the case with Projects A and B in the image. New projects 

such as Project C, which use this particular family feature, will automatically use its 

latest version (FF v1.1). This is another form of traceability at a higher level; 

presenting a list of all products that are using a specific feature gives them an overview 

of how the company’s projects are progressing. 

The other component of the centralization enabler is having a push to move from 

project-based thinking to product-based thinking. We introduced family feature and 

product backlog concepts as shown in Figure 14. 

 

 
Figure 14: Family Feature and Product Backlog Concept 

 

When thinking in products, you do not have to redefine all of the requirements for 

every new version of the product. The core idea is to have a product backlog where the 

requirements are initially written, which stays active for the duration of the product’s 

life, not just the initial release. In the image, the two large rectangles, labeled “Product 

1” and “Product 2”, are the representation of this product backlog. Once this first 

release is planned, the requirements are then moved to this Release Path (referred to in 

TFS as “Iteration Path”), which represents the set of features that will be delivered. If a 

new version is needed later on, it is simply a matter of creating a new Release Path and 

assigning any new or modified requirements to it. Inside the product backlogs in the 
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image, we can see different regions for each product version, each containing smaller 

rectangles that represent the requirements. The requirements from the previous release 

are still in the system, and if they have not changed, they can still be considered as part 

of the system and used for regression testing. Above the project is the family-feature 

repository, which can also have evolving requirements included in each of the projects. 

 

Work Item Structure 

The layout shown in Table 9 represents the structure used inside the TFS solution. 

It allows us to include the flexibility enablers in the TFS system, while allowing the 

project managers to have freedom in choosing the process template for their project. 

Microsoft provides three predefined process templates which they have labeled as 

MSF for Agile Template, Visual Studio Scrum Template, and MSF for CMMI 

Template
1
. 

 

 
MSF for Agile 

Template 

Visual Studio 

Scrum Template 

MSF for CMMI 

Template 

Strategic-

Level 
Market Strategic Requirement Work Item 

Feature-

Level 
Market Feature Requirement Work Item 

Function-

Level 
User Story Work Item 

Product Backlog 

Item (PBI) Work 

Item 

Requirement Work 

Item 

Table 9: TFS Work Item Structure 

 

The table represents the work items used by TFS, which is the generic term used 

for any artifact in the system, such as requirements, tasks, test cases, and others. On 

the vertical axis, we have the abstraction level, with the top-most requirements being 

the most abstract. At the top tier is the Market Strategic Requirement work item, which 

corresponds to the strategic requirements, and followed by the Market Feature 

Requirement work item, which corresponds to the feature requirements. These two 

work items are common to all the templates. Finally, the function level requirements 

are represented by three different work item types in the system, depending on the 

process template chosen; User Story, Product Backlog Item (PBI), or Requirement. 

The data model of its underlying structure is depicted in Figure 15.  

 

 
Figure 15: Data Model 

                                                      
1
 A comparison of the TFS process templates can be found at http://msdn.microsoft.com/en-

us/library/vstudio/ms400752.aspx 

http://msdn.microsoft.com/en-us/library/vstudio/ms400752.aspx
http://msdn.microsoft.com/en-us/library/vstudio/ms400752.aspx
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The entry point to the system is the product manager creating the MRS in the TFS 

system. These requirements have specific work items labeled “Market Strategic 

Requirement” and “Market Feature Requirement” depending on the abstraction level 

of these requirements. As can be seen from Figure 15, one market strategic 

requirement must consist of at least one market feature requirement and one market 

feature requirement must have at least one market strategic requirement as its parent. 

The same relation should be defined between market feature requirement and function 

requirement. One market feature requirement must be broken down into at least one 

function requirement and one function requirement must be justified by at least one 

market feature requirement. A function requirement, depending on the process 

template chosen, can be a user story, a product backlog item, or a requirement. One 

function requirement must be further broken down into at least one task and a task 

must be tied exactly to one function requirement. A market feature requirement and 

function requirement may or may not have an implementation proposal but must have 

at least one test case tied to them. The types of dependency are further explained in 

Figure 16. 

We decided early on that we should and would not take away the freedom the 

project managers were given to run the projects in their own style; since the 

organization specializes in a wide array of fields, each project has different needs, and 

they take pride in having such diversity. That is why the system we created is process-

agnostic; it may be used with “waterfall” methods just as well as with “agile”. These 

different methodologies are reflected in TFS with “process templates” which are 

decided at the conception of the project and define the workflow the team will use for 

the duration of the project. Depending on the process template chosen by the project 

manager, the technical requirements specification (TRS) may be contained in any of 

the equivalent work items; user story, product backlog item (PBI) or requirement. The 

team receives the list of market requirements and works them down in the RAM sense 

into more technical requirements, which concludes the initial stages of the requirement 

process. 

We have also created some additional work items that will guide the correct usage 

of the system and its enablers. One of these is the implementation proposal (ImP) 

which is a common work item to all process templates that contains a technical 

specification created by the team for one or several requirements.  

 

Traceability 

 

 
Figure 16: Dependency Types 
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The value of requirements lays in the connection between requirements and the 

other entities. Each link type has a specific meaning and represents a different concept 

inside the data model as shown in Figure 16: 

1. Parent – child* – Standard relationship between hierarchical elements, 

such as function-level requirements and tasks. 

2. Related* – This bi-directional relationship serves two purposes; first it 

links items within the same abstraction level (i.e. feature-feature or 

function-function). Secondly, it links family features to the specific 

instance of that feature in a project. 

3. Evolves to – evolves from – This special relation is similar to the out-of-

the-box predecessor-successor that comes with TFS. However, there is a 

constraint with the default version.  For example, work item B is the 

newer version of work item A. Work item C is linked to work item A and 

is not intended to be linked to the newer version. If predecessor-successor 

link type is used, work item C will be automatically linked to work item B. 

There is a need to create links to previous versions of items, and this 

becomes apparent when implementing the Family Features; some projects 

may still be using an older version of a standard (either the project is 

ongoing or completed), and updating this requirement should not alter 

these projects if they choose not to update. 

4. Covers – realized by – This type of link represents the relationship 

between requirements and implementation proposals. 

* The link type is provided by TFS 2012 out of the box. 

5.1.2 Requirement Abstraction 
The second flexibility enabler we identified is the use of abstraction levels. It is 

based on the Requirements Abstraction Model (RAM) [27], which explains the 

benefits of classifying requirements by their abstraction level, and provides a 

methodology for working with this structure. We decided to keep the schema simple, 

and only create three abstraction levels: strategic, feature, and function.  This idea is 

correlated to the way they were already working at the company. The strategic 

requirements were akin to the business goals they already specified, which comprise a 

small set of very high-level requirements. The feature requirements were already being 

specified by the product managers in the MRS as key items that would be included in 

their new system. Finally, function level requirements were specified by the team in 

the TRS, and comprised the technical requirements derived from the product 

manager’s features. 

We felt the need to make the distinction between the abstraction level and the 

requirement type. We found some confusion at the organization between the two, 

especially since the lowest level “function” requirements were easily confused with 

“functional” type requirements. This is not the case, however, as they are orthogonal to 

each other. The only exception is that strategic requirements do not have a set type, 

since they are business goals. 

 

 
Figure 17: Abstraction Level is Orthogonal to Requirement Type 
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RAM describes a way to essentially classify requirements by how specific they 

are. This model is orthogonal to the functional – non-functional classification, and can 

therefore coexist, as shown in Figure 17. The implementation chosen for ABB 

contains three distinct levels: strategic, feature, and function (not to be confused with 

“functional” requirements): 

1. Strategic-level requirements – The strategic-level is the most abstract 

level. These requirements reflect the business objectives set out by 

management, and do not have to be product specific. 

2. Feature-level requirements – The requirements on this level are features 

that the product supports. Feature-level requirements are written by the 

product manager to fulfill a market need with a specific product. They 

describe what the system should accomplish, but not how.  

3. Function-level requirements – At the studied organization, these 

requirements correspond with the technical needs the product has to fulfill 

the features requested. They are created by the development team and are 

discussed with the product manager to ensure full coverage of features. 

Furthermore, function-level requirements are then broken down into tasks. 

 

In addition to the dependency types that we had already established in Figure 16, 

we defined a new dependency: justifies – rationale. This dependency is used to link 

requirements in different abstraction levels (i.e. strategy-feature or feature-function). 

This is a directed, acyclic graph, which allows us to have multiple parent requirements 

for each child that could not be accomplished with the regular parent-child 

relationship.  

 

5.1.3 Requirement Grouping  
The final enabler identified for flexibility is requirement grouping. This can 

encompass any logical grouping of requirements the team members can think of to 

make work easier. In complex systems, the requirements were already being grouped 

by cross-cutting features [24] through the use of the implementation proposals. This 

represents a group of requirements that are inseparable from a development 

perspective. Features represented in an implementation proposal do not necessarily 

belong to the same sub-system. 

In an effort to induce groupings of requirements, the implementation proposal 

work item will be linked to all the requirements that are directly affected by its 

implementation. This allows team members to quickly see which requirements are 

covered by the ImP by looking at the related work items, which allows them to find 

affected requirements if or when this ImP is modified, or the requirements change. It 

also allows us to have an ImP coverage metric, where we can relate the ImP coverage 

to the number of requirements in the system. 

In addition, the sub-system is also a form of requirement grouping. The architect 

would split the system functionality into sub-systems, and then assign those to 

developers depending on their expertise. Team Foundation Server 2012 supports 

grouping through the use of the Area Path. This allows the team members to view 

different sub-systems by appropriately specifying the query in the system.  
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Figure 18: Requirement Grouping based on Sub-system 

 

The above figure depicts requirement grouping based on sub-systems. A system 

(i.e.: a product) is broken down into sub-systems with certain criteria. The 

development team, together with the architect of the system, decides on this matter. 

Function-level requirements, which later on grouped under the respective sub-system, 

should be the work package for developers. Finally, test cases should be attached to 

the corresponding work packages to maintain traceability. 

5.2 Static Validation 
To validate the effectiveness of the flexibility enablers, we applied these enablers 

into the scenarios we identified in the first batch of interviews. We populated the new 

system with the affected requirements from the scenarios presented in section 4.2. All 

the requirements involved in these scenarios were recreated using the components 

from the new system, taking advantage of abstraction levels, grouping and the 

centralized nature of the platform. The requirement change events that took place in 

the scenarios were then used as input to the evaluation of the tool, and helped guide the 

unstructured interviews presented in Appendix A – Questionnaires RQ2 as we stepped 

through the timeline with the practitioner. 

We organized sessions with the people involved in the project we were studying, 

and divided the sessions into two parts. The first part of the session was training the 

practitioner to use the new system. Depending on their role, we guided the session 

towards more technical activities, or towards the more abstract product management. 

The second part of the session used an unstructured interview approach, where the 

events from the scenarios were used as the starting point for discussion of the merits of 

the system in these particular cases. We wanted to get their expert opinion on whether 

the new system would have helped them in the previous project, as well as if they saw 

it as a beneficial tool to be used in future projects. We presented the three scenarios 

and asked the interviewees to validate the enablers with the rebuilt scenarios inside the 

tool. They were then asked them to compare the way events unfolded in the past to the 

actions they could have taken with the new system.  

In total, we conducted seven interviews for validation with the different roles 

described in Table 4. While the same interview format and questionnaire were used for 

all roles, discussions with different roles were angled towards their specific role. The 

most technical role we worked with was the system architect, who spoke of the 

implementation issues they faced and how they were resolved. On the other side of the 

spectrum, we interviewed the product manager for the project, who described how he 

balanced the market requirements with what his team told him was feasible.  

The output from the sessions was a set of recorded interviews documenting the 

expert’s opinion on the system based on the familiar scenarios and project, as well as 

their thoughts on the future of the enablers at the organization. The recordings of the 

seven interviews were then transcribed. The time taken to transcribe each interview 
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was approximately 2 hours, and resulted in an average length of 3000 words. From the 

transcription, a list of relevant quotes for each of the enablers was compiled. From this 

list we extracted the key ideas from the practitioners’ comments on the enablers which 

are presented in the following section, together with a comparison of how the 

flexibility enablers differ from previous practice. 
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5.3 Results 
Table 10 shows the results of the static validation, by comparing previous practice 

at the organization to the flexibility enablers. The following sections will elaborate on 

the findings for both approaches, as well as compare them by looking at the 

implications of each one. 

 

Concept Previous Practice Flexibility Enabler 

Centralization Document-based approach: 

- Requirements are stored in 

scattered, un-versioned documents. 

- History of events, including 

changes, is rarely reflected in the 

documents. 

- Limited traceability between 

requirements and development 

artifacts (i.e. ImP, code, tests). 

Centralized repository: 

- Single, linked, consistent, 

and versioned set of 

requirements are shared with 

the development team, product 

managers, and the 

stakeholders. 

- History of events is recorded. 

Changes and decisions made 

in the past are accessible 

throughout the product 

lifecycle. 

- Traceability between 

requirements and development 

artifacts is maintained. 

Abstraction Abstraction through separate 

documents: 

- Requirements are separated into 

three different layers; the strategy 

and feature level are stored in the 

MRS, while the function level is in 

the TRS. 

- Traceability is not maintained. 

Not all requirements can be traced 

down from strategy to function 

level, or vice versa. 

Requirements Abstraction 

Model: 

- Requirements are separated 

into three different layers 

which lead to clear 

presentation of relevant 

information to different 

stakeholders. 

- Traceability is maintained 

through the three layers by 

working up and breaking down 

requirements. Clear system 

functionality justified by the 

product and organizational 

strategies. 

Grouping - Requirements grouped into 

features in implementation 

proposal. 

- No consistent groupings of 

requirements used by product 

manager and development team 

- Requirements grouped into 

features in implementation 

proposal. 

- Consistent groupings of 

requirements between product 

managers and teams. 

Table 10: Comparison of Previous Practice with Flexibility Enablers. 
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5.3.1 How did the previous practice enable flexibility? 
 

Centralization 

Requirements are stored in scattered, un-versioned documents. We found that the 

documents used in the development of the project were kept in different formats – 

MRS requirements would be held in a Word document; TRS requirements in a 

worksheet; ImP in a combination of PowerPoint presentations and Word documents. 

This sometimes brought along the need to create a “meta-document” – in this 

particular case, another worksheet – that contains the links between the different 

documents. One of the entries in this worksheet contains the relationship between the 

MRS and TRS requirements, while specifying in what file the ImP was written. 

Having scattered documents would interfere with the impact analysis when trying to 

find information, since it took a long time to find the relevant data. 

Another issue of having several documents in different formats and locations is 

that it leads to practitioners not updating them. History of events, including changes, is 

rarely reflected in them. In their busy schedules, they do not have time to hunt down 

the affected documents when there is a requirement change, which is subsequently lost 

to the tacit knowledge of the team. This further complicates the impact analysis, since 

some of the information that is available might be incomplete or inaccurate, which 

leads to more work to identify its relevance.  

 

“So we have this thing first here, Market-Requirements Specification. But as you 

can see, this is not really updated…” 

 

Having outdated information is not the only problem. There are instances where 

the information just is not recorded like it is supposed to be. This creates an 

incomplete picture of the system in the documentation that has to be filled in with the 

expertise of the practitioners. There are cases when this information must be 

transferred to a different person, such as when there is a new project manager in the 

team, which increments the amount of ramp-up time for the new manager to take over 

the project. 

 

“If you look at the Word document, it’s really frustrating to read that. You read it 

and say, some items I understand, but there are a lot of things missing, and then 

you look at the TRS and I can tell you that from these two documents alone you 

don’t get any idea what the project is about” 

 

Adding to the problem of incomplete and missing information is misplaced 

information. Maintaining the traceability between the different documents stored in 

diverse formats and locations requires a big upkeep to remain operational. As stated 

earlier, this is not always accomplished by the team members mainly due to time 

constraints. This problem is apparent when tracing the requirements down to the test 

cases for verification purposes, where manual work must be performed for each item 

to find the correct relationship when it is not kept. 

 

“(…) so we have some with the new MRS template in Word, and TRS, and finally 

in the verification phase we have a test specification, where you again have to 

reference the requirements, so it’s really a lot of manual work, because they have 

to go through those documents again and say “this is the test case for 

requirements 1&2”, and me as a Project Manager, I have to go in and  commit 

that we have tested every requirement, so that means I have to go manually 

through the list and check there.” 

 



 

  39 

“I guess the problem we have is we have a very big test case library, which was 

managed over that last few years in Excel, a lot of Excel files, and the reports are 

in Word and the mapping I don’t really understand it; the guy who’s doing this 

will be pensioned at the end of this year so… we have some work to do. No, I was 

thinking, we won’t start a big effort to change it and he will be pensioned in the 

middle of it, to migrate to TFS. So now somebody is coming and proposing a new 

way of doing this, and is giving me an automatic tool to move these test cases from 

Excel to TFS, it would be great, but I think this is a little bit more complicated, 

because these test cases refer to a lot of different versions, with a lot of different 

parameters, and you need to understand what this all means” 

 

There are two key issues we found relating to flexibility using unstructured 

documents: 

1. Manual effort to maintain documents due to scattered media. 

2. Segregation of information, with incomplete, missing or untraceable links 

between artifacts, which leads to, 

a. Increased time to find pertinent documents 

b. Incomplete information due to misplaced documents 

The practitioners argued that the use of documentation in capturing requirements 

was not effective due to the manual effort that must be done to maintain the documents 

and their relationships, 

 

 “When you have this whole set of documentations and then change comes from 

here, we would implement the change to the whole chain. It was really a lot of 

work and the impact analysis was really painful. Because, really, you have to go 

through all these steps to understand what kind of impacts it has.” 

 

Another issue is the time it takes to locate documents. We found that many times it 

was difficult to pinpoint exactly which presentation contained the information the team 

member was searching. This is aggravated if you are looking for items from a few 

months back, since we tend to forget about them once we are not using them daily. We 

synthesized these problems in the identified challenge C4.  

 

“What you can see is that it's a lot of manual work, and every 5 minutes I find 

another impact, it's just a lot of going through documents to find others.” 

 

Using a network drive to store the documents has some advantages – somebody 

else might know where to find what you are looking for – but most times, giving 

several people control of the files can be chaotic. It is difficult to keep track of who 

made changes to the file locations without some sort of tracking. This often leads to 

increased times as well as missing information.  

When working strictly with documents there is a significant overhead, since most 

of the effort that must be carried out is done manually. This document must be 

maintained to be of use; otherwise the information is incomplete and worthless when 

trying to perform impact analysis. This problem relates to identified challenges C1, C2 

and C3. 

 

Abstraction 

RAM is implemented into two different documents used at the organization. 

Strategic- and Feature-level requirements should be included in the MRS (defined by 

the product manager), while the function-level requirements should only appear in the 

Technical Requirements Specification (TRS) which are the responsibility of the team 

that will be performing the development. 
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“I have to say we are also really a technical company and you can also see that on 

the management side. You will also find requirements that will fit more into a 

functional level, in the MRS. Because people here in product management, they 

come normally from a technical side. But from my point of view, this is also ok; in 

the end everyone understands what the project to be delivered is. So I think we 

should keep that flexibility somehow, so it shouldn’t be really strict; the MRS has 

to be for strategy – it would be nice to have it like that, but you can still find a lot 

of things that would more fit into TRS” 

 

However, the full concept of RAM is not used at the organization. The opinion of 

the project managers is also consistent with this thought, 

 

“The base of the RAM was already introduced last year but it’s not applied, not 

used really because people don’t know it, there’s some training missing, and that 

was the reason last year we did this training. But also I would say that the 

templates we currently have are not really supporting it for us.” 

 

When it is used, the abstraction levels are sometimes applied incorrectly. The 

MRS document that is supposed to contain only the two upper abstraction levels of 

requirements can often include function level requirements as well. Even the 

distinction between strategy and feature level requirements is sometimes not defined 

neatly, why attributes that should be in one category permeating into the other. 

 

“And then you can also see here this RAM classification was not really done 

according to the RAM process, it was more done like, the one who did the feature 

or requirement was just thinking, “ok, this is the level” but there was no working 

up or working down. So it’s more like a RAM methodology, or RAM names being 

used for our process.” 

 

In addition, the working up and breaking down between different abstraction 

levels was performed haphazardly, if at all. As a result, traceability between the three 

abstraction levels is not maintained, and we found cases where some business goals 

did not manifest in any project. Conversely, some feature and function requirements 

were not justified by a business goal. This can be seen in the supporting data explained 

in section 4. 

 

“(…) that’s always been a problem for us because in the end the developer never 

sees the MRS, maybe once at the beginning and end, and it’s not clear whether the 

requirements you have are related to the TRS” 

 

Grouping 

The practitioners used implementation proposals as a way to group features. 

Different groupings of the same features could manifest in different implementation 

proposals, which would be evaluated in meetings to weigh the advantages and 

disadvantages of the proposals. This method of decision support enabled scoping 

decision making, since the options were clearly presented, together with the affected 

requirement in each case (i.e.: scenario 1 and 2). However, when facing uncertainty 

problems such as the in scenario 2 the architect failed to detect the thermal issue. 

Therefore, requirement grouping based on implementation proposals in this case 

enabled flexibility, but was not able to address the uncertainty. 

Another form of grouping used by the product manager consisted of grouping 

requirements to facilitate communication with different stakeholders. The groupings 

reflected the set of feature-level requirements that could be sold as a “back-of-the-box” 

feature group, which allowed communication with certain stakeholders that were not 

necessarily involved with the specifics of each product. 
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“I use grouping to sort requirements so that I can easily communicate with 

specific stakeholders.” 

 

At the team level, task packages were created to distribute work between 

developers. These task packages included a grouping of requirements specific to a 

subsystem of the product and did not correlate to the feature groups the product 

managers made, which produced difficulty in communicating between the two parties. 

The task groups created by the team were distributed by the architect and project 

manager to the developers depending on their background and expertise. This allowed 

the developer most experienced with specific traits to work on the part they would be 

most adept to complete. No decisions were made on the set of requirements, other than 

specifying whether the work had been completed. 

However, we did not find any evidence that this factor enabled flexibility for 

scoping decisions, as it seemed to pertain to more efficient communication. The 

changes that occurred in the projects did not affect the highest stakeholders in the 

majority of cases, only the most severe occurrences would get reported. Therefore, 

having the grouping at this abstraction level did not have an impact on flexibility. 

Additionally the two different groupings of requirements harmed communication 

between the managers and the team. 

5.3.2 How do the identified flexibility enablers affect flexibility? 
Each of the flexibility enablers we introduced in our system gives certain 

advantages to the organization. We have identified the specific advantages of each of 

the enablers that are the foundation for the proposed solution that the organization will 

be using.  

 

Requirement Centralization 

Requirement centralization provided a basic structure for capturing and 

maintaining continuous arrival of requirements with a centralized requirements 

database. Such centralization enables flexibility by focusing the communication of 

team members and stakeholders on a single, versioned set of requirements. The main 

properties identified from the practitioners’ feedback were: 

1. Single, linked, consistent, and versioned set of requirements were shared 

with the development team, product managers, and the stakeholders. 

2. Changes and decisions made in the past were accessible throughout the 

product lifecycle. 

3. Traceability between development and requirement was maintained. 

The first issues addressed were incoherencies between the requirements that the 

product manager writes and the technical requirements the team creates, and were 

reflected in challenge C5. This was an important foundation for when there was a 

change in the market requirements, because it allowed the product manager to change 

the MRS and the team to immediately see this change and react. By having a single 

version of all the requirements, information sharing was easier and consistent. This 

also allowed having different documents that were part of a project (MRS document, 

TRS document, ImP, Test Cases) to be in a single location, which addressed challenge 

C3. This required a tremendous amount of manual effort by the product and project 

managers that would have been saved by using a centralized system to take care of the 

traceability.  

 

“Maybe the main thing here is all the stuff you see here is driven by our team so 

far. So our project manager doesn’t take the MRS and put it into the system. The 

goal why we work together with product managers is that we use the system 

together so that we come to a point where they input their requirements here and 
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can extract that in Word for their use and so on and we have the TFS for 

development.” 

 

“It contains a list of features that actually the product has; a complete list of 

features. So you don't have to look for in many directories and looking for the data 

or create the data sheets for this. So in the end, it's always project somehow 

creates the instruments but in the end product contains the full set of requirements 

that means to be covered in the data field in the user manual, user documentation, 

and all that stuff. When the project ends, it goes to the maintenance team, where 

they manage anything, like feedbacks. I would say this becomes a complete source 

of information.” 

 

Once a single repository had been established for all artifacts created in a product, 

the team could access the full history of changes, which was covered by challenge C7. 

This was particularly important for long-running projects as was the case in the 

organization where we tested the tool. The original product specifications had been 

written more than a decade ago, and no one on the current team knew the full workings 

of why the original decisions were taken. Having full time traceability of artifacts and 

decisions taken on them helped prevent repeating mistakes in the future. 

 

“And now the cool thing was that I could take out just the deviations in the 

deviation list, which is just a query and I filter out the Title, Description and 

Deviation. And this is the first time I was really happy about TFS; I thought, ‘now 

I got something out of the tool I didn’t have before’. So you can see we have some 

deviations but not too many.” 

 

The final advantage of centralization was that the full traceability was maintained, 

from the initial market requirements down to the last test case that is run, which was 

the main challenge found in C3. This visibility of the project was important for 

verification and validation, where tests were designed to check if the product fulfills 

both the customer’s requests and that the system had been implemented correctly.  

 

“Also have a consistent set of the product's functionalities especially when they 

come from product testing. I mean, when we release for example [product's 

version], you have to do regression testing for features which were developed in 

the [previous version]. With this, requirements are always tied to regression test 

which can be brought to the next product version. It would be one of the 

advantages here. You really have proper records for product testing. At the 

moment really we have all the test cases in one place, but we don't have the 

corresponding requirement where you can trace the test to the requirement, and 

ask why is it like that, and also to the market requirements...” 

 

Additionally, traceability between family features and the products was also 

maintained. This was apparent in scenario 3, where a change in a common component 

affected the studied project was not known until after the decision was taken. By using 

this enabler, the practitioners were able to immediately see the dependencies of the 

family features with the studied project and are able to make a more informed 

decision. 

However, maintaining the traceability of the artifacts is still a manual task. The 

system does provide a clear, intuitive interface to establish relationships between 

components, but the user must know what type of link to use (see section 5.1.1 for a 

description of the available link types). Nonetheless, the system does provide some 

automatic information when making changes, such as credentials, timestamp, changes 

made, and other relevant information that is later useful for determining the history of 

the requirements. 
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The final challenge to overcome when using a centralized repository is convincing 

people to use it. When faced with a need for knowledge about the project, there is a 

tendency to ask your team members, which are usually stationed nearby, to answer 

your question. This implies that the answer to the question is not reflected in the 

repository, and if any subsequent team member has the same issue, they must once 

again talk to the coworker with the answer. The ideal situation would be that the 

person with the knowledge proactively inputs it into the system. However, some 

information might be considered unnecessary in the repository. The challenge then is 

to input the data after the information is requested by a team member. Conversely, a 

team member looking for information should search the repository before involving 

another coworker. If the information is not present in the system, then the problem can 

be escalated to the other members of the team. Changing the workflow of the team can 

be a challenge, but the benefits once it becomes habit will be redeeming. 

 

Requirement Abstraction 

The main properties of requirement abstraction in a project were: 

1. Requirements were separated into three different layers which lead to 

presentation of relevant information to different stakeholders. 

2. Complete traceability up to the product and organizational strategies. 

System functionality was justified by the product and organizational 

strategies. 

There was a need to separate information for different viewers depending on their 

role, focusing their attention on the problem they were concerned with, and not the 

system as a whole. When the stakeholders were in higher management, they were not 

really interested in seeing the technical details of how the product performed, their 

concern was the business strategy and how they could market more or better features 

than the competition. This targeted information helped the user view relevant 

information in manageable amounts and helped them perform their tasks efficiently. 

Another advantage enabled by abstraction levels was that the functionality of a 

system was always justified by a business objective. This helped guide the product 

managers when creating a new product to be in line with what the company’s goals 

were. When the market changed and the new requirements impacted a product or 

series of products, the decision that must be made to include the change or not could 

be reinforced by knowing the company’s goals; does going in this new or changed 

direction make sense for the organization? 

 

“I see where I can drive the business from a feature level, then we should have the 

handshaking with application specialists or R&D.” 

 

However, even though managers may not have been concerned with technical 

requirements, they were the ones impacted when a change took place at a technical 

level, since there was a possibility that the feature that they wanted to market was no 

longer the same. When such a change did occur, the product managers had to meet 

with the technical team to figure out how the change impacted their role in the project, 

and to make a decision on whether the change must be included in the project or 

discarded. Having the traceability between low-level technical components and the 

features at a higher level enabled this communication between the involved parties, 

which sped up the lead time spent on impact analysis of the modifications on the 

project. This reduced time taken in the analysis enabled fast decisions by the Product 

Managers, and made the projects they supervise more flexible. 

Traceability of requirements between layers was possible through the working up 

and breaking down of the requirements, and enabled practitioners to make faster 

decisions on a business level when confronted with technical changes, such as 

technology limitations, changing standards, and other sources of low-level change. 

However, the work-up and break-down of requirements implied extra effort for the 
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team. This method required an extra review of the requirements before they were 

finalized to ensure they were complete and most projects were already under schedule 

pressure.  

 

Requirement Grouping 

As in the previous practice, requirement grouping based on implementation 

proposals enabled flexibility. The drawback of uncertainty is still present. When we 

presented scenario 2 to the architect, he was able to analyze the impact to a certain 

extent, but he was still not able to reveal the thermal issue based on the 

implementation proposals. 

Regarding requirement grouping based on sub-system, we found that this type of 

grouping did not enable flexibility. In the scenarios we presented, none of the 

participants were able to relate the groups based on sub-systems with impact analysis. 

 

“When you think about project planning, budgeting, and stuff, it somehow helps. 

You started to create tasks, calculating effort and cost for the specific sub-system. 

I think it's more into project planning or execution. It's difficult to predict change 

propagation just by looking at the sub-system.” 

5.3.3 Comparison of the previous practice against the flexibility 

enablers 
The results of our second research question, “how do the identified flexibility 

enablers affect decision making in product development in comparison to the previous 

practice of handling requirements?” is that the flexibility enablers in the solution are 

better at enabling flexibility in decision making than the previous practice. The three 

enablers: requirement centralization, abstraction, and grouping support flexibility in 

decision making as shown in the table below. 

 

 Centralization Abstraction Grouping 

Enables 

Flexibility? 
Yes Yes Yes 

Table 11: Does the Proposed Solution Enable Flexibility? 

 

It was possible to achieve flexibility using the document-based approach but the 

effort would be tremendous. The use of documents to capture requirements contributed 

to a lot of manual work especially when we tried to maintain traceability between 

entities (e.g.: requirements, ImP, code, test cases) that were scattered in different 

documents and formats, which led to incomplete, even missing, information. To 

achieve flexibility in decision making, the CIA process should have been done as 

detailed as possible and it was only possible when information was available. Having 

the entities stored in a centralized repository instead of many documents reduced the 

amount of manual work to maintain the content (e.g.: history, changes, comments, 

etc.) and also the traceability between the entities which ensured the availability of 

information at any time. However, this does not mean that the tool handled everything 

automatically. A certain extent of manual work and discipline (e.g.: to use the correct 

work item, ensure the content is complete, use the correct link) were needed to ensure 

the full benefits of centralization. 

Related to requirement abstraction, flexibility was not achieved in the previous 

practice. The practitioners did not have full understanding on how to implement RAM 

in practice. In addition to that, the use of documents to capture different layer of 

abstractions hindered full traceability between the three levels. Having RAM adopted 

in the tool gave practitioners a fixed structure which ensured the traceability between 

abstraction levels. This helped the CIA process in mapping change to different levels 

of abstraction for different stakeholders to review. However, practitioners still had to 

understand how to implement RAM (i.e.: working up and breaking down process) to 
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ensure requirements in the right abstraction levels. The tool also did not reduce the 

amount of manual work for this activity.  

Both the previous practice and the proposed solution enabled flexibility by using 

requirement grouping based on implementation proposals. The advantage identified by 

using implementation proposals in a centralized tool was that the traceability between 

the implementation proposal and the affected requirements was apparent; in the 

previous practice traceability was not maintained due to the use of documentation. 

Requirement grouping based on sub-system did not enable flexibility. In both cases, 

uncertainty such as the one presented in scenario 2, was not overcome by the enabler. 
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6 DISCUSSION 
In this section we compare our result with the previous research and discuss what 

could be confirmed or not, as well as the implications of these differences. We also 

discuss the implication of our solutions for practitioners and draw possible activities 

for future research. 

6.1 Previous practice of handling requirement changes 
We have found that the approach used by practitioners to enable flexibility in 

decision making can be summarized in performing change impact analysis at a CCB. 

This group of experts is responsible for evaluating and approving or disapproving a 

proposed change. It is usually composed of leaders of the development team, as well 

as product managers from the business side of the project. We also found that the 

practitioners realized that requirement changes usually lead to changes in design of the 

corresponding components, which could furthermore affect other components. In an 

attempt to discover the risk of requirement changes, the practitioners performed CIA 

as early as possible. 

This result is consistent with previous studies. The concept of CCB is not a recent 

development as described in [3,33,36,50]. Previous study reported that requirement 

changes are major sources of risk in relation with project cost and schedule [46] and 

one strategy to successful project is by performing risk management of requirement 

changes in early stages of development [31]. In order to do that, a CIA is needed. The 

benefits of performing impact analysis have been presented in several reports which 

also presented different methods of CIA [13,30,38]. 

Regarding CIA, we found that the practitioners did not follow any recent methods 

published in the literature within the last decade. The practitioners simply relied on 

their tacit knowledge during the process. The main reason for this, as mentioned by the 

practitioners, is due to missing information. Missing information such as incomplete 

requirements and lost traceability between requirements and high level design were 

attributes which hindered the impact analysis process. DeGregorio [19] stated that 

when information is disconnected, impact of change can only be analyzed by 

contacting the experts with hope to recover the missing link to assess the impact of 

change. But even though experts are available, in the absence of complete information, 

impact analysis could produce incorrect results. In this situation, practitioners are 

forced to make decisions based on intuition which is prone to error [47]. The product 

being developed in the studied project had many versions since the first time it was 

released. Many of the experts in the case study project were no longer available.  

When an expert is not available, important information could never be retrieved. 

Eventually, a lot of effort was wasted to retrieve the necessary information. Due to 

time constraint, the practitioners were forced to make a decision regarding the change.  

Our study has shown that the use of documentations attributes to missing 

information. This aligns with previous studies such as [9,39,50]. The use of 

documentation to capture requirements hindered the CIA process. In the keynote 

speech at the 9th ACM symposium on Document Engineering by Broy [9], many of 

the issues we found at the organization studied are summarized. These include having 

many different documents that contain the same information, and in some cases even 

contradictory information; disuse of documentation due to tedious manual work; and 

eventually a lack of coherent system documentation.  

The paper by Bhatti et al. [50] relates how in the earlier stages of development, 

changes made to the documentation affect a smaller set of requirements than those 

brought up later in development, where more artifacts are affected. As a system is 

developed, there are sure to be more dependencies, creating a web that must be 

navigated in order to propagate changes made. This complex propagation is something 
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we have found to be an issue at the studied organization due to time constraints and a 

general lack of willingness to manually sort through all the documents required; it 

became part of the developer’s tacit knowledge, with has a high risk of being 

forgotten. 

Pérez-Miñana et al. [39] stated that document-based requirement management 

could be effective for single site, narrowly scoped projects. But to fully support 

platform-based product development and enterprise-wide requirements management, a 

database-centered way of managing requirements is necessary. Requirements 

development should be incremental, iterative, and collaborative. Stakeholders should 

be able to access the same set of requirements and make comments or review on them. 

These comments should be “documented” and tracked because often they are 

invaluable during the impact analysis process. 

In order to reduce the number of changes, our study has shown that the 

practitioners tried to specify complete requirements during the elicitation process by 

following the guideline as described in section 3.3. In their paper, Ebert and De Man 

[20] stated that incomplete requirements might lead to requirement changes which in 

the end causing project delays. Two root causes of incomplete requirements are that 

key stakeholders are not involved in defining the requirements, and that the 

requirements are not sufficiently specified and analyzed.  

The configuration tool issue in scenario 3 of the studied project is an example of 

these two challenges. Not all key stakeholders were involved in defining the 

requirement. The configuration tool which was still under development at that time 

was included as one of the requirements of the product. Ebert and De Man further 

claimed that integrating RE process with upstream processes (i.e.: the set of steps 

preceding the decision to launch a product or a release or a project) might sufficiently 

tackle this problem. Figure 19 shows a simplified product life-cycle based on the life-

cycle used at Alcatel. While ABB adopted a similar product life-cycle, issues such as 

in scenario 3 still occurred. This proves that the practitioners did not strictly follow the 

guideline. 

 

 
Figure 19: Simplified product life-cycle with four decision gates and upstream 

(left) and downstream (right) processes [20] 
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6.2 Requirement centralization as a flexibility enabler 
Our research has confirmed requirements centralization to be an enabler of 

flexibility, through traceability and the structure of the repository. We have shown 

how traceability between different development artifacts implies less effort identifying 

affected requirements when performing impact analysis. The structure of the 

repository, through family features and the product repository enabled the reuse of 

components in different projects. While performing impact analysis at a project level, 

inter-project dependencies could be identified through the system. 

The concept of traceability as an enabler of flexibility is not new, and has been 

recounted in various papers [13,38,49]. Maintaining traceability between requirements 

and other artifacts is important when performing impact analysis [1], since a change on 

one requirement might propagate throughout the system. Changes are frequently 

caused not just by changes in market needs but also by evolving technical platform or 

environment [28,37]. To be able to analyze the change propagation completely, 

traceability between requirements and implementation artifacts must also be 

established. Riebisch and Brcina [43] developed a method for supporting the activities 

of configuration and deployment in product line environment by utilizing traceability 

between requirements, features, and implementation artifacts. The original idea behind 

this approach is to facilitate design for variability by the utilization of model relations. 

Furthermore, traceability also applies to temporal changes. As requirements change 

over time, these changes are preserved, giving a grand vision of the development of 

the project.  

In the literature review we performed on the concept of repository structure, 

namely the family feature repository and the product repository, there was no 

empirical evaluation research of centralization as a flexibility enabler. There was some 

previous work related to the benefits of having a centralized repository which focused 

on the benefits of reusable requirements specification [35]. Reusability is the main 

goal of maintaining a family feature repository so all product managers may benefit 

from previous work. However, this paper did not deal with the impact of this setup on 

change impact analysis. By using this global repository, changes made in common 

components whose specifications reside in the family feature repository can be 

analyzed to see their impact on the dependent projects. This allows for coordination of 

complex projects with inter-team dependencies.  

Additionally, the product repository structure in combination with the family 

feature repository obeys Conway’s Law [15].  Conway stated that “any piece of 

software reflects the organizational structure that produced it”. As a consequence, if an 

organization can closely mirror the software design; it is likely to be more efficient in 

performing its development tasks. Cataldo et al. [12] conducted a study that showed 

the positive correlation (increased performance) between the design architecture and 

the organizational structure. In that study, task performance was measured as 

completion time for change requests. In our study, the configuration of the systems 

mimics the organizational structure at the studied organization. This fosters natural 

communication between the responsible parties in charge of both components; product 

managers and development teams. 

The ideas presented in by Riebisch and Brcina [43] are similar to ours, but with 

some limitations. We only emphasize traceability between requirements and also 

implementation proposal. The implementation proposal is considered as the input for 

product design. Establishing traceability with the implementation proposal is a first 

step to connect the project layer (e.g.: requirements) with the architecture layer. With 

this traceability in place, we are able to analyze change propagation more completely. 

Changes to requirements are automatically connected to the respective design and the 

other way around. At least one other study has shown a positive correlation between 

implementation proposal coverage and projects finishing on-time [23]. Having this 



 

  49 

level of traceability between all project artifacts is therefore important not just for 

impact analysis but in other facets of the project. 

Another limitation in our solution is the lack of visualization of the traceability. 

While the traceability is explicitly established, we cannot visually see the big picture 

of this links. Practitioners have to visit requirements one by one to see what other 

entities link to it. This might hinder impact analysis process in a big and complex 

product. A way to cater to this problem is to provide textual reports which reflect the 

traceability among the entities, which saves time and effort in tracing change 

propagation. 

6.3 Requirement abstraction as a flexibility enabler 
We have shown that the use of requirement abstraction levels enhances flexibility 

in decision making in two regards. First, it provided structure to the requirements so 

that a certain subset may be accessed by the interested party. This allowed for coherent 

sets of information to be presented to different stakeholders interested in a specific 

subset of the requirements. In the case where a technical change must be made, the 

implications on, for example, marketable features could easily be deduced. Second, it 

allowed traceability of business objectives down to the system implementation, which 

served as an assistance to justify product features with business goals. Consequently, 

requirements that were not justified by the organizations objectives can safely be 

discarded in the event of a change. 

We identified several solutions that included abstraction as one of their concepts 

[30,42,52]. Ghosh and Varghese [42] proposed a requirements framework for 

distributed teams that relied on abstraction levels to present the correct data to the right 

user. The accomplished this by providing different views for each stakeholder, which 

in turn created a resilient environment for requirement changes. While their proposal 

lines up with our experience during this research, there is no evaluation of the concept 

of abstraction levels of flexibility in their approaches. 

A similar take on providing the key information to the stakeholders is shared in the 

second solution found [52], which argues for the inclusion of directed layers of 

information at different abstraction levels to solve communication and coordination 

errors. Layered requirements view provide the organization with better communication 

channels between stakeholders in different roles in the project, and reduce the possible 

confusion when a requirement change must be evaluated. Once again, this perspective 

on the different abstraction levels concurs with our experience. 

There are no inherent limitations related to abstraction levels, only challenges that 

include not specifying the correct abstraction level for a requirement. This is solved by 

performing the work-up and break-down of all the requirements, which is ultimately 

beneficial for the whole project. 

6.4 Requirement grouping as a flexibility enabler 
We found that requirement grouping based on implementation proposals enabled 

flexibility in decision making, while grouping based on sub-system did not. In 

complex systems, the requirements were already being grouped by cross-cutting 

features through the use of the implementation proposals. This represented a group of 

requirements that were inseparable from a development perspective. When change was 

introduced practitioners were able to analyze the impact of the change from a technical 

perspective through the use of the implementation proposals. Having the link between 

requirements and design enabled a more complete impact analysis. 

Different groupings of the same features could manifest in different 

implementation proposals, which would be evaluated in meetings to weigh the 

advantages and disadvantages of the proposals. This method of decision support 

enabled decision making, since the options were clearly presented, together with the 

affected requirement in each case. 
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One of the interviewees remarked the usefulness of grouping requirements into 

logical groups, since it would allow them to analyze the set quickly and make an initial 

decision. Nevertheless, they felt the need to analyze the requirements at a deeper level 

to feel comfortable taking a decision. This was especially true for complex scenarios 

that involved many variables; the preliminary evaluation was just the beginning of the 

impact analysis carried out on the path to committing to a decision. 

In a study covering multi-disciplinary teams [30], requirement to requirement 

relations are established as a component of the traceability between requirements. It 

was argued that the granularity of the requirement described the object hierarchy, 

where requirements of different granularity had a specific relationship. What was not 

mentioned is how this directly affected the flexibility in the system, but the concept of 

communication between roles in a multi-disciplinary team was similarly the goal of 

the framework they are building. 

6.5 Implications for practice 
In our study we have shown that requirements centralization, abstraction, and 

grouping enable flexibility for scoping decision. The benefits of centralization are 

traceability between development artifacts that allows better impact analysis through 

easier detection of dependencies, and having a family feature project that allows 

dependencies to be found between projects. Abstraction provides targeted 

requirements viewing which permits practitioners to see the relevant level affected by 

change, and justification of the lower abstraction level requirements by business 

objectives. Grouping based on implementation proposal provides a means to view the 

change in the design. Multiple implementation proposals concerning the same change 

can be created to enable scoping decision with more complete information of the 

impact. 

To be able to observe these benefits, the organization must have the flexibility 

enablers adopted in their system. The success of centralization depends on the 

organization’s ability to adapt the repository to the organizational structure, so that the 

communication channels used between coworkers is easily translated to this 

environment. An effort must also be made by the organization to identify dependencies 

between requirements and other development artifacts. This maintenance aspect of 

centralization is necessary to perceive the benefits when performing change impact 

analysis. The organization must also decide on the number of abstraction levels that it 

will be using, and the type of content each one will host. 

We recommend the creation of a guideline for all projects to follow, as well as 

training sessions for the employees to foster coherent, precise use of the system. When 

the system is used correctly by all involved, the advantages to using it become readily 

apparent in everyday tasks. 

However, organizations must be aware of the trade-offs of the flexibility enablers. 

Some manual work still needs to be done to maintain traceability between 

development artifacts. Additionally, the process of working-up and breaking-down 

requirements must be exercised to ensure the requirements are at the correct 

abstraction level and linked to all levels. Moreover, products with requirements from 

previous versions must include all requirements in the process, adding to the effort 

required to process them. 

6.6 Future research 
As the proposed solution continues to evolve, several issues need to be further 

resolved. First, a detailed quantitative analysis of the flexibility enablers should be 

performed to ascertain the extent to which they enable flexibility. We prepared two 

KPI related to requirements volatility and lead time (i.e. time taken to resolve a 

change) to be used in a pilot study that is currently underway. 
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In the current solution, there is still a gap between the project layer (i.e.: the 

product’s requirements, ImP, work packages, and test cases) and the product 

architecture layer. The product architecture layer is still not connected to the 

requirements and to the work packages (i.e. tasks). This makes having full change 

propagation difficult. Future work should be focused on having a completely 

centralized system which includes these two layers. 

One of the detected limitations of the solution is the lack of visualization option to 

depict requirements traceability. The practitioners argued that visualizing the 

requirements and their relationships would have a positive impact in CIA process. 

Further development should include this capability. 

In situations related to solution uncertainty where information is incomplete and 

experts are not available, the three enablers have not yet proven to be useful. Further 

research needs to be completed to address this shortcoming. 

We could not find any industry evaluation related to CIA methods. There are many 

CIA methods proposed in the last decade but none of them involved a real project from 

industry in their evaluations. We feel that a systematic literature study is needed to 

further confirm this fact. On the other hand, industrial studies focusing on how CIA is 

being done in practice need to be further conducted as ours has just shown a result 

from a single project. The goal of these studies would be to determine what is 

considered the current best practice from an industry point of view, what challenges 

that practitioners face, and how CIA could be improved. 
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7 SUMMARY AND CONCLUSIONS 
There is a common belief that organizations which highlight flexibility in their 

requirement engineering process benefit from competitive advantages. However, there 

was no evidence of how flexibility can be enabled, and what the trade-offs of such 

flexibility may be. Our aim is to enable flexibility for scoping decision as a feature of 

the requirements engineering process with the use of flexibility enablers. The enablers 

we chose to evaluate were requirement centralization, requirement abstraction, and 

requirement grouping. To achieve our objective, we sought to identify how 

experienced practitioners handle requirement changes and how in contrast the 

identified flexibility enablers affect decision making. 

In this research, we performed a case study on an embedded software migration 

project in the substation automation domain to evaluate the flexibility enablers by 

using the data obtained from the case study. We conducted data observation and a 

series of semi-structured interviews with the corresponding practitioners to determine 

their working method. We then implemented the flexibility enablers in a solution 

based on a leading product life-cycle management tool that contains the flexibility 

enablers which we later evaluated with the practitioners through a second round of 

semi-structured interviews. 

The results of our first research question, “how do experienced practitioners 

handle requirement changes?” is that the practitioners followed five steps in handling 

changes, where the impact analysis and decision making process were the most 

critical. The practitioners dealt with three types of requirement changes – content, 

release, and implementation proposal change – which were caused by policy change 

and technical constraints. They faced difficulties in making decisions towards 

requirements changes which was mainly caused by the absence of solutions due to 

incomplete change impact analysis. This impacted the development project negatively. 

The strategy used by practitioners relied on the established change impact analysis 

process which was primarily driven by the tacit knowledge of the experts. The context 

affects the strategy, since the team is not familiar with the new technology which 

limits their ability to analyze. The practitioners must also deal with intervening 

conditions such as unclear or incomplete requirements, missing traceability, and 

uncertainty. The result of such impact analysis process was not enough to make an 

informed decision, and therefore the practitioners relied on their intuition in making 

the final decision. The consequences of this process were project delays and budget 

overrun. 

For our second research question, “How do the identified flexibility enablers affect 

decision making in product development in comparison to the previous practice of 

handling requirements?”, we found that requirement centralization, abstraction, and 

grouping enable flexibility for scoping decision. Requirements centralization and 

abstraction provide a better framework to perform change impact analysis by 

providing a single, versioned set of requirements of multiple abstraction levels. 

Requirements grouping based on implementation proposals represents a group of 

requirements that are inseparable from a development perspective. It provides 

traceability between the requirements and the design, thus enabling a more complete 

impact analysis. The benefits of these enablers manifest through role-specific 

requirement views, traceability between heterogeneous development artifacts, and the 

identification of change propagation. 

The main lesson learned in handling requirement changes includes three factors 

that contribute to having relevant information that is scattered, unreliable, and 

incomplete. First, practitioners manage each product version in every project as if it is 

a new independent product, which does not allow for traceability between each 

product version. Furthermore, the unstructured document-based way of handling 

changes negatively affects flexibility. Finally, when practitioners do use a 
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requirements repository, they only use it as a means to manage projects, but not to 

manage requirements. These three factors force practitioners to rely of tacit knowledge 

to perform change impact analysis. As a consequence, the result of the impact analysis 

is not detailed enough to make decisions and therefore the practitioner’s intuition must 

be relied upon. Improvement initiatives such as the use of requirement centralization 

and abstraction should be employed to provide a single, linked, consistent, and 

versioned set of development artifacts and to enforce traceability between them. These 

initiatives enhance the change impact analysis process, which provide practitioners 

more detailed alternatives for making decisions. 

Our contribution from this study is the idea, implementation, and qualitative 

evaluation of an approach to enable flexibility for scoping decision. An added value is 

the insight into how the practitioners in the studied project enable flexibility for 

scoping decision. This result contributes to determining how the industry in general 

handles requirement changes, what challenges practitioners face, which will help to 

improve and normalize the change impact analysis process as a best practice. 
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APPENDIX A – QUESTIONNAIRES 
 

RQ1. 

The interview process followed a semi-structured approach, where the questions 

served as a starting point for the discussion. The respondent was encouraged to speak 

freely and at length about the topic, and we only intervened to guide the conversation 

to the most interesting subjects. The following are conversation starting questions and 

not the full extent of the questionnaire administered in the first session.  

 

1. Background and experience:  

a. Could you describe a bit about the project? 

b. Could you tell us about your role in this project? 

 

2. Identification of issues and resolution:  

a. How did you manage requirements in this project? 

b. How did you manage requirement changes? 

c. Could you mention several events related to requirement changes that 

happened in this project? 

d. What were the factors that influenced your decision to accept change 

requests? 

e. What were the impacts of these changes? 

f. How did you solve them? 

g. What were the challenges you faced when dealing with these changes? 

 

RQ2. 

The following represent the initial questions for the second batch of interviews 

performed. 

 

For each scenarios explained, ask the interviewees about the flexibility enablers:  

1. How do you think the [flexibility enabler] might be useful in this [scenario]? 

2. Which challenges do you think could be solved by this [flexibility enabler]? 

3. What kind of issue that you think might occur by using this [flexibility 

enabler]? 

4. What further development that you think might improve flexibility in decision 

making on top of this [flexibility enabler]? 


