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ABSTRACT 
 

 

Context. Pre-project Requirements Engineering (RE) decisions are considered as very 

complex in Market Driven Requirements Engineering (MDRE). The complexity and 

economical impact of RE decisions motivates the need to support and understand RE 

decisions in MDRE. The purpose of Pre-project activities is to gather, analyze, select, and 

plan requirements for future releases of the software product in MDRE environment. Correct 

and timely pre-project decisions (for example initial requirements selection) are dependent 

on the quality and the availability of the provided decision material (for example 

requirements, business cases etc) for RE decisions. A Requirements Engineering framework 

called NORM (Needs Oriented Framework for Producing Requirements Decision Material) 

in collaboration with Ericsson AB is previously created with the intention of facilitating and 

speeding up the RE processes by ensuring that the right and sufficient decision material is 

available at the right time for pre-project RE decisions. NORM needs to be validated in 

software companies practicing MDRE in order to make it generally applicable in industry. 

 

Objectives. NORM framework was partially validated with informal interviews at one 

business unit within Ericsson AB but needed to be tested or validated in different 

environments (Telecom, e-commerce etc) in software industry to make sure that it becomes 

generally applicable in industry. The scope of this master's thesis is to investigate how to 

tailor NORM to improve a company's requirements engineering processes with the help of 

value stream mapping (VSM), and to evaluate the effort required and impact of this tailored 

process. Two MDRE based companies are chosen in this thesis work in order to validate 

NORM framework in software industry. 

 

Methods. There are two main research methods in this research work; Interviews and 

Document Analysis. In two MDRE based companies, we conducted interviews of 

employees involved in pre-project RE decision activities in a product, and accessed the 

requirements documents for the same product in order to initiate the NORM framework. 

Finally, an email was sent to the interviewees in both companies involved in RE with less 

than 10 questions in order to confirm our findings for validation of NORM framework. 

 

Results. With the information of initiation of NORM framework and using VSM we are 

able to chart the current decision points (DP) or decisions in the company‟s RE process and 

the decision material that is used for each DP. We then have investigated what decision 

material is just enough, and when do a company need to produce it so that it is ready when 

the decision should be taken. We have looked at things such as waiting times, utilization and 

usefulness of produced decision material, and finally it is suggested to companies how their 

RE decision process in MDRE environment can be improved. 

 

Conclusions. Interviewees provided us the positive feedback on NORM, and they liked our 

novel research work in the form of NORM framework. Interviewees felt that the provided 

NORM structure of presenting pre-project decisions and its steps of identifying Appropriate 

Decision Material (ADM) is useful and usable, scalable and is according to industry 

relevance. It is concluded that the validation of NORM framework achieved positive 

feedback and results. 

 

Keywords: NORM framework, Pre-project Decisions, 

ADM, Appropriate Decision material, RE Decisions 
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1 INTRODUCTION 
There are two main directions in Requirements Engineering; one is Bespoke 

(product developed for one customer) and Market-Driven Requirements Engineering 

(product developed for many potential clients or customers). Bespoke and MDRE are 

very much alike in some aspects but in some angles very different. MDRE is also 

called Market-driven software development (MDSD), Market-driven product 

development (MDPD), packaged software development or Commercial-Off-The-Shelf 

(COTS) software development [1]. Market-driven software companies develop, 

package and sell software products to entire market instead of developing bespoke 

software to specific customers or clients [2]. 

The importance of MDRE has increased with respect to the research and practice 

in software engineering (SE). In typical market-driven product development (MDPD) 

environment the software company is the main stakeholder or owner of the developed 

software product. Organizations based on MDPD face a continuous arrival of new 

requirements and a large number of requirements [3]. RE decision process helps to 

continuously manage the new and changed requirements in order to ensure 

competitiveness on the MDRE environment [4]. MDPD is mainly product focused 

where various important activities are performed prior to the development project 

initiation, and these activities are called pre-project activities. The purpose of Pre-

project decision activities is to gather, analyze, select, and plan requirements for future 

releases of the software product in MDRE environment [5].  

Pre-project RE decisions in MDRE are often considered as very complex. The 

complexity in pre-project decisions is occurred due to; large requirements volumes 

that need to be considered for product, different types of criteria which are used prior 

to the requirements selection and the challenges occurred with decisions which are 

based on uncertain or poor decision material such as uncertain estimation of cost. The 

complexity and economical impact of RE decisions for companies practicing MDPD 

motivates the researchers the need to understand and support these decisions in MDRE 

[6]. RE decision support as a field has gained increasing interest and attention as RE 

has gained for MDRE. The traditional RE frameworks and practices which are used to 

improve process by providing quality requirements, such as CMMI, provide limited 

assistance to companies practicing MDPD since they are not created to focus on the 

characteristics and pre-project decisions of MDRE [7].  

Pre-project RE decisions are based on the decision material. The quality of a 

specific decision depends on the quality of the provided decision material. A Correct 

and timely pre-project RE decision (for example initial requirements selection) is 

considered as a quality decision whereas the quality of the decision material (for 

example business cases, requirements etc) for a decision depends on the completeness 

and correctness of the provided decision material. The completeness and correctness 

of the provided decision material for RE decisions is very important for companies 

practicing MDPD [8].  

The importance of correct pre-project RE decision activities in MDRE 

environment is now highlighted and acknowledged by both academia and industry 

[4][5][9][10]. However, the problem of how to best achieve the quality pre-project RE 

decisions and how to identify their associated appropriate level of analysis along with 

taking care of risk of effort wastes on large number of requirements which may not be 

included in a software product remains open. The NORM framework addresses this 

problem by providing a structured, step by step approach for identifying ADM for pre-

project RE decisions for companies practicing MDRE [11]. 

NORM framework is developed in close cooperation with industry. NORM is 

initially created in collaboration with Ericsson AB in Karlskrona, Sweden. Ericsson 

practices MDRE where products are sold and offered as generic solutions to open 

market. The main aim of NORM is to assist companies in finding detailed and 
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appropriate decision material for pre-project RE decisions by providing a framework 

for capturing needs and constraints at different Decisions. A Decision is also called 

Decision Point (DP) in NORM.  

NORM is initially validated with informal industry interviews (discussions and 

assessments) at Ericsson where the problem of identifying the appropriate level of 

analysis of pre-project RE decisions, and finding a good-enough level and detail of 

decisions material for RE decisions is highlighted. Existing RE decision support 

models and frameworks in MDRE do not directly answer the problem of identifying 

just-the-necessary decision material for pre-project RE decisions [12] 

[8][13][14][15][16]. This problem triggered and motivated the need of the 

development of NORM framework for correct and timely pre-project RE decisions for 

companies practicing MDRE  [11].  

This chapter is categorized in six sub-chapters. Sub-chapter 1.1 problem 

definition: defines the problem domain and scope of this thesis research work. 1.2 

Research aims and objectives: presents the aims and objectives of this research work. 

1.3 Research questions: explains the three chosen research questions and how these 

research questions are addressed or answered in this thesis. 1.4 Expected outcomes: 

defines the expected outcomes that are achieved in this research work. 1.5 Thesis 

structure: presents this thesis structure in the form of thesis chapters. 1.6 Glossary: 

presents the main terminologies with their abbreviations which are used in this thesis. 

1.1 Problem Definition 
NORM is previously created with the intention of facilitating and speeding up the 

RE processes by ensuring that the right and sufficient decision material is available at 

the right time where NORM is partially validated with informal interviews at one 

business unit within Ericsson AB without executing its steps but NORM needs to be 

validated in different environments to make sure that it becomes generally applicable.  

Validation of NORM framework is planned and under execution in collaboration with 

software industry [11].  

In research work of this thesis, NORM framework is validated by executing all its 

steps in formal way in two MDRE practicing companies in order to assure its 

usability, usefulness and scalability relevant to industry. The scope of this thesis is to 

investigate how to tailor NORM to improve a company's MDRE process, and to 

evaluate the effort required and impact of this tailored process. 

1.2  Research Aims and Objectives  
The main aim of this thesis is to validate the NORM framework by evaluating the 

impact of NORM framework in two MDRE based companies. Objectives or sub-goals 

that follow from the main aim are 

 To evaluate the current state of pre-project requirements engineering decision 

activities in a company. 

 To evaluate the initiation of NORM framework in each case company. 

 To evaluate the predicted usage of NORM framework on the future pre-

project decision activities in a product. 

1.3 Research Questions 
Three research questions (RQ) are proposed in this thesis. Each RQ consists of 

related sub research questions and answers of RQs are summarized. 

 

RQ-1: What information is needed to initiate NORM? 

 RQ-1.1: What are the major pre-project MDRE decisions points (DPs) and 

their characteristics?  

 RQ-1.2: What are the resources who provide decisions material for DP? 
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 RQ-1.3: What is the appropriate decisions material (ADM) for each DP? 

This RQ is answered by reviewing the pre-project MDRE decisions making 

document of a chosen product and interviews in each chosen company. 

 In RQ 1.1, we identify the major DPs and their characteristics: decision 

purpose, decision criteria and constraints for a chosen product in our selected 

each company. A Decision is also called Decision Point (DP). 

 In RQ 1.2, we identify resources consist of teams of professionals (interviews 

of employees involve in RE decision making process) and documents analysis 

(company‟s documents of pre-project decisions) who provides decisions 

material for pre-project MDRE decisions activities. 

 In RQ 1.3, we identify ADM for each major DP on the basis of interviews, 

documents analysis, MDRE process review and brain storming sessions. 

Together, this RQ and associated sub-research questions help us investigate the 

current state of pre-project MDRE decision activities. 

 

RQ-2: What is the effect of introducing NORM on each chosen company? 

 RQ-2.1: How ADM effects the pre-project decisions process in a company? 

 RQ-2.2: How NORM affects resources (teams of professionals and company‟s 

requirements documents) involve in decisions process in chosen company? 

 RQ-2.3: How NORM provides the ways to manage different activities of pre-

project MDRE decision making process for chosen company? 

We answer this RQ by analyzing and reviewing the pre-project RE decisions 

making documents, interview analysis and brain storming for the chosen company. 

 In RQ 2.1, in NORM the ADM affect on the pre-project RE decision making 

process of chosen company in such ways; what is the necessary and detailed 

information for pre-project decisions, and how to analyze sufficient 

information (decision material) for pre-project RE decisions. 

 In RQ 2.2, NORM affect the resources of chosen company in such ways; 

effect the ways of working and taking decisions, and document management 

to teams of professionals involve in pre-project RE decision process. 

 In RQ 2.3, NORM provides the ways to manage different activities of pre-

project RE decision process for chosen company. These activities are; finding 

consensus and various ways to meet the goals and needs of different pre-

project decisions, ADM development effort estimation, and resources 

estimation for the pre-project decision making process of chosen company. 

NORM effect state before and state after of chosen company‟s pre-project 

decisions process. 

Together, this RQ and associated sub-research questions help us to understand the 

effect of NORM on the pre-project decision activities of company. 

 

RQ-3: What lessons can be learnt when initiating NORM for a company? 

 RQ-3.1: What is the effect of initiating the NORM on product management 

involves in pre-project MDRE decisions? 

 RQ-3.2: What are recommendations to initiate and predicted usage of NORM 

on the future pre-project decision activities in a project for chosen company? 

This RQ is answered with the help of analysis of the results of performed research 

methods (interviews and document analysis) for NORM in chosen company. 

 In RQ 3.1, we analyze the effect of the initiation of NORM on the product 

management in the form of product resources (MDRE process, pre-project 

decision activities, decisions documents and teams of professional) being used 

in chosen company for pre-project RE decisions on the basis of brain storming 

and analysis of the results achieved via the performed research methods. 

 In RQ 3.2, we conclude what are existing activities of pre-project decision in 

chosen company and recommend in what situations NORM will be helpful to 
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initiate for pre-project decisions and also predicate the usage of NORM for 

future pre-project decision activities in a product for chosen company.  

Together, this RQ and associated sub-research questions help us to learn different 

lessons to understand when there should be initiation of NORM on the pre-project 

decision activities of each company. 

1.4 Expected outcomes 
Expected outcomes from the validation of the NORM Framework in each chosen 

or case company are given below: 

 Current state of pre-project decision-making activities in each case company. 

 Predicted results of the initiation of NORM framework in case company. 

 Lessons learnt and recommendations from initiating NORM for each case 

company. 

1.5 Thesis Structure 
Thesis structure describes the outline of our thesis in the form of seven chapters;  

1. INTRODUCTION: introduces to the research area of this study work.  

2. BACKGROUND: explains the work related to this thesis with the help of 

three sub-chapters; MDRE decision support & process, NORM, and VSM. 

3. METHODOLOGY: describes the applied research methodology, two methods 

(document analysis and interviews) and data analysis using grounded theory. 

4. RESULTS: presents NORM initiation and current state VSM for companies. 

5. ANALYSIS: analyze the results based on NORM initiation and future VSM. 

6. DISCUSSION: presents validity threats, recommendations and lessons learnt. 

7. CONCLUSION: presents research questions with pointers where we 

answered them in analysis and discussion chapters, and provides future work. 

1.6 Thesis Glossary 
The terms which are used in this thesis are abbreviated as in table 1. 

 

Table 1: Thesis Glossary / Terminologies 

Terms/Abbreviations Definition 

NORM Needs Oriented Framework for Producing Requirements 

Decision Material 

SE Software Engineering 

DP Decision Point 

ADM Appropriate Decision Material 

RE Requirements Engineering 

MDRE Market Driven Requirements Engineering 

MDPD Market Driven Product Development 

MDSD Market Driven Software Development 

PM Product/Project Management 

VSM Value Stream Mapping 

GT Grounded Theory 

SPC Software Product Customizations 

VA Value Adding 

NVA Non-Value Adding 

WT Waiting Time 

QT Queue Time 

LT Lead Time 

PT Processing Time 
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2 BACKGROUND 
This chapter describes the previous work done by other researchers related to our 

research work, and it helps to understand the research area and broaden our knowledge 

and also guides us how to manage the pre-project RE decision making activities in the 

context of MDRE. It provides information and comparison on previous work related 

to our research work in the form of different frameworks, models, approaches and 

methods. This chapter consists of three sub-chapters; 2.1 MRE decision support and 

process, 2.2 NORM Introduction and its steps, and 2.3 VSM. 

Motivation: The reason to make the sub-chapter 2.1 MRE decision support and 

process is that it provides the information on the introduction of MDRE, MDRE or 

MDPD process, key goals or aims of MDRE, MDRE decision support, MDRE 

decision making process, pre-project RE decisions activities, product and project 

management, alternative MDRE frameworks and finally explains the research gap in 

the form of need to validate NORM framework in industry. Section 2.2 provides an 

overview of NORM and description of its steps, and how to initiate and use NORM in 

a MDRE practicing company. This section helps to understand NORM framework and 

guides how to initiate and use NORM in each chosen case company. Section 2.3 

provides information on VSM concepts. VSM helps in identifying the key area of 

wastes in a MDRE process and problems across selected MDRE companies and 

describes current state and future state of companies in the form of current state map 

and future state map which helps us to evaluate the impact of NORM framework.  

2.1 MDRE Decision Support and Process  
The importance of Market-driven product or software development has increased 

with respect to the research and practice in software engineering. Market-driven 

software companies develop, package and sell software products to entire markets 

instead of developing bespoke software to specific customers or clients [2]. Customer 

needs satisfaction at the right time and at reasonable price are the key goals of market-

driven software companies in order to gain larger clients markets, increased revenues, 

growth opportunities and competitive advantage in market [17]. MDSD is considered 

as an important entity in software industry. In MDSD, packaged software is developed 

to a market rather than to a specific customer or client, and the RE process for market-

driven software is different than bespoke or customer specific software [18].  

Organizations based on market-driven software product development face a 

continuous arrival of new requirements and a large number of requirements [3]. 

Requirements engineering decision process helps to continuously manage the new and 

changed requirements in order to ensure competitiveness on the environment of 

market-driven software evolution [4]. In MDRE, pre-project decisions making is 

considered to be complex entity [19]. The objective of pre-project decisions is to hold, 

analyze, select and plan requirements for future releases of the product [5]. 

Continuous and large number of requirements in MDRE increases the complexity of 

pre-project decisions [20]. Correct requirements selection decisions ensure the 

realization of short and long term business goals defined in product strategy and the 

company [21]. Continuous and large number of requirements in MDRE increases the 

complexity of pre-project decision activities. Incorrect RE decisions are occurred due 

to incorrect or insufficient understanding of requirements value and implementation 

cost which may lead to low product sales and missing market windows [15]. Correct 

and timely pre-project decisions (for example initial screening, prioritization and 

release planning) are dependent on the quality of the provided appropriate decision 

material (for example requirements, business cases, cost value estimations).  

Existing research has shown that only 25-50% RE decisions are correct for 

requirements selection for a software product [15]. Existing requirements selection 
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decisions approaches in the context of MDRE are based on requirements screening, 

prioritization and release planning [22]. Requirements screening occurs prior to the 

activities of requirements prioritization and release planning. Requirements 

prioritization may be a part of, or prior to the release planning activity. This pre-

project activity creates a prioritized list of requirements that are allocated to a specific 

release. Software release planning is a process of requirement allocation in a certain 

release of a software product [4]. It is very important to make correct pre-project 

decision making, which is now acknowledged by both academia and industry. The 

problem of how to best make the pre-project decisions and how to take appropriate 

level of analysis without risking wasting effort on large scale candidate requirements 

which are included in a product remains open [6].  

There are several RE models exist that provide support for market-driven decision 

making process by suggesting solutions for some of MDRE challenges [12]. RE 

decision making model is described for aligning requirements with business objectives 

to facilitate the development of decision support systems in RE and to help further 

structure and analyze the decision making process in RE in terms of stakeholders, 

information requirements, decision types and business objectives instead of pre-

project decisions [8]. Evans et al., focus on the importance of identifying requirements 

as design decisions in order to get a fully integrated software system, but they do not 

emphasize on the pre-project decision making [13]. Aurum and Wohlin describe the 

fundamental nature of RE activities in the process of decision making and integration 

of classical decision making models into RE process but they do not focus on the 

systematic decision making pre-project [14]. MDRE is more and more used or 

practiced in the software industry. During the last few years the software development 

industry has shown interest to shift from bespoke more and more to MDRE.  A 

framework called BESMART is presented for shifting from BESpoke to MDRE. 

BESMART - a framework for shifting from BESpoke to MARkeT-driven 

requirements engineering helps companies to become more market-driven and in 

identifying their current areas for improvement, and then presented multiple 

suggestions for identified improvement areas [23]. 

An analytical model called Requirements Selection Quality (RSQ) model is 

presented which is used as a decisions process for requirements selection where all 

requirements are stored in a repository and then requirements are evaluated based on 

the estimated value and effort [15]. The process of REPEAT is somewhat similar to 

the process of RSQ. The RSQ model is a simpler model as it only has one release and 

no deadline. The REPEAT process manages requirements continuously and it is 

complex model with various iterations, and three iterations are always carried out in 

parallel and also REPEAT produces two releases in a year. REPEAT- Requirements 

Engineering ProcEss At Telelogic [16]. Gorschek and Wohlin describe the 

requirements abstraction model (RAM) for breakdown of requirements to make them 

equivalent to each other. The results from the industrial validation point to the 

usefulness of the model. However, existing RE models for decision support in MDRE 

do not directly solve the problem of finding just-the-necessary decision  material for 

pre-project decisions [12]. NORM motivates and suggests a solution to this problem 

by providing a structured, systematic approach for identifying ADM for pre- project 

RE decisions [11].  

The main aim of NORM is to assist companies in finding detailed and appropriate 

decision material for pre-project RE decisions by providing a framework for capturing 

needs and constraints at different DP. In the beginning, NORM was formulated in 

cooperation with Ericsson AB in Karlskrona, Sweden. The early problem was 

identified through NORM at Ericsson is the suitable level of analysis of pre-project 

requirements, and finding a good sufficient level and detail of requirements and their 

specification was highlighted. The NORM framework addresses this problem by 

suggesting a planned, systematic approach for classifying ADM for pre-project RE 

decisions. Validation of NORM framework is planned and under execution in 
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collaboration with industry in order to assure its usability, usefulness and scalability 

relevant to industry [11]. 

2.2 NORM - Introduction and its Steps 
NORM is developed in close collaboration with industry. The aim of NORM is to 

assist companies both to identify the important and major pre-project RE decisions, 

and to specify the ADM (appropriate Decision Material) for each decision. ADM is 

defined as appropriate level of detail and accuracy of decision material. ADM is also 

defined as the reasonable effort that is spent on requirements analysis prior to each 

decision [11]. 

NORM facilitates and involves the professionals and experts who are involved in 

pre-project RE decisions in their daily work at the company in order to use their 

experience, skills and knowledge for identifying ADM of practiced decisions. NORM 

use two roles of practitioners; Decision Makers and Decision Material Providers. A 

person who takes pre-project RE decisions and is responsible for outcome of a 

decision plays the role of a Decision Maker, for example product manager or project 

manager. A person who provides the information or decision material for each 

decision plays the role of a Decision Material Provider, for example Business analyst 

or Requirement Engineer. 

NORM framework provides a structured, step-by-step approach for identifying 

ADM for pre- project RE decisions. NORM consists of 2 stages. Stage 1 consists of 

step1 and step 2 where Decisions and their characteristics are defined, and stage 2 

consists of step 3 and step 4 where identified characteristics of a specific Decision are 

analyzed in order to define ADM for a decision as presented in figure 1 [11]. 

 

 
Figure 1: NORM Steps 

2.2.1 Step1: Identify decision points 
In NORM, different Decision Points (DPs) are used to represent RE decisions 

which occur at specific points in time. DP can be identified via analyzing the actual 

MDRE process used in a company and isolating the major pre-project steps, 

milestones etc. For example, for a company practicing MDRE, the identified decision 

or DP can be initial requirements selection as shown in table 2. 

A Pre-project RE decisions process analysis of a specific MDRE based company 

may result in different DPs containing different character and granularity. We focus 

only on major DPs. Micro DPs are not identified and taken into account in NORM 

since micro decisions require much effort. Once the DPs are identified, DPs are 

communicated to practitioners in order to 1) Confirm the decisions selection 

correctness; 2) Appoint relevant employees that can play a role of Decision Maker or 

Decision Material Provider in NORM steps.  
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Table 2: Example identifying decision point “initial requirements selection” 

Step 1: Identify Decision Points 

Focus: Major Decisions 

Sources:  MDRE process analysis, interviews of employees, etc. 

Decision Point (DP) / Decision: initial requirements selection. etc 

2.2.2 Step2: Specify decision point characteristics 
In this step, decision point characteristics are identified through the attributes; 

decision purpose, decision criteria, and constraints. Decision purpose describes the 

ultimate goal of a DP. Decision maker and decision material provider, who have same 

DP understanding, provide the information about this attribute. For example, in the 

case of Decision “initial requirements selection” table 3 presents how the decision 

purpose for this decision can be made based on the understanding of pre-project 

MDRE analysis and information from practitioners.  

Decision criteria try to define the applied approach in order to take a decision, 

which helps for identifying information need of a decision. In NORM the specific data 

of an applied decision approach is gathered from Decision Makers. For example, in 

the case of Decision “initial requirements selection” table 3 presents that only those 

requirements are selected that have higher value than development cost and 

requirements that are aligned with product strategy. 

Constraints help to make realistic expectations and identify an appropriate level of 

detail of decision material. There are three types of constraints; 1) Maximum Allowed 

Effort (or Max-effort), 2) Requirements Volume, 3) Requirements Specification State. 

Max-effort defines the limitation on the basis of budget and describes how much a 

company needs to invest in the pre-project requirements that may or may not be 

assigned to a specific product release. Requirements Volume put limitations on 

analysis per requirement. It represents the average number of requirements per DP 

within certain period of time, for example within a month, a quarter, six months or a 

budget year. Requirements Specification State represents abstraction level of the 

requirements. It provides analysis a requirement will require and put limitation on how 

many requirements can be taken into account within the defined Max-effort (for 

example, high level requirements may need more technical investigation than 

functional level requirements and are clearly defined).  

 

Table 3: Example of Specifying of Decision point characteristics “initial 

requirements selection” 

Step 2: Specify decision point characteristics 

2.1 Decision Purpose 2.2 Decision Criteria 2.3 Constraints 

Decide which of 

market-driven 

requirements are 

necessary to take into 

account or include for 

further analysis  

- Value-cost analysis 

(requirement benefit) 

- Alignment with  

product strategy 

Max-Effort: 15% of yearly 

budget available for pre-project 

RE decisions  

Requirements Volume: 100 

requirements in a quarter. 

Req. Specification State: Mostly 

on the level of features  

Sources: Decision-Makers and Decision Material Providers 

 

2.2.3 Step 3: Define ADM components 
ADM components define what kind of information has to be available prior to a 

decision. The decision purpose and decision criteria of each DP defined in Step 2 are 

analyzed in order to define the ADM components for each DP.  ADM consists of two 

components; 1) requirement description itself, and 2) requirements associated items.  
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Requirements associated items represents the decision support material that is 

produced on the basis of the requirement or ADM description. ADM is also called 

requirement associated items or associated material. ADM may be in the form of short 

technical report (e.g. pre-study documentation), value and cost estimation, or a 

business case of market driven material in order to testify the potential and value of a 

certain decision. The exact selection of the ADM depends on the description or 

information needs of DP in question. For example, in the case of Decision “initial 

requirements selection” the decision purpose and decision criteria of this DP define 

the need of ADM: value and cost analysis result as shown in table 4.  

 

Table 4: Example of ADM structure for a DP “initial requirements selection” 

Step 3: Define ADM components 

ADM Description: Screen those requirements which are not in project scope. 

ADM: value and cost analysis result etc. 

2.2.4 Step 4: Decide level of detail, accuracy & development effort of 

ADM components 
The appropriate level of detail and accuracy, and appropriate development effort 

of ADM components of a specific DP is defined in this step.  The figure 2 provides an 

overview of three actions required in this step.  

 

Action1: 

Decide appropriate level of detail & accuracy of each ADM component

Needed effort 

= 

ADM development effort * 

Requirements volume

If not 

feasible

Action 2: 

Estimate ADM component development effort for a requirement

Action 3: 

Decide if selected level of detail and accuracy is feasible

Consider:

1) Limiting the requirements volume

2) Lower demands on appropriate level of detail and accuracy

3) Find a cheaper way to acquire the same information 

4) Increase Maximum allowed effort that can be spent on pre-project activities

5) Decreasing number of decision points

      Maximum allowed effot

(Max-effort)

 
Figure 2: Overview of actions in Step 4 

Action1: Decide appropriate level of detail & accuracy of each ADM 

component 

In order to identify the appropriate level of detail and accuracy of each ADM 

component, different pre-defined alternatives are developed in this step and then 

developed pre-defined alternatives are presented to decision makers. Decision makers 

are asked to compare different pre-defined alternatives for each ADM and pinpoint the 
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most suitable alternative(s) in order to identify the minimum required level of 

information detail and accuracy in each ADM of a DP.  

Different pre-defined alternatives are ordered according to the level of detail and 

accuracy they provide. The first Alternative-1 provides least detail and accuracy while 

the last Alternative-3 provides most detail and accuracy. An associated technical 

analysis is also presented because analysis may be required in order to obtain the 

detail and accuracy of ADM. The information on extent of technical analysis is used 

when estimating the average effort of performing such analysis (in action 2). So this 

way customized pre-defined alternatives can be developed that are suitable for the 

specifics of the pre-project RE process of a company using NORM. 

The goal is to select the alternative that provides good-enough decision material 

and requires least effort to decision makers in a company. For example, in the case of 

Decision “initial requirements selection” decision makers select an alternative 3 from 

table 5 because they reason that it provides them good-enough information with least 

effort in order to analyze requirements with respect to their value and cost and thus the 

expected benefit of requirement is determined as described by the decision criteria in 

step 2.  

 

Table 5: An example of Pre-defined alternatives of information detail and accuracy 

for ADM “value and cost analysis result” 

Requirements associated items 

alternative 

Associated technical analysis 

Alternative 1: Perform initial screening 

based on requirements cost.  

Analysis of requirements impact on 

other sections and its overall analysis. 

Alternative 2: Perform initial screening 

based on requirements value.  

Impact of requirements on other parts 

and associated dependencies.  

Alternative 3: Perform initial screening 

based on requirements value vs. cost.   

Impact of requirements on other parts of 

system and associated complexity. 

Action 2: Estimate ADM component development effort 

ADM development effort for a DP is measured in person-hours. Decision material 

providers are asked to estimate the required effort of developing the ADM according 

to the chosen pre-defined alternative per requirement. Decision material providers 

estimate on the basis of their experience. In estimation, the constraint Requirements 

specification state defined in Step 2 is considered since the requirement‟s abstraction 

level may have an impact on required effort for producing decision material.  

Action 3: Decide if selected level of detail and accuracy is feasible 

In this action, ADM component development effort estimation that is obtained in 

previous action 2 is multiplied with the constraint Requirements volume (the average 

number of requirements at a DP defined in this constraint). Result or the obtained 

figure is then compared with the Max-effort defined by the constraint. This 

comparison allows us to decide if selected level of detail and accuracy of an ADM 

component is feasible or not. If the ADM development according to selected pre-

defined alternative is not feasible then NORM provides alternative solutions to 

decision makers in order to consider and find a consensus as described under consider 

in figure 2. For example, in a DP if the selected pre-defined alternative 3 is not 

feasible, then it can be suggested to decision makers and decision material providers if 

it is possible to discuss and use another alternative 1 or alternative 2.  

2.2.5 Initiation and Usage of NORM Framework 
This section discusses how to initiate NORM and describes the possible usage 

scenarios of NORM framework through figure 3. As defined previously the main goal 

of NORM is to define ADM for pre-project RE decisions. In initiation and execution 

of NORM, step 1, step 2, step 3 and step 4 are implemented. Step1 of identifying pre-
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project RE decisions, Step 2 of specifying the characteristics of identified pre-project 

decisions, and step 3 and step 4 of formulation of ADM of decision are performed 

with the help of exchange of ideas and discussions with the team of professionals (the 

decision material providers and the decision makers) in order to generate positive 

side effects [11].  

 
Figure 3: Initiation and Usage of NORM Framework 

 

2.3 Value Stream Mapping 
A method of production and development of lean product is called as VSM. VSM 

is recently attracted interest in the context of SE. Considerable improvements are 

achieved in processes and products with the help of VSM in the context of SE. VSM, 

based on lean principles, is a Powerful tool which is used for identifying opportunities 

for significant process improvement [24]. In organizations, VSM tool help companies 

to understand workflow of any type, leading to an end-to-end view of the capability of 

their process.  

VSM helps us to understand and map the current and future state of a company 

[25]. VSM help organizations identify and end wasteful activities. A VSM is 

developed in order to identify the bottlenecks which impact the increase in request 

lead time, elimination of the activities of non value added and development of a future 

state VSM for the process of software development. Lean approaches by focusing on 

the reduction of the non-valued activities within the organization. Lean is all about 

achieving more value by applying fewer resources more effectively and efficiently 

through the continuous elimination of non-valued added activities or wastes [25]. An 

approach is presented to enhance VSM with the help of kanban approach [26]. 

The notations which are used for illustrating the VSM are explained in figure 4. 

These notations are used to demonstrate with an example of how VSM are applied to 

software development processes. In the process, a „Process Box‟ represents an activity 

or single step in which the work is flowing in the process. Such activity or step is 

written inside the box.  An „Arrow‟ shows the direction of flow from one-step to 

another. The „Timeline‟ shows the series of process steps arranged in a chronological 

order with the display of different times along a line which is drawn from left to right. 

Different times represent different measurements which are explained in figure 4 [27]. 

 



  12 

 

 
Figure 4: VSM Notations 

2.3.1 VSM Measurements:  
Below three measurements are used in the VSM are [27]. 

Lead Time (LT): It represents the average time it takes regarding one request to 

go via the whole process from start to end or finish with or including all waiting times 

or queuing times between sub-processes which are also know as throughput or 

turnaround time. 

Queue Time (QT): It represents the average time between sub-processes which 

the request takes while waiting around. It is also called „Waiting Time‟. 

Processing Time (PT): The average time taken by one person or a team for 

working on one request called Processing Time. 

2.3.2 VSM States: 
VSM states are described with the help of below two states maps are 

Current State Map: It explains current state of studied MDRE process, and it is 

used as improvements baseline. 

Future State Map: It explains the development process as it can appear in the 

future, if the recognized wastes have been avoided. 
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3 METHODOLOGY 
This chapter describes the methodology with the help of three sub-chapters: 

 3.1 Applied Research Methodology 

 3.2 Research methods 

 3.3 Grounded Theory 

 Motivation: The reason to create the sub-chapter 3.1 is that it describes the 

applied research methodology where the overall process and flow of various activities 

is analyzed and explained in this section. The reason to create the sub-chapter 3.2 is 

that it describes the two research methods (Document analysis and Interviews.) that 

are used in this thesis with their motivations or reason to choose them as well as their 

implementation. This section also describes the possible relevant alternative research 

methods and reason to reject them. Sub-chapter 3.3 describes the grounded theory 

(GT), and also presents the reasons for the rejection of alternatives of grounded 

theory. The motivation of this section or the reason to choose GT is that it helps us to 

analyze the qualitative data which is gathered from interviews or document analysis 

for the current state of each chosen company. 

3.1 Applied Research Methodology 
In this section, the whole process of applied research methodology for this thesis 

is explained and drawn in figure 5. This section helps us to understand the work plan, 

tasks and process, and provides analysis of thesis work with the help of concepts used 

in this thesis which are; companies selection, research methods, dataset, grounded 

theory, NORM initiation, and VSM in order to validate the NORM in industry. 

Two companies practicing MDRE are chosen and studied during this research 

work. These companies are; Sybase Products Middle East, and Auravita LTD UK. In 

beginning, we tried to find as many companies as possible to perform research work 

but we are able to commit two MDRE practicing companies for validating the NORM. 

Other companies did not have sufficient time and resources for helping us in research 

work. We created an email template to commit companies as shown in appendix 9.2. 

After getting the commitment from companies, interviews of the employees involved 

in RE process are conducted via online meetings regarding MDRE process and pre-

project RE decisions of the companies in order to perform research work.  

Data obtained via research methods of interviews and document analysis for each 

company is analyzed, and then ground theory (GT) is applied in order to analyze the 

gathered data. After companies‟ dataset and GT, initiation of NORM is performed in 

each company in order to analyze the current state of each company with the help of 

VSM. Then the future state of each company is predicted using the results based on 

NORM initiation with future state VSM. Finally, the impact of NORM is evaluated in 

order to validate the NORM framework in software industry in the context of MDRE. 

Sybase Products - Middle East (Company 1): NORM framework validation is 

performed with Sybase Products, Bahrain. Sybase is one of the world‟s market leaders 

in the telecommunication, data management, and enterprise mobility businesses 

providing a wide range of products and solutions. The company performs its operation 

in a MDRE context where the products are sold as generic solutions for an open 

market, and customized versions of the products are also developed and sold to key 

MDRE customers. The company‟s development is globally distributed across different 

countries. The product chosen in this company focuses on the data management 

solutions and services in MDRE environment. 

The reason to choose this company is that they practice MDRE. Another reason to 

choose Sybase is that this is large sized MDRE practiced organization which leads us 

to target the market of large level in order to check the validity and applicability of the 

NORM framework by considering that organization as a sample from the population 
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of large level organization. Another reason to choose Sybase is they showed us full 

commitment to cooperate with us compared to other same level companies. 

Auravita LTD - UK (Company 2): Auravita is one of the largest e-retailers in 

the UK which practices MDRE. The aim is to provide with an easy to use website 

where customers can conveniently access and purchase a wide variety of 

competitively priced quality products online quickly and easily. The product chosen in 

company Auravita LTD UK is online business to business service product for e-

commerce. This product provides a service to the sellers who want to sell their good 

online and for the customers who want to buy products online.  

The reason to choose Auravita is that they practice in the MDRE environment. 

Another reason to choose this company is that this is medium size organization which 

leads us to target the medium level MDRE environment in order to check the validity 

of the NORM framework by considering that organization as a sample from the 

population of medium level organization. Another reason is they showed us full 

commitment to cooperate with us compared to other medium level organizations. 

 

Initiate NORM

Company 1:

Sybase Products 

Middle East 

Interviews

Companies 

Data Set

Analysis of Current 

State using 

Grounded Theory

Value Stream 

Mapping

Predict 

Future State 

of Company”

Value Stream 

Mapping “

Evaluation of the Impact of 

the NORM Framework

Company 2:

Auravita LTD UK

Figure 5: Overview of Applied Research Methodology 
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3.2 Research Methods 
There are two research approaches in SE; Qualitative and Quantitative. In 

quantitative research, the information achieved from the respondents or participants is 

described in numerical form. In qualitative research, the information obtained from 

participants is described in human behavioral aspects such as words and pictures [28]. 

A Qualitative Research approach is used in this thesis as our research work is of 

qualitative nature. There are two research methods used in this thesis work:  

1. Document Analysis 

2. Interviews  

The research methods used in our research work are described in the form of 

figure 6 along with their one-to-one mapping of various steps that are considered for 

data collection from both companies and the corresponding outcomes that help us to 

initiate the NORM framework and to perform the VSM for each chosen company in 

order to evaluate the impact of NORM framework in MDRE environment. Research 

methods are described in sub-chapters; 3.2.1 document analysis, and 3.2.2 interviews. 

Motivation: After the related literature review and study of various research 

methods, we propose that the interview and document analysis are the most suitable 

qualitative research methodologies to fulfill the requirements of our thesis work and to 

answer the proposed research questions [28][29][30][31]. 

Another reason to choose Interview is that interview is the best source or research 

method to collect and analyze qualitative data and to gather opinions from the 

interviewee based on their skills and experience about particular research area in order 

to identify potential problems. Interviews are also helpful to identify the terminology 

practiced in a particular setting and assist to gain in-depth knowledge with observation 

which is usually not possible in survey and case study [28]. Interview is highly 

interactive research method. Researchers can clarify questions for interviewee. 

Interviewers also develop and improve the quality of responses from the interviewee. 

Another reason to choose Document Analysis is to investigate and analyze the 

documents achieved for chosen product from each company to understand their pre-

project RE decisions activities and MDRE process for the chosen product in each case 

or chosen company. Document analysis helped us a lot to analyze the data in order to 

identify ADM for pre-project RE decisions. Company‟s documents assisted us to 

initiate NORM and then its evaluation for the chosen product in each case company. 

Another reason to choose Document Analysis and Interview is that if there is any 

ambiguity or biasness in MDRE documents of chosen product in each company then it 

can be clarified via interviews. Similarly, if there is any biasness or ambiguity in 

answers of interviewee about pre-project RE decisions in the context of MDRE for the 

chosen product then it can be clarified with the help of document analysis.    

Alternatives: Survey and Case study are two alternative research methods of 

Interview. Each of the research method is used differently depending on the needs of 

researcher or according to their research work [28][29][31].  

A case study is an observational study, and collection of data is for specific 

purpose throughout the study. Case studies are used for monitoring projects or 

activities. A case study is a technique where the key factors are identified which can 

affect outcomes and then the activity is documented. Case Study is often used to 

provide a thorough study of a specific area but it is very difficult and hard to analyze 

the result or evidence from Case study. The results of case studies are difficult to 

generalize on a specific area, and results are often partially dependent and difficult to 

compare to a specific phenomenon [28].  

Survey consists of a sets of questions described in a written format. Survey can 

easily gather data or information from many subjects located in geographically 

distributed places. Subjects fill out the survey  as per their convenience or when they 

have time among tasks and without the intervention of researcher [28].  
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Dismissal of Alternatives: The reason to reject the case study is that it is difficult 

to generalize the results of case study in a specific area or setting. As in this thesis it is 

needed to generalize the results on the basis of the validation of NORM framework in 

the context of pre-project RE decisions activities in MDRE environment[28][29]. 

In Survey since there is no interviewer due to which poorly-worded or ambiguous 

questions may be problematic which can cause irrelevant or missing information or 

responses. Another reason to reject the Survey is that it is difficult to overcome the 

biasness and also generalize the results of survey in a specific area compared to 

interview and document analysis. As in our research work we need to identify and 

clarify the pre-project RE decisions activities and MDRE process which is achieved in 

best way with to interview and document analysis compared to survey in order 

generalize the results on the basis of the validation of NORM framework in the 

context of pre-project Re decisions activities in MDRE based industry[28][29]. 

Document Analysis

Interviews

MDRE Pre-project Decisions Activities & 

Process-steps for Current State VSM

Waiting Time & Queue Time of Each Activity to Access 

Current State VSM

MDRE Pre-poject Decisions Process analysis to initiate NORM, 

and to identify SPC Wastes using VSM

Future State Map (VSM), Waste Reduction & Mapping of NORM 

on VSM in order to evaluate the impact of NORM Framework

                 Steps Outcomes

 
Figure 6: Research Methods 

3.2.1 Document Analysis  
Document analysis is an important research method which involves reading lots of 

manual and electronic material [31]. The reason to choose document analysis is to 

investigate and analyze the documents achieved from a company to understand their 

pre-project RE decision making activities and process for the chosen product in each 

case or chosen company. Document analysis helped us a lot to analyze the data in 

order to decide ADM for pre-project RE decisions. Company‟s documents assisted us 

to initiate NORM and then its evaluation for the chosen product in each case 

company. 

Document analysis and RE process of a company was studied in order to identify 

the main steps of Market Driven Product development (MDPD) which is also called 

software product customizations (SPC) development and to understand pre-project 

MDRE decision activities. We also spoke to practitioners in order to understand and 

clarify the process, flow, and missing things in documentation. The obtained 

information is used to create the current VSM of each MDRE practicing company.  

There are actors involved in different processes and current state map. Without the 

actors one cannot construct the current state map. In current state VSM, involved 

actors and process steps used are: Customer, Market Unit, Development Unit, Solution 

Proposal, Decision Board Meeting, Business Quotation, Technical Design, 

Implementation, System Testing, System Integration Test, qualitative analysis, 

interviews, analysis, and validation. 

Customer: Customers are key stakeholders in software organization. Customer 

demands depend upon time to market and the rapid delivery of software organization. 

Interface of the customer is market unit. Market Unit (MU) communicates customer 

demands on high level requirement. Purpose of the Development Unit (DU) is to 

analyze the requests and design and implement customization solutions. Solution 

Proposal (SP) is a document which comprise of detailed requirements and 
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specifications of functions. Decision Board Meeting (DBM) is responsible for the 

strategic decision taking like accepting or rejecting a customization request of a 

Customer. Business Quotation (BQ) is a document which comprise of bidding details. 

Technical Design (TD) contains the information on the technical design. 

Implementation is the activity of coding and function test. System Testing is 

performed to verify that the completely integrated system meets its requirements. 

System Integration Test (SIT) verifies the system. Our main focus is on two activities 

along with other actors, there activities are; 1) Qualitative analysis of historical data, 

and 2) Analysis of solution proposal. 

Qualitative Analysis of Historical Data: Both of the chosen companies keep track 

of distributed requirements to manage all the requirements for customized requests. 

We accessed to these requirements of chosen product in order to analyze their RE 

process, identify the pre-project decision activities and to know the current state of 

companies. We accessed to the companies selected requirements requests about which 

we needed to have the data. In order to do that all SPC requests were selected which 

were in the DU during last one year and provided to customers. 

 In the process, these requests were filtered; (1) rejected by the customer at some 

point; (2) still processing or not delivered to the customer; and (3) reuse cases. After 

that in our VSM, each request was analyzed individually and noted down the time 

stamps of time for the start or end of each activity. Once the completion of data set is 

achieved, the processing time (PT) is calculated for each process step by considering 

the difference between the start and end dates of activity. Similarly, the waiting time 

(QT) is calculated between two consecutive processes. We also looked for the end 

date of the preceding activity or the start date of the next immediate activity where 

either one of the dates was missing in order to determine the missing start date or end 

date. There may be a lot of variation for a single activity and thus it is difficult to give 

good measure. In order to strengthen the stream value we also looked into solution 

proposal to analyze the pre-project decision activities, RE process and to gather the 

actual lead times and to determine the average measures to avoid any biasness. 

Analysis of Solution Proposal: All cases of wastes and its reduction proposal 

were analyzed and the impact of each change was measured on mapping 

measurement. Proposed changes, wastes and solution proposals, identified in the 

current state map are outlined in the current state VSM for each of the chosen 

companies. Analysis of solution proposal helps us to identify and understand the 

future state VSM and future state of companies in order to evaluate the NORM. 

3.2.2    Interviews 
Interviews are performed either structured or unstructured. Structured interviews 

consist of preset or close-ended questions which we conduct with interviewees. 

Unstructured interview consist of open-ended questions which we ask from 

interviewees [29]. We used the mixed or semi-structured interview method in order to 

overcome any issue or missing information which may occur if we use structured or 

unstructured interview. We conducted interviews of practitioners involved in the pre-

project MDRE decision making activities and MDRE process in each of the case 

company to get the required information for the initiation of NORM framework. The 

interviews were conducted from the employees who are involved in the activities of 

market driven requirements engineering, project management or product management. 

We also did interviews in order to confirm our findings from document analysis. 

Interviews questionnaires are prepared on the basis of the NORM structure and its 

steps, VSM concepts and in the context of pre-project MDRE activities and MDRE 

processes in industry. We accessed to the MDRE processes of companies and a 

product is chosen in each company along with documents of chosen product in order 

to complete the data set so that we can understand MDRE process and NORM 

framework can be evaluated and validated accordingly. We created a template for 

interview questions that is used in each company as defined in Appendix section 9.3. 
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The reason to choose interview is to investigate the research problem and 

questions in detail and in depth face to face, missing information can be followed, and 

ambiguities are clarified. Another reason to choose interviews is to confirm our 

findings from document analysis by following up with the interviewees [28][31]. 

Interview process is conducted with the help of below three steps. 

 Selection of interviewees 

 Structure of Interviews 

 Transcription of Interviews 

Selection of Interviewees  

We selected the employees who are involved in RE decision making activities, RE 

process and product management to project management in each chosen company. 

Included roles are the Requirements Engineer, project manager and/or product 

manager. We selected four employees in Sybase (Company 1) and two employees in 

Auravita (Company 2) who are involved in RE decision making activities, product 

management to project management in each of the chosen companies to make sure 

that obtained information is on the pre-project decision activities and process in order 

to initiate NORM framework and indentify the current state VSM. 

Structure of Interviews  

Each interview consists of three parts: introduction and warm up, main body of 

interview, and closure. We conducted two interviews in Sybase and three interviews in 

Auravita, and the overall duration of each interview was one hour. In introduction and 

warm up, the interviewees introduced themselves and described the organizational 

goals and decision making MDRE process of company. In main body of interviews, 

questions were asked from interviewees related to MDRE pre-project decision making 

process in order to perform our research work and answer the research questions. 

There were also questions on VSM concepts where most of the asked questions were 

related to make agreement with the information in the map in order to verify the 

current VSM. In the closure part, we asked interviewees to confirm our findings in 

order to initiate NORM with the help of VSM. 

Transcription of Interviews 

 The interviews were transcribed and recorded properly. In NORM part, we 

identified each pre-project major decision, specified decision characteristics, formed 

the team of professionals and finally developed the ADM for each decision, and 

calculated the needed development effort for each decision in order to validate the 

NORM framework in each chosen company. In the context of VSM, each waste, its 

cause, and the solution proposal to eliminate it is obtained from the raw data. Then, a 

one-to-one mapping of software development wastes is studied in order to categorize 

each waste as unique with appropriate name with the help of NORM. 

3.3 Grounded Theory 
Grounded theory defined by Scott and Howell is used in this thesis to analyze the 

qualitative data obtained via research methods of interviews and document analysis. 

Grounded Theory (GT) is a systematic qualitative data analysis method [32].  

Motivation: After reviewing the data analysis methods, we found that GT is the 

most appropriate qualitative data analysis method to analyze data obtained via 

interviews or document analysis. Another reason is that also as inexperienced 

researchers, such as master students planning qualitative studies, view GT as a 

relatively easy approach to qualitative research. Another reason is that the guidelines 

for conducting GT research tend to be attractive to novices. There is also another type 

of GT available which was defined by Glaser and Straus where raw data is coded into 

different categories (open, axial or selective coding) and analyzed to generate a 
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theory. GT defined by Glaser and Straus is old type and also it is not much relevant to 

our research work and it does not effectively full-fill this thesis data analysis 

requirements in terms of decisions, purpose, criteria and constraints compared to the 

type of GT defined by Scott and Howell [32] [33].  

In GT, a theory is generated on the basis of raw data gathered from research 

methods. GT analyzes the raw data and then organize data in different categories. GT 

provides design of categories and then presents the results accordingly [32].  

Alternatives: For alternatives of GT, we can use interpretive techniques like 

observer impression or recursive abstraction. In observer impression, an expert 

observes the research data, interprets it in the form of an impression and formats the 

impression in a structure form. Whereas in recursive abstraction datasets are 

summarized; these summarized datasets are then further summarized and so on. At 

the end result is generated in more compact summary that is used to generate results 

from datasets [32][33].  

Dismissal of Alternatives: For analysis of results found through interviews and 

document analysis, we have to use early data analysis method. Grounded theory, one 

of early data analysis method, facilitates us to develop understanding of raw data 

collected through both methods. While the limitation of alternatives are; in using 

observer impression, an expert is required to interpret the datasets, while for recursive 

abstraction there are highly chances that final conclusion may miss many important 

datasets. By using GT we can add more datasets and can introduce new category at 

any stage of analysis [33]. 

3.3.1 Design and Application of Grounded Theory 
GT focuses to uncover relationships among categories by answering the questions 

of who, when, why, how, and with what consequences to relate structure with process. 

In GT, we focused on creating a conditional relationship guide, a method for 

discovering those patterns that contextualize a central phenomenon and the 

relationships among the categories from which those patterns are constructed. From 

the conditional relationship guide a reflective coding matrix is constructed. In GT, we 

focus on two things [32]; 

1. Conditional Relationship Guide 

2. Reflective Coding Matrix 

There are four main categories in this research work; the Decision Points, the 

purposes, criteria, and constraints. According to GT, the Decisions, the purposes, 

criteria, and constraints are listed below in the tables of the conditional relationship 

guide and reflective coding matrix using GT categorization in order to provide 

traceability on the basis of this thesis study work on NORM. 

Conditional Relationship Guide 

The conditional relationship guide identifies the relationships and interactions of 

categories one with the others and also describes how consequences of each category 

can understand. The categories in our research work are; DPs, the purposes, criteria, 

and constraints which are described in table 6 of conditional relationship guide. 

The category name is placed in the far-left column after selecting category in 

order to complete the conditional relationship guide, and this process is completed for 

all the identified categories in this study. The format is developed in such a way that 

the category named in the left column provides information answer each relational 

question about category. What, When, Where, Why, How and Consequences are 

performed as below. 

 What is [the category]? (Using an interviews‟ response to avoid bias) 

 When does the category happen? (Using “during.” assists develop the answer) 

 Where does the category happen? (Using “in . . .”) 

 Why does the category take place? (Using “because . . .”) 

 How does the category happen? (Using “by . . .”) 
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 With what consequence does the category take place or occur? 

 

Table 6: Conditional relationship guide example categories from Companies: Sybase 

Products Middle East, and Auravita LTD UK 

Conditional Relationship Guide 

Category What When Where Why How Consequence 

Sybase & 

Auravita 

 

Decisions 

 

 

 

 

 

 

 

Purposes  

 

 

 

 

 

 

 

 

 

 

 

Criteria   

 

 

 

 

 

 

 

 

 

Constraints 

 

 

 

Pre-project 

RE decision 

of MDRE 

product  

 

 

 

 

Define the 

goal of pre-

project RE 

decisions, 

current state 

analysis 

with NORM 

& using 

VSM 

 

 

 

Use NORM, 

experiences 

and skills, & 

applied 

method to 

take each 

decision 

 

 

 

To analyze  

maximum 

effort, 

Volume of 

requirement

s and their 

specification 

in pre-

project 

activities, & 

experience 

of 

employees 

 

 

 

During 

Interview, 

analysis of 

Documents 

, study of 

RE process  

 

 

During 

identifying 

pre-project 

Decisions, 

interviews, 

Review of 

RE process 

and 

analysis of 

documents  

 

 

During 

document 

analysis, 

interview, 

discussion 

for 

analyzing 

decisions 

 

 

During 

analysis of 

interviews, 

analysis of  

documents,  

based on 

skills of 

decisions 

makers & 

decision 

material 

providers 

 

 

 

In 

interviews

, Online 

meetings 

 

 

 

 

In 

Interviews 

& study of 

RE 

process, 

documents 

analysis 

and brain-

storming 

 

 

 

In 

initiation 

of NORM 

on the pre-

project 

activities, 

and using 

VSM 

 

 

In  

MDRE 

pre-

project 

decision 

activities, 

process of 

RE, and 

results 

based on 

NORM 

initiation 

& using 

VSM 

 

 

 

Because 

need info  

for pre-

project 

decisions 

 

 

 

Because 

need to 

identify 

quality 

major 

decisions 

& ADM 

for each 

decision 

& current 

VSM 

 

Because 

need to 

define 

ADM for 

quality 

decisions

& current 

state 

analysis 

 

Because 

need to 

develop 

ADM for 

each 

major 

decision 

in order 

to 

facilitate 

and 

speed up 

RE 

process  

 

 

 

By  

study of 

RE docs, 

and 

interview 

of 

employee  

 

By 

evaluatio

n of 

NORM, 

VSM 

current 

state & 

future 

state 

maps 

 

 

By 

involving 

decision 

makers / 

material 

providers 

in pre-

project 

process 

 

By  

The 

responses  

of the 

decision 

makers, 

decision 

material 

provider 

to check 

validity 

of 

NORM  

 

 

 

Identify and 

specify pre-

project RE 

Decisions, use 

skills of 

experts 

 

 

Define ADM 

for each  

decision, 

future VSM, 

and  evaluate 

impact of 

NORM in 

each company 

 

 

 

 

To assure 

usability & 

usefulness, 

scalability & 

industry 

relevance of 

NORM 

framework in 

industry 

 

Development 

effort & 

budget 

availability, 

resource 

estimation, 

appropriate 

experience 

and expertise 

of employees, 

monitor and 

control RE 

process 
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Reflective Coding Matrix 

A primary objective of constructing a reflective coding matrix as a relational 

hierarchy is to develop and contextualize the core category, the central phenomenon 

about which all other major and minor categories relate. Once a core category is 

identified, all other categories become subcategories. The subcategories in the 

relational hierarchy become the core category descriptors: the properties, processes, 

dimensions, contexts, and modes for understanding the consequences of the central 

phenomenon of interest. The method for identifying the reflective coding matrix 

descriptors begins and is contingent on the relationships established by the conditional 

relationship guide as shown in table 7. 

Table 7: Reflective coding matrix from Companies: Sybase, and Auravita 

Reflecting Coding Matrix 

Core 

Category 

Validation of NORM Framework in the MDRE based 

Companies in industry 

Processes Identifying 

Pre-project  

decisions by 

RE Process 

study, and 

interviews  

Defining  

ADM or 

appropriate 

decision 

material  

Initiation of 

NORM for 

each 

company   

Process of  

VSM to 

identify 

current 

state of a 

company 

NORM 

initiation  

results and 

VSM 

current 

state map 

Properties analyze goal 

or purpose 

of decision  

Quality of 

a Decision 

ADM for a 

quality 

decision 

Developm

ent effort 

of ADM 

Define 

Pre-project 

decisions 

Dimensions Identify and 

analyze pre-

project RE 

decisions 

Specify 

characterist

ics of each 

identified 

decision 

Develop 

ADM for 

each 

decision 

Decide 

developm

ent effort 

of each 

ADM 

Initiate 

NORM, & 

apply the 

VSM 

Contexts Adapt and 

Tailoring 

NORM in a 

company. 

Speed up & 

facilitate in 

pre-project 

decisions 

To check 

Validity of 

NORM in 

industry 

Impact of 

NORM 

evaluation 

in chosen 

Company 

Confirm 

NORM to 

make it 

applicable 

in industry 

Modes to 

understand 

consequenc

es 

Document 

Analysis, 

interviews,

& study of 

RE process  

Confirm 

quality of 

decisions 

with 

employees 

Define and 

develop 

ADM for 

each 

decision 

Estimate 

developm

ent effort 

of each 

ADM  

Initiate 

NORM in 

each 

chosen 

company 

3.3.2 Analysis of Results using Grounded Theory 
Grounded theory helped us to identify the categories from raw data, and it 

provided us to establish the relationships and interactions of categories one with the 

others and also enable us to understand the consequences of each category. GT 

identified four categories in our research work; the decision points, the purposes, 

criteria, and constraints. Decision points category in grounded theory enable us to 

analyze and identify our concrete decision points in a company in early data analysis 

phase. GT provides us the systematic steps to analyze the qualitative data which 

motivated us to choose the GT for analysis of qualitative data. 
Grounded theory provides us a relational hierarchy to contextualize the decisions 

and its characteristics that leads us to identify the ADM. It also helped us to 

understand the properties, processes, dimensions, contexts, and modes for the 

consequences of the central phenomenon of interest which leads us to initiate NORM 

and use VSM for each chosen company in next chapter 4.  
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4 RESULTS 
This chapter presents the current state of each company on the basis of the results 

from the initiation of NORM framework with the help of VSM. Section 4.1 presents 

the initiation of NORM framework for the Sybase products, and section 4.2 presents 

the initiation of NORM framework for the Auravita Ltd. Section 4.3 presents current 

state of Sybase using VSM, section 4.4 presents current state VSM of Auravita LTD. 

4.1 Initiation of NORM for Company1: Sybase Products  
After reviewing the interview responses and documents analysis for each case 

company the initiation of NORM is performed via below four steps of NORM. 

4.1.1 Step1: Identify decision points 
Four major DPs are identified via interviews of the practitioners, document 

analysis, and RE process analysis of a chosen product in Sybase. The tables for the 

DPs are tidied up and presented in the tables 8, 9, 10 and 11 respectively. 

• Scope Analysis  

• Initial Requirements Selection  

• Requirements Prioritization 

• Release Planning 

4.1.2 Step2: Specify decision point characteristics 
In order to specify the DP characteristics, the attributes decision purpose, decision 

criteria, and constraints are defined and tidied up for the identified DPs “scope 

analysis”, “Initial requirements selection”, “Requirements prioritization”, and 

“Release planning” in tables 8, 9, 10 and 11 respectively. 

4.1.3 Step 3: Define ADM components 
ADM components for each DP are defined below, and these ADM are further 

described and tidied up in tables 8, 9, 10 and 11 respectively.  

 In Scope analysis, ADM is; Pre-study report analysis.  

 In initial requirements selection, ADM is; Alignment with product strategy 

analysis   

 In Requirements prioritization, ADM is; Requirements value-cost estimation. 

 In Release planning, ADM is; Target market analysis result.  

4.1.4 Step 4: Decide level of detail, accuracy & development effort of 

ADM component 
The appropriate level of detail and accuracy, and appropriate development effort 

of ADM component for each DP are defined via below three actions, and are further 

described and tidied up in the tables 8, 9, 10 and 11 respectively. 

Action1: Decide appropriate level of detail & accuracy of each ADM  

Appropriate level of detail and accuracy of each ADM for a DP is defined with 

below sub-steps and further tidied up in tables 8, 9, 10 and 11 respectively. 

4.1.4.1.1 Level of detail and accuracy for the ADM of DP Scope analysis 

In the case of DP “Scope analysis” four different pre-defined alternatives are 

provided to decision makers in order to identify the appropriate level of detail and 

accuracy for Pre-study report analysis of requirements as shown in appendix table 23. 

After analyzing the different pre-defined alternatives for each component the 

Decision maker pinpoints the alternative 4 is the most suitable alternative. Decision 

makers mentioned that it provides them with good-enough decision material that 

requires their least effort in the form of information to conduct comparisons and 
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facilitate them to analyze the pre-study report in order to consider between candidate 

or market driven requirements for project scope and thus determine expected benefit 

of a requirement as required by the decision criteria described in step 2. Appropriate 

level of detail and accuracy for Pre-study report analysis is presented in table 8. 

4.1.4.1.2 Level of detail and accuracy for the ADM of DP Initial Requirements Selection 

In “Initial Requirements Selection” four pre-defined alternatives are provided to 

decision makers in order to identify the appropriate level of detail and accuracy for 

Alignment with product strategy analysis as shown in appendix table 24. 

Decision makers reason that alternative 3 from table 24, after analyzing the 

different pre-defined alternatives for each component and pinpoint the most suitable 

alternative on the basis of their experience, provide them with good-enough 

information to conduct comparisons between selections of market driven candidate 

requirements for alignment of product strategy results as presented in table 9. 

4.1.4.1.3 Level of detail and accuracy for the ADM of DP Requirements Prioritization 

In “Requirements Prioritization”, appropriate level of detail and accuracy for 

value and cost analysis of requirements prioritization is provided in appendix table 25. 

Decision makers reason that alternative 1 from table 25 is the most suitable 

alternative on the basis of their experience, after analyzing the different pre-defined 

alternatives, as it provides them with good-enough information to conduct 

comparisons in order to prioritize market driven candidate requirements with respect 

to the value and cost of each requirement, and it is presented in table 10. 

4.1.4.1.4 Level of detail and accuracy for the ADM of DP Release Planning 

In “Release Planning”, alternatives are provided to identify the appropriate level 

of detail and accuracy for Target market analysis result in appendix table 26. 

Decision makers reason that alternative 4 from table 26, after analyzing the 

different pre-defined alternatives for each component, provide them with good-enough 

information to conduct comparisons in order to release the product with respect to the 

market driven candidate requirements according to the specified decision material for 

each requirement in this decision, and it is presented in table 11. 

Action 2: Estimate ADM component development effort: 

ADM component development effort is measured in person-hours. Decision 

material providers are asked to estimate the required effort of developing the ADM 

according to the chosen pre-defined alternative per requirement. When we estimated 

the effort for each ADM, we asked 2 persons in Sybase products. Our sampling 

strategy was requirements engineers. Action 2 is further presented in the tables 8, 9, 

10 and 11 respectively. 

In the DP “Scope analysis”, as the most of the requirements prior to taking a 

decision are on the scope level so the estimation of the development effort of ADM is 

according to the characteristics of this DP provided by decision material providers on 

the basis of their experience and it is presented in table 8.  

In “initial requirements selection”, the requirements prior to taking a decision are 

on feature level so the estimation of development effort of ADM is according to the 

characteristics of DP provided by decision material providers is presented in table 9. 

In “Requirements Prioritization”, the requirements prior to taking a decision are 

on the priority (high, medium, low) level so the estimation of the development effort 

of ADM is according to the characteristics of this DP and it is presented in table 10. 

In “Release Planning”, the requirements prior to taking a decision are on the 

product release (first, second, third) so the estimation of the development effort of 

ADM is according to the characteristics of Release Planning provided by decision 

material providers is presented in table 11. 
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Action 3: Decide if selected level of detail and accuracy is feasible 

In order to decide if selected level of detail and accuracy of ADM components for 

each decision is feasible or not are presented in tables 8, 9, 10 and 11 respectively. 

 

Table 8: NORM initiation steps 1-4 for Scope Analysis 

DP1: Scope Analysis (Step1) 

Sources: Interviews of practitioners, document analysis and RE process analysis. 

Specify decision point characteristics (Step2) 

Decision Purpose Decision Criteria Constraints 

Analyze and decide 

which of the 

requirements defined by 

stakeholder are within 

and outside project 

scope.  

- Alignment with the 

pre-project scope 

- Value-cost estimation 

- Market trends & 

evolving requirements 

- Max-Effort: 20% of yearly 

budget available for project 

scope analysis.  

- Requirements Volume: 

200 requirements for pre- 

project scope in a year. 

- Req. Specification State: 

Mostly on scope level  

Sources: Decision-Maker and Decision Material Provider 

ADM (Step3) 

ADM Description: The system should provide a specific level of possible 

functionalities defined by project scope or market driven stakeholders. 

ADM: Pre-study report analysis 

Decide level of detail, accuracy & development effort of ADM (Step4) 

ADM component for 

Scope Analysis:  
Pre-study report result 

Pre-defined 

alternative selected: 
Alternative # 4 

ADM component 

development estimation = 

1 person-hour 

Alternative 4 Description: Pre-study report result define that market driven 

product requirements are covered from all possible stakeholders in order to analyze 

the accuracy, detail and effort of pre-project scope in the context of MDRE to a 

possible required level. In Project scoping 200 requirements are covered in MDRE 

context with 95% detail, accuracy and effort within specified budget. 

Associated technical analysis: Early and detailed analysis of market driven 

stakeholders‟ requirements or pre-project scope and its impact on product sections.  

Needed effort = ADM Development Effort * Requirements Volume 

Needed effort = 1 * 200 = 200 

 

Table 9: NORM initiation steps 1-4 for Initial Requirements Selection 

DP2: Initial Requirements Selection (Step1) 

Sources: Interviews of employees, RE process analysis, and document analysis. 

Specify decision point characteristics (Step2) 

Decision Purpose Decision Criteria Constraints 

Decide which of the 

candidate requirements 

are interesting enough to 

consider for further 

analysis in a product. 

- Alignment with the  

  product strategy 

- Early market analysis  

   results 

- Max-Effort: 5% of yearly 

budget available for initial 

requirements selection. 

- Requirements Volume: 50 

requirements in 3 months 

- Req. Specification State: 

Mostly feature level 
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Sources: Decision-Maker and Decision Material Provider 

ADM (Step3) 

ADM Description: The system should provide user friendly specific functionality.  

ADM: Alignment with product strategy analysis 

Decide level of detail, accuracy & development effort of ADM (Step4) 

ADM for Initial 

requirements selection: 

Alignment with product 

strategy analysis 

Pre-defined 

alternative selected: 

Alternative # 3 

ADM component effort 

development estimation: 

1 person-hour  

Alternative 3: Alignment with product strategy analysis defines criteria for initial 

selection of requirements with respect to pre-project product strategy; 50 

requirements with 90 % accuracy & detail are selected aligned with strategy. 

Associated technical analysis: Possible solutions are defined in order to choose the 

most appropriate solution and analyze their impact on initial screening. 

Needed effort = ADM Development Effort * Requirements Volume 

Needed effort = = 1 * 50 = 50 

 

Table 10: NORM initiation steps 1-4 for Requirements Prioritization 

DP3: Requirements prioritization (Step1) 

Sources: Interviews of the practitioners, RE process study & document analysis. 

Specify decision point characteristics (Step2) 

Decision Purpose Decision Criteria Constraints 

Decide priority of 

requirements to identify 

which of the requirements 

are interesting enough to 

consider first or later on 

with respect to priority 

(high, medium, low) 

- Requirements  

  dependencies analysis 

- Time to market results 

- Estimation of 

requirements value-cost 

- Max-Effort: 10% of yearly 

budget available for 

activities of prioritization 

- Requirements Volume: 

150 requirements with 

respect to priority in 1 month 

- Req. Specification State: 

Mostly priority level 

Sources: Decision-Maker and Decision Material Provider 

ADM (Step3) 

ADM Description: The system should provide functionality with respect to product 

value and cost. 

ADM: Requirements value-cost estimation  

Decide level of detail, accuracy & development effort of ADM (Step4) 

ADM for Requirements 

Prioritization: 

Requirements value-cost 

estimation  

Pre-defined 

alternative: 

Alternative # 1 

ADM component 

development estimation: 

1 person-hour 

Alternative-1 Description: It provides analysis on classification between high, 

average and low priority of 150 requirements with respect to their value and cost. 

Associated technical analysis: Analysis of the requirements management with 

respect to requirements value-cost and their impact on other product parts. 

Needed effort = ADM Development Effort * Requirements Volume 

Needed effort = 1 * 150 = 150 



  26 

Table 11: NORM initiation steps 1-4 for Release Planning 

DP4: Release Planning (Step1) 

Sources: Interviews of the practitioners, RE process study, and document analysis. 

Specify decision point characteristics (Step2) 

Decision Purpose Decision Criteria Constraints 

Decide how market 

driven or stakeholders 

based requirements are 

managed & then 

delivered in different 

releases in open market. 

- Depends on market 

trends and evolving 

market driven 

requirements 

- Time to market 

results 

- Max-Effort: 10% of yearly 

budget for release planning.  

- Requirements Volume: 150 

requirements a release in quarter 

- Req. Specification State: 

Mostly market trends level 

Sources: Decision-Makers and Decision Material Providers 

ADM (Step3) 

ADM Description: The system should provide functionality in different release, 

modules or versions depending on the market needs and early bird in market. 

ADM: Target market Analysis result 

Decide level of detail, accuracy & development effort of ADM (Step4) 

ADM for Release 

Planning: Target market 

analysis result 

Pre-defined selected 

alternative : 

Alternative # 4 

ADM component development 

estimation: 

1 person-hour 

Alternative4 Description: Target market analysis result defines criteria for release 

planning according to stakeholders‟ requirements. 150 requirements are planned in 

first release with 95 % accuracy and just enough detail according to requirements. 

Associated technical analysis: Early availability of stakeholders‟ requirements & 

the impact of these requirements on other product sections & associated complexity. 

Needed effort = ADM Development Effort * Requirements Volume 

Needed effort = 1 * 150 = 150 

 

This comparison provides us information that the selected level of detail and 

accuracy of ADM component for each decision is feasible by considering all the 

mentioned things regarding this company. 

4.2 Initiation of NORM for Company2: Auravita LTD  
Initiation of NORM is performed via below steps of NORM for Auravita LTD.  

4.2.1 Step1: Identify decision points 
Five major DPs are identified via interviews of the practitioners, document 

analysis, and pre-project MDRE process review of a chosen product in Auravita Ltd. 

These decisions are tidied up in the tables 12, 13, 14, 15 and 16 respectively. 

• Business Needs 

• Initial Screening 

• Required Time to Complete 

• Prioritization 

• Release Plan 

4.2.2 Step2: Specify decision point characteristics 
Characteristics of all above DPs are defined and tidied up in the tables 12, 13, 14, 

15 and 16 respectively. 
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4.2.3 Step 3: Define ADM components 
Below defined ADM for each DP are described and tidied up in tables 12, 13, 14, 

15 and 16 respectively. 

• In Business needs, ADM is; Business Case of market material.  

• In Initial screening, ADM is; Team discussions results. 

• In Required time to complete, ADM is; Time to market results. 

• In Prioritization, ADM is; Business requirements value and cost results. 

• In Release Plan, ADM is; Target market research results 

4.2.4 Step 4: Decide level of detail, accuracy & development effort of 

ADM components 
Step4 actions are properly described in tables 12, 13, 14, 15 and 16 respectively. 

Action1: Decide appropriate level of detail & accuracy of each ADM  

Appropriate level of detail and accuracy of each ADM for a DP is defined below.  

4.2.4.1.1 Level of detail and accuracy for the ADM of DP Business Needs 

Four Different pre-defined alternatives are provided to decision makers in order to 

decide the appropriate level of detail and accuracy for ADM “Business Case of market 

material” in appendix table 27. Decision maker selected alternative 4 that provided 

them with good-enough decision material that requires their least effort in the form of 

information to analyze the business case in order to consider between stakeholders or 

market driven requirements for business needs as presented in table 12. 

4.2.4.1.2 Level of detail and accuracy for the ADM of DP Initial Screening 

Four pre-defined alternatives are provided to decide appropriate level of detail and 

accuracy for Team discussions results in appendix table 28. Decision makers decided 

that the alternative 3 provided them with the good-enough decision material that 

requires their least effort in the form of information to facilitate them to analyze Team 

discussions results to conduct comparisons between value and cost of market driven 

candidate requirements in order to initially screen requirements in table 13.  

4.2.4.1.3 Level of detail and accuracy for the ADM of DP Required Time to Complete 

Four different pre-defined alternatives provided in order to decide appropriate 

level of detail and accuracy for Time to market results in appendix table 29. Decision 

makers decided that the alternative 4 provided them with good-enough information to 

conduct comparisons between selection and quality of market driven candidate time to 

market of requirements as presented in table 14. 

4.2.4.1.4 Level of detail and accuracy for the ADM of DP Prioritization 

 Different pre-defined alternatives are given to decide level of detail and accuracy 

for Business requirements value- cost results in appendix table 30. Decision makers 

decided that the alternative 3 provided them with good-enough information to conduct 

comparisons in order to prioritize requirements with respect to the value and cost of 

each requirement as presented in table 15. 

4.2.4.1.5 Level of detail and accuracy for the ADM of DP Release Plan 

Different pre-defined alternatives are provided to decide appropriate level of detail 

and accuracy for Target market research results in appendix table 31. Decision 

makers decided that the alternative 3 provided them with good-enough information to 

conduct comparisons in order to manage the product release with respect to the market 

driven candidate requirements according to the specified decision material for each 

requirement in this decision as presented in table 16. 
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Action 2: Estimate ADM component development effort: 

We asked 1 person to estimate the effort for each ADM as described below and it 

is further presented in tables 12, 13, 14, 15 and 16 respectively. Our sampling strategy 

was requirements engineer in Auravita Ltd.  

In the DP “Business Needs”, Requirements prior to taking a decision are on the 

business level so the estimation of the development effort of ADM is according to the 

characteristics of this DP. It is further presented in table 12. 

In the DP “Initial screening”, the requirements prior to taking a decision are on the 

feature level so the estimation of the development effort of ADM is according to the 

characteristics of this point. It is further presented in table 13. 

In the DP “Required time to complete”, the requirements prior to taking a decision 

are on the time level so the estimation of the development effort of ADM is according 

to the characteristics of this DP. It is further presented in table 14. 

In the DP “Prioritization”, the requirements prior to taking a decision are on the 

priority level of requirements so the estimation of development effort of ADM is 

according to the characteristics of this DP. It is further presented in table 15. 

In the DP “Release Planning”, the requirements prior to taking a decision are on 

the release or version number for product so the estimation of the development effort 

of ADM is according to the characteristics of this DP as defined in table 16.  

Action 3: Decide if selected level of detail and accuracy is feasible 

Action3 is defined and tidied up in tables 12, 13, 14, 15 and 16 respectively. 

 

Table 12: NORM initiation steps 1-4 for Business Needs 

DP1: Business Needs (Step1) 

Sources: Interviews of employees, MDRE process analysis, and document analysis. 

Specify decision point characteristics (Step2) 

Decision Purpose Decision Criteria Constraints 

Decide how to manage 

requirements based on 

Business Needs 

collected by market 

research and team 

meetings. 

- Depends on market 

trends and needs. 

- Alignment with the 

team meetings 

- Max-Effort: 20% of 6 months 

budget for business needs  

 - Requirements Volume: 100 

Requirements in 6 months 

- Req. Specification State: 

Depends on business needs 

Sources: Decision-Maker and Decision Material Provider 

ADM (Step3) 

ADM Description: The system or product should provide minimum level of 

possible functionalities and fulfill the requirements according to business needs. 

ADM: Business case of market material 

Decide level of detail, accuracy & development effort of ADM (Step4) 

 ADM for Business 

Needs: Business case 

of market material 

Pre-defined 

alternative selected: 

Alternative# 4 

ADM component development 

estimation =  

1 person-hour 

Alternative4 Description: Business case of market material helps to define business 

needs to a specific required detail level. Business needs covered with respect to 

market driven customer needs and requirements with 95% detail & accuracy. 

Associated technical analysis: Early and detailed analysis of market driven 

customer needs with respect to the requirements size, value and cost, and analysis of 

their impact on other technical or non-technical product parts. 

Needed effort = ADM development effort * Requirements volume 

Needed effort = 1 * 100 = 100 
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Table 13: NORM initiation steps 1-4 for Initial Screening 

DP2: Initial Screening (Step1) 

Sources: Interviews of the practitioners, RE process analysis & document analysis. 

Specify decision point characteristics (Step2) 

Decision Purpose Decision Criteria Constraints 

It is decided here which 

of the market 

requirements are 

interesting enough to 

consider for further 

analysis. 

- Alignment with the  

  market results 

- Expected benefit of  

   requirements 

(Value vs. Cost) 

- Max-Effort: 5% of 6 months 

budget for initial screening. 

- Requirements Volume: 20 

requirements in 1 month 

- Req. Specification State: 

Mostly market research level 

Sources: Decision-Makers and Decision Material Providers 

ADM (Step3)  

ADM Description: The system should provide user friendly specific functionality 

finalized with the mutual understanding of customers and requirements team. 

ADM: Team discussions results 

Decide level of detail, accuracy & development effort of ADM (Step4) 

ADM Initial 

Screening: Team 

discussions results 

Pre-defined selected 

alternative : 

Alternative # 3 

ADM development estimation: 

1 person-hour 

Alternative3 Description: Team discussions results on estimation of requirements 

help to define initial screening to a specific required level of detail of estimation in 

person-hours between intervals. Intervals may be less than 360 person hours, 

between 360-1000 person-hours, or more than 1000 person-hours. 20 requirements 

with 95 % person-hours accuracy & detail. 

Associated technical analysis: A list of possible solutions are defined and presented 

in team about the estimation of requirements in person-hours in order to choose the 

most appropriate solution and interval so that initial screening can be performed with 

high quality, low associated complexity and impact on other parts of product. 

Needed effort = ADM Development Effort * Requirements Volume 

Needed effort = 1 * 20 = 20 

 

Table 14: NORM initiation steps 1-4 for Required Time to Complete 

DP3: Required Time To Complete (Step1) 

Sources: Interviews of the practitioners, MDRE process analysis, and document 

analysis. 

Specify decision point characteristics (Step2) 

Decision Purpose Decision Criteria Constraints 

Decide which of the 

requirements are 

interesting enough for 

completion within 

requirements specified 

time. 

- Alignment with 

time to market 

- Time constraints 

- Max-Effort: 5% of 6 months 

available for time constraints. 

-Requirements Volume: 80 

requirements in 6 months. 

- Req. Specification State: 

Mostly on the level of market  

Sources: Decision-Makers and Decision Material Providers 

ADM (Step3) 

ADM Description: The system should provide agreed functionality and results with 

respect to the market needs and stakeholders‟ requirements. 
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ADM: Time to market results 

Decide level of detail, accuracy & development effort of ADM (Step4) 

ADM for Required Time 

to Complete: 

Time To Market Results 

Pre-defined 

alternative : 

Alternative # 4 

ADM component development 

estimation: 

1 person-hour 

Alternative4 Description: It defines criteria for The required time to complete 

based on requirements value and cost results, For example, 80 requirements are 

completed first with 95 % accuracy and detail based on requirement value and cost. 

Associated technical analysis: Analyze the impact of the requirements value and 

cost on other candidate requirements of product and associated complexity. 

Needed effort = ADM development effort * Requirements volume 

Needed effort = 1 * 80 = 80 

 

Table 15: NORM initiation steps 1-4 for Prioritization 

DP3: Requirements prioritization(Step1) 

Sources: Interviews of the practitioners, MDRE process analysis, and document 

analysis. 

Specify decision point characteristics (Step2) 

Decision Purpose Decision Criteria Constraints 

Decide the priority of 

requirements in order to 

identify which 

requirements have high, 

medium or low priority on 

the basis of time, value, 

and business needs. 

- Depends on 

priority of 

requirements (low, 

average, high) 

- Requirements 

Dependencies 

analysis 

- Max-Effort: 5% of 6 months 

budget available for prioritization 

- Requirements Volume: 40 

high priority requirements in 2 

months 

- Req. Specification State: 

Mostly priority based/level 

Sources: Decision-Maker and Decision Material Provider 

ADM (Step3) 

ADM Description: The system should provide functionality with respect to the 

product requirements value and cost. 

ADM: Business requirements value and cost results 

Decide level of detail, accuracy & development effort of ADM (Step4) 

ADM for Prioritization: 
Business requirements 

value and cost results 

Pre-defined 

alternative: 

Alternative # 3 

ADM component development 

estimation: 

1 person-hour 

Alternative3 Description: This ADM defines criteria where requirements are 

prioritized according to their value, cost & resources. Prioritize 40 requirements with 

95 % high priority, accuracy & detail in value, and resource estimation. 

Associated technical analysis: Analysis of impact of the chosen prioritized 

requirements with respect to their value and cost on other parts of product. 

Needed effort = ADM development effort * Requirements volume 

Needed effort = 1 *40 = 40 

 

Table 16: NORM initiation steps 1-4 for Release Planning 

DP4: Release Planning(Step1) 

Sources: Interviews of the practitioners, MDRE process analysis, and document 

analysis. 

Specify decision point characteristics (Step2) 
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Decision Purpose Decision Criteria Constraints 

Decide how the market 

driven functionalities 

and requirements are 

delivered in different 

releases or versions 

- Depends on market   

  trends and needs 

- Time to market 

results 

- Max-Effort: 10% of 6 months 

budget for release planning 

- Requirements Volume: Release   

  80 requirements in 6 months 

- Req. Specification State: 

  Mostly market trends level 

Sources: Decision-Makers and Decision Material Providers 

ADM (Step3) 

ADM Description: The system should provide functionality in different releases in 

the form of updated product or versions with respect to market driven requirements. 

ADM: Target market research results 

Decide level of detail, accuracy & development effort of ADM (Step4) 

ADM for Release 

Planning: Target 

market research result 

Pre-defined 

alternative : 

Alternative # 3 

ADM development estimation:  

1 person-hour 

Alternative3 Description: Time to market research result for release planning helps 

to make sure timely delivery of product releases in target market, For example, first 

release plan in 3 months, 1000 person-hours, and with 95 % accuracy & detail. 

Associated technical analysis: Analysis of the trends or changing environment of 

target market, their impact on whole product or sections and associated complexity. 

Needed effort = ADM development effort * Requirements Volume 

Needed effort = 1 * 80 = 80 

 

These steps and tables provide us information that the selected level of detail and 

accuracy of ADM is feasible by considering all the mentioned things this company. 

4.3 Current State using VSM for Company1: Sybase  
Current State Map consists of three stages, 1) Software Product Customization 

(SPC)/MDRE current state map, 2) SPC/MDRE Wastes, and 3) Solution to Reduce 

SPC/MDRE wastes. We considered step1 and step2, and skipped the step3 in VSM. 

The reason is that step3 may be useful for the company but not for our research 

work/questions. Another reason is that we are not validating VSM. We are validating 

NORM with the help of VSM by reducing the wastes with NORM via ADM.  

4.3.1  MDRE Current State Map  
We are not permitted to show the real times in the current state map due to the 

company privacy reasons, instead they are presented as average percentages of the 

average total lead time. Due to the same cause we cannot disclose the total Lead Time 

(LT). In the figure 7 we are showing that the total Processing Time (PT) or Value 

Adding (VA) time amounts to 62% of the LT and the total Queue Time (QT) or Non- 

Value Adding (NVA) time amounts to 38% of the LT. Therefore, the amount of NVA 

to VA expresses that more than one third of the resources are consumed waiting 

and/or doing actions which are not adding any value for the customer. The percentage 

measurements in the figure 7 are mentioned to as days in the text. The back-and-forth 

arrows in the map represent asynchronous communication between two process steps 

for response and/or explanation. The waiting times for these are not stated, since they 

were not available to us. It was mentioned that such communication loop-backs cause 

major delays and affect lead time. In the Table 17, a summary of the wastes identified 

using the VSM are provided. There are three wastes of waiting (W1-W3), two of 

extra activities/processes (W4 and W5), and one of motion (W6).  
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4.3.2 MDRE Wastes 
Current state map of the MDRE process explains three Wastes of Waiting, two 

Wastes of Extra activities and one Waste of Motion activity as described in table 17. 

All mentioned wastes are further described below in detail. 

  

Table 17: Table of wastes using VSM Current State for company 1: Sybase Products 

Waste ID Description 

Waiting 

Waiting 

Waiting 

W1 

W2 

W3 

Waiting Time in Requirements selection. 

Waiting Time in Architecture. 

Waiting Time for stakeholder‟s commitment. 

Extra Activity 

Extra Activity 

W4 

W5 

Extra activity for System Integration. 

Extra activity for System Testing. 

Motion Activity W6 Motion for Requirement verification. 

W1: Waiting Time in Requirements Selection  

The request has to wait an average of 14.2 days to enter into the requirement 

phase, when the stakeholders decided to select the requirements (see W1 in figure 7). 

This time gap arises because the existing way of planning MDRE deliveries and 

scheduling stakeholders commitments. As the stakeholders always want to know the 

delivery date of the technical design along with the solution proposal, the time is 

allocated quite early in the requirements plan. That is, even before the stakeholders 

signed a contract and commits to a SPC. The Decision Board Meeting (DBM) in 

figure 7 indicated that the date is agreed upon in a meeting proceeding to sending the 

business quotation to the market unit (MU). Additionally, the SPC requests are 

understood in order of their entrance according to the first-come, first-serve (FCFS) 

basis. In result, systematic SPCs which have an assurance from the stakeholders have 

to wait for requested SPCs without assurance to disappear from the slots first.  

W2: Waiting Time for Architecture 

The waste of waiting happened when stakeholders took too much time to decide 

whether they wanted to final the architecture or technical design after getting a 

business quotation. The request had to wait for an average of 19 days to get customer 

buy-in (see W2 in figure 7). According to the SPC process, there is a quotation expiry 

period in which the order must attain. When a stakeholders does not follow this 

deadline, the request should be canceled and the time period reserved for doing the 

technical design should be removed from the development plan.  

W3: Waiting Time for Stakeholders’ commitment  

This waste of extra process happened when stakeholders put effort in writing the 

solution proposal and consequently making the business quotation but other system 

stakeholders rejected to accept the proposal of requirements. This is the case for 

almost 50% of the finalized requirements solution proposals (see W4 in figure 7). This 

becomes obvious, if we look at the total lead time between the moment SPC chance 

arrives to the moment a business quotation is sent to the MU, which is relatively long 

(LT = 25 days). In this period, much unnecessary work issued and resources are 

engaged, which could be saved otherwise. W4 also produced the waste of waiting. 

When the stakeholders rejects the requirements proposal (e.g., due to the SPC‟s high 

cost or large change impact) after months, then all the effort in creating the proposal is 

wasted. Therefore, the company is putting a lot of effort in creating the requirements 

proposal without being sure whether the stakeholders will commit or reject the 

proposal.  
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W4: Extra Activity for System Integration  

The waste of waiting arises when the stakeholders found an error in system integration 

and takes long time to get the correction. The map displays that the SPC takes 10 days 

PT in system integration before the hand-over to Development Unit (DU) takes place 

for system integration. The DU reports a fault and unnecessarily waits to get the 

correction based on finding any problems in system integration because a MDRE is 

not handed over to them without avoiding system integration problems, even in the 

case of a small change. In order to get a correction earlier than the next planned date, 

the DU has to increase the importance of the recognized error to the position of extra 

correction.  

W5: Extra Activity for System Testing  

The waste of waiting arises when the stakeholders found an error in system testing and 

takes long time to get the correction (see W3 in figure 7). The map displays that the 

MDRE takes 10 days PT in system testing before the hand-over to Market Unit (MU) 

takes place for system testing. The MU reports a fault and unnecessarily waits to get 

the correction based on finding any problems in system testing because a SPC is not 

handed over to them without avoiding system testing, even in the case of a small 

change. In order to get a correction earlier than the next planned date (completion of 

10 days testing cycle), the MU has to increase the importance of the recognized error 

to the position of extra correction.  

W6: Motion of Requirements verification  

The waste of motion happens due to communication between the development unit 

(DU) and the market unit (DU) for response and/or clarification during the solution 

structure phase. In figure 7, this is indicated by two curves that go between solution 

proposal and handshake with design/MU. This process repeats itself relatively many 

times during this phase, suggesting a lot of back and forth movement of requirements. 

This communication also happens in order to make sure all stakeholders are 

approaching the same solution, since no one has the same view on the requirements. 

The analysts look at the requirements from the end-to-end systems perspective, design 

has a technical orientation, and the MU identifies the customer and its environment. 

The communication mostly happens on emails, tracking tool or via conference calls. 

These types of communication produce a disconnected environment and give the 

feeling of not working as one team. Current state using VSM for Sybase is given in 

figure 7. 

 

 
Figure 7: Draft of VSM Current State Map for Company1: Sybase Products 
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4.4 Current State using VSM for Company2: Auravita  
Current State Map describes VSM of Auravita with the help of two stages.  

1) MDRE current state map, 2) MDRE Wastes 

4.4.1 MDRE Current State Map 
We are not permitted to show the real times in the current state map due to the 

company privacy reasons, instead they are presented as average percentages of the 

average total lead time. Due to the same cause we cannot disclose the total lead time. 

It is shown in figure 8 that the total PT or VA time amounts to 64.4% of the LT and 

the total QT or NVA time amounts to 36.6% of the lead time (LT). It represents that 

more than one third of the resources are consumed waiting and/or doing actions which 

are not adding any value for the customer. Current state using VSM for Auravita is 

represented in figure 8. The current state map of the MDRE process explains wastes 

as; three waiting time wastes, two additional process wastes and one motion process 

waste. 

4.4.2 MDRE Wastes 
Table18 defines the wastes identified in the VSM; 3 wastes of waiting (W1-W3), 

2 wastes of extra processes (W4 and W5), and 1 motion waste (W6). 

 

Table 18: Wastes using VSM Current State for Company 2: Auravita LTD 

Waste ID Description 

Waiting Time 

Waiting Time 

Waiting Time 

W1 

W2 

W3 

Waiting Time in requirements gathering. 

Waiting Time for Stakeholders‟ data.  

Waiting Time for system integration testing. 

Additional Process 

Additional Process 

W4 

W5 

Waiting Time for system testing. 

Waiting time for changing requirements. 

Motion Process W6 Movement of Requirements. 

W1: Waiting Time in Requirements gathering 

The request has to wait an average of 14 days to enter into the requirements 

gathering phase, when the stakeholders decided to gather and select requirements (see 

W1 in figure 8). This time gap arises because the existing way of planning MDRE 

deliveries and scheduling stakeholder commitments.  

W2: Waiting Time for Stakeholders’ data  

The waste of waiting happens when stakeholders take too much time to decide 

when they want to finalize the technical design after getting a business quotation. The 

request has to wait for an average of 20 days to get customer buy-in as in figure 8.  

W3: Waiting Time for System integration testing  

The waste of waiting arises if the Development/Testing Unit finds an error in 

system integration and takes long time to get the correct integration (see W3 in figure 

8). The map displays that the MDRE takes 0.4% (12 days PT) in system integration 

before the hand-over to Development Unit takes place for system integration.  

W5: Additional Process for System Testing  

The waste of extra process happens when documentation is divided into two 

different deliverables (i.e., solution proposal and technical design), executed at two 

different points in time during the process flow. This causes additional resources and 

increases the total lead time of MDRE development. The map in Figure 8 

demonstrates that after stakeholder‟s commitment, another 8.4 % days are spent in 

writing the technical design.  
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W5: Additional Process for Changing Requirements  

This waste of extra process happens when we put effort in managing the changing 

requirement but stakeholder rejects to accept the requirements. This is the case for 

almost 50% of the finalized solution proposals for requirements (see W4 in figure 8). 

This becomes obvious, if we look at the total lead time between the moment MDRE 

chance arrives to the moment a business quotation is sent to the marketing unit (MU), 

which is relatively long (LT = 30 days). Therefore, the company is putting a lot of 

effort in managing the changing requirement without being sure whether the 

stakeholder will commit or reject the requirements. 

W6: Movement of Requirements  

The waste of motion happens due to communication between the development 

unit and the market unit for response and/or clarification during the solution structure 

phase. In figure 8, this is indicated by two curves that go between solution proposal 

and handshake with design/MU. This process repeats itself relatively many times 

during this phase, suggesting a lot of back and forth movement of requirements. This 

communication also happens in order to make sure all stakeholders are approaching 

the same solution, since no one has the same view on the requirements. The 

communication mostly happens on emails, tracking tool or via conference calls. These 

types of communication produce a disconnected environment and also give the feeling 

of not working as one team. Also, few hours of difference in time zones between the 

two sides cost at least couple of hours in waiting. 

 

 

 
 

Figure 8: Draft of VSM Current State Map for Company2: Auravita LTD 
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5 ANALYSIS 
The results of NORM initiation and current state VSM are analyzed for each case 

company in this chapter. Analysis consists of two sub-chapters; 5.1 information 

needed to initiate NORM framework, and 5.2 effect of introducing NORM in each 

chosen company. The reason to make these two sections in NORM is that; sub-chapter 

5.1 provides analysis on what information is needed to initiate NORM for each chosen 

company that helps us to address first research question, and sub-chapter 5.2 with its 

further sub-sections provides analysis on effect of introducing NORM in pre-project 

decision activities in each chosen company and that helps us to address second 

research question. 

5.1 Information needed to initiate NORM 
This sub-chapter analyzes and presents the information needed to initiate NORM 

framework in each chosen company with the help of; what are the major pre-project 

RE Decision Points (DP), characteristics of DPs, resources for DPs, defined ADM and 

ADM development effort for each DP in each case company. The characteristics of 

each DP are analyzed in terms of; decision purpose, decision criteria and constraints. 

The resources for each DP are analyzed in terms of team of professionals, MDRE 

process study, and RE Document analysis for the chosen product in each company. 

ADM is analyzed and needed development effort for each DP is provided. Section 

5.1.1 analyzes information needed to initiate NORM for Company 1: Sybase. Section 

5.1.2 analyzes information needed to initiate NORM for Company 2: Auravita LTD. 

This comparison provides us information that the selected level of detail and 

accuracy of an ADM component is feasible by considering all the mentioned things 

regarding each company. Initiation of NORM achieved positive feedback and results. 

5.1.1 Information needed to initiate NORM for Company 1: Sybase  
The information needed to initiate NORM framework for Sybase Products 

(Company 1) is analyzed in terms of identifying; four major DPs, their characteristics, 

resources, ADM with needed development effort of ADM for each decision in Sybase, 

and that information is summarized based on results of NORM initiation in table 19.  

Table 19: The information needed to initiate NORM in Company1: Sybase 

Decisions/DP 

 DP1: Scope Analysis 

 DP2: Initial Requirements selection 

 DP3: Requirements Prioritization 

 DP4: Release Planning 

Characteristics of 

each Decision 
 Decision purpose, decision criteria, & constraints 

Resources who 

provide Decisions 

information 

 Interviews of Team of professionals (Decision-

Makers and Decision Material Providers) 

 MDRE process study 

 Document analysis (product‟s RE documents review ) 

ADM 

(Appropriate 

Decision Material) 

 ADM for DP1; Pre-study report analysis result 

 ADM for DP2; Alignment with product strategy 

 ADM for DP3; Requirements value-cost estimation 

 ADM for DP4; Target market analysis results 

ADM development 

effort for each 

Decision / DP 

 Needed effort for ADM of DP1 = 1 * 200 = 200 

 Needed effort for ADM of DP2 = 1 * 50 = 50 

 Needed effort for ADM of DP3 = 1 * 150 = 150  

 Needed effort for ADM of DP4 = 1 * 150 = 150 
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5.1.2 Information needed to initiate NORM for Company 2: Auravita  
The information needed to initiate NORM framework for Auravita LTD 

(Company 2) is analyzed in terms of identifying; five major DPs, their characteristics, 

resources, their ADM with ADM development effort for decisions for Auravita and all 

that information is summarized based on results of NORM initiation in table 20.  

Table 20: The information needed to initiate NORM in Company2: Auravita LTD 

Decisions/DP 

 DP1: Business Needs 

 DP2: Initial Screening 

 DP4: The Required Time to Complete 

 DP3: Prioritization 

 DP4: Release Plan 

Characteristics of 

each Decision 
 Decision purpose, decision criteria, & constraint 

Resources who 

provide Decisions 

information 

 Interviews of Decision-Maker and Decision Material 

Provider 

 MDRE process analysis 

 Document analysis 

ADM 

(Appropriate 

Decision Material) 

 ADM for DP1; Business Case of market material 

 ADM for DP2; Team discussions results 

 ADM for DP3; Time to market results 

 ADM for DP4; Requirements value and cost results 

 ADM for DP5: Target market research results 

ADM development 

effort for each 

Decision / DP 

 Needed effort for ADM of DP1 = 1 * 100 = 100 

 Needed effort for ADM of DP2 = 1 * 20 = 20 

 Needed effort for ADM of DP3 = 1 * 80 = 80  

 Needed effort for ADM of DP4 = 1 * 40 = 40 

 Needed effort for ADM of DP5 = 1 * 80 = 80 

5.2 Effect of introducing NORM on A Company  
The effect of introducing NORM on each chosen company is analyzed with the 

help of sub-sections; 5.2.1 imposing/mapping of ADM of decisions from NORM onto 

VSM to predict future VSM, 5.2.2 the impact of NORM on resources involve in pre-

project decision making, and 5.2.3 the impact of NORM on different activities of pre-

project RE decision making process for each case company. In 5.2.1 future state is 

predicted using current state (VSM), and imposing our NORM instantiation and 

reason about how this influence the value stream flow for each studied company. In 

5.2.2 we have taken our findings from NORM, charted the DPs onto our VSM, in 

order to see how NORM is able to reduce any waste. We used our decision points and 

ADM from NORM as input for this purpose. Then the old VSM is compared with the 

new VSM and thereby evaluate the impact of NORM.  

5.2.1 Mapping of ADM of Decisions from NORM onto VSM to 

Predict Future State  
In order to analyze how appropriate decision materials (ADM) from NORM 

effect the pre-project decision making of chosen company the future state of each 

company is predicted. Future state is predicted, using current state VSM, imposed our 

NORM instantiation and analyze the influence on the value stream flow for each 

chosen company as drawn in figure 9. So it helps what is the necessary and detailed 

information for pre-project decisions and how to analyze sufficient information 

(decision material) with the help of VSM for pre-project RE decisions. Section 5.2.1 

imposes or maps NORM initiation with the help of VSM to predict future state for 

Sybase Products, and section 5.2.2 maps NORM initiation with the help of VSM to 
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predict future state for Auravita Ltd. So this way NORM effects the pre-project 

decision making of chosen company with the help of ADM of DP from NORM. 

VSM Current State

NORM

Predicted Future VSM 

with impact from NORM
 

Figure 9: Mapping of ADM from NORM onto VSM to Predict Future State 

Impact of NORM initiation via ADM with the help of VSM for Company 1: 

Sybase Products 

NORM instantiation with the help of its DP and ADM is mapped on the current 

state VSM in order to evaluate the influence of value stream flow and to predict the 

future state using current state VSM for Sybase Products as defined in figure 10.  

 
Figure 10: Impact of NORM by Mapping ADM onto VSM for Sybase Products 

 

The decision point “scope analysis” with its ADM pre-study report results in 

NORM are mapped onto the VSM current activity or process „Requirements as shown 

in figure 10 in order to facilitate and speed up the requirements registration process of 

this company with NORM by providing appropriate decision material (ADM) during 

pre-project activities instead of using VSM solutions proposal. ADM pre-study report 

results managed the activity „Requirements Registration‟ during pre-project decisions 

making activity by reducing the wastes occurred during the current state VSM 

„Requirements Registration‟ process. So the charting or alignment of the scope 

analysis with its ADM onto the VSM requirements registration in current state of 

company influenced the future VSM in Sybase products. 

ADM Alignment with product strategy of DP “Initial Requirements Selection” 

from NORM is mapped onto current VSM activities „Requirements Explanation, MU 

Explanation, and Design Explanation‟ in order to facilitate and speed up future state 

VSM activities in this company with NORM by reducing wastes occurred during 

VSM activities „Requirements Explanation, MU Explanation, and design Explanation.  

ADM Requirements value-cost estimation of DP “requirements prioritization” 

from NORM is mapped onto VSM current state activities „Prioritization, MU 

handshake, and Design handshake‟ in order to overcome the wastes and handshake 

occurred during VSM activities of prioritization, design and MU with the help of 

NORM during pre-project decision making instead of using VSM future state.  
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ADM Target Market Analysis Result of DP “Release Planning” from NORM is 

charted onto the VSM activities „System Integration Testing,  and Decision Board 

Meeting for reducing the wastes of Waiting Time in system integration testing and 

assisted the decision board meeting during pre-project decision making in Sybase.  

Impact of NORM initiation via ADM with the help of VSM for Company 2: 

Auravita LTD 

NORM instantiation with the help of its DP and ADM is mapped on the current 

state VSM in order to evaluate the influence of the value stream flow and to predict 

the future state using current state VSM for Auravita LTD as defined in figure 11.  

ADM Business Case of Market Material result of DP “Business Needs” from 

NORM is mapped onto the VSM current state activity „MDRE Requirements 

Registration‟ as shown in figure 11 to facilitate and speed up the VSM „Requirements 

Registration‟ process with NORM by providing ADM for reducing the wastes 

occurred during the current state VSM via pre-project decision making in this 

company instead of using future state VSM solutions proposal. So the charting of the 

ADM Business Case of Market Material result onto the SPC requirements registration 

in current state VSM of company influence the future VSM in Auravita LTD. 

ADM Team Discussion Results of DP “Initial Screening” from NORM are 

mapped onto current VSM activities „Requirements Explanation, MU Explanation, 

and Design Explanation‟ as shown in figure 11 in order to manage these VSM 

activities with NORM during pre-project decision making instead of using VSM 

future state solutions proposal. So this way it facilitated and speeded up future state 

VSM activities in this company with NORM by reducing wastes occurred during 

current state VSM activities in „Requirements Explanation, MU Explanation, and 

Design Explanation of current VSM.  

ADM Time to Market Results of DP “Required time to complete” from NORM 

mapped onto VSM current state activities „MU handshake, and Design handshake‟ in 

order to overcome the wastes occurred due to handshake in design and MU during 

these VSM activities so this way this ADM facilitated the future state VSM here.  

ADM Requirements value-cost results of DP “Prioritization” from NORM is 

mapped onto VSM current state activity „Prioritization‟ in order to manage this VSM 

activity with the help of NORM during pre-project decision making instead of using 

VSM future state solution. This ADM helped this Company to overcome the wastes 

and occurred during VSM activity of prioritization.  

ADM Target Market Research Result of DP “Release Plan” from NORM charted 

onto the VSM activity „System Testing,  and Decision Board Meeting for reducing the 

wastes occurred in system testing and assisted the decision board meeting during pre-

project decision making to improve their pre-project decision making in Auravita.  

 

 
Figure 11: Impact of NORM by Mapping ADM onto VSM for Auravita LTD 
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5.2.2 Impact of NORM on resources involve in pre-project decision 

activities  
This section presents the analysis about the affects of NORM on the resources 

(team of professionals and company‟s RE documents) involved in decision making 

process in each chosen company in the form of the comparison of old VSM with the 

help of new VSM in order to evaluate the impact of NORM framework. The idea with 

this chapter is that we took our findings from NORM, charted the Decisions with 

ADM onto wastes in our VSM, in order to analyze how NORM is able to reduce any 

waste. We used our Decisions or DP and ADM from NORM as input for this purpose. 

Together, this information and related sub-sections are able to analyze the affect of 

NORM on resources (teams of professionals and company‟s RE documents) involved 

in decision making process by providing the ways to team of professional to manage 

pre-project RE decision activities and reduction of wastes as well as suggest the 

improvements in companies‟ RE documents with the help of NORM. This way we are 

able to evaluate the impact of NORM framework on the resources involved in pre-

project decision making within each company in industry.  

Comparison of the old VSM with the new VSM to evaluate the impact of 

NORM on resources for Sybase  

Future value stream is predicted for Sybase by imposing the initiation of NORM 

on current VSM, and the old VSM is compared with the new VSM in order to reduce 

the wastes occurred in VSM.  We charted the decisions and ADM of our NORM on 

current value stream in order to reduce the wastes and thus evaluate the impact of 

NORM framework. Four major decision points with their ADM from NORM are 

drawn on the wastes of the VSM current state in order to reduce these wastes with the 

help of NORM via ADM during pre-project decisions in Sybase Products.  

ADM Alignment with product strategy results of DP “Initial requirements 

Selection” is drawn on the waste of waiting time in requirements selection (W1) 

where this W1 is reduced by taking care of requirements selection during pre-project 

decision making in this company. 

Waste of waiting Time in Architecture (W2) is reduced during pre-project 

decisions making with the help of providing ADM Pre-study report analysis of DP 

“Scope analysis” where it was decided in pre-project stage to finalize the architecture 

in order to overcome any waste that can occur in later stages in architecture.   

Waste of waiting Time for stakeholders‟ commitment (W3) is reduced with the 

help of ADM Requirements value-cost estimation of DP “Requirements Prioritization” 

where the stakeholders‟ commitment is analyzed properly during pre-project decision 

of “Requirements Prioritization” to reduce the waiting time in stakeholders‟ 

commitment occurred during VSM in this company. 

Waste of waiting Time for System Integration (W4) is reduced with the help of 

ADM Target market analysis of DP “Release Planning” where System Integration is 

analyzed properly during pre-project decision of “Release Planning” to reduce the 

waiting time in System Integration occurred during VSM in this company. 

Waste of waiting Time for System Integration Testing (W5) is reduced with the 

help of ADM Target market analysis of DP “Release Planning” where System 

Integration testing is analyzed properly during pre-project decision of “Release 

Planning” to reduce the waiting time in System Integration testing occurred during 

VSM in this company. 

Waste of Motion for Requirements Verification (W6) is reduced during pre-

project decisions making with the help of providing ADM Pre-study report analysis of 

DP “Scope analysis” where it was decided in pre-project stage to control the motion of 

requirements in order to overcome any waste.   
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Table 21: Comparison of old VSM with new VSM for Sybase Products 

VSM Current State 
Impose NORM initiation for Sol. & 

future VSM 

Waste Description DP ADM 

Waiting 

(W1) 

 

 

Waiting 

(W2) 

 

Waiting 

(W3) 

Waiting Time in 

Requirements selection. 

 

 

Waiting Time in 

Architecture. 

 

Waiting Time for 

stakeholder‟s 

commitment. 

Initial 

requirements 

selection  

 

Scope analysis 

 

 

Requirements 

prioritization 

Alignment with 

product strategy  

 

 

Pre-study report 

analysis 

 

Requirements value-

cost estimation. 

W4/Extra 

Activity 

 

W5/Extra 

Activity 

Extra activity for System 

Integration. 

 

Extra activity for System 

Testing. 

Release 

planning  

 

Release 

planning 

Target market analysis  

 

 

Target market analysis  

 

W6/Motion Motion for Requirement 

verification. 

Scope analysis pre-study report result 

 

This information enables us to analyze the effect of NORM on resources (teams of 

professionals and company‟s RE documents) involved in decision making process by 

assisting to team of professionals to manage pre-project RE decision activities by 

reduction of wastes and provide them ways to document the pre-project decision 

activities with the help of NORM. This way we are able to evaluate the impact of 

NORM framework on the resources involved in pre-project decision in this company.  

Comparison of the old VSM with the new VSM to evaluate the impact of 

NORM on resources for Auravita 

Future value stream is predicted for Auravita LTD by imposing the initiation of 

NORM framework on the current value stream mapping. Predicted future value stream 

mapping is described in the form of table 22 where decisions with their ADM from 

NORM are charted on current value stream in order to reduce the wastes and evaluate 

the impact of NORM framework. Five decision points with their ADM from NORM 

are drawn accordingly on the wastes of the VSM current state for Auravita LTD. 

NORM provides the ways to manage different activities of pre-project RE 

decision making process for each chosen company. These activities are related to pre-

project decisions making, influence of NORM framework on current state VSM by 

reducing of wastes and solutions for wastes in the form of future state with the help of 

NORM framework. This way the impact of NORM is evaluated for Sybase Products. 

 

Table 22: Comparison of old VSM with new VSM for Auravita LTD 

VSM Current State Impose NORM initiation for Sol. & future VSM 

Waste Description DP ADM 

Waiting 

(W1) 

 

 

Waiting 

(W2) 

 

Waiting Time in 

requirements 

gathering 

 

Waiting Time for 

Stakeholders‟ data  

 

Initial Screening 

 

 

 

Business Needs 

 

 

Team discussion results  

 

 

 

Business case of market 

material  
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Waiting 

(W3) 

 

Waiting Time for 

system integration 

Required time to 

Complete  

 

Time to market results  

Extra 

Process 

 

Extra 

Process 

(W5) 

Waiting Time for 

system testing 

 

Waiting time for 

changing 

requirements 

Release Planning  

 

 

Requirements 

prioritization 

Target market research result  

 

 

Business requirements value 

and cost results  

Motion 

(W6) 

Movement of 

Requirements 

Initial Screening 

 

Team discussion results  

 

 

This information enables us to analyze the effect of NORM on resources (teams of 

professionals and company‟s RE documents) involved in decision making process by 

assisting to team of professionals to manage pre-project RE decision activities by 

reduction of wastes and provide them ways to document the pre-project decision 

activities with the help of NORM. This way we are able to evaluate the impact of 

NORM framework on the resources involved in pre-project decision in this company.  

5.2.3 Impact of NORM on different pre-project decision activities 
NORM assists each chosen company by providing the ways to manage different 

activities of pre-project RE decision making process. These activities are related to 

pre-project decisions, influence on current state VSM, and reduction of wastes and 

solutions for wastes in terms of future state with the help of NORM framework. 

Initiation and execution of NORM generated positive side effects in each of the 

chosen companies. NORM affected the pre-project decision making activities in 

companies as; 

 The structure of the characteristics of decisions in NORM assisted 

companies to compare decision goal with applied in order to verify that 

applied criteria matches to goal of a decision. 

 Provide ADM for Pre-project RE decisions in order to facilitate and speed 

up pre-project RE decisions process. 

 Facilitates finding consensus and improvement ways by providing 

different alternatives to meet the goals and needs of different major pre-

project decisions.  

 NORM assisted in identifying any misalignment between the needed 

ADM development effort and the actual effort based on constraints of the 

process applied at each chosen company. 

 To ensure that resources are utilized for producing just-the-necessary 

information at the right time and monitor and control this development 

effort 

 Helps in Waste Reduction in current state of companies.  

 State before and state after of chosen company‟s pre-project decisions 

process with the help of identifying wastes using VSM and provides 

solution for wastes with the help of NORM.  

  

 



  43 

6 DISCUSSION  
NORM concepts were initially presented and evaluated at Ericsson AB through 

informal interviews, without initiating the NORM or actually implementing its steps, 

with employees in order to see initial feedback. The Initial feedback on NORM was 

positive at Ericsson, but NORM framework needed to be tested in different 

environments to make sure that it is generally applicable. We evaluated the impact of 

NORM and ensured its validation by actually executing its four steps in two MDRE 

practicing companies (Sybase Products and Auravita LTD) in order to assure its 

usability and usefulness, but also scalability and industry relevance. In two companies, 

we conducted interviews of employees involved in MDRE in a software product, and 

reviewed the requirements documents for the same product. We investigated how to 

tailor NORM to improve a company's RE processes, and evaluated the effort required 

and impact of this tailored process. Finally, we confirmed our findings from 

practitioners involved in RE with less than 10 questions.  

The evaluation and feedback on NORM framework was positive and interviewees 

explained and found that the NORM is useful, usable and scalable in facilitating 

companies via its 4 steps structure for identifying the ADM for pre-project decisions, 

estimating the development effort of ADM, and for providing different solution 

alternatives to overcome issues or risks in pre-project decision activities. 

Discussion consists of sub-chapter of lesson learnt. The reason to include this 

section is that it helps us to understand what lessons are learnt when initiated NORM 

in each of the chosen companies, and provides us the information about the effect of 

NORM on product management involves in pre-project MDRE decisions of company 

as well as recommendations to initiate and predicted usage of NORM on the future 

pre-project decision activities in a product in each chosen company. Together, all this 

information helped us to learn different lessons to understand when there should be 

initiation of NORM on the pre-project decision activities in a company. 

6.1  Lessons learnt  
NORM is unique in providing ADM for pre-project decisions and ADM 

development effort. Interviewees liked our novel research work in the form of NORM. 

NORM facilitated companies by usefulness and usability of pre-project decisions in 

MDRE by providing accurate and timely decision material for RE decision making 

process. Various alternative solutions, negotiations, and estimation with respect to 

realistic results in industry provided us scalability and industry relevance of NORM.  

6.1.1 Effect of NORM Initiation on Product Management 
The obtained initiation of steps of NORM effected and provided a twofold usage 

to product management involve in pre-project decision making.  

Firstly NORM via ADM facilitated product management by providing them a 

clear guideline on appropriate level of detail and accuracy of the just-the-necessary 

information that should be available for the decision makers in product management 

as well as NORM provided recommendation to product management on how much 

effort is appropriate to spend on development of the specified ADM for each pre-

project RE decision in each chosen company.  

Secondly NORM assisted and facilitated them to monitor and control how well 

the prescribed levels of detail and accuracy of just-the-necessary information at the 

right time as well as allowed effort are kept in reality. 

This information assisted product management in identifying bottlenecks in the 

MDRE process occurred due to misinterpretation of pre-project RE decision 

requirements and existing constraints, and also assisted them in process performance 

improvement as well calibration of the information in NORM framework. 
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6.1.2 Recommendations for initiation and Usage of NORM 
It is necessary to update information in NORM over time and updating 

information is usually occur due to changes in the applied MDRE process (e.g., 

changes in pre-project RE decisions‟ characteristics). NORM recommendations 

should also need to calibrate on the basis of the experience and feedback of using 

these recommendations in industrial practice. We also recommend that four Steps of 

NORM should re-run in future in order to develop better recommendations for ADM 

for calibrating and updating information in NORM. But the needs of how often re-

running or re-initiating of NORM depends on the stability of the MDRE process and 

development environment of each company. We suggest and recommend that NORM 

should run after every six months in order to make sure that the ADM 

recommendations are up-to-date in NORM framework. 

6.2 Validity Threats 
Threats related to our thesis are discussed in the form of; internal validity threats 

and external validity threats. 

6.2.1 Internal validity threats  
According to Wohlin et al, internal validity can be defined as “Threats to internal 

validity are influences that can affect the independent variable with respect to 

causality, without the researcher‟s knowledge. Thus they threat the conclusion about 

the causal relationship between treatment and outcome”. Therefore, the main purpose 

of internal validity is to confirm that researchers are drawing valid conclusion based 

on collected data of the study [30].  

Getting access to pre-project RE decision articles: There may be a chance of 

omitted or overlooking some related studies that might have been significant for our 

studies. To resolve this threat of missing any related studies; “Manual and Automated 

Search Strategy Refinements” was done, as described by Zhang et al [34][35].  

Getting access to pre-project decision making documents of Company: One of 

another threat in our thesis was may be lack of accessibility to the company‟s pre-

project decisions making information. All the information in the form of documents of 

project management plan, database of requirements, and analysis and design 

documents of the project of a company may not completely available.  

To overcome this threat; we committed company to provide us all the appropriate 

requested documents which we needed to evaluate and validate the NORM 

framework, and we created a well-planned investigation document of interview which 

we conducted from company to evaluate and validate the NORM framework. 

Getting commitment from many companies: In beginning we tried to commit as 

much companies as possible (say 5 companies) but we were not able to commit many 

companies. Companies did not have sufficient time or resources. So to overcome this 

threat we investigated and finalized two different companies which can present rest of 

the companies as early as possible. 

Lack of commitment of participants: Another threat may be lack of commitment 

or unavailability of the interviewee from company. All Interviewee may not have 

proper time to participate in interview. To overcome this threat: we had backup by 

inviting more people to participate in interview. 

Data Analysis results: GT was used to combine the data that was collected from 

interviews. Frequently, GT is used for analysis of statistics where human is the main 

subject of study e.g. interviews [32]. Main objective of GT is to provide outcomes 

collected from the interviews. There may be some missing information in 

interviewee‟s responses of each chosen company due to which data analysis can be 

weak. There can also be biasness in interviewee‟ responses.  

To avoid the missing out risk chances in interviews, all questionnaires were 

developed according to the RE process nature of the interviewees‟ companies. The 
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main purpose of the questions was to gather information on pre-project RE decisions, 

their characteristics, and decision material for decision and MDRE process analysis in 

order to initiate NORM framework, so questions were related to the pre-project 

decision activities in the context of MDRE. To overcome the biasness we also 

accessed the RE documents for the same product in order to match the things in both 

methods‟ results. 

Erroneous/unambiguous results: There may be some erroneous results because of 

the lack of investigation documents regarding interview. To overcome this threat: we 

created well-defined reviewed investigation document for interview, and reviewed the 

RE documents of the same product in each chosen company. We also reduced the 

unambiguous results by repeating and reviewing the steps of NORM framework. 

6.2.2 External Validity Threats  
Generalization of the study results across the population of persons, settings and 

time is known as external validity [30].  

Population Validity: Interviews from 2 different organizations were conducted in 

order to cover the pre-project decisions in the MDRE environment. These interviews 

were conducted from the organizations in UK and Bahrain (Middle East). Data was 

gathered from different nations, cultural, background and also from the team members 

those are situated at different time zones. Thus all the interviews support 

simplification of the results.  

In order to overcome this threat RE process of the each company was analyzed 

and we reviewed the RE documents of the same product in each chosen company in 

order to overcome any misalignment or biasness in the interviewees‟ population.   

Interviewee responsibilities: The interviews results from different business nature, 

so there may be chances of misunderstanding in answers. Such conflictions happen in 

term of understanding of different business nature. We may miss some significant 

information because of not interviewing the customers, as we conducted interviews 

from only MDRE organizations personnel. Customers play the key role in term of 

requirement elicitation, requirement specification and requirement verification with 

delivered or product in the MDRE. 

In order to overcome this threat we accessed and reviewed the RE documents of 

the same product in each chosen company in order to overcome any misalignment or 

biasness in the interviewee responsibilities. We also performed the VSM where 

different roles in each company are accessed like customer, market unit, development 

unit and decision board meeting. These roles helped us to gather and analyze 

maximum information which leads us towards better results.    

Generalizing the applicability of NORM in industry: one medium sized MDRE 

based organization and one large size MDRE practicing organization are considered as 

a sample from the population of medium size MDRE based organizations and large 

size MDRE practicing organizations respectively so the results are generalized on the 

basis of these samples. But there may be different results if we initiate NORM in other 

medium sized company or large sized companies in terms of decisions‟ characteristics, 

ADM for decisions, resources, and development effort in each company. As we 

mentioned NORM is applicable to medium and large sized MDRE practicing 

companies and we also predicted it can also be applicable on small size companies. 

In order to overcome this threat NORM framework can be validated in more 

medium sized and large sized MDRE based organizations in future in order to check it 

validity more effectively. Also there may be different results if we initiate NORM in a 

small sized company in terms of decisions‟ characteristics, ADM for decisions, 

resources, and development effort in a company. So NORM should also be validated 

in at least one small sized company to check its validity in small sized organizations.  
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7 CONCLUSION  
NORM framework is properly executed and validated with its four steps in two 

chosen MDRE practicing companies in this thesis work in order to make sure NORM 

is generally applicable within different environments in software industry. We 

investigated and tailored NORM to improve companies' requirements engineering 

processes and evaluated the effort required and impact of this tailored process.  

We charted the current decision points in the companies‟ requirements 

engineering process and the decision material that is used for each decision point on 

the VSM current state. We then investigated what decision material is just enough, 

and when do a company need to produce it so that it is ready when the decision should 

be taken. We looked at things such as waiting times, utilization and usefulness of 

produced decision material, and we suggested companies how their requirements 

engineering decision process can be improved. We predicted the future value stream 

with imposing the NORM initiation and thus we evaluated the impact of NORM. 

We validated the NORM framework in one medium size MDRE based 

organization (Auravita LTD) and one large size MDRE practicing organization 

(Sybase Products). One medium size MDRE based organization is considered as a 

sample from the population of medium size organizations, and one large size MDRE 

practicing organization is considered as a sample from the population of medium size 

MDRE based organizations. So the results are generalized on the basis of these 

samples from population. We conclude that NORM is generally applicable to medium 

sized and large sized MDRE practicing companies.  

Interviewees in each chosen company provided us positive feedback on NORM 

framework, and they appreciated and liked our novel research work in the form of 

NORM framework. It is concluded that the validation of NORM framework achieved 

positive feedback and results with the help of VSM. Interviewees felt that the provided 

NORM structure of presenting pre-project decisions and its steps of identifying ADM 

is useful and usable, scalable and is according to industry relevance. 

7.1 Answers to Research Questions 
We proposed three research questions (RQ) and each RQ has related sub research 

questions in our thesis. In this section, research questions are repeated in order to 

provide a summarized answer with pointers to where in our thesis chapters 5 

(Analysis) and 6 (Discussion) we answered them. 
 

RQ-1: What information is needed to initiate NORM? 

RQ-1.1: What are characteristics of pre-project MDRE major decisions or Decision 

Points (DP) to initiate NORM?  

RQ-1.2: What are the resources who provide decisions material for decisions? 

RQ-1.3: What is the appropriate decisions material (ADM) for each major DP? 

We answered this RQ by reviewing the pre-project RE decisions making 

documents, conducting interviews of professionals, and reviewing the MDRE process 

for each chosen company. In section 5.1, we answered this research question for each 

case company (See Section 5.1).  

 In RQ 1.1, we identified the decision points and their characteristics: decision 

purpose, decision criteria and constraints for each DP to initiate NORM for 

each company (See Section 5.1.1 for Sybase and section 5.1.2 for Auravita).  

 In RQ 1.2, Resources consist of teams of professionals (Decision makers, and 

decision material providers) and documents analysis (company‟s RE 

documents of pre-project decisions) are specified that are responsible for 

decisions material for pre-project RE decisions (See Section 5.1.1 for Sybase 

and section 5.1.2 for Auravita). 
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 In RQ 1.3, we found appropriate decisions material (ADM) for each major DP 

on the basis of interviews, documents analysis, MDRE process analysis, and 

brain storming (See Section 5.1.1 for Sybase and section 5.1.2 for Auravita). 

Together, this research question and associated sub-research questions helped us 

investigate the current state of pre-project decision activities using NORM for each 

company. 

 

RQ-2: What is the effect of introducing NORM on the chosen company? 

RQ-2.1: How appropriate decision materials (ADM) effect the pre-project decision 

making of each chosen company? 

RQ-2.2: How NORM affects resources (teams of professionals and company‟s 

documents) involve in decision making process? 

RQ-2.3: How NORM provides the ways to manage different activities of pre-project 

RE decision making process for chosen company? 

This RQ is answered by analyzing and reviewing the pre-project RE decisions making 

documents, brain storming, NORM initiation results, Current VSM, and by analyzing 

the effect of introducing NORM on pre-project decisions, resources and different 

activities of pre-project decision making on each chosen company (See Section 5.2). 

•    In RQ 2.1, NORM via ADM affected the pre-project RE decision making 

process of each chosen company in such ways; by predicting future state, 

using current state (VSM), and imposing our NORM instantiation on VSM 

and provided reason about how this influenced the value stream flow for 

companies. RQ 2.1 is answered in sub-chapter 5.2.1 for each chosen 

company (See Section 5.2.1). (See RQ 2.1 answer for Sybase and See RQ 

2.1 answer for Auravita). 

•   In RQ 2.2, NORM affected the resources of each chosen company in such 

ways; affected the ways of working and taking decisions to teams of 

professionals involve in pre-project RE decision process using VSM, and 

NORM also affected on the provided documents of chosen company using 

VSM. This RQ 2.2 is answered in section 5.2.2 via analyzing impact of 

NORM on resources involve in pre-project decision making (See Section 

5.2.2). In 5.2.2 we took our findings from NORM, charted the DPs onto our 

VSM, in order to see how NORM is able to reduce any waste. We used our 

decision points and ADM from NORM as input for this purpose. Then the 

old VSM is compared with the new VSM and thereby evaluate the impact 

of NORM for each chosen company. (See RQ 2.2 answer for Sybase and 

See RQ 2.2 answer for Auravita). 

•   In RQ 2.3, NORM provided the ways to manage different activities of pre 

project RE decision making process for each chosen company. These 

activities were; finding consensus and various ways to meet the goals and 

needs of different pre-project decisions, and waste reduction. This RQ 2.3 is 

answered in sub-chapter 5.2.3 by analyzing the impact of NORM 

framework on different activities of pre-project decision making for both 

companies (See Section 5.2.3). NORM affected state before and state after 

of chosen company‟s pre-project decisions process with the help of 

identifying wastes using VSM and solution for wastes with the help of 

NORM and this way the impact of NORM framework is evaluated in both 

companies.  

Together, this research question and associated sub-research questions helped us 

to understand the effect of introducing NORM on the pre-project decision activities of 

each chosen company. 

 

RQ-3: What lessons can be learnt when initiating NORM for a company? 
RQ-3.1: What is the effect of initiating the NORM on product management involved 

in pre-project MDRE decisions? 
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RQ-3.2: What are recommendations to initiate and predicted usage of NORM on the 

future pre-project decision activities in a project for chosen company? 

This research question RQ-3 is answered with the help of analysis of results based 

on the performed research methods (interviews and document analysis) for analyzing 

lessons learnt when initiated NORM in chosen companies (See Section 6.1). 

 In RQ 3.1, we analyzed the effect of the initiation of NORM on Product 

management in chosen companies for pre-project RE decisions on the basis of 

brain storming and analysis of the results achieved via the performed research 

methods, NORM initiation, and current state and future state. NORM assisted 

product management in analyzing the pre-project decisions and wastes, and in 

deciding ADM for each DP in current state and then predicted the future state 

via NORM with the help of VSM. Thus, initiation of NORM effected on 

product management involves in pre-project MDRE decisions of each chosen 

company (See Section 6.1.1). 

 In RQ 3.2, we concluded what are existing activities of pre-project decision in 

chosen company and recommend in what situations NORM is helpful to 

initiate for pre-project decisions and also predicated the usage of NORM for 

future pre-project decision activities for a future product in chosen companies 

(See Section 6.1.2).  

Together, this research question and associated sub-research questions helped us 

to learn different lessons to understand when there should be initiation of NORM on 

the pre-project decision activities of a company. 

7.2 Future Work 
We validated the NORM framework in one medium size MDRE based 

organization and one large size MDRE practicing organization. One medium size 

MDRE based organization and one large size MDRE practicing organization are 

considered as a sample from the population of medium size MDRE based 

organizations and large size MDRE practicing organizations so the results are 

generalized on the basis of these samples. NORM framework can be validated in more 

medium size or large size MDRE based organizations in future in order to check it 

validity more effectively in order to check it validity and applicability more 

effectively. NORM framework can also be evaluated in small size RE organizations in 

order to assure completely the validation of NORM in all perspectives or with respect 

to all organization (small, medium, large) levels in software industry.  

Long-term benefits of NORM can be achieved by executing and initiating NORM 

after every 6 months to see that whether there is any improvement in pre-project RE 

decisions activities in each company with the help of NORM or not. NORM can also 

be used with VSM in different companies in order to check whether NORM with 

VSM is also feasible in other companies or not. NORM is better so far compared to 

other alternative frameworks but there is need to re-run or re-initiate NORM after few 

months in same company and also initiating NORM in different companies, and then 

comparing the results of NORM with alternative frameworks that are practiced in 

industry for pre-project RE decision activities. Learning cost and implementation cost 

of NORM in other companies can also lead us to recommend and know the potential 

usage of NORM in industry compared to alternative frameworks. 
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9 APPENDIX 

9.1 Action 1 (Step 4) - NORM Initiation for Company1: 

Sybase Products 

9.1.1 Decide appropriate Level of detail and accuracy of ADM for DP 

"Scope analysis" 
In the case of DP “Scope analysis” four different pre-defined alternatives are 

provided to decision makers in order to identify the appropriate level of detail and 

accuracy for ADM Pre-study report analysis of requirements in below table 23. 

 

Table 23: Pre-defined alternative of information detail & accuracy for ADM Pre-

Study Report Results for DP "Scope Analysis" 

1. Pre-study report analysis 

alternative 

Associated technical analysis 

Alternative 1: Pre-study report analysis provides 

information, and allows classification between 

High, Average and Low level appropriate analysis 

to select pre-project activities for project scoping  

Detailed analysis of project 

scoping requirements and its 

impact on existing product and 

associated complexity  

Alternative 2: Pre-study information defines the 

minimum required level of detail and accuracy for 

time to market to a specific required detail. 

Project scope covered with respect to time to 

market with 95% detail and accuracy. 

Early availability of market 

driven requirements with its 

detailed analysis and its impact 

on product sections while 

satisfying the time to market. 

Alternative 3: Pre-study information of 

company‟s internal analysis on pre-project 

activities defines project scoping to a specific. 

Scope covered with respect to pre-project 

activities with 95% detail and accuracy. 

Analyze the pre-project 

activities with respect to 

project scoping and its effect 

on other parts of system and 

associated complexity.  

Alternative 4: Pre-study report result define that 

market driven product requirements are covered 

from all possible stakeholders in order to analyze 

the accuracy, detail and effort of pre-project scope 

in the context of MDRE to a possible required 

level. In Project scoping 200 requirements are 

covered in MDRE context with 95% detail, 

accuracy and effort within specified budget. 

Early and detailed analysis of 

market driven stakeholders‟ 

requirements or pre-project 

scope and its impact on 

product sections. 

9.1.2 Decide appropriate Level of detail and accuracy of ADM of DP 

"Initial Requirements Selection" 
In the case of decision point “initial Requirements Selection” different pre-

defined alternatives are provided in order to decide the appropriate level of detail and 

accuracy for Alignment with product strategy analysis in below table 24. 

 

Table 24: Pre-defined alternatives of information detail and accuracy for 

Alignment with product strategy 

2. Alignment with product strategy analysis 

alternative 

Associated technical analysis 

Alternative 1: Alignment with product strategy 

analysis allows classification between high, 

average and low alignment of requirements with 

product strategy. 

Analysis of requirements 

aligned with product strategy 

on other parts or processes of 

product 
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Alternative 2: Alignment with product strategy 

analysis put a constraint for the initial screening of 

requirements with respect to product strategy to a 

minimum level of detail, For example, 100-200 

requirements alignment with product strategy. 

Early evaluation of 

unnecessary requirements 

during pre-project activities 

which are not aligned with the 

product strategy  

Alternative 3: Alignment with product strategy 

analysis defines criteria for initial selection of 

requirements with respect to pre-project product 

strategy; 50 requirements with 90 % accuracy & 

detail are selected aligned with strategy. 

Possible solutions are defined 

in order to choose the most 

appropriate solution and 

analyze their impact on initial 

screening. 

Alternative 4: Alignment with product strategy set 

criteria of initial screening of requirements with 

respect to product strategy to a specific level, For 

example, 50 requirements with 80-100 % 

alignment with product strategy are selected. 

Analyze selected requirements 

and not selected requirements, 

and evaluate their impact on 

the sections and process of 

product.  

9.1.3 Decide appropriate Level of detail and accuracy of ADM of DP 

"Requirements Prioritization" 
In the case of decision point “Requirements Prioritization” different pre-defined 

alternatives are provided in order to decide the appropriate level of detail and 

accuracy for value and cost analysis of requirements prioritization in table 25. 

 

Table 25: Pre-defined alternatives of information detail and accuracy for 

requirements value and cost prioritization analysis 

3. Requirements value and cost prioritization 

analysis alternative 

Associated technical analysis 

Alternative 1: It provides analysis on 

classification between high, average and low 

priority of 150 requirements with respect to their 

value and cost. 

Analysis of the requirements 

management with respect to 

requirements value-cost and 

their impact on product.  

Alternative 2: Requirements value and cost 

prioritization analysis provides the ways of 

prioritization of requirements with respect to; 

requirements value and requirements cost 

Identification of affected 

sections or other requirements 

of system and impact of 

associated complexity 

Alternative 3: Requirements value and cost 

prioritization analysis helps to define criteria for 

prioritization with respect to requirements value; 

For example, requirements with 95 % accurate & 

detailed value are prioritized first. 

Analysis of impact of the 

chosen prioritized 

requirements with respect to 

their value on other candidate 

requirements or of product. 

Alternative 4: Requirements value and cost 

prioritization analysis define criteria for 

prioritization according to requirements cost. 

Prioritize 30 requirements with their priority with 

95 % accuracy and detail according to cost. 

Analysis of the impact of 

prioritized requirements 

chosen with respect to their 

cost on other candidate 

requirements product parts. 

 

9.1.4 Decide appropriate Level of detail and accuracy of ADM of DP 

"Release Planning" 
In “Release Planning” pre-defined alternatives are provided to decide the 

appropriate level of detail and accuracy for Target market analysis result in table 26. 
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Table 26: Pre-defined alternatives of information detail & accuracy for target 

market analysis 

4. Target market analysis result alternative Associated technical analysis 

Alternative 1: Target market analysis result allows 

classification between High, Average and Low 

planning of requirements in releases.  

Early Analysis of implemented 

requirements and their impact 

on other product sections  

Alternative 2: Target market analysis result 

provide information for release planning by; early 

survey by marketing department, market driven 

stakeholders interviews with possible accuracy 

and detail of 80-95%  

Analysis of the impact of 

release planning requirements 

on other product sections and 

associated complexity  

Alternative 3: Target market analysis define 

criteria for release planning according to early 

requirements survey by marketing team, For 

example, 100 requirements in first release with 95 

% accuracy and just enough detail. 

Analysis of the impact of 

requirements gathered via 

survey on other sections of 

product, and their associated 

complexity. 

Alternative 4: Target market analysis result 

defines criteria for release planning according to 

stakeholders‟ requirements. 150 requirements are 

planned in first release with 95 % accuracy and 

just enough detail according to requirements. 

Early availability of 

stakeholders‟ requirements & 

their impact on other product 

sections & associated 

complexity. 

9.2 Action 1 (Step 4) - NORM Initiation for Company 2: 

Auravita Ltd. 

9.2.1 Decide appropriate Level of detail and accuracy of ADM of DP 

"Business needs" 
In the case of DP “Business needs” four different pre-defined alternatives are 

provided in order to decide the appropriate level of detail and accuracy for “pre-study 

report in the form of business case of market material” in table 27. 

 

Table 27: Pre-defined alternatives of information detail and accuracy for a pre-

study report of business case of market material 

1. Business case of market material 

Alternative 

Associated technical analysis 

Alternative 1: Pre-study report of business case of 

market material provides information and allows 

classification between high, average and low level 

results on appropriate decision material regarding 

activities of business needs for chosen product.  

Detailed analysis of associated 

requirements, sections, and the 

analysis of their impact on 

existing product or new 

product and associated 

complexity. 

Alternative 2: Business case of market material 

provides information about business needs in the 

form of short technical report. Information is 

related to business case results, market driven 

customer needs, and time to market.  

Identification of affected 

sections of product, and more 

detailed overview of pre-

project activities and 

associated complexity.  

Alternative 3: Business case of market material 

provides business case results report with 

minimum possible required level, For example, 

Business needs covered with respect to business 

case requirements results report with 95% detail 

and accuracy. 

Detailed analysis of results of 

pre-project activities with 

respect to business needs, and 

analysis of their impact on 

other parts of product 

Alternative 4: Business case of market material Early and detailed analysis of 
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helps to define business needs to a specific 

required detail level. Business needs covered with 

respect to market driven customer needs and 

requirements with 95% detail & accuracy. 

market driven customer needs 

with respect to the 

requirements size, value and 

cost, and analysis of their 

impact on product parts. 

9.2.2 Decide appropriate Level of detail and accuracy of ADM of DP 

"Initial Screening" 
In “initial Screening” 4 pre-defined alternatives are provided decide the 

appropriate level of detail and accuracy for cost Team discussions results in table 28. 

 

Table 28: Pre-defined alternatives of information detail and accuracy for Team 

discussions results 

2. Team discussions results Alternative Associated technical analysis 

Alternative 1: Team discussions results allow 

classification between High, Average and Low 

analysis for the cost and value of market driven 

requirements in order to perform initial screening 

of requirements. 

High level feasibility 

requirements analysis and their 

impact on existing product 

analysis and associated 

complexities  

Alternative 2: Team discussions results provide 

the information for; estimation of requirements, 

requirement value and cost result, necessary and 

unnecessary requirements result in order to 

facilitate initial screening. 

Identification of affected 

sections of system by the team 

discussions results, and 

detailed analysis of the impact 

of value, cost on product.  

Alternative 3: Team discussions results on 

estimation of requirements help to define initial 

screening to a specific required level of detail of 

estimation in person-hours between intervals. 

Intervals may be less than 360 person hours, 

between 360-1000 person-hours, or more than 

1000 person-hours. 20 requirements with 95 % 

person-hours accuracy & detail. 

A list of possible solutions are 

defined and presented in team 

about the estimation of 

requirements in order to 

choose the most appropriate 

solution and interval so that 

initial screening can be 

performed with high quality.  

Alternative 4: Team discussions results on 

requirement value and cost result help to define 

initial screening with possible value and within 

the allowed cost of requirement. For example, 

requirements with reasonable value & cost of 95 

% accuracy and detail are considered, and 

requirements with unspecified or very low value 

and very high cost are initially screened.  

Evaluation of the results of the 

interdependent requirements or 

sections of product by the 

screening of requirements, and 

analysis of the impact of the 

selected or chosen 

requirements on overall 

market driven product. 

 

9.2.3 Decide appropriate Level of detail and accuracy of ADM of DP 

"Required Time to Complete" 
In the case of decision point “The required time to complete” different pre-

defined alternatives are provided in order to decide the appropriate level of detail and 

accuracy for Time to market results of MDRE requirements in below table 29. 

 

Table 29: Pre-defined alternatives of information detail & accuracy for Time to 

market results 

3. Time to market results alternative Associated technical analysis 

Alternative 1: Time to market results allow 

classification of requirements with respect to time 

and provide results between early, normal and late 

Early Analysis of the 

requirements and their impact 

on other sections of system.  
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accomplishment of requirements tasks.  

Alternative 2: Time to market results define 

criteria for required time to complete according to 

early requirements survey by marketing 

department, For example, 30 requirements are 

completed in required time with 95 % accuracy 

and just enough detail according to survey results. 

Analysis of the impact of 

requirements gathered via 

survey on other sections or 

requirements of product. 

Alternative 3: Time to market results define 

criteria for The required time to complete 

according to customer or stakeholders feedback, 

For example, 30 requirements are completed 

within required time of 160 person-hours with 95 

% accuracy and just enough detail.  

Early availability and analysis 

of data of market driven 

interviews and their impact on 

other sections of product, and 

overcome their associated 

complexity or risks. 

Alternative 4: It defines criteria for The required 

time to complete based on requirements value and 

cost results, For example, 80 requirements are 

completed first with 95 % accuracy and detail 

based on requirement value and cost. 

Analyze the impact of the 

requirements value and cost on 

other candidate requirements 

of product and associated 

complexity. 

 

9.2.4 Decide appropriate Level of detail and accuracy of ADM of DP 

"Requirements Prioritization" 
In the case of decision point “Requirements Prioritization” different pre-defined 

alternatives are provided in order to decide the appropriate level of detail and 

accuracy for Business requirements value and cost results in below table 30. 

 

Table 30: Pre-defined alternatives of information detail and accuracy for Business 

requirements value and cost results 

4. Business requirements value and cost results 

alternative 

Associated technical analysis 

Alternative 1: Business requirements value and 

cost results allow classification between high, 

average and low priority of requirements with 

respect to the value and cost of each requirement 

in product. 

Impact of requirements 

prioritization according to 

their value and cost on other 

sections of product. 

Alternative 2: Requirements prioritization can be 

performed with value and cost results using these 

suggested ways; value, cost and resources 

estimation results, time and effort management 

results. 

Identification of affected 

sections or other requirements 

of system and more detailed 

overview analysis of 

associated complexity. 

Alternative 3: This ADM defines criteria where 

requirements are prioritized according to their 

value, cost & resources. Prioritize 40 requirements 

with 95 % high priority, accuracy & detail in 

value, and resource estimation. 

Analysis of impact of the 

chosen prioritized 

requirements with respect to 

their value and cost on other 

parts of product. 

Alternative 4: time and effort management results 

defines a criteria for requirements prioritization 

according to effort and time required, For 

example, 30 requirements with 95 % high priority, 

200 person hours, accuracy and detail according 

to effort and time spent on each requirement. 

Analysis of the impact of each 

chosen prioritized 

requirements with respect to 

its effort and time spent on 

other candidate requirements 

or on other parts of product in 

question 
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9.2.5 Decide appropriate Level of detail and accuracy of ADM of DP 

"Release Planning" 
In the case of decision point “Release Planning” different pre-defined alternatives 

are provided in order to decide the appropriate level of detail and accuracy for Target 

market research results in below table 31. 

 

Table 31: Pre-defined alternatives of detail and accuracy for Target market 

research results 

5. Target market research results alternative Associated technical analysis 

Alternative 1: Target market research results in 

the context of release planning allow requirements 

classification and planning in releases between 

high, average and low of requirements in chosen 

product.  

Early Analysis of the 

requirements and release 

planning, and their impact on 

other sections of system.  

Alternative 2: Perform release planning by 

evaluating the requirement with respect to their 

interdependencies, For example, 50 requirements 

in each release with strongest interdependencies 

with 95 % accuracy and detail. 

Impact of interdependencies of 

requirements in each release 

on other candidate 

requirements, any releases or 

sections of product.  

Alternative 3: Time to market in Target market 

analysis for release planning helps to make sure 

timely delivery of product releases in target 

market, For example, first release plan in 3 

months, 1000 person-hours, and with 95 % 

accuracy & detail. 

Analysis of the trends or 

changing environment of 

target market, and their impact 

on other sections of product; 

and their associated 

complexity. 

Alternative 4: Requirement value and cost helps 

in release planning by evaluating the requirement 

with respect to its value and cost, For example, 50 

requirements with highest value and lowest cost in 

each release plan with 95 % accuracy and detail. 

Impact analysis of each 

requirement value and cost 

considered in each release on 

other candidate requirements, 

releases of product.  

9.3 Email Template for Companies Commitment in 

order to Validate NORM Framework in industry 
 

Hi,  

 

We are two students working on our master thesis in software engineering at 

Blekinge Institute of Technology (http://www.bth.se) in Karlskrona, Sweden. Our 

supervisor is Dr. Mikael Svahnberg (http://www.ipd.bth.se/msv). Together with a 

PhD student and in collaboration with Ericsson AB he has previously created a 

framework called NORM (Need-Oriented Framework for Producing Requirements 

Decision Material) with the intention of facilitating and speeding up the requirements 

engineering processes by ensuring that the right and sufficient decision material is 

available at the right time. 

This framework has been partially validated at one business unit within Ericsson 

AB but needs to be tested in different environments to make sure that it is generally 

applicable. This is the scope of our master's thesis; to investigate how to tailor NORM 

to improve a company's requirements engineering processes, and to evaluate the effort 

required and impact of this tailored process. 

 

In your company, we are looking for: 

* 2-3 interviews (1h each) of employees involved in requirements engineering in any 

software product or project. 

http://www.bth.se/
http://www.ipd.bth.se/msv
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* Access to requirements documents and/or requirements database for the same 

product or project. 

* An e-mail survey to 10-20 persons involved in requirements engineering with less 

than 10 questions to confirm our findings. 

 

With this information we are able to chart the current decision points in your 

requirements engineering process and the decision material that is used for each 

decision point. We will then investigate what decision material is just enough, and 

when do you need to produce it so that it is ready when the decision should be taken. 

We will look at things such as waiting times, utilization and usefulness of produced 

decision material, and we will suggest how your requirements engineering decision 

process may be improved. 

      We (and our supervisor) are prepared to sign non-disclosure agreements, and your 

company will remain anonymous in our thesis if you wish so. Of course, you are 

welcome to review our thesis before we present it. Please let us know if you are 

interested and willing to participate. Your assistance and contribution will be highly 

appreciated during our research work. 

 

Best Regards,  

 

Salman Nazir 

sand10@student.bth.se  

Master in Software Engineering 

Blekinge Institute of Technology (BTH) www.bth.se  

Karlskrona, Sweden 

 

9.4 Preliminary Interview Template - Validation of 

NORM Framework in Software industry 
 

Company Name:  

Employee Name: 

Employee Email: 

Employee Phone Number: 
 

Project / Product requirements Information to initiate NORM: 

 What is the type of application (project or product)?  

 What is the target of application (MDRE or Bespoke)? 

 

Project / Product Requirements Management Process 

 How do you elicit requirements of a project or product (Interview, Survey, 

Other)? 

 How do you structure and formulate requirements (Documentation, Other)? 

 What are the constraints on requirements elicitation? 

 How do you prioritize the requirements after elicitation? 

 Do you follow any technique or approach of requirement prioritization? 

 

Pre-Project / Product decisions 

 What are the major pre-project / product decisions for requirements? 

 What are the criteria to take pre-project / product decisions for requirements? 

 How do you take pre-project / Product decisions for initial Requirements 

Screening? 

 How do you take pre-project / Product decisions for release planning? 

mailto:sand10@student.bth.se
http://www.bth.se/
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 Do you follow any technique or approach of release planning for pre-project / 

Product decisions? 

 What are the constraints on pre-project / product decisions for requirements? 

 What are the expected problems or issues while taking pre-project / Product 

decisions? 

 How do you take care of market trends for the decisions of project or product? 

 How do you implement/adjust technology trends (innovation) in the requirements 

decisions of a project or product? 

 How do you import customer requests (requirements change requests) in the 

decisions activities of a project or product? 

 

Development Practices for Pre-Project / Product decisions 

 Do you follow any agile development practices (Scrum, Lean, XP)? 

 How the followed development practice is effective for pre-project / Product 

requirements decisions? 

 How do you stream line the pre-project / Product requirements decisions? 

 

Pre-Project / Product Decision Materials? 

 What is the requirements description for pre-project / product decisions? 

 What are the requirements associated items for pre-project / product decisions? 

 Who provide (employees and documents) decisions material for each decision in 

a project or product? 

 What types of the document are used to provide materials for pre-project / 

product decisions? 

 Do you think the resources are sufficient that provide decisions material for each 

decision in a project or product? 

 What is the appropriate level of detail for decisions material for each decision? 

 What are the minimum criteria for accuracy of decisions material for each 

decision? 

 How do you calculate development effort (Time, Resources) of decisions material 

for a requirement? 

 Do you follow any approach for the calculation of development effort of 

decisions material for a requirement, please specify? 

 How do you calculate cost estimation of decisions material for a requirement? 

 Do you follow any approach for the calculation of cost estimation of decisions 

material for a requirement, please specify? 


