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ABSTRACT 
 
 
 

Context. Non-functional requirements (NFRs) are important aspects which directly or indirectly determine whether a 
product is a success or a failure. It becomes essential to incorporate and understand them, before the software product 
enters the development phase. Despite the increasing emphasis put into NFR studies (namely; models and frameworks 
etc.) over the past few years, most industries prefer not use these techniques or to deal with NFRs later, in simpler 
manners. This could limit the efficiency of the development process. Integration of the existing NFR 
models/frameworks into the earlier phases of the product life cycle can provide a systematic approach to plan and 
anticipate NFRs for any software product. 

Objectives. This study aims to provide a generic meta model which acts as a compilation of the best NFR 
models/frameworks integrated into the early phases of the software product life cycle. This study also provides a real-
world example which applies the conceptual meta model. Lastly, the meta model undergoes some limited validation 
to determine its relevance to what is being used and the extent of its practical use.  

Methods. Initially, a systematic literature review (snowballing) was conducted, to identify the different types of NFR 
models/frameworks. A comparative pro-con analysis was performed on the results of the SLR, which was the basis 
of the inclusion criteria for the meta model. The conceptual meta model was developed based on the International 
Software Product Management Association’s (ISPMA) definition of a product life cycle. Each phase of this meta 
model was imbedded with an NFR model/framework associated to the purpose of that phase and the results from the 
SLR. The application of the meta model was then demonstrated using a mobile phone example. Finally, the meta 
model was validated limitedly via an exploratory survey and the results were analyzed.  

Results. The meta model introduced can be used for the constructive inclusion of NFRs from product inception to 
product development. All phases required for the fulfillment of an NFR, are included. The overall positive feedback 
of the meta model is at 67%. Validations and assessments by practitioners helped determine to some extent that some 
industries are open to using the approach. Keeping in mind most of the available models on NFRs have not been 
validated, the NFR works used in this research have gone through some preliminary validation in this study.  

Conclusions. The study promotes the use of NFR models in the early phases of the software product life cycle. Some 
of the best modeling techniques were included based on results of literature analysis and their capability to fit into 
each phase. This study also analyzed the various insights of practitioners and researchers, justifying the significance 
of modeling, and the proposed technique. Possible extensions to this research were also mentioned.  

 
Keywords: Non-Functional Requirements (NFRs), NFR models, NFR 

Frameworks, Product Life Cycle 
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TERMINOLOGY 
 

I would like to bring to all the readers notice that whenever the term “framework” is mentioned, it 
refers to the “models” being elaborated of. And likewise, vice versa. There is a marginal difference 
between frameworks and models. Both are taxonomy used for implying a visual or textual 
representation of a structured body of data. Framework is a term often used by researchers to state 
that their solution is something more than a model, however it is quite often only a model with 
some additional context such as, some modelling activities, how to use it, an example, an exemplary 
case study etc. (some case studies fall under this category because they show how to use the model 
in practice and provide a few guidelines).  
Similarly, the term “non-functional requirements” are also known as “quality requirements”. 
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1 INTRODUCTION 
 

“Non-functional requirements (NFRs) should be addressed as early as possible in the software 
lifecycle.” 

        -Lawrence Chung. 1995  [1] 
 

 Problem Statement 
 

With the fast-moving pace of the 21st century, systematicity has always been given second preference. 
Software companies compete to develop products using agile methods, which often leads to loss of quality. 
Non-functional requirements have a direct impact on the external and internal quality of  a software product 
[2], [3]. However, according to Chung et al., there is no systematic way to build quality into a system [4]. 
One of the most popular methods used is a model driven approach to software development, which ensures 
systematicity while attempting to achieve quality [2]. With the emphasis on how NFRs are being 
undermined during product development [5], [6], the need to introduce a new modeling approach which is 
governed by NFRs becomes evident. But, according to Marew et al., there are sufficient NFR modeling 
approaches. But what is required, is a way to use these approaches in an easy manner [7]. So, there is a 
need to propose a way to use these models for systematic software development. 

 
NFR models address a vast domain of analytics. They deal with issues regarding elicitation, interpretation, 
operationalization, relation, and integration etc. These can be considered as the steps fundamental to the 
fulfillment of any NFR. It is necessary that every software life cycle be equipped with all these techniques. 
The result will need to contain all the steps to the defining and fulfillment of an NFR. To make this possible, 
these NFR steps must collaborate with the software product life cycle. 

 
The software product life cycle varies from company to company. Although the essence of the process is 
mostly similar, a variation in procedure may cause the proposed technique to lose its systematicity. To 
avoid this, a standard definition of the software product life cycle is selected into which NFR models can 
be integrated. 

 
Realizing NFRs later in the software life cycle is proven futile i.e. integration of NFRs at the final stages of 
development have led to the failure of expensive software systems [7]. Therefore, as Chung had mentioned, 
NFRs need to considered early [1], [8], [9]. With all this in mind, this research aims to promote the use of 
existing NFR models and integrate them into the early phases of the software product life cycle in a 
systematic way to overcome the stated limitations of the existing research. 

 
The structure of the document is as follows: Section 2 provides a background walkthrough of all the existing 
NFR models, frameworks, (which consider more than one NFR) and the product life cycle. Section 3 
provides details of motivation of the research, the aims, and objectives to be fulfilled, and what research 
questions need to be answered to do so. Section 4 explains the research methodology in detail, and what 
research methods were chosen along with what decisions were made to answer the research questions. 
Section 5 presents the systematic literature review process (snowballing process). Section 6 provides the 
results from the literature review, and the conceptual meta model. An example is also presented to 
demonstrate the application of the model. Section 7 focuses on the results from the survey and the analysis 
of those results. Section 8 presents the limitations of the research, and its threats to its validity. Section 9 
illustrates the conclusions and potential prospective studies to pursue. 
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2 BACKGROUND AND RELATED WORK 

 Non-Functional Requirements 
Non-functional requirements (or) quality requirements are those attributes of a software system which are 
used to measure the constraints of its features. Some examples of NFRs are performance, reliability, 
reusability, flexibility, correctness, etc. [8]. This also implies that the constraints vary from system to 
system, making modeling of NFRs complicated. NFRs were not given much importance a decade ago [10]. 
Satisficing NFRs are just as critical as satisficing functional requirements, and sometimes even greater. In 
recent times, however, more effort has been put into researching some systematic techniques to deal with 
NFRs. Different authors have expressed the necessity of NFRs analysis in earlier stages of software 
development [11]–[13], such as during the design phase. Other trivial work in NFRs include addressing 
NFR dependencies, conflicts, trade-offs etc. Various models and frameworks are being introduced to 
address identified issues and progress towards generalizing NFRs. However, this becomes a challenge with 
the increasing number of models and frameworks. This identifies the need for a metamodel which can 
express the cumulative features of different NFR models. 

 Non-functional Requirements Models and Framework 
 Soft Goals 

Soft goals are the essence of most NFR models. Unlike a regular goal, soft goals are less strictly defined 
as there may be changes required during their execution. Soft goals are generally measured on a scale of 
satisfaction and are not simply labelled as complete or incomplete [14]. It can be said that soft goals are 
measured by quality, which trace back to the definition of NFRs themselves. Models are designed to act as 
a transition from defining these goals to designing and eventually to developing. There are cases where 
failure of meeting the soft goals has caused failure of the entire software system [15]. It must also be noted 
that these soft goals are co-existent and interrelated. Existing models act as logs which help understand the 
success/failure of different soft goals in different circumstances. 

 Models and Frameworks 
Non-functional requirement models are developed to act as a guidance for proper NFR elicitation and 

implementation. A model is developed within a framework, i.e. a framework is rather a detailed version of 
a model, along with how to use it. 
There are different ways NFRs can be modelled, based on the type of focus; or based on what stage of 
requirements the model is ideal for; or depending on what aspects are to be prioritized etc. [7], [8], [16]–
[19]. A diagram which classifies the popularly used NFR models/frameworks, is presented in Appendix A. 

 Process Oriented Models/Frameworks 
Process oriented models or frameworks are unique NFR managing schemas which are used during the 

development phase. They act as a checklist for the NFRs defined earlier in the software life cycle [8], [20]. 
These models also have goals like a goal oriented model, however unlike goal oriented models, they are 
not used for early phase requirements. A hierarchal representation is used which offer NFR traceability and 
conflict resolution. An example of Sun and Park’s process oriented framework is given below [21]: 
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Figure 1: Process Oriented Hierarchy [21] 

 

 Aspect Oriented Models/Frameworks 
Aspect oriented models or frameworks are derived from the concepts of aspect oriented requirements 

engineering. According to Moriera et al., an aspect can be defined as an element which does not align with 
other elements in parallel existence. They are also known as cross cutting concerns [22]. Most of the NFR 
frameworks in existing literature are focused on dealing with cross cutting concerns such as trade-off 
analysis of NFRs. NFRs are mutually coexistent and cannot be considered in isolation, hence leading to 
many problems due to their dependencies [15]. Below given is a diagram by de Sousa et al., indicating the 
steps to develop an aspect oriented framework [18]: 

 

 
Figure 2: Aspect Oriented NFR Framework [18] 

 
Some aspect oriented models use UML; however, they are different from UML models as UML models 

are more goal oriented and less focused on issues of NFRs. Hence, it can be said that aspect oriented models 
or frameworks help cover the gap between analysis and implementation [12] and suggest solutions to most 
of the NFRs issues.  
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 Goal Oriented Models/Frameworks 
Goals are substantiated guidelines which provide a sense of direction to the progress of a project. These 
broader goals are broken down into soft goals. Goal oriented models or frameworks are those which are 
completely subjected to the influence of soft goals and are designed to achieve those soft goals. They 
involve the recognition and interpretation of possible alternatives and how they would affect the overall 
objective [14]. The following three models mainly use this type of goal notation: 

 UML Models 
L. Chung has some of the most reputed and accomplished works in NFRs [1], [4], [20]. According to him, 
UML profiles constitute as a good qualitative and quantitative representation of NFRs, as the relationship 
between NFRs and FRs; and between NFRs themselves are effectively represented. The author uses use 
case diagrams to depict the integrated NFR and FR system, whereas he uses a soft goal profile to address 
relations between NFRs. This model can be used for any NFR. Below given is an exemplary model of how 
a UML representations can describe NFRs. 
 
 
 

 
Figure 3: How to deal with NFRs using UML [23] 

 
As we can see the model is rather generalized. It explains two different cycles; how functional and non-
functional aspects are correlated. The non-functional view represents the NFR framework to be more 
precise. The NFR graphs mentioned are a medium for the illustration of operationalizations or possible 
solutions to design decisions. They are derived from soft goals. The class diagram, activity diagram and 
NFR graphs are integrated using LEL. This is another advantage of using a UML profile i.e. level of 
abstraction can be customized based on requirement [24]. UML models are useful when there is a late 
requirement specification. They are also quite compatible with other models [15].  

 i* Models 
The i* model was proposed by Yu et al. in 1995 [25], which was a sterling framework applicable in 
requirements engineering (RE), process reengineering, modelling, and other areas in computing science. It 
was proposed to use in earlier stages of software engineering as an alternative to the popular UML 
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modelling technique which provided more information than required at that stage. i* modelling language 
is structured into two parts namely; Strategic Dependency model(SD) and Strategic Rationale model(SR). 
An SD model briefly focuses on the relationship between the defined set of actors illustrating their purposes 
and dependencies. An SR model provides a more detailed understanding of actors and their soft goals, 
attributes and intentions [26]. A graphical example describing the features of i* was brilliantly displayed in 
the model below:  

 

 
Figure 4: Features of the i* model [27] 

 
i* is used if the requirements are known early and UML is used if the requirements are known late. Hence, 
i* does not completely abrogate UML modelling. It was also recommended that i* models can be 
transformed into a UML model [28].  

 KAOS Models 
Knowledge Acquisition in Automated Specification or (KAOS) model is a conceptual model which 
involves the use of a formal temporal logic which helps to exactly identify NFRs [29]. This methodology 
involves the decomposition of goals into actions. Implementation of this model is quite less when compared 
to i* or UML models, in the context of NFRs. This could be because KAOS models are generally light 
weighted, meta models [29], [30]. It is abstract and goal oriented, but has enough details to represent both 
FRs and NFRs in a software system. Below given is an example of the KAOS model as derived by Axel 
van Lamsweerede himself: 
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Figure 5: An example of the KAOS model [30] 

 Other models/Frameworks 
A conceptual model can be defined as a model comprising of different concepts which provide a descriptive 
understanding of a subject or phenomenon. Conceptual models have been used for modelling NFRs in the 
past and research shows that modifications to these modelling techniques are being gradually improved 
[10]. A conceptual model is the generalization or abstraction of a subject or a process. Two other conceptual 
models were identified: 

 ER Models and Relational models 
The entity relationship model (ER) model is a light weight conceptual model which is easy to learn and 
understand. A relational model is only marginally different from an ER model i.e. emphasis is put more on 
the relations between the constraints rather than the constraints themselves. Both models were useful in 
tracing, relating and understanding the impacts NFRs have on each other. This is useful for deriving 
operationalizations and solving conflicts [9], [31], [32]. 
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Figure 6: An example of an ER-NFR model of a laboratory system [31] 

 Object Oriented Models 
Object oriented modeling involves the use of classes, attributes and relationships to represent NFRs. 

An exemplary strategy was the use of standard LEL as an input [33]. However, as a derivative of the 
research of Cysneiros et al., object oriented models have been proven to be ineffective in representing NFRs 
in comparison to other modeling techniques. They can be represented together with other modeling methods 
like goal oriented modeling [31]. Further work can be pursued in this area to derive a method to overcome 
this shortcoming. 

Literature on NFRs comprise of both models and frameworks. Since this study focuses on using 
models in the product life cycle, only the model parts of the frameworks have been considered. Now, it 
becomes important to use a life cycle standard which acts as a benchmark for different variations in the 
development environment. 

 Complementing NFRs in the Product Lifecycle 
The software product manager (SPM) is responsible for all the decisions made in a software life cycle [34]. 
Hence, it is also the responsibility of the product manager to make decisions regarding NFRs. According 
to Thomas et al., the scope of quality requirements exists in a threefold manner with respect to the software 
product manager [35]: 
i) The propose phase: This phase deals with the foresight of the product, and a strategy to achieve 

the desired result, by breaking down the goal [35]. Hence, it can be said that this phase is the 
inception phase, i.e. a good place to start think about NFRs. 

ii) The plan phase: The software product manager addresses issues and takes measures to implement 
the idea into action. This phase deals with designing, resource estimates, and detailed planning 
[35]. This phase is important for planning NFRs, i.e. from discussion to modeling. 

iii) The project phase: The project phase involves development and delivery of the product [35]. At 
this point, it is quite late to think about NFRs. The NFRs which have already been defined and 
modeled are to be achieved through their functionalities. 

 
From the SPM framework, the important structural classification of  the responsibilities in a life cycle are 
defined [34]. 
From the results of Thomas et al., the criteria of customer retention and satisfaction increases with increase 
in number of releases. Also noted was the emphasis given to quality requirements during the last few 
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releases [35]. From these results, we can conclude that quality requirements have a crucial effect on the 
success factor. 
This research aims to provide a generic technique to plan, understand and model NFRs in the pre-
development phases, i.e. implying that addressing non-functional requirements earlier leads to better results 
from the beginning [12], [31], [34], [35]. 
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3 RESEARCH DESIGN 

 Research Motivation 
 

This study focuses on developing a technique with which the importance of NFRs can be acknowledged 
and realized in pre-development phases of the software product life cycle. This provides support for 
planning development activities with the interest of NFR fulfilment. Considering NFRs earlier leads to 
greater customer satisfaction, and potentially saves time and cost resources for software projects. The scope 
of this study is based on which NFR modeling techniques are more suitable in which phase of the product 
life cycle. The results provide a generic meta model which is applicable to all the currently existing NFRs, 
and which can be used before the software product development commences. This research aims to 
overcome the identified problems addressed in Section 1.1. 

 Aims and Objectives 
 

The main goal of the research is to identify the advantages/disadvantages of the existing NFR model types 
in the current NFR modeling literature, to generate a meta model for NFRs into the early phases of the 
software product life cycle. This study also aims to demonstrate how to use the model. Some validation is 
also needed to provide a basic assessment of the meta model to estimate its degree of usefulness. These key 
research goals can be attained by meeting the following objectives: 
 O1: To map out and analyze the pros and cons of the existing NFR model types i.e. to identify the 

existing patterns in NFR modelling and derive the most common paradigm. 
 O2: To identify which of these models would be best suited for application in the meta model based on 

relevance to each life cycle phase and the outputs from O1 
 O3: To generate and implement the meta model in a real-world scenario 
 O4: To validate how the developed model is interpreted and determine its degree of usefulness and 

similarity to what the industry is currently using 

 Research Questions 
 

With the intention of achieving these objectives, the following research questions have been devised. 
Motivations as to why the question was framed is also provided below: 
RQ1: What are the different types of models or frameworks developed in the context of non-functional 
requirements? What are the pros and cons of these non-functional requirements model types? 
Motivation: The motivation for this RQ is based on the need to understand the shortcomings and 
contributions of the existing modelling frameworks i.e. to understand the concept of each model, its purpose 
and how different model types are advantageous or disadvantageous. This analysis also defines the research 
gaps in various literature and also contributes to the model selection process in RQ2. RQ1 addresses the 
criteria required for the fulfilment of objective O1, through the results of the literature review. 
RQ2: Which of the identified non-functional requirement models or frameworks are more suitable for the 
development of the early product life cycle meta model? How are they similar or different from each other? 
Motivation: This RQ involves the comparison of models and their mapping all the identified literature to 
suitable phases of the product life cycle. A single approach is then selected based on the results in RQ1 and 
based on other criteria (refer Section 6.2). Since every model cannot be included in the meta model, the 
more compatible techniques are selected based on the results of RQ2, hence fulfilling the requirements of 
objective O2. 
RQ3: How can non-functional requirement modeling be integrated into the early phases of the software 
product life cycle? How can it be implemented? 
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Motivation: From RQ1 and RQ2, a complete analysis of every NFR model is performed. The most suitable 
techniques were selected and now are used to generate the meta model. This meta model provides a 
systematic procedure to define and understand NFRs, before the development begins. The key features of 
this meta model are based on existing literature, i.e. results from RQ1 and RQ2.  RQ3 fulfills objective O3 
through the meta model and its application in a real-world scenario. 
RQ4: How well does the generated meta model meet the needs of the industry? To what extent would 
practitioners agree to use it? 
Motivation: It is as important to validate the meta model, as it is to implement it. This RQ is responsible 
for gathering data from practitioners and researchers to determine how the meta model is interpreted in 
terms of addressing NFRs in each phase and the willingness of use. This phase satisfies objective O4, and 
provides a critical review of the results via an exploratory survey. An exploratory survey was conducted to 
examine the possibility of validating the meta model, and does not aim to provide complete validation, 
since it is beyond the scope of this research. 
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4 RESEARCH METHODOLOGY 
 
This research includes both qualitative and quantitative research strategies. Qualitative research involves 
the search for motivations, reasons, and causes, etc. which helps uncover a set of patterns or gives way to 
idealistic reasoning. Quantitative research uses number of data results to reinforce a hypothesis or validate 
an expressed point. This research was done in three phases i.e. the systematic literature review, the data 
collection (survey), and the data analysis. 

 Approach 
 Problem Identification 

This phase involves performing a systematic literature study to understand the different types of models or 
frameworks present associated with NFRs and how they can be improved. Upon performing a database 
study, it has been identified that the existing modeling techniques do not associate with some of the most 
crucial aspects of a product life cycle. Based on the International Software Project Management 
Association’s (ISPMA) description of a product life cycle [36] and the definition of the scope of NFRs in 
a product life cycle [35], a need to incorporate NFRs in a product life cycle becomes evident. So, the 
proposed solution must consist of the currently defined product life cycle and how NFRs can be analyzed 
in each phase. 

 

 
Figure 7: Overview of the approach 

 
 



 

12 
 

 

 Artifact Design 
The snowball study has allowed an iterative process to assess most of the literature on NFR modeling. The 
design decisions made on the metamodel are based on the detailed literature analysis and Offerman’s 
guidelines in design science [37]. The essence of the metamodel is the product life cycle. Hence, with the 
intention of integration into the product life cycle, the NFR models or frameworks are selected from the 
results of the literature study. The artifact is designed in three steps namely the problem identification 
(Section 4.1.1), the solution (Section 6.3) and the evaluation (Section 7) [37]. 

 Systematic Literature Review 
A systematic literature review (SLR) is preferred over other research methods as an SLR implies that all 
the existing research associated within a particular topic or area of interest have been considered [38]. SLRs 
provide an organized and structured protocol to conduct the study in [39], and also help trace back to the 
source of the literature. There are different ways in which an SLR can be conducted, and for this research 
snowballing was selected.  

 Snowballing as a Search Technique 
Snowballing involves a stepwise hierarchal literature analysis. This study is conducted with reference to 
Wohlin’s guidelines to snowballing [40]. Initially, a controlled keyword search or formulated search strings 
are used to begin the search. The first set of articles also known as the start set, are crucial and are to be as 
relevant as possible with the topic. According to Wohlin, an ideal start set is always diverse [40], i.e. of 
different publishers, years, authors etc. After the elimination of a high number of irrelevant articles, the 
start set is identified. It was also mentioned by Wohlin that, it’s quite impossible to find and choose all the 
relevant articles as the start set, hence comes the iteration process in snowballing. The number of irrelevant 
articles decreases as the number of forward and backward snowball iterations proceed [40]. The details of 
the results of the process are presented in Section 5. 
 

 Why not traditional database search technique? 
Based on Wohlin’s experiment in 2014, although there wasn’t much difference in the results from backward 
snowballing and database search, but he has concluded that snowballing reduces a larger portion of the 
potential noise encountered when compared to a database search [41]. However, based on another 
experiment conducted in 2015 also by Wohlin et al., it was identified that only 45.9% of the literature was 
identified by a database search, whereas 83% of the literature was identified through backward snowballing, 
out of which 29.1% of the articles were common in both techniques [42]. This makes it evidently clear to 
choose backward snowballing over a database search; to reduce effort, to improve results and with 
consideration to the fact that there is an uncertainty in the terminology in the current study (e.g. it becomes 
difficult to identify the various NFR models with a dedicated search string for each. This process is much 
easier if branched out from a start set of papers). 

 
The “IEEE” and “Engineering Village” databases were selected for the start set search. Motivation for 
decision was based on Knisley’s analysis of databases [43]. Other databases were not selected based on the 
same analysis, for example; Google scholar was claimed to have biased and unnecessary results [44]. 
However, it has been proven to provide a good citation search, and has hence been used for that purpose 
[45]. 

 

 Why not systematic mapping study? 
A systematic mapping study involves the covering of more literature in a short span of time in less detail 
[46]. The models and frameworks on NFRs are not much in number but, the criteria based on which the 
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meta model is to be developed requires an in-depth analysis. Systematic literature review is more detailed 
and has been selected as the research approach [46]. 

 Data Collection (Artifact Validation) 
An industrial exploratory survey was the selected means of data collection. According to Lethbridge’s 
analysis of data collection techniques in software engineering, the relation defined between conceptual 
modeling and surveys within the scope of requirements engineering, it was deduced that surveys were a 
useful tool in collection opinions of people about the artifact [47]. A controlled experiment was unsuitable 
for the validation of the metamodel, because there were no defined parameters within which the experiment 
was needed to be conducted. Similarly, case study was not selected due to the time constraint. As per the 
results of Thomas et al., a software lifecycle would take more than a year [35]. At least two releases need 
to be considered for the validation of the results in this research because the model involves reusing data 
from previous releases. The undetermined time factor of a release can also pose as a potential threat. This 
is another reason as to why a case study was not selected. Interviews were also not considered because of 
two reasons. One of which is the problem of power, i.e. the incredibility of responses based on authority 
[48]. Another reason is the difficulty of assessing the model within the span of the interview.  

A survey would pose much more suitable, since the respondent can take their own time, hence providing 
better results in a shorter period of time [49]. Data can also be gathered from different organizations 
simultaneously. The questionnaire was designed based on Kitchenham’s guidelines, to avoid biased 
questions and to maintain consistency [50]. Also referred was the IBM SPSS questionnaire design strategy 
[51], which makes the transition between data collection and analysis effective. The essence behind the 
survey was to validate and assess each aspect of the generated meta model and to determine the extent of 
its use. 

Moreover, the reason for conducting an exploratory survey was because the survey methodology cannot 
provide the complete level of validation needed for such a complex meta model, however some preliminary 
feedback about the model in terms of usability and representation was obtained. The purpose of this 
procedure was to gather information about how individuals reacted to the proposed model.  

 Data Analysis 
Determining when to analyze qualitatively and quantitatively is important in a research study. Based on the 
findings of Silverman, quantitative analysis is very essential when data is gathered via surveys [52], since 
the bulk of responses need to be understood. However, qualitative analysis is also necessary to assess the 
results from the literature review. 

 Comparative Analysis (Qualitative) 
This data analysis method is used to identify the better alternative of different conceptual ideas. A 
comparative analysis on the results of the literature review is performed by prioritizing the focus of the 
analysis, identify conditions which fulfill your requirement, create a matrix of the data, and interpret the 
results [53]. This technique helps analyze empirical articles to derive the best alternative [53]. Qualitative 
analysis helps make the necessary decisions to answer RQ2. 

 Statistical Analysis (Quantitative) 
Descriptive statistics was selected as the analysis method for the survey results because the exploratory 
survey is only meant to provide preliminary information of how practitioners and researchers perceive the 
model. Hence, there is a need to summarize the assessment of the survey. Most of the quantitative analysis 
was done using the IBM Statistical Packages for the Social Sciences (SPSS) tool, which has proven 
effective and reliable in different types of research [54], [55]. It helps generate the statistical data and 
relationships between variables.  
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 Cronbach’s Coefficient (α) 
The drawback of most surveys is the lack of reliability [50]. To assess and understand the extent of this 
drawback, the Cronbach’s coefficient is calculated. This helps determine the reliability of a scale of measure 
and the consistency between scales [56]. Since the scales used in the exploratory survey to measure usability 
and correctness of the model are either nominal or ordinal in nature, calculation of the Cronbach’s 
coefficient is effective. The Cronbach’s coefficient can be calculated using the given formula: 

 

𝛼 =
N .  c̅

�̅�  + (N − 1). c̅
 

 
Where, α is the Cronbach’s coefficient, N is the number of responses, �̅� is average variance and 𝑐̅ is average 
covariance. 
The value of α (alpha), should range between 0.70 and 0.95. Lower values of α indicate low reliability of 
scales, lack of relatedness, or poor questions [57]. 

 Likert Scale Analysis 
From the validation performed by Hassine and Amyot, it has been proven that Likert scales are effective in 
validation of NFR models [58]. Descriptive statistics was the chosen analysis method, based on the decision 
support provided by Kitchenham and Harry & Deborah Boone [56], [59]. This involves the calculation of 
attributes such as the frequency, mean, variance, range etc. to determine the relation between the scales of 
measure. 

 Why not other analysis methods? 
A simple thematic analysis [60] would be insufficient for this research as a comparison is required for 
understanding which models are better than others . Confirmatory factor analysis was not selected because 
there was no pre-assumed hypothesis to confirm or disapprove [61]. Exploratory analysis is useful for 
withdrawing different possible outcomes from data, but this research involves a rather straightforward 
assessment [62]. Regression testing and chi-squared testing are techniques which help relate the information 
between scales, both of which cannot be applied for the survey in this research. Grounded theory was not 
selected as there was no prior question, which needed to be answered [63]. 

 Relation between Research Method and Research Questions 
The main contribution of this study is a way to use the best existing literature on NFRs in software product 
planning and designing. The meta model proposed and validated (via a survey questionnaire) will help use 
the studies in a way which covers NFRs at different abstraction levels and transitions from inception to 
development. The table below provides the research methods and what research questions they answer: 

 
Research Method Research Question 

Systematic Literature Review RQ1, RQ2 
Artifact Generation (Meta Model) RQ3 

Exploratory Survey RQ4 
Table 1: Research Method and Research Questions 
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5 LITERATURE REVIEW AND ANALYSIS 

 Snowballing Results 
 Exclusion Criteria 

Literature selection was done systematically as it is crucial for accurate literature results. The following are 
the exclusion criteria based on order of priority: 
1. Language (Non-English articles) 
2. Irrelevance of abstract to Non-Functional Requirements Models and Frameworks 
3. Irrelevance of text to Non-Functional Requirements Models and Frameworks 
4. Duplicates 
5. Unavailability of Text 
6. Grey Literature 
7. Outdated Articles 

 Inclusion Criteria 
After applying the exclusion criteria, the following inclusion criteria were followed. The selected literature: 
1. Should deal with more than one NFR 
2. Should NOT focus on system architecture to a greater extent 
3. Have at least one core literature of all NFR modeling techniques 

 Start set 
The “IEEE” and “Engineering Village” databases were used for the start set selection. The motivation 
behind this is established from the facts mentioned by Charles and Karin Knisley in their information about 
each database [43]. The initial search string used was “modeling AND non-functional requirements.” 
Initially, 8 papers were selected for the start set from a total of 1703 results (i.e. 628+1075 from IEEE and 
Engineering Village respectively). Out of 1703 papers, 496 papers were repetitions in both databases, 309 
were irrelevant after reading title, 461 were irrelevant after reading abstract and title, 42 papers were not 
available in full text, 73 papers were of a different language, 314 papers were about only a single NFR, 
FRs, architecture, etc. 
In the tabular form below are enlisted the set of selected articles: 

 
ID SELECTED ARTICLES REFERENCES CITATIONS 
P1 Integrating Non-functional Requirement Modeling 

into Model Driven Development Method [5] 
 

20 
 

 
14 
 

P2 Relational-model based change management for 
non-functional requirements: Approach and 

experiment [32] 

 
25 

 
5 

P3 An Approach to Integrating Non-functional 
Requirements into UML Design Models Based on 

NFR-Specific Patterns [12] 

 
12 

 
2 

P4 Semantic modelling and automated reasoning of 
non-functional requirement conflicts in the context 

of Softgoal interdependencies [64] 

 
40 

 
0 

P5 A Fuzzy Decision Support Approach for Model-
Based Tradeoff Analysis of Non-functional 

Requirements [11] 

 
36 

 
1 

P6 NORMATIC: A visual tool for modeling Non-
Functional Requirements in agile processes [65] 

 
20 

 
15 
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P7 A Framework for Integrating Non-Functional 
Requirements into Conceptual Models [31] 

 
25 

 
143 

P8 A Metamodel for Tracing Non-functional 
Requirements [9] 

 
29 

 
11 

Table 2: Start Set 
 

 Iteration 1 

 Backward Snowballing 
For the first backward iteration, a total of 207 references were examined from the start set and 171 were 
screened by reading the title and abstract as they were determined to be irrelevant. This resulted in a 
remaining of 36 papers out of 206, 12 of which were duplicates, 1 of which was a book, and 8 of which 
were determined irrelevant after supervisor’s remarks and deeper reading. 
Thus, the remaining 15 articles are given in the table below: 

 
ID SELECTED ARTICLES REFERENCES CITATIONS 
P9 

(P7_REF2) 
Representing and using nonfunctional 

requirements: A process-oriented approach 
[8] 

 
46 

 
1168 

P10 
(P7_REF5) 

Dealing with Non-Functional Requirements: 
Three Experimental Studies of a Process-

Oriented Approach [20] 

 
66 

 
259 

P11 
(P7_REF13) 

Integrating non-functional requirements into 
data modeling [66] 

 
17 

 
67 

P12 
(P5_REF2) 

Model-based trade-off analysis of non-
functional requirements: An automated uml-

based approach [15] 

 
47 

 
1 

P13 Non-functional requirements analysis 
modeling for software product lines [67] 

 
12 

 
14 

P14 
(P3_REF11) 

UML profiles for design decisions and non-
functional requirements [68] 

 
 

18 

 
 

60 
P15 

(P3_REF12) 
Capturing, Organizing, and Reusing 

Knowledge of NFRs: An NFR Pattern 
Approach [13] 

 
39 

 
9 

P16 
(P1_REF2) 

Model Driven Development with non-
functional aspects [69] 

 
23 

 
17 

P17 
(P1_REF4) 

Analysis, Specification and Modeling of 
Non-Functional Requirements for 

Translative Model-Driven Development 
[70] 

 
17 

 
14 

P18 
(P1_REF18) 

Representing nfrs and frs: A goal-oriented 
and use case driven approach [17] 

 
9 

 
45 

P19 
(P1_REF19) 

A UML profile for goal-oriented and use 
case-driven representation of NFRs and FRs 

[29] 

 
22 

 
47 

P20 
(P6_REF16) 

Adapting the NFR framework to aspect-
oriented requirements engineering [18] 

 
27 

 
37 



 

17 
 

P21 
(P4_REF31) 

An Ontology Based Approach to Non-
functional Requirements Conceptualization 

[6] 

 
37 

 
23 

P22 
(P4_REF33) 

NDR Ontology: Sharing and Reusing NFR 
and Design Rationale Knowledge [71] 

 
25 

 
23 

P23 
(P4_REF38) 

A non-functional requirements tradeoff 
model in Trustworthy Software [19] 

 
35 

 
40 

Table 3: Backward Iteration 1 

 Forward Snowballing 
A total of 191 papers have referenced the selected start set of papers out of which only 5 were selected for 
the next iteration. Out of the remaining 186 papers, 19 papers were duplicates, 25 were of a different 
language, 77 were labelled irrelevant based on titles, 53 were rejected based on their abstracts, and the 
remaining 12 papers were removed after reading the full text. The selected 5 papers of the first forward 
iteration are: 

 
ID SELECTED ARTICLES REFERENCES CITATIONS 
P24 

(P1_C1) 
Toward Model-Based Trade-off Analysis of 

Non-functional Requirements [72] 
 

32 
 

11 
P25 

(P7_C7) 
Using UML to reflect non-functional 

requirements [23] 
 

25 
 

 
81 

P26 
(P7_C19) 

Nonfunctional requirements: From 
elicitation to conceptual model [10] 

 
42 
 

 
37 
 

P27 
(P7_C91) 

Modeling Non-functional Requirements 
Relationship Using Fuzzy Relational Map 

[73] 

 
30 

 
0 

P28 
(P7_C123) 

NFR Modeling Approaches [74]  
38 

 
0 

Table 4: Forward Iteration 1 
 

A total of 20 papers were finalized from the first snowball iteration. 
 

 Iteration 2 

 Backward Snowballing 
The results of the first iteration i.e. 15+5 papers have a total 607 references. The filtering process has 
eliminated 603 papers as 79 were rejected based on reading only title, 304 were rejected based on reading 
abstract and title, 41 were repetitions, 179 were irrelevant. 

 
ID SELECTED ARTICLES REFERENCES CITATIONS 
P29 

(P7_REF5_CHUNG
94B) 

Using quality requirements to 
systematically develop quality 

software [4] 

 
56 

 
49 
 

P30 
(P4_REF31_REF1) 

ElicitO: A Quality Ontology-
Guided NFR Elicitation Tool [75] 

 
41 

 
41 

P31 
(P4_REF31_REF18) 

A Context Awareness Non-
functional Requirements 

 
23 

 
10 



 

18 
 

Metamodel Based on Domain 
Ontology [76] 

P32 
(P4_REF38_REF16) 

Tactics based approach for 
integrating non-functional 

requirements in object-oriented 
analysis and design [7] 

 
33 

 
21 

Table 5: Backward Iteration 2 

 Forward Snowballing 
A total of 1953 citations of the 20 papers were examined in an organized manner, and only 2 papers were 
selected based on the exclusion criteria. 223 papers were of different languages, 955 were termed irrelevant 
to current study based on abstract and repetitions, 168 papers were termed irrelevant based on abstract and 
title, 166 papers were in a different language, 20 papers were not available, 75 papers considered only one 
NFR, and 344 papers were already examined earlier. 

 
ID SELECTED ARTICLES REFERENCES CITATIONS 
P33 

(P7_REF2_C139) 
Modelling non-functional 

requirements of business processes 
[77] 

 
56 

 
49 
 

P34 
(P7_REF2_C711) 

A Process-Oriented Conceptual 
Framework on Non-Functional 

Requirements [21] 

 
41 

 
41 

Table 6: Forward Iteration 2 

 Other Papers 
After the snowballing process was carried out, different types of NFR models/frameworks were identified. 
However, to address the research problem i.e. providing NFR support for all the early phases in the software 
product life cycle, some additional literature was required. 

 
ID SELECTED ARTICLES REFERENCES CITATIONS 
P35 Towards modelling and reasoning 

support for early-phase 
requirements engineering [28] 

 
42 

 
1462 

P36 Goal-oriented requirements 
engineering: a guided tour [78] 

67 1898 

P37 Supporting Release Planning of 
Quality Requirements: The Quality 

Performance Model [79] 

 
29 

 
3 

Table 7: Additional Information (Database Search) 
 
The overview of the snowballing process is provided in Appendix B. 

 Study Overview 
 Distribution of Relevant Studies 

37 papers were identified from the literature review, among which 34 were results from snowballing and 3 
papers were results from a post-database search. Only 6 papers were selected from 1992 – 2000. The reason 
behind this is the lack of studies available in NFRs, which are not specific to only one NFR. From 2001, 
we notice an increase in the number of selected papers. The reason behind this is as per the explanation 
provided by the authors i.e. the increase in NFR studies over the past decade [12], [18], [64]. 
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Figure 8: Distribution of Studies based on Year of Publication 

 Classification of Selected Studies 
Each one of the 37 papers discuss NFRs and various aspects related to their understanding, solutions, and 
relationships. It was observed that 37.8% of the articles were about NFR relationships, 35.1% were about 
design decisions, 32.4% were about NFR operationalizations/solutions, 32.4% were about integration of 
NFRs and FRs, 24.3% provided ways for NFR elicitation, 18.8% were about reusing NFRs and their 
patterns, and 16.2% of the studies were regarding traceability of NFRs. The overall classification of studies 
based on their contributions (number) is given below: 

 
Figure 9: Classification of Studies based on Contribution 

Most of the reviewed articles consist of more than of type of study. This shows that some themes of studies 
are related. For example, 9 papers which discuss relationships also discuss design decisions.  
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Another important aspect of analysis to consider is the validity of the information in the articles, which is 
associated with the research methodology [80]. Based on the criteria provided for the classification and 
evaluation of requirements engineering articles in [81], we derive the need to assess the articles based on 
whether they provide an evaluation, a proposal, an application, or a validation. The results are shown below: 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 10: Classification of Studies based on Type of Research 
 

Based on figure. we can understand that 9 (24.4%) papers proposed a model, 7 (18.9%) proposed a 
framework, 3 (8.1%) proposed a tool, 2 (5.4%) papers explicitly validated a framework and tool, 3 (8.1%) 
papers applied an existing framework with minor improvements, 3 (8.1%) papers applied existing models, 
1 (2.7%) applied a tool, 4 (10.8%) papers were the extensions of models, 3 (8.1%) were the extensions of 
frameworks, and 2 (5.4%) were the extensions to tools. 

 

 Quality Assessment based on Rigor and Relevance 
This section assesses the literature based on rigor and relevance. According to Gorschek [82], the value of 
rigor between 0 and 1.5 are considered low rigor, whereas 2 and above are considered high rigor (maximum 
value is 3). Also, the value of relevance is considered low if the value ranges between 0 and 2, and it is 
considered high relevance if its value is 2.5 and higher (maximum value is 4). 
The figure below shows the number of articles and their respective scores of rigor and relevance. The table 
of results of the scores is available in Appendix B. 
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Figure 11: Quality Analysis based on Rigor and Relevance 

 

 Summary of Literature 
A total of 34 papers were selected for this research from the results of snowballing. Below given is a brief 
overview of the contributions of each paper: 
 
P1: This paper focuses more on Model Driven Development (MDD), and how NFR modelling can be done 
using MDD. Model driven development involves the use of existing models and development of newer 
models to govern the process of software development. The author attempts to explicitly include NFRs in 
MDD methodology. A meta model for the elicitation, decomposition, and integration of NFRs into a 
functional model is proposed in this article. This article was chosen for the concepts shown in this model. 
The author demonstrates a great knowledge in the decomposition of NFRs and their integration. These 
attributes could be a potential inspiration for the meta model being developed in this research [5]. 
P2: This article represents some certain drawbacks in the tracing of NFRs. The author introduces an inter 
and intra model dependency views for NFRs (a view is a model of a model). These views elaborate how 
NFRs are affected by other concepts (e.g. process, product, etc.). The drawbacks mentioned were also 
overcome with the development of relational model using NFR ontology (M2). An exemplary application 
was also conducted on Nokia’s mailing application to illustrate the results. This paper was selected because 
of the emphasis on dependency of NFRs [32].  
P3: NFR tactics are nothing but the operationalization of NFRs. Based on Lawrence Chung’s framework 
namely; the concept of aspect oriented requirements engineering, the author; like that of previous authors 
introduces a meta model for the integration of NFRs into UML models based on their operationalization. 
This paper was selected because of the importance of pattern recognition in NFR modelling [12]. No 
empirical evaluation was provided however.  
P4: The authors of this paper used semantic modelling to try and overcome flaws in the existing modelling 
methods. They use an ontological soft goal representation by the decomposition of NFRs. The binary 
dependencies of NFRs are given importance. The proposed methodology was then tested upon an ice 
breaker system, this is nothing but an example. Apart from the results, a comparative study to the traditional 
SIG approach and ontological approach was made to outline the extensions. This paper was selected 
because it inspired a new variation to semantic modelling of NFRs [64]. 

1

3

3

3

3

5

6 2

1

1

1 5

0

0.5

1

1.5

2

2.5

3

3.5

4

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

R
ig

o
r

Relevance



 

22 
 

P5: In this paper, the author uses fuzzy logic in decision support systems to make decisions associated with 
the trade-offs of NFRs. Briefly, this is performed by inputting an NFR model system with all the different 
features, labelled with fuzzy variables such as high impact or low impact. The decision making is done via 
order of preference method also known as TOPSIS. The result of this process explains the impact of NFRs 
and features on each other, hereby making trade-off analysis easier. This research provides an automation 
technique as a solution to issues regarding NFR dependencies and complexities, however most of the results 
were based a previously existing UML model, and no proper empirical evaluation was done [11].   
P6: This research proposes a tool for identifying and modelling NFRs based on the NORMAP technology 
called NORMATIC. The W8 user card model is used as a part of the process to identify 8 different aspects 
of non-functional and functional requirement collection in a user specific manner. The building blocks of 
the tool are of three parts namely; Agile choose case (AUC), Agile Loose Case(ALC), and Agile Choose 
Case(ACC). They represent the functional aspect, non-functional aspect and operationalizations of 
requirements respectively. To validate the tool two real scale case studies were conducted, both of which 
provided positive identification of NFRs. This paper provided an automated tool for modelling NFRs with 
respect to agile software development. Hence, this paper was selected [65]. 
P7: This paper also focuses on improving design decisions by integrating NFRs into ER and OO models 
using language extended lexicon (LEL). It is an extended research to P11, which will be discussed later. 
The authors extend NFRs to an ER model and OO model respectively; and then integrate the two. This 
procedure overcame a key disadvantage in OO modelling i.e. consideration of NFRs. Two case studies 
which were not exactly case studies, but were examples; were performed to test the integration process out 
of which one showed that there was higher productivity and another just corroborated the first one. This 
paper is an asset to this study because it explains how the crossing over of two models can potentially 
complement each other to solve problems in one (or) both [31]. 
P8: This study involves the development of a metamodel which focuses on NFRs and FRs explicitly, while 
emphasizing their relations. The derived metamodel is then converted into a relational model using Datalog 
expressions. The relational logic is demonstrated with an exemplary email system model. The given 
approach provides a hierarchal view of NFR operationalizations. Although the study was brief, the insight 
into relational logic and the way of converting models can be very useful to this research [9]. No empirical 
evaluation was provided in this research also.  
P9: This paper is one of many remarkable contributions of Chung to NFR modelling, in which he displays 
how design decision evaluation is better than final product evaluation. Chung, along with the other authors 
introduce a process oriented framework, which defines goals, relationships, goal refining factors, 
correlational factors, and labelling factors. Graphs are used along with correlational logic to elaborate the 
process of breaking down goals, inter relating them and satisficing them. Two implementations have also 
been provided to elaborate the function of the proposed framework. This paper was selected as it is one of 
the roots of the many modelling techniques known today. It is an enhancement of the traditionally known 
goal oriented approach [8]. The theoretical foundation in this paper is solid, but lacks empirical evidence.  
P10: This paper is an extension to the research done in paper P9. Three experimental studies were conducted 
namely; Credit card system, Health insurance system and government administration system. The process 
oriented approach which was elaborated in their earlier research was practically implemented on these real-
time systems. The results provided empirical proof to the earlier theory, however these were small and 
targeted only parts of the software system [20].  
P11: In this study, the author integrates NFRs into an ER model to overcome some of the drawbacks of 
earlier presented NFR frameworks. The author uses LEL to construct both, so the platform for integration 
is same. This model also attempts to make design decisions more systematic. A case study was also 
performed to outline how the integration of two modelling techniques can provide better results, quite 
similar to those obtained in P7 [66]. 
P12: A generic model is proposed for simplifying design decision making.  Some of such decisions can be 
regarding traceability, priority, impact, satisfaction index, etc. The implementation was done on a mobile 
system to develop different NFRs in that context. This automated approach can potentially obtain NFRs 
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along with consideration to their dependencies and priorities [15]. This research also lacks empirical 
evidence, but provides an exemplary scenario of a real world scenario.  
P13: The research conducted was specific to NFR modeling for software product lines. This authors like 
many previous authors, has mentioned the importance of acknowledging the relationships between NFRs. 
A case study was performed on a web-based open archive information system using an extension to the 
UML approach also known as Product line UML-based software engineering or PLUS. Benefits of this 
approach were that, they addressed all the phases in an SPL life cycle and also deals with the issues stated 
earlier in the research. Apart from this, other modeling approaches were mentioned, such as Goal oriented 
and hierarchal approaches in the context of SPL systems [67]. This research also lacks empirical evidence 
for the provided theory.  
P14: This paper proposes a UML model for modeling design decisions faced during NFR modeling. Design 
decisions were labelled as cross cutting concerns as they affect more than one NFR. Aside from this, the 
author has also proposed a generic UML model for NFRs, with the interest of architects and developers in 
mind. The use of the generic model and how it is feasible was demonstrated through a minor case study 
[68]. It can an essential guideline for the meta model to be developed in this research. No empirical evidence 
was provided, but the model was demonstrated in an exemplary approach. 
P15: In this paper, Chung et al. attempt to identify patterns in NFRs and represent these patterns in reusable 
frameworks. The advantage of doing so is that these frameworks can be used at any stage of the software 
development process. Some of the patterns mentioned in the study are specific to certain NFRs, whereas 
some are general. Five patterns were described which summed up the requirements engineering process. A 
search algorithm was also introduced so that patterns can be searched and applied based on the phase of 
requirements or based on necessity. The experimental results have confirmed that NFR patterns save 
immense time [13]. Empirical data was provided in the form of a case study in a company.  
P16: The authors of this paper determine how NFRs are modelled in the context of Model Driven 
Development. They also focus on how modelled NFRs convey the properties of the NFRs themselves. This 
research is a bedrock for NFR modelling in the context of MDD because it describes why modelling of 
NFRs is necessary and how it is useful. They explain how different model types are useful in different 
scenarios. For example, analysis models are useful to evaluate the characteristics of a system and design 
decision models help avoid crosscutting concerns. Conclusively, the authors state that all these different 
models need to be integrated into a single paradigm [69]. No empirical evidence or exemplary application 
was provided, but the theory was well founded.  
P17: UML modeling has been used in this study to allow NFR analysis and specification in Translative 
MDD. Structural, behavioral and action models were constructed to define the operationalizable NFR. A 
case study on a voter tracking system has proven that the conceptual models are applicable in a real world 
scenario. This model is exemplary of how scenario based modelling is useful. This method is to be 
connected with concern oriented modelling as a future possibility [70]. 
P18: This study provides a UML and goal oriented method to represent NFRs with respect to FRs. This is 
done by analyzing satisficability of the decomposed goals and associating them with the use case model. A 
phenomenon called NFR propagation leads to the association of NFR with the actor based on propagation 
rules. Finally, architecture is developed and use cases are designed to satisfice the soft goals. The proposed 
framework has been applied on a telecom company which has proven it to be innovative and useful in 
elicitation of requirements [17]. This was an exemplary application.  
P19: This is another contribution of Chung in emphasizing the need to represent NFRs and FRs together. 
This paper is an extension to his previous research i.e. paper P18. A goal oriented approach is used to model 
NFR and FR soft goals using appropriate use case elements. The popular London ambulance dispatch 
application was analyzed using this framework to show CASE tools can be represented in UML and SIG 
formats. These given representations have illustrated how the relationships between modeling concepts can 
provide a better understanding of the semantics of design [29]. These type of examples are based on fake 
data for proving theory for academics, and is not a proper validation. 
P20: This paper’s primary focus is to separate concerns so that each may be dealt with individually. This 
is done by improving the mapping of concerns in later development stages. The aspect oriented 
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framework’s purpose is to represent and organize NFRs. Although it is still goal dependent, factors 
governing design are process oriented. Each soft goal is considered as a concern and the mapping process 
of this framework deals with both crossing cutting concerns of NFRs and FRs because they naturally occur 
together. The author claims that this study involved the introduction of NFR methodologies to aspect 
oriented programming (AOP) concepts. The first half of the case study was the application of a traditional 
goal oriented approach to a bank system. The second half introduced the newer aspects to the model [18]. 
Fake requirements were used in the example, and the research lacks empirical evidence. 
P21: This paper has contributed to standardize the perspective of the NFR concepts. As mentioned in the 
article, there is no generalized taxonomy for NFRs and there is a necessity for such a frame of reference. 
NFRs are very contrasting and hence no ontological conceptualization was attempted earlier. However, this 
study proposes that with the intention of understanding NFRs and their relationships in a better manner. 
Most of the common aspects associated with NFR modeling have been addressed and generalized. This 
study is good because abstraction of models is in the interest of this research [6]. The results have not yet 
been tested. 
P22: This research can be considered as an addition to the previously stated ontology article i.e. P21. In 
addition to NFR ontology, design rationale; meaning the logic behind decision making of NFRs are two 
factors of the NDR ontology approach. It uses SIG semantics for modelling. Ontology based applications 
are developed with the intention of generalizing, sharing, and reusing. As an extension to the idea of 
ontological representation, this paper is very much relevant to this research [71]. This paper also lacks 
empirical proof. 
P23: This paper proposes a Fuzzy logic based qualitative and quantitative SIG model i.e. FQQSIG, which 
is an asset to performing trade-off analysis of NFRs. The model is represented in a hierarchal fashion, and 
the algorithm used makes importance degree assessment easier. It involves 7 steps which mainly involve 
the decomposition of NFRs and application of RAGE Defuzzification and Relation Matrix algorithm to 
obtain the trade-off analysis. This method was applied to a real-world scenario and its suitability and 
validity were proven. Also discussed were how the introduced model was better than other existing models 
[19]. 
P24: A generic UML model is constructed for modeling NFRs along with their dependencies. This model 
was proposed to assist in design decision making and NFR trade-offs. Also, based on the mobile phone 
system implementation, it has also proven to provide the comparison of designs with higher accuracy. 
Although this approach is not as useful for larger systems, the results provided are quite useful in the 
contexts of newer systems [72]. This paper also provides only an example and not proper validation.  
P25: To fill the research gaps identified in paper P7, the authors of this paper use UML modeling to 
introduce a non-functional view into conceptual modeling. This paper also uses LEL to make integration 
of functional and non-functional views easier. The LEL logic described in paper P7 was extended. Initially, 
the goals are defined and are broken down into soft goals. Then the soft goals interdependencies are 
identified. Finally, integration occurs between both functional and non-functional views. Also mentioned 
are some heuristics used to handle NFRs in a systematic fashion. The results of this study complement the 
results of the earlier study [23].  
P26: The authors gathered evidence that NFRs are not prioritized as they should be. Based on their survey, 
they have also determined that NFRs are being neglected in comparison to FRs. This paper deals with the 
lifecycle of NFRs from elicitation to implementation. Reasons have also been provided as to why the current 
study is more prominent that other studies. Three different case studies provide some claimed validation to 
the proposed methodology, but it was only an example. The results along with previous results can prove 
that the conceptual model produced from this study is of better quality [10].  
P27: Fuzzy relational mapping (FRM) is suggested as a replacement to the existing relationship expressions 
method between NFRs. It involves three stages i.e., to identify the system’s domain, to identify the types 
of NFRs in the system and to establish a relation between them. An example of the implementation of the 
FRM was also given [73]. This research also lacks empirical evaluation. 
P28: This article is a straightforward literature analysis performed to find the different types of NFR 
modeling approaches available. The author has categorized them into 3 sections i.e., goal oriented, aspect 
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oriented and object oriented approaches. Although different languages were used to represent the models, 
the approaches could be concluded as above. This study also measures the quality criteria of each approach 
under different categories. NFRs were emphasized and the requirement for their focus was explained [74].  
P29: In this paper, Chung et al. propose a framework with the interest of preserving quality attributes of a 
software system. A tool called the NFR-assistant was described. This tool supports refining goals, 
identifying trade-offs, detecting redundancies, defects, conflicts etc. This tool’s efficiency was illustrated 
through the example of a credit card system [4]. The tool was also not tested but a simple example was 
provided. 
P30: ElicitO is a tool presented in this paper, which supports requirement elicitation or NFR elicitation to 
be more precise. The tool is based on functional and non-functional ontologies to govern the NFR activity. 
The tool works on automation of time taking processes, uses its memory to help in NFR elicitation, reduces 
risk of conflicts, and consider NFR aspects in functional domain as well. The tool was implemented on a 
web development project has concluded that the tool is useful in increasing productivity, emphasizing 
NFRs, and making all elements reusable [75]. This tool was validated properly in a case study. 
P31: This model was proposed as a solution to the issue of NFR elicitation in networked software (NS). A 
context awareness metamodel is used based on the ontological semantics with the interest of maintaining 
the relationship between NFRs and context information. This approach also helps in automatic detection of 
requirements through knowledge sharing and inference. The model has already been employed in urban 
transportation domain [76]. 
P32: This study chooses to focus on fulfillment of NFR tactics instead of NFRs themselves. Initially, the 
tactics are classified into fundamental types. This makes relating the tactics easier and opens up the 
possibility of a single characteristic encompassing more than one tactic. Analysis tactics modelling follows 
the classification of tactics. Then tradeoffs based on priorities occur before entering into the design tactics 
analysis. The output of this phase is the model of both NFRs and FRs. This approach is implemented on an 
automatic teller machine (ATM) and the results have shown that the tactics approach is a good for small 
scale implementation [7].  
P33: This study proposes a model based on role activity diagram (RAD) and operationalization was done 
based on goal modeling techniques from previous literature. The author used an example of the cancer 
registration system to extend the research on operationalizations of NFRs, but the research does lack 
empirical evidence [77]. 
P34: This study proposes a process oriented modeling technique. The author proposes an eight-point 
checklist for NFR identification with the framework. This paper also provides an exemplary use of the 
framework. It acts as a guidance system to defining and modeling NFRs accurately and systematically. The 
study also briefly addresses functional aspects of requirements [21]. 
 
The next section presents the conclusions and analysis of the selected literature. 
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6 RESULTS FROM LITERATURE REVIEW 

 Advantages and Disadvantages of the NFR studies 
The table below represents the results from analyzing the literature and each NFR study: 

 
ID TYPE ADVANTAGES DISADVANTAGES 
P1 UML  It is a platform independent 

model 
 Relationships between NFRs 

and its dependencies are well 
represented 

 Modelling process is simple 
as it consists of previously 
existing models [5] 

 The proposed model is suitable only 
for closely related NFRs [5]. 

 No validation provided 

P2 UML, 
relational 

 Inter and intra dependencies 
help emphasize relationships 
in different development 
environments [32]. 

 This study triggers the 
advantages of using a 
hierarchal approach of NFRs 
and FRs relationship [32]. 

 The data set used was 
significant 

  Not enough details were provided 
on design decisions. 

 No proper validation provided 
 No details of the how the results of 

the example were provided 

P3 UML  The NFR design patterns 
presented are reusable 

 The connection between NFR 
elicitation and 
implementation was focused 
on.  

 No real-world validations were 
made based on the theory 

P4 SIG, SWRL  Provides an ontological 
solution to possible conflicts 
in NFR elicitation 

 Algorithms are mentioned to 
explain the relations between 
NFRs 

 Proposed model is claimed for the 
detection of conflicts, yet it cannot 
deal with all the NFR conflicts. 

 The model does not regard tradeoffs 
or other design decisions 

 No real-world validations were 
made based on the theory 

P5  UML  Fuzzy concept allows 
flexibility, and reduces the 
complication of details in 
requirements in earlier stages 

 Ideal approach for component 
based development 

 Decent NFR interdependency 
analysis via automation 

 Fuzzy TOPSIS method is 
complicated to adapt and 
understand when compared to the 
usual UML 

 Only some issues are addressed 
associated with relationships and 
dependencies. 

 No real-world validations were 
made based on the theory 

P6 NORMATIC 
tool (XML) 

 Introduces a tool for 
identifying, modelling and 

 The representation of the tool and 
first case study emphasize only the 
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relating NFRs in agile 
processes 

 Has a marginal success rate of 
87.71%  

parsing and linking of NFRs and 
FRs. 

 Time is a crucial factor which 
affects whether the model is 
applicable or not 

 No empirical validations were made 
based on the theory 

P7 Entity 
Relationship, 

Object 
oriented 

 Proves that goal oriented 
models are better at 
considering NFRs than object 
oriented models. 

 The given model integration 
strategy proves to provide a 
more productive software 
development process 

 Data was given as to why ER and 
OO models were integrated, but not 
as to why other models were 
rejected for this conceptualization 
process 

 Conflicts among goals is a potential 
problem to the application of this 
research. 

P8 UML, 
Relational 

 The proposed model helps 
trace and control changes in 
requirements 

 Hierarchal approach reveals 
relations between NFRs and 
FRs 

 Research lacks empirical evidence. 

P9 Relational, 
Goal 

Oriented 

 Elaborately defines the 
process of goal 
decomposition, refining, and 
satisficing 

 Provides a hierarchal 
stepwise approach to goal 
modelling 

 The proposed model is well 
represented but, may however be 
outdated when compared to newer 
ones. 

 No real-world validations were 
made based on the theory 

P10 Goal oriented  Previously constructed theory 
was reinforced with empirical 
evidence 

 The three case studies primarily 
targeted accuracy, security and 
performance respectively. The 
study did not test other NFRs. 

 Scale of application was low and 
not scalable to industry. 

P11 Entity 
Relationship 

 Design decisions can be made 
more systematically 

 The newly proposed ER-NFR 
graph provides a new 
viewpoint into NFR 
modelling 

 The necessity of converting both 
NFR graph and ER model into LEL 
format is a drawback. 

 No real-world validations were 
made based on the theory 

P12 UML  Automated trade-off analysis 
is possible through this 
approach 

 Advantageous when used on 
larger, more complex systems 
as it saves time 

 Algorithms used for defining 
priorities are precise only up to a 
certain extent, so developing a tool 
on this concept could prove 
complicated. 

 No real-world validations were 
made based on the theory 

P13 UML, Goal 
Oriented 

 PLUS approach provides a 
systematic method to 

 Although the framework was 
concrete, no empirical data was 
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modeling NFRs in SPL 
engineering 

given to prove that it would satisfy 
other NFRs 

 Analysis and implementation 
techniques have a marginal variance 
because both are done on different 
techniques, which can lead to no 
proper conclusion. 

P14 UML  Provides a generic framework 
for architects and designers to 
make better design decisions 

 The proposed model is very 
easy to understand 

 The claimed case study was more of 
an example of use, but not a real-
world validation. 

P15 SIG  Provides a framework based 
on NFR patterns which can be 
used in any phase of the 
software lifecycle 

 Patterns framed are domain 
specific to some NFRs and 
are also generic 

 The search technique makes 
accessing the required pattern 
simple 

 Although the examples were more 
than insightful, the empirical data 
was presented in this paper was 
limited to a single scenario. 

P16 UML  Different NFR modeling 
techniques which are used at 
different stages of software 
development; were 
represented in the context of 
MDD 

  

 Although the reasoning and 
framework analysis were 
informative, the visual 
representation was lacking. 

 The study was completely 
theoretical and no real-world 
examples were given 

P17 UML  Structured UML modelling is 
now possible in the context of 
translative MDD 
The results from the case 
study have proven the model 
to be successful in real world 
applications 

 The case study used to validate the 
model was NOT a real world 
example. 

P18 UML, SIG  Innovative procedure of NFR 
and FR specification while 
considering their relationship 

 NFR propagation rules allows 
refining of NFR soft goals by 
eliminating redundancies 

 Model is considered minutely 
premature due to lack of validation 
by the authors themselves.  

P19 UML, SIG  This study illustrates the 
visual representations of 
modeling techniques along 
with their limitations and 
relationships 

 The case study uses the soft 
goal profile proposed, thereby 
proving its validity   

 Theoretical example was given 
based on the London Ambulance 
Service case example; however, no 
REAL implementation of the CASE 
tools was done to validate results. 
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P20 SIG  The research allows 
modelling to be introduced in 
AOP 

 The framework was designed 
with a mapping schema to 
outline cross cutting concerns 
and how they will be 
manipulated in later stages 

 As mentioned in other studies, it is 
generally cost efficient to deal with 
concerns in earlier sections of 
development, which this study does 
not do. 

 

P21 UML  This study is an ontology for 
NFRs, i.e. generalized NFR 
concepts 

 Two views of models were 
proposed which are 
mentioned to be unmodifiable 
bases of modeling. These can 
be used as references. 

 The ontological approach 
introduced lacks validation, apart 
from the email application used as 
an example. 

 No real-world validations were 
made based on the theory 

P22 SIG  NFR knowledge was made 
reusable by following an 
ontological approach using 
SIG semantics. 

 This model can also be used 
for visualizing NFR 
traceability and trade-off 
analysis 

 Soft goal interdependency was left 
unaccounted for, which may pose a 
problem i.e. relations between soft 
goals were not specific. 

  No real-world validations were 
made based on the theory 

P23 SIG  This model specifically 
addresses trade-offs of NFRs.  

 Qualitative and quantitative 
methods are integrated to 
understand the complex 
relationships between NFRs 

 The theory is well backed up 
with empirical data 

 This model is quite complicated and 
requires specific domain knowledge 
to understand and implement. 

 No real-world validations were 
made based on the theory 

P24 UML  The generic representation in 
this study helps readers to 
compare design models and 
understand why one is better 
than the other 

 This approach is very useful 
for component based software 
systems. 

 The approach may not be effective 
for larger systems, i.e. it is not 
scalable. 

  

P25 UML  Conflicts of goals mentioned 
as a drawback in M7 has been 
resolved in this model 

 The heuristics proposed have 
been validated to ensure 
efficient handling of NFRs 

 Decent validation was present 

 Lack of automation for the proposed 
LEL approach. 
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P26 UML, SIG  Resulting conceptual models 
are proven better than 
previous conceptual models 

 Design decisions are easier to 
be made, trade-offs are also 
accounted for 

 Scope of traceability is also 
given. This can be useful for 
model reviewing 

 Very much time consuming 
 Scalability is low 
 No real-world validations were 

made based on the theory 

P27 Relational  Fuzzy relational map 
overcome the structural 
problems previous modelling 
techniques 

 The approach is introduced to 
primarily address NFR to 
NFR relationships 

 Although an example was given in 
the context, this study lacked 
empirical validation. 

P28 All  Such studies are useful to 
keep a track on the progress of 
research in a particular area of 
study, in this case NFRs 

 Comparison and quality 
criteria was well structured 

 Nothing new was proposed 
 No solutions were proposed 

P29 NFR-
Assistant 

Tool 

 This tool can represent a 
framework to deal with 
NFRs, their dependencies, 
design decisions, conflicts, 
etc. 

 Tool saves time, and cost 

 The tool’s scalability factor has not 
been tested. It is assumed to fail for 
larger, more complex systems 

P30 ElicitO Tool  This tool provides automated 
NFR elicitation support 

 It saves time and cost 
 It has memory allowing reuse 

and reference of previous 
models 

 Tool is useful only in the elicitation 
phase. It does not address analysis 
which is a very crucial part of 
NFRs. 

P31 UML  This model addresses three 
drawbacks of NFRs i.e. 
ignored, difficulty in 
representation, and 
confliction 

 A context based approach 
helps in reuse of logic, saving 
effort. 

 The proposed model has been 
implemented only in certain 
scenarios. And nothing can be 
guaranteed for other scenarios as it 
is context specific. 

 It does not provide proper 
validation. 

P32 Object 
oriented 

 The proposed model acts a 
transition between NFR 
elicitation and NFR 
implementation by dealing 
with NFR tactics instead of 
NFRs 

 Tactics classification is responsible 
for the effectiveness of this 
approach. Hence, fault in this area 
proves the approach redundant. 

 The validation provided is limited 
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 It addresses most of the 
potential NFR problem areas, 
such as relationships, 
tradeoffs, etc., by dealing 
with tactics 

P33 SIG, Other  The operationalizations of 
NFRs were based on previous 
work, which was well 
concluded 

 The RAD model includes 
functional aspects along with 
non-functional ones 

 No proper validation was provided 
for this research 

P34 Process 
Oriented 

 The proposed framework 
addresses NFRs and FRs 
together 

 Hierarchal representation 
helps understand the 
breakdown of NFRs easier 

 No proper validation was provided 
for the model 

Table 8: Pros and Cons of every NFR Study 

 Comparative Analysis and Mapping 
The table in Appendix C, show the results of the mapping process between the models from the literature 
and phases of the product life cycle. 
Based on the results from the pro-con analysis of the models encountered in the study and through mapping 
them, the following conclusions have been withdrawn: 
a) The product vision should be equipped with the concept of goal modeling (or goal breakdown), since, 

the product vision is the abstract definition of a product prior to planning. 
b) The product strategy should carry the essence of the product vision along with some inputs from 

stakeholders, and previous product strategies. This can be represented using NFR patterns. 
c) The product definition (NFR elicitation) phase would involve the collection of a complete statement 

from the stakeholders, as specific as possible. The ElicitO NFR tool would be appropriate here because 
it is specific to NFR elicitation, displays a model as an output and has also been validated better than 
other NFR tools [75].  

d) The modeling phase would be need to accommodate extensive NFR analysis, i.e. techniques which 
support ways to operationalize, relate, integrate, and store them. Explicit modeling techniques 
addressing each aspect are required. 

e) The post modeling phase namely; the road mapping, release planning, and project management would 
involve using the outputs from the NFR elicitation and analysis, to plan development activities. 

f) All phases must transition consistently. 
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 The Proposed Conceptual Metamodel 

 
Figure 12: Early Product Life Cycle Oriented NFR Meta Model 

This early phases of the product life cycle have been selected to initiate the elicitation and interpretation 
of NFRs. The meta model presented above applies and reuses some of the most effective NFR models and 
applies them to each phase of the life cycle. The importance of acknowledging and dealing with NFRs 
early has emphasized in many literature articles [8], [9], [65]. Different NFR models exist based on 
different principles, as explained in Section 6.1. The proposed approach encourages the use of NFR 
modeling and suggests the better modeling alternative to each phase defined. 

Based on the SPM framework provided by the International Software Product Management Association 
(ISPMA) [34], and the defined scope of quality requirements in software product management [35], the 
meta model consists of three phases: 
1. Pre-Modeling Phase (or Pre-Phase) 
2. Modeling Phase 
3. Post-Modeling Phase (or Post-Phase) 

The principle behind the metamodel is to incorporate NFR oriented planning, modeling, and execution to 
enforce a better understanding of NFRs. Each phase will be described individually in the following 
sections: 

 The Pre-phase 
The pre-phase of the metamodel can be divided into three parts, namely the Product Vision, the Product 
Strategy, and the Product Definition phases. Each are described with their respective modeling 
approaches. The pre-phase is the early phase of the product life cycle which involves idealization to 
realization of product goals into practical and workable functionalities. NFRs associated with these 
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functionalities are focused in this model, and hence the desired outcome will be the identification of 
NFRs early, with increase in understanding as the model progresses. 

Even the abstract product vision phase should contain elements associated to non-functionality (e.g. to 
provide the safest product in the area or to bring the best performance of a product segment).  

 
Figure 13: Supporting the Product Vision with the help of the NFR Goal Study 

Description: This model displays the objective of the Project Vision phase, i.e. to have a view of how the 
final product will be, before delivery. It is necessary to define who, what and how of the product, namely; 
who the users are, what the product does and how the product will do it. This inception is necessary so 
that it can be shared with stakeholder(s)/customer(s) to have them invest in your product and to have an 
idea of what the next step will be [34]. The product vision model consists of the features, functionalities 
and NFRs that can possibly be associated with the functionalities in brevity (what and how). The purpose 
behind the breakdown during such an early phase of any software project is to help the working team 
members pass the elevator test [83], i.e. the ability to convey the basic idea of the project in two minutes. 
Details of the breakdown will however, be limited as this model addresses NFRs at a product level of 
abstraction based on the RAM model[84]. Chung’s framework on goal breakdown was used for this 
process [8]. This phase is too early for deeper understanding of NFRs, and more details can be collected 
in later phases.  Also, depicted in this model are potential factors that may affect the product. For 
example; a feature becoming outdated (by the time the feature comes into development, it may be 
required to change or be replaced) or perhaps the interest of the customer i.e. ever changing [83]. The 
results from this phase include a diagrammatic representation of the product, some potential features, 
functionalities and NFRs at the product and feature level. 

Now it’s necessary to set the vision in motion. The product strategy helps a great deal in understanding 
what steps to take or approach to apprehend to achieve the desired outcome. 
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Figure 14: Product Strategy and its Relationships 

Description: This model is a basic representation of the product strategy which depicts the different 
inputs that contribute to making a product strategy. The product strategy defines the growth of the product 
over the next few years (from planning to customer feedback/perception). The essence of NFRs can meet 
this definition by mainly considering 3 factors: 

1. The vaguely defined product vision in the previous phase is firstly discussed with the stakeholder(s) 
to gain the “stakeholder’s perspective” to the product, which is necessary.  

2. The lesser detailed NFRs which were visualized in the product vision phase act as an input to the 
resource analysis phase, which is explained in Figure. 16. The resource analysis is a crucial aspect to 
the product strategy as it directly determines the amount of resources that can be committed for each 
release. Resource analysis of NFRs is performed based on the relationship of resources and NFRs in 
paper P21 [6].  

3. The final factor is the corporate input from previous product cycles of different products. This is an 
important input to the strategy because it acknowledges corporate interest [34] and revisits previous 
experiences. This can be realized through a pattern based search operation, as presented in P15 [13]. 
It can be used to retrieve NFRs from the past. The process is explained in Figure. 14. 

Considering resources, information of previous releases and interest of the stakeholder are used to deliver 
the product level of NFRs, based on Gorschek’s RAM model [84]. This model addresses product only 
because the information obtained to use for the product strategy phase does not make it mature enough to 
realize deeper level of NFRs. For example, the customer cannot be asked to provide inputs at a feature 
level yet, without the results from resource analysis or a devised strategy to fulfil product level of NFRs.  

 



 

35 
 

 
Figure 15: Relationship between NFRs and Resources 

Description: This model acts as an input to the product strategy phase. The resource analysis model is a 
segment of the NFR intra dependency model in P21 [6]. It expresses the relation between NFRs and 
resources. An Association Point class is used to act as a mean to map NFRs with resources. The Non-
functional requirement class attributes the visualized NFRs in the product vision, whereas resources 
depict the factors prior which are required or which affect the fulfillment of NFRs. Resources can be 
people, tools, money, time etc., which are represented in the resource class. 

 

 
Figure 16: Pattern based search technique used in Product Strategy 

Description: This model represents another input to the product strategy phase. For a proper assessment 
of the quality (NFR) scope of the product over the next few years across several releases [35], it is 
important that the NFR related information such as what NFRs were used, should be considered. Most 
effective strategies often involve repetitions and reuse of information. This is no different with NFRs. 
This technique is based on a search strategy provided in P15 based on search of NFR patterns [13]. The 
same technique can be used to derive NFR patterns from previous product experiences also, so they may 
be taken into consideration before strategizing for the current product. The project log mentioned in the 
model refers to the database used by the company or any means of storage. 
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With the product strategy derived, the next step involves collecting NFRs with greater detail, i.e. feature 
level requirements. This can be done by combining and relating two separate inputs. 

 
Figure 17: Product Definition performed by collaboration of NFRs based on the Elicitation tool and NFRs from previous 

releases 

Description: Figure. 18 represents the product definition model, which involves combining the product 
definition of the stakeholder(s) and the corporation. This is a sensitive phase which needs to be as specific 
as possible. With the diversity of stakeholder(s) or customer(s) kept in mind, function level or component 
level of NFR abstraction cannot be addressed. This is due to the lack of knowledge of the customer 
regarding the details of functions and components. 

Initially, the requirements associated with features of the product are taken as inputs from the 
stakeholder(s). (Note that: This occurs after the discussion of the product vision and requirements at 
product level). This elicitation phase is performed using the ElicitO tool, which is automated, specialized 
and tested for domain based NFR elicitation [75]. Parallelly, it is necessary to consider the requirements 
from the company’s perspective. The corporate part of the product vision is sometimes different before 
and after discussing it with the customer. Hence with consideration also given to the corporate interest, 
the product goal is divided into sub goals based again on Chung’s goal decomposition technique [8] (not 
modelled explicitly in this research). These more specific sub goals are used to generate a list of NFR 
taxonomies (for e.g. accuracy). These NFR taxonomies are associated with features of the product and are 
used as an input for the LEL-NFR (Language Extended Lexicon Non-Functional Requirements) tool 
introduced in P7 [31]. This tool is used to store and retrieve NFRs and their characteristics based on 
words, phrases, or descriptions. Hence, the use of different NFRs in previous projects and their behavior 
recognized with the software system is understood. Finally, the NFRs listed from the customer and 
company are combined. 

The function of the LEL-NFR tool is described below. 
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Figure 18: Knowledge based search used in Product Definition 

Description: This knowledge based search tool was used by Cysneiros et al. [31], which works on the 
principle of taxonomy. The functionality of the tool in the context of the product life cycle is explained. 
Texts, words, or phrases associated with NFRs related to the current project are input into the tool. The 
LEL-NFR tool analyzes the NFR knowledge base or project log to output the NFRs along with their 
notions and behavior based on previous experiences. This model uses a loop to check if a new NFR exists 
based on the taxonomy list, until the answer is NO. Then the output is returned to the product definition 
phase. 

From the pre-phase, we understand NFRs at the product and feature levels of abstraction derived from 
inputs from customers and the company. The pre-phase has also involved resource analysis of NFRs for 
the help of product growth in the next few releases. 

 The Modeling Phase 
The modeling phase involves the in-depth analysis of the NFRs defined i.e. the use of modeling 
techniques to find solutions, understand, relate, and integrate NFRs (with functional requirements). The 
purpose of modeling is to uncover hidden requirements and assess the scalability of a process. The 
different steps in the modeling phase as shown in Figure. 20 help specify requirements and prepare for 
development activities. 



 

38 
 

 
Figure 19: Modeling Phase Structure 

Description: This model represents the modeling phase of the meta model. From the pre-phase, we have 
the finalized list of NFRs that the product must, should or could have at product and feature level of 
abstraction. These NFRs are broken down even further and analyzed in the modeling phase. This process 
of analysis can be mainly classified into identifying NFR solutions, relating NFRs, making tradeoffs 
between crosscutting NFRs, generating NFR patterns (or tactics), and integrating them with FRs. This 
phase also shows NFR traceability which is considered optional in this meta model because modeling of 
NFRs from the product inception makes traceability implicit in model driven approaches [5]. NFR 
crosscutting concerns are identified whenever a tradeoff of an NFR becomes necessary and hence, also do 
not require explicit modeling to understand. However, the possibility for an explicit tracing and 
crosscutting concern modeling technique are accommodated in this model if required. The other steps of 
this phase are explained below. 

The breakdown of NFRs beyond feature level is not always required. This process is done based on the 
depth of understanding needed for the software project [84]. Hence, the following phase involves optional 
breakdown of NFRs, after which NFR solutions are derived. 

  
Figure 20: Operationalizations 
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Description: The first step of the modeling phase involves the decomposition of feature level NFRs to 
function level NFRs, and breaking function level NFRs into component level NFRs. From P22’s 
representation of NFRs, an NFR can be expressed as a composition of soft goals [71]. This concept is 
used to breakdown NFRs to their succeeding abstraction level. This step is followed by identifying NFR 
solutions or operationalizations. These are direct ways to achieve the required level of quality of an NFR. 
This model also depicts two types of operationalizations, i.e. dynamic and static operationalizations. 
Based on Faisal et al. “static operationalization involves using or providing information to satisfy an 
NFR, whereas dynamic operationalization involves performing an action to satisfy an NFR” [77]. After 
finding NFR solutions, it is important to understand how these NFRs and solutions are inter related which 
is expressed in figure. 21. 

 
Figure 21: Relationships between NFRs using the concepts of Strategic Rationale Model 

Description: Based on the definition of the I* framework, the strategic rationale (SR) model displays 
how actors and their relationships (i.e. soft goals, tasks, etc.) are related [28]. Figure. 21 is based on the 
concept of the SR model, however the purpose of this model is to express the defined NFRs at different 
abstraction levels and their relationships with resources, operationalizations, and each other. For this, we 
use inputs from the pre-phase model and operationalization model. As shown, one NFR and its 
dependencies, the resources it requires and its operationalizations are mapped with that of another NFR. 
This figure is also called a soft goal interdependency graph; however, it is not restricted to soft goals. 
Understanding the NFR relationships also helps identify conflicting NFRs. These are addressed in the 
tradeoff phase (Figure. 24).  

NFRs do not exist independently. They always coexist with and are dependent on FRs. Hence, the 
integration of NFRs and FRs becomes necessary. The integration is mainly necessary at the function level 
of abstraction. This is because NFRs and FRs are too detailed at the component level and hence 
integration using standard techniques becomes very complicated and tedious. Requirements at feature 
level and product level have been defined together (as shown in figures. 14 and 18), thereby eliminating 
the need of integration at those abstraction levels. But, based on the results of the comparative analysis in 
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section 6.2, the integration and tradeoffs of NFRs are effectively performed through use of UML [5], [6], 
[12], [23]. Hence, it becomes necessary to convert the results into UML. 

 
Figure 22: NFR Tactics and Patterns 

Description: The approach mentioned in this model is based on the pattern instantiation technique 
introduced in P3, which uses soft goal interdependency graphs (SIG) as input and gives an NFR pattern 
output in UML format [12]. This approach also uses NFR patterns to design NFR tactics. NFR tactics 
store metadata on NFRs that can be reused. Apart from the benefit of UML conversion, this model helps 
store NFRs as patterns, which can be accessed using the pattern based search defined in the strategy phase 
figure. 17. Each operationalization node corresponds to an NFR tactic to represent it in UML form. These 
tactics are again stored in the same log mentioned in the product strategy and can be accessed by using 
the pattern based search, since NFR tactics themselves are nothing but NFR specific patterns. Hence, this 
model serves multiple purposes. The outputs of this phase are the generated NFR tactics associated to the 
recognized NFRs at the necessary abstraction levels. 

NFR tactics help store solutions of NFRs [12] and is therefore useful to store after operationalizing the 
NFRs. However, the relationship model helps reveal some conflicts between NFRs, i.e. the solution of 
one NFR may interfere with the solution of another. The following model will help make NFR tradeoffs 
i.e. help the developer choose which functionality to consider over the other (since all NFRs are 
associated with FRs). 
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Figure 23: NFRs Tradeoff Profile 

Description: This model is the representation of the UML profile which is the contribution of 
Saadatmand et al. in P12 [15]. The purpose of including this aspect in the meta model is to help make 
tradeoff decisions by denoting how much of each NFR is satisfied, what its satisfaction value is on the 
system (product) and customer, and how much each NFR has also deviated from the satisfaction value. 
NFRContributes and NFRImpacts express the contribution of an NFR to the satisfaction of another NFR 
and the impacts on other NFRs. NFRCooperates shows the possibility of two or more elements working 
together to satisfy an NFR. NFRApplies relates NFRs to functional elements. All these defined attributes 
together contribute to determine how much an NFR violated its purpose, represented by the 
DeviationIndicator. The higher the value, the more likely it is to be excluded [15]. This model can be 
implemented at all levels of abstraction of NFRs in the metamodel because tradeoffs arise between NFRs 
at all levels (it is however, complicated for tradeoffs between NFRs at component level because of the 
high level of detail, so it is dependent on complexity). 

With NFR tradeoffs made, those NFRs which need to be fulfilled remain. These NFRs have higher value 
than the NFRs excluded in the tradeoff process. These NFRs are integrated with FRs, to signify the 
relationship between NFRs and FRs, and also to understand which FR affects which NFR aspect 

 
Figure 24: Integration Profile of NFRs and FRs using JoinPoint Class 
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Description: UML is the most common way of modeling FRs [5]. Based on the results of Kassab et al. 
UML is useful for early integration of NFRs and FRs. This model is a segment of the integration aspect 
proposed by Kassab in P21 [6]. An JoinPoint class is introduced to combine both the non-functional and 
functional aspects. The purpose of this class will be to ensure that the functional aspect is integrated to the 
non-functional attribute, and how they are related (as shown in figure. 25). This model is used for integration 
at a function level of requirements. The high level of detail and number of component based NFRs would 
make it unsuitable for integration using this method. As mentioned earlier, the product and feature level of 
NFRs and FRs are elicited together, hence integration is not required. 

With the requirements integrated, the analysis of NFRs is complete. It is true that NFRs can never be 
completely defined [66], however the modeling phase has so far addressed all aspects of NFR modeling 
using the best techniques. 

 
Figure 25: Abstraction level-wise Requirements Specification 

Description: At the end of each phase so far in the life cycle, information (can be design decision, can be 
a specified NFR, etc.) is generated. It is important to store this information (see figure. 30 and 31). This 
model reuses the information to specify the requirements (more details under figure 18). This phase 
involves the diagrammatic representation of the specified requirements at all levels of abstraction gathering 
inputs from all phases. This is done based on information from the pre-phase and modeling phase. 
Therefore, the log is an important factor during requirements specification, since it stores and provides 
access to the information needed to create the model. Hence, a modeling approach to requirements 
specification based on the SRS IEEE template [85] and the abstraction levels of requirements [84] is 
presented. A model helps depict the hierarchal levels of detail of NFRs.  

The modeling phase breaks down the NFRs generated from the pre-phase even further. NFRs at all 
abstraction levels are addressed at the end of the modeling phase, when combined with the broader level of 
NFRs generated at product and feature level in the pre-phase. With the modelled NFRs, the post modeling 
phase deals with the preparation necessary before the commencement of development activities. 
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 The Post-Phase 
This phase involves using the specified requirements and other techniques to plan the development phase. 
Planning the execution is as important as planning the requirements. The desired outcome of this phase is 
the information of how the releases can be executed, by addressing roadmap, sprint planning, and project 
management. Figure. 27 displays the steps of the post phase. 

 
Figure 26: Post-phase Structure 

Description: The post phase of the meta model is more oriented with planning the development phase. 
With the requirements specified at all levels of abstractions from the modeling phase, the next series of 
steps involve the use of tools to model and plan pre-development activities. The development of the 
product per the generated plan, follows (not included in this meta model).  

Initially, the roadmap is generated to plan the rough contents to be released in the coming releases [34]. 
Figure. 28 represents the working of a tool, which generates the roadmap with the interest of quality 
requirements. 

 
Figure 27: Roadmap using QUPER model 

Description: This model represents the working of the QUPER tool, which was introduced by Berntsson 
Svensson [86]. It is based on the proposed QUPER model [87], which is a continuous release planning 
tool. The first step involves defining the requirements, which is already addressed in the product 
definition and operationalization phases. Scales are defined to measure the NFRs. The tool then requires 
the reference levels i.e. a comparative benchmark to understand the quality at hand and the quality to be 
achieved. This is determined from the tradeoff profile which provides the value of contribution compared 
to other NFRs. Additional information can be gathered based on comparing the state of quality with that 
of other companies also. The next step involves inputting of break points of the NFR, which are the 
minimum level of quality required. Estimating the cost barrier is also important to distribute the NFRs 
across multiple releases. The amount of investment into the fulfillment of each NFR is something which 
is assessed by previous experiences and senior practitioners. Finally, the NFRs to be fulfilled in the 
coming release is estimated, generating a roadmap view. This process has been validated by Svensson and 
has been included in this research based on its conceptual model. 

With a roadmap generated, it is important to add more details to the roadmap, which is done in the release 
planning phase. The contents of the releases are planned in detail [34]. 
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Figure 28: Release Planning using Semi-automated NORMATIC tool 

Description: Figure. 29 is based on a semi-automated planning tool called NORMATIC which discusses 
sprint planning in detail [65]. Initially, agile use cases (AUC) are defined which include information 
regarding whether an NFR is satisfied, valid, ambiguous, or not. Next, agile loose cases (ALC) include all 
the information of AUC and whether an NFR is mandatory or not. It also includes a priority field, to 
prioritize NFRs. The information for AUC and ALC can be derived from the tradeoff profile. Agile 
choose cases (ACC) identify one or more instances of potential solutions, which can be derived from the 
the operationalization model (figure. 21). Next, the process involves definition of the NFR 
Implementation sequence plan (NORPLAN). This step assesses risk based calculations and priority 
scheming of the NFRs. The start dates and deadlines are also input into the release and sprint manager 
part of the tool. Finally, the implementation sequence manager outputs a detailed release plan based on all 
the considered factors. This tool provides a visual output i.e. a model showing the contents of each release 
[65]. 

 
Figure 29: Project Management and Logging (Storing Data) 

Description: This model demonstrates how the information from each phase is stored in the log or 
database. Figure. 30 also shows that the stored information is accessible at any phase of the product life 
cycle. The dotted arrows represent the potential to and fro information exchange between the data log and 
the phases. It is also important to note that the information stored in a previous phase can be accessed in a 
latter phase (and not vice-versa). For instance, information generated at the operationalization phase 
cannot be accessed by the product vision phase of the same product cycle, but it is accessible by the 
product vision of the next cycle. This means information associated to one phase can only be accessed 
once that phase is over and the information it generates is stored. This figure also shows the procedure i.e. 
the flow of the process (represented by regular arrow). The project management phase is represented at 
the end, which involves using the information in the data log (information from all the phases) to plan the 
development. The project management phase is responsible for how the release plan is executed [34] 
(which is based on what NFRs are modelled, how many functionalities, how much detail of requirements 
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are needed etc.). This model was introduced with inspiration from a UML modeling technique presented 
in P32 [7]. 

The final segment of the meta model is presented in figure. 31. It shows the functioning of the mentioned 
data log or database which provides a method of storage of the models discussed so far. 

 
Figure 30: Data Log - Inputting and Outputting 

Description: The last aspect of the metamodel depicts how the flow of information is stored from 
different phases of the product life cycle to the data log and how information is retrieved from the data 
log to the necessary phases. 
The data log is a term used that defines as any means of storage (or a database) used in 
corporations to store information regarding any made decisions, occurred hindrances, specified 
functionalities, defined requirements, inputs, dependencies etc. 
This study classifies the information into three ways based on the means of use. NFR patterns are stored 
separately for access via pattern based search technique [13] (see figure. 17). NFRs and NFR taxonomies 
are stored individually along with their information (such as context of use, behavioral response, etc.) for 
retrieval using the LEL-NFR tool [31] (see figure. 19). Other information specific to modeling, decision 
making, issues, etc. are stored via documentation or directly in a database. This model only intends to 
provide a preliminary storage technique, until a more optimum means of storage is introduced. 

 Example Application of the Metamodel – A Mobile Phone 
The concepts of the early product life cycle oriented non-functional requirement meta model have been 
applied to the case of a mobile phone. This example is a demonstration of how the model can be applied 
in real world scenarios. The example also explains how the models in Section 6.3 communicate and the 
motivate behind considering them. 
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A mobile phone was selected for implementation as done so in numerous other NFR modeling studies 
[11], [15], [32] because it allows the comparison of those modeling techniques to the proposed one, and 
exhibits how the proposed model overcomes their shortcomings. A mobile phone example can also be 
used to explain the hierarchal classification based on abstraction levels, effectively. Below represented are 
how the meta model works and how the results of each phase will be. 

 Product Vision 
The inception of the product is discussed in this phase. The vision defined in the meta model does not 
limited to simply thinking of the product as a whole. As discussed in figure. 14, the mobile phone is initially 
broken down to specifics. This model was implemented with the incentive of a smartphone in view. 

 

 
Figure 31: Visualizing the Product 

Some possible features of a mobile phone include calling and texting, presence of a camera, a calendar, 
the ability to play music and use the internet. These features are broken further into functionalities, such 
as outgoing or incoming functions of the call/text feature. NFRs associated to the product are represented 
(such as affordability) along with some potential NFRs which are associated to the functions (such as 
security, configurability, etc.). As mentioned earlier in Section 6.3, details of the product are discussed 
briefly because aspects such as what the product is has a large impact on what the product needs to assess. 
And it is necessary to include these details because the essence of the meta model is NFRs and it is 
important to visualize them with the product. 

 Product Strategy 
The product vision helped perceive the mobile phone with some details, which represents the final 
product up to a certain extent. Before strategizing on how to achieve that final product, the entire product 
vision must be discussed with the stakeholder(s). At this point, product level NFRs are discussed (such as 
whether or not the NFRs visualized at the product level need to be modified or changed).   
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Figure 32: Assessment for the Product Strategy 

We also notice these modified NFRs from the customer along with the NFRs from the vision (defined by 
the corporation) are both used in the resource analysis. We notice that reliability, security etc. are the 
finalized product level NFRs and they require a certain amount of personnel, tools etc. to be fulfilled. 
Lastly, these NFRs are checked in the NFR database using taxonomies, such as “durability” is searched 
for in this example. The output would be as presented displaying all the previously stored NFR patterns. 
All these variables are used in devising the product strategy. 

 Product Definition 
The customer part of the product definition is collected using the tool represented in figure 34 (elicitO 
framework from [75]). The tool is automated and is used to collect the requirements from the user along 
with metrics, to produce a visual output. A snapshot of the tool is provided in Appendix C (see figure. 
47). 
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Figure 33: Defining the Product based on the inputs from the stakeholder and company at product and feature level 

Since the tool is not limited to a single NFR, all the NFRs are collected (feature level abstraction). And 
along with the output from the tool, we use NFR taxonomies to retrieve feature level NFR details from 
previous cycles. Then, we finalize the list of NFRs at both product level and feature level as shown above. 

 Operationalizations 
With the end of the product definition, the stakeholder’s contribution to the NFRs is complete. To address 
function and component level NFRs, the knowledge required is possessed only with practitioners who 
have worked with functions and components. According to Gorschek, every feature level NFR can be 
broken into functions [84]. In this example, visualized in Figure 35, we decompose the call/text feature 
into function level NFRs and then into component level. Note that the number of NFRs derived vary from 
product to product. This example shows 5 function level NFRs and 3 component level NFRs. 
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Figure 34: Generating operationalizations for NFRs at functional and component level 

This diagram uses the operationalization model to achieve that purpose. All the feature level requirements 
finalized are broken down into function level. Also observed is that the breakdown to component level is 
optional. And NFR solutions (like adding a talkback function to meet the accessibility NFR) are also 
derived using this model. So, we obtain NFRs at function and component level of abstraction, along with 
solutions on how to fulfill them. 

 Relationships 
Figure. 36 represents the use of the relationship model to represent the relations between the photo 
capture and call/text history feature (these two are selected to show that even the most irrelevant 
functionalities can be related). The functionalities are represented along with their quality aspects, and 
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their operationalizations. The mapping is done to signify the dependency between two 
operationalizations.  

 

Figure 35: Model exhibiting relationships and dependencies of the photo capture function and call/message history 

For instance, the inclusion of the resolution changing feature is dependent on the internal storage which is 
also necessary to store the call/message history. So, precision of a camera is related to the reusability of 
storing call/message history (in terms of NFR solutions). Establishing these kinds of relations are useful 
to understand how requirements relates to one another. 

 Tactics 
Tactics can be useful in reusing successful NFR techniques and help avoid repetition of mistakes, to 
ensure better quality of software. The application of the tactics model shows the example of an NFR tactic 
associated with the camera feature. Usability is the NFR that is fulfilled, and that is stored in the 
NFRTactic camera quality (i.e. name of the pattern used to make the camera usable). Also represented is 
the FR which the tactic affects i.e. photo capture. Other classes such as operatorkind represents 
enumeration. NFRType denotes the type of NFR i.e. its category [12].  
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Figure 36: Storing NFRs as tactics for access via pattern based search 

This pattern can be revisited using the pattern based search as shown in the product strategy. Patterns 
exist of different types. Figure. 37 shows an NFR pattern. Other patterns such as solution patterns, goal 
patterns can be stored differently [13]. Also noticed is how the SIG graph in figure. 36 was represented in 
terms of a pattern i.e. converted to UML. 

 Trade-Off Profile 
To make tradeoffs, we need to assess the priority of NFRs based on their satisfaction values (high, 
medium, low), priority level (high, normal, low), deviation indicator (low, medium, high) have to be 
assigned to each class. In figure. 38, we observe that solution to reusability i.e. having a higher internal 
memory has an impact (can be positive or negative; in this case, positive) on the NFR configurability of 
photo capture function. This implies that the fulfillment of that operationalization is given a greater 
priority when compared to other operationalizations. This is just one example of how tradeoffs can be 
made. If an operationalization has a negative impact on an NFR, either alternative operationalization is 
considered or an alternative NFR. 
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Figure 37: Decisions regarding trade-offs between two potential conflicting NFRs 

 Integration 
The integration phase is demonstrated by relating the call/message history functionality with all the NFRs 
it fulfills. JoinPoint acts as a medium of integration. This phases also helps prioritize the development of 
the FRs to meet the NFRs. In figure. 39, we used the example of the call/message functionality to show 
that the calls/messages functionality is associated to traceability and reliability. It can also be concluded 
that the call/message history function needs to be traceable and reliable. This information is useful to 
developers to view the requirements in an integrated manner.  
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Figure 38: Integrating NFRs and FRs 

 Requirements Specification 
The requirements specification usually involves the detailed documentation of requirements along with 
details of the product and results from the analysis. As this model lacks maturity, it does not act as a 
replacement for the SRS document however, it does express some of the crucial characteristics of the 
project and the product. Figure. 40 depicts the SRS model based on the IEEE SRS format [85] and 
hierarchy of requirements from the RAM model [84]: 
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Figure 39: The Requirements Specification model of the mobile phone based on the RAM model and IEEE SRS 

 Roadmap 
Using the QUPER model, the first release was planned to address only the product level NFRs, as shown 
in the figure below. The result of each step is shown with an example. Affordability, durability and 
reliability were selected for the first release. The view of the roadmap as presented by the tool is 
represented in Appendix C (see figure. 48). 

 

Figure 40: Exemplary inputs to the QUPER model to produce roadmap for one release 
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 Release Plan 
The tool used in this process generates a model as an output as shown in Appendix C (see figure. 49). Below 
are defined the inputs entered in the tool to generate the desired result. The release plan manager of the tool 
also accepts inputs from other optional criteria, which the user may enter as per requirement [65]. 
 

 
Figure 41: Exemplary inputs to the semi-automatic NORMATIC tool for one release 

The project management phase is responsible to ensure that the development activities proceed as per the 
planned releases. Numerous iterations of the product life cycle contribute to better project management. 
Hence, the results shown in this section illustrate how the product life cycle oriented NFR meta model can 
be used in software projects for product planning. Realizing NFRs early provides time for better analysis 
and implementation. 
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7 RESULTS AND ANALYSIS OF SURVEY 
To verify the extent to which the model is applicable in real world scenarios and to measure how open 

people are to using it, it was validated using a questionnaire (see Appendix D). Motivation behind the 
selection of an exploratory survey as a data validation method was mentioned in Section 4.3. The survey 
was conducted using Google Forms [88], a tool for creating questionnaires. It was constructed based on 
Kitchenham’s guidelines for a survey [50]. A total of 67 responses were received in a period of 29 days. 
Out of 67, only 43 responses were identified as valid and relevant. This section presents these results and 
their interpretation. 

 Demographics of Respondents 
Two categories of professionals validated the results namely; practitioners and researchers. As a 

measure to maintain the quality of the results, the sample population of the practitioner survey was 
prioritized to mainly senior requirements engineers, senior developers, and senior product managers. 
Some practitioners who worked with requirements or product development in the earlier phases of their 
career were also included. A total of 29 practitioners of which 6 were software engineers, 5 were 
requirements engineers, 4 were senior developers, 3 were senior architects, 2 were senior analysts, 2 were 
project managers, 2 were product managers and 5 were of other professions (client services coordinator, 
distinguished engineer, quality engineer, senior business manager and project team lead), responded to the 
survey (see figure. 44): 

 

 
Figure 42: Profession of Respondents - Practitioners 

It was noticed that most of the population of respondents comprised of software engineers and 
requirements engineers. The rich diversity of software professionals ensures that different perspectives are 
used to validate the model. 

 
Like the practitioner survey, the sample population of the researcher survey only comprised of 

researchers who have previously or are currently working with software requirements modeling. A total of 
14 researchers out of which 6 were professors, 5 were researchers, 2 were senior researchers and 1 was an 
assistant professor, validated the model: 
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Figure 43: Profession of Respondents - Researchers 

Most of the researcher population is comprised of researchers and professors who are currently working 
or have worked with software requirements. 

Both practitioners and researchers were asked to mention if they model non-functional requirements 
and the results were as shown below: 

 

 
Figure 44: Do the respondents currently model NFRs? 

Out of the 35% respondents who have answered yes, 80% of those respondents were researchers (12 
respondents). It can be concluded that most of the practitioners do not model NFRs currently. This result 
signifies the need for the meta model proposed in this research as it helps promote the use of NFR models 
in the software life cycle by illustrating how. 

 Review from Practitioners 
To avoid redundancy or adding to the ever-growing collection of models in the literature, the 

practicality of use of the model must be assessed. Practitioners were surveyed with the purpose of fulfilling 
this goal and to provide some preliminary understanding if this research could be considered usable or not. 
Validation was performed in a phase wise manner using a Likert scale ranging from 1 to 5 (1 = not so well, 
5 = very well). The responses from the practitioners have led to the following conclusions (the IDs of the 
questions are denoted also. See Appendix E):  
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 Pre-Phase 
1. 72.3% of the practitioners rated the product vision model a 3 or higher (PVM). 
2. 75.8% of the practitioners rated the product strategy model a 3 or higher (PSM). 
3. 72.4% of the practitioners rated the product definition model a 3 or higher (PDM2). 

 Modeling-Phase 
1. 72.7% of the practitioners rated the operationalization model a 3 or higher (OP). 
2. 79.4% of the practitioners rated the relationship model a 3 or higher (RELAT2) 
3. 58.6% of the practitioners are willing to use the tactics model (PATTERN2). 
4. 41.4% of the practitioners are willing to use the tradeoff model (TRADEOFF3). 
5. 58.6% of the practitioners rated the integration model a 3 or higher (INTEGRAT). 
6. 86.2% of the practitioners rated the specification model a 3 or higher (SRS). 

 Post-Phase 
1. 34.5% of the practitioners are willing to use the roadmap model (ROADMAP2). 
2. 41.4% of the practitioners are willing to use the release plan model (SPRINT3). 

3. 51.7% of the practitioners are willing to use the project management model (PM2). 

 Review from Researchers 
Experienced researchers best assess the integrity of any research relevant to their field of study. All the 
questions to the researchers are based on a Likert scales (1 = not so well, 5 = very well). Each model was 
validated by asking how important that phase was and how well the model suits its purpose. The results 
from the researchers were as follows: 

 Pre-Phase 
1. 78% of researchers have assessed the product vision model a 3 or lower (PVMA) and 60% of the 

researchers believe NFRs in the product vision are advantageous (PVMB). 
2. 85% of the researchers have assessed the product strategy model a 3 or lower (PSMA) and 64.3% of 

the researchers believe NFRs in the product strategy are advantageous (PSMB). 
3. 64.3% of the researchers have assessed the product definition model a 3 or higher (PDMA) and 100% 

of them believe NFRs are necessary in the product definition (PDMB). 

 Modeling-Phase 
1. 78.6% of the researchers assessed the operationalization model a 3 or higher (OPA) and 85.7% of 

researchers believe that operationalizations are necessary in product life cycle (OPB) 
2. 64.2% of the researchers assessed the relationship model a 3 or lower (RELATA) and 78.6% of the 

researchers have assessed the representation based in i* was a 3 or higher (RELATB). 
3. 85.7% of the researchers believe that NFR tactics are important (PATTERNA) and 78.6% of the 

researchers have assessed the tactics model a 3 or higher. 
4. 50% of the researchers have assessed the tradeoff model a 3 or higher (TRADEA) and 78.6% of the 

researchers believe tradeoffs are necessary in the product life cycle. 
5. 71.4% of the researchers have assessed the integration model a 3 or lower (INTEGRATA). 
6. 78.6% of researchers have assessed the representation of the requirements specification model a 3 or 

higher (SRSA) and 85.7% of researchers believe that more detail is required. 

 Post-Phase 
1. 50% of the researchers prefer to use both tools and models for NFRs, 7.1% prefer neither, 21.4% prefer 

only models and 21.4% give preference to only tools. 
2. 50% of the researchers have assessed the roadmap tool to be a 3 (ROADMAPA), 92.9% of researchers 

believe NFRs are necessary in product roadmaps. 
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3. 57.1% of the researchers have assessed the release planning tool to be a 3 or higher (RELEASEA), 
100% of the researchers believe considering NFRs in release planning is important, and 21.4% were 
ready to use the tool, whereas 57.1% were not sure. 

4. 64.2% of the researchers have assessed the project management model a 3 or higher and 92.8% of the 
researchers believe the inputs from all NFR phases are necessary to plan development. 

 Statistical Analysis and Reliability Testing 
 Practitioner Questionnaire Analysis 

The table below presents the ID of the questions (see Appendix E) and their calculated mean, variance, 
and standard deviation values. The frequency tables are also made available in Appendix D. 
 

ID N Minimum Maximum Mean Std. Deviation Variance 

PVM 29 1.00 5.00 3.2069 1.17654 1.384 

PSM 29 1.00 5.00 2.8621 1.12517 1.266 

PDM1 29 1.00 2.00 1.8621 .35093 .123 

PDM2 29 1.00 5.00 3.2414 .98761 .975 

OP 29 1.00 5.00 3.1724 .84806 .719 

RELAT1 29 1.00 4.00 1.8966 .81700 .667 

RELAT2 29 1.00 5.00 3.4138 1.18072 1.394 

PATTERN 29 1.00 5.00 3.4828 1.02193 1.044 

PATTERN2 29 1.00 3.00 1.6552 .85673 .734 

TRADE 29 1.00 4.00 3.4483 .86957 .756 

TRADE2 29 1.00 3.00 2.0345 .94426 .892 

INTEGRAT 29 1.00 5.00 2.8621 1.02554 1.052 

SRS1 29 1.00 2.00 1.8621 .35093 .123 

SRS2 29 1 2 1.21 .412 .170 

SRS3 29 1.00 5.00 3.4483 .94816 .899 

ROADMAP1 29 1.00 2.00 1.3448 .48373 .234 

ROADMAP2 29 1.00 3.00 2.1379 .91512 .837 

RELEASE1 29 1.00 2.00 1.1379 .35093 .123 

RELEASE2 29 1.00 4.00 3.0000 .84515 .714 

RELEASE3 29 1.00 3.00 2.0690 .96106 .924 

PM1 29 1.00 3.00 1.7586 .87240 .761 

PM2 29 3.00 5.00 4.5517 .57235 .328 
Table 9: Descriptive Statistics - Practitioners 

N stands for the number of items or responses. 
Conclusion: From the table, since 68% of the values of data lie between (mean ± standard deviation), we 
conclude that the questionnaire was well understood and interpreted by the practitioners. If the standard 
deviation values were greater than one, it would have shown that some respondents had a different 
understanding of the question than others, which could potentially affect the outcome. 
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The reliability of the 9 Likert scales used in the survey for practitioners was assessed by calculating the 
coefficient of reliability i.e. α. The average value of α is calculated below, by using the inter-item covariance 
and average variance. 

 
 PVM PSM PDM2 RELAT1 SRS3 INTEGRAT PM2 OP RELEASE1 

PVM 1.384 .315 .484 -.049 .225 -.220 -.190 .106 .042 

PSM .315 1.266 .284 .092 .457 .016 -.064 -.154 -.016 

PDM2 .484 .284 .975 .026 .567 .177 -.067 .028 .001 

RELAT1 -.049 .092 .026 .667 .227 .378 .059 -.017 -.021 

SRS3 .225 .457 .567 .227 .899 .100 .065 .063 .007 

INTEGRAT -.220 .016 .177 .378 .100 1.052 .150 .167 -.087 

PM2 -.190 -.064 -.067 .059 .065 .150 .328 .116 -.079 

OP .106 -.154 .028 -.017 .063 .167 .116 .719 .011 

RELEASE1 .042 -.016 .001 -.021 .007 -.087 -.079 .011 .123 
Table 10: Inter-item Covariance matrix - Practitioners 

A positive covariance value means that the scales are directly related, whereas negative covariance value 

shows the scales are inversely related. 

 Mean Minimum Maximum Range 

Maximum / 

Minimum 

Item Variances .710 .123 1.384 1.261 11.240 

Inter-Item Covariances .089 -.087 .567 .787 -1.388 
Table 11: Average Variances and Inter-item Covariances - Practitioners 

 
The value of α = 

N .  c̅

�̅� +(N−1).c̅
 

              = 
29 ∗  0.089

0.71+(29−1)∗0.089
 

              = 0.806 

Since, the value of α is between 0.70 and 0.95 it concludes that the Likert scales used in this research are 

considered as a reliable form of measure. 
 

 Researcher Questionnaire Analysis 
The frequency tables which show the number of each reply on the Likert scale is shown in Appendix D. 
The mean, standard deviation and variance are calculated and presented in the table below: 
 

ID N Minimum Maximum Mean Std. Deviation Variance 

PVMA 14 1.00 5.00 2.6429 1.15073 1.324 

PVMB 14 1.00 5.00 3.2143 1.42389 2.027 

PSMA 14 1.00 5.00 2.3571 1.15073 1.324 

PSMB 14 2.00 5.00 3.2857 1.20439 1.451 
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PDMA 14 1.00 5.00 3.0000 1.03775 1.077 

PDMB 14 3.00 5.00 4.0714 .73005 .533 

OPA 14 1.00 5.00 3.2857 1.06904 1.143 

OPB 14 2.00 5.00 3.7857 1.05090 1.104 

RELATA 14 1.00 5.00 2.5000 1.22474 1.500 

RELATB 14 1.00 5.00 3.2857 1.20439 1.451 

PATTERNA 14 2.00 5.00 3.4286 .93761 .879 

PATTERNB 14 2.00 5.00 3.1429 .86444 .747 

TRADEA 14 1.00 5.00 2.5000 1.45444 2.115 

TRADEB 14 1.00 5.00 3.6429 1.15073 1.324 

INTEGRATA 14 2.00 5.00 3.0000 .96077 .923 

SRSA 14 2.00 5.00 3.1429 .86444 .747 

SRSB 14 1.00 5.00 2.5000 1.16024 1.346 

POST 14 1.00 4.00 2.4286 .93761 .879 

ROADMAPA 14 1.00 5.00 3.1429 1.09945 1.209 

ROADMAPB 14 2.00 5.00 3.4286 .75593 .571 

RELEASEA 14 1.00 4.00 2.5714 .93761 .879 

RELEASEB 14 3.00 5.00 3.6429 .74495 .555 

RELEASEC 14 1.00 3.00 2.3571 .84190 .709 

PMA 14 1.00 5.00 2.7857 .97496 .951 

PMB 14 1.00 5.00 3.6429 1.00821 1.016 
Table 12: Descriptive Statistics - Researchers 

N stands for the number of items or responses.  
Conclusion: We observe the values of standard deviation are greater than 1 for a higher frequency of the 
questions. Hence, at least one of the two following conclusions must be true: 
1. The questions were interpreted differently by different respondents. 
2. The respondents had highly contrasting views of the meta model. 

Since, only 14 responses could be collected from researchers, it is difficult to determine which of the two 
conclusions is true. However, since the questions were designed according to previous model validation 
guidelines and Kitchenham’s guidelines [47], [50], the second conclusion is more probable to be true. 
 
This survey consists of 23 Likert scale questions used to measure the model in terms of how well it was 
represented, since the target researchers possess the necessary domain knowledge to provide direct 
assessments, whereas practitioners may have answers regarding how the model can be improved to include 
in their life cycle. Similar to the practitioner survey, the reliability coefficient is calculated for these Likert 
scales of measure in the survey for researchers. 

 
The table has been presented in Appendix D, since the number of questions is too vast to fit in this section. 
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 Mean Minimum Maximum Range 

Maximum / 

Minimum Variance 

Item Variances 1.128 .533 2.115 1.582 3.969 .168 

Inter-Item Covariances .169 -.923 1.011 1.934 -1.095 .105 
Table 13: Average Variances and Inter-item Covariances - Researchers 

 
The value of α = 

N .  c̅

�̅� +(N−1).c̅
 

              = 
14 ∗ 0.169

1.128+(14−1) ∗ 0.169
 

              = 0.711 
We notice the value of α is slightly above 0.70. This indicates that the Likert scales used have the minimum 
needed level of reliability and there is room for improvement, to acquire better results. 
 

 Open end question analysis 
Open end questions help uncover newer perspective and scope for improvement. Most respondents 

were unwilling to answer optional open end questions. However, some open-end questions were made 
mandatory. 

 
When asked if they had support for NFRs in the product vision, most of the replies were: “No” although 
a majority failed to mention other information, some answers included: 
“NFRs are considered later in the making”, “We focus on the aim and functionality”. “Yes, performance, 
reliability”, “Customers forget about these, and they don’t care even if we remind them”, “No, but we 
should.” 
When asked if they had support for NFRs in the product strategy, some replies were: “No, strategy 
decisions are mostly for market based deployments”, “No, but wish there was an easy way to do so”, 
“When we do a strategy document for architecture, we look for existing NFRs that are already located in 
the global repository”, “Not sure if you mean tools or resources. Mostly no, we take opinions” 
When asked if they had support for NFRs in the product definition, some replies were: “None, same 
NFRs from earlier phases will continue during definition”, “We have a definition chart”, “We collaborate 
with stakeholders and use demos to sell products” 
When asked if they had support for NFR solutions, some replies were: “We use spreadsheets to combine 
E2E integration architecture, and usually doesn’t have competing NFRs”, “Wait for the problem to be 
visible and say I told you so”, “Previous project records, no specific support.” 
When asked if they use NFR patterns similar to that exhibited in the meta model, some replies were: “We 
use UML, sometimes”, “No way I will use UML, it’s not something stakeholders understand. Easy for 
technical side, good traceability, but no customer friendliness”, “No, but its good to consider patterns.” 
When asked if they had any support for NFR tradeoffs, they replied mostly “No” and some other replies 
were “We map relations and formulate strategies without interference”, “As a senior developer, a 
customer rarely accepts tradeoffs. We are expected to fix everything.”  
When asked if they have support for requirements integration, they said: “We create an analysis ticket 
and a solution might be created from that”, “No, we use simple methods”, “No, but yours is quite simple, 
we need simpler techniques to perform formalities.” Some researchers mentioned: “UML is very good 
with detail, but I prefer goal modeling”, “The requirements diagram from the SysML is a good alternative 
to visualize relations between requirements.” 
When asked if they had a tool support for roadmapping, they mostly said “No”, some other replies are: 
“Roadmap is ordinary, we don’t need a tool”, “No, but we definitely should”, “We use trello.” 
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When asked if they have any support for NFRs in development planning, some replies were: “Yes, we 
use Atlassian jira”, “Yeah, it’s part of the viability assessment tracker”, “Quality requirements are not 
usually planned for. Good functionalities give good quality.” 

  
Based on the statements, and from the analysis of their replies to the open and close end questions, the 

following conclusions can be drawn: 
1. Non-functional requirements are not emphasized upon by every company. 
2. The model needs to go through greater testing because some of the practitioners mention their interest 

in adopting this approach, whereas some researchers believe that some phases can be improved. 
3. No issues were addressed regarding the transition between the phases of the meta model, indicating a 

constructive flow. 
4. The results show that the preference between models and tools are quite equal, however some 

respondents claim to not have any support for NFRs. 
5. 59.5% of the respondents (practitioners and researchers) have interpreted the model very well. 
6. The model has been assessed with an overall 67% (approximately) of positive feedback. This is 

however, based on a population of 43 respondents, hence limiting the outcomes. 
7. The model was recognized as a “good approach” to use NFR models in product life cycles. 
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8 LIMITATIONS 
 

 Threats to Validity 
This section will be classified into external and internal validity threats to the results and this research: 

 External Validity Threats 
Potential Threat Probability of 

Occurrence 
Impact on Research 

This research faces the external threat of time, 
like that of most research results; i.e. 
introducing newer models or developing newer 
modeling techniques could always give better 
results. 

 
 

Very likely 

 
 

Medium 

Future requirements may give a need to the 
invention of newer NFRs. Under such 
circumstances, the existing results may be 
insufficient in accommodating them. 

 
Undetermined 

 
High 

Table 14: External Validity Threats 

Mitigation: The model has been designed in a way such that the replacing of modeling techniques is not so 
complicated since they do not exist in a singular diagrammatic representation. Individual modeling 
techniques can be replaced and integrated with newer ones. 

 Internal Validity Threats 
Potential Threat Probability of 

Occurrence 
Impact on Research 

The metamodel in this research was derived 
based on the criteria such as identification of 
pros and cons of existing models and how they 
would fit in each phase of the software lifecycle. 
Practitioners may have biased opinions or 
preferences, which may affect whether they 
would use the model or not. (For example, in 
Section 7.1.5, the result “No way I will use 
UML”, indicates use of UML has rejected the 
model for one practitioner). 

 
 
 

Very likely 

 
 
 

Medium 

Data collection involved only systematic 
literature study. This study could possibly be 
enhanced by use of techniques such as expert 
consultation i.e. working with researchers and 
practitioners to introduce newer aspects. 

 
 

Likely 

 
 

Low 

Validation should be done with as much detail 
as possible, but long and tedious surveys are 
usually not actively responded. 

 
 

Likely 

 
 

Medium 
Table 15: Internal Validity Threats 

Mitigation: Instead of explaining every modeling technique, the process can be explained and systematic 
implementation of the process can be done. Working with experts can induce better results but, the proposed 
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technique is the first of its kind and can act as a foundation for improvement. The validation done in this 
research was exploratory and limited, a case study can provide much better results. 

 Construct Validity Threats 
Potential Threat Probability of 

Occurrence 
Impact on Research 

The results from the survey were only 
conducted as a preliminary recording of how 
people interpret the model. There is a chance 
that the survey could be misinterpreted, due to 
lack of detail. 

 
Very High 

 
Low* 

The model could have been developed using 
better modeling techniques. 

Unlikely Low 

Table 16: Construct Validity Threats 
      *The impact is low only because it is an exploratory survey which was not performed on a full scale with excessive details due to lack of 
        time. 

 
The validation was stated to be limited several times in the document. The intention was just to test the 
model and understand how people would view or understand it, and some possible insights as to how it can 
be improved. The modeling techniques used were the results of the analysis of literature, which provided 
the better modeling alternative in each phase of the life cycle. This research acts a base for how model 
driven NFR consideration can be done in the software development. 

 Reliability Threats 
Potential Threat Probability of 

Occurrence 
Impact on Research 

The precision of survey data could be 
inaccurate. 

High High 

The literature data could be inaccurate. Very Low High 
Table 17: Reliability Threats 

The scales used in this research were tested using the Cronbach’s coefficient of reliability. The questions 
were formulated with the aid of supervisor and other senior researchers, making the survey reliable. The 
literature was thoroughly read twice, and all the conclusions were also verified by supervisor to ensure 
reliability of literature results. 
 

 Other Possible Improvements 
1. The factor of location was not considered in the survey, since most of the respondents expressed 

displeasure in providing information such as name, place, or email. But, this addition to the survey 
could derive a significant output related to which places the meta model could be possibly put to use. 

2. Non-functional requirements cannot exist without functional requirements. The functional aspects 
could be further defined or a model addressing functional requirements could be separately introduced 
in association with this one. 
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9 CONCLUSION AND FUTURE WORK 
Non-functional requirements (NFRs) exercise a strong control on the quality outcome of the software 
product [89]. Their importance and lack of consideration has been evident through literature [5] and through 
the results from the survey of this research.  
Results from the literature review has provided a collective analogy of NFR models, which are not specific 
to a single NFR. The achieved goal is a product life cycle oriented NFR meta model using the better 
alternative of these NFR models. The proposed concept was applied to a mobile phone example to 
demonstrate how the series of phases communicate with one another and the extent to which the model can 
be used.  
Software practitioners and researchers with domain knowledge and experience have provided limited 
validation to the model, opening different perspectives to improve and work on the critical feedback. These 
results were analyzed through descriptive statistical analysis and reliability testing was also conducted as a 
measure of reliability. The results are present below while reminiscing the research questions. 

 Revisiting the Research Questions 
RQ1: From the literature review, NFR modeling approaches such as goal modeling, process oriented 
modeling, data oriented modeling, ontology oriented modeling etc. have been identified, as presented in 
Section 6. The advantages and disadvantages of the identified NFR models have been identified and 
represented in a tabular format. 
RQ2: The selected models and frameworks were: the goal framework by Chung [8] in the product vision, 
the pattern based search by Supakkul et al. [13] and resource analysis from the conceptual model of M. 
Kassab [6] for the product strategy, the NFR elicitation tool elictO by Balushi et al. [75] and LEL-NFR tool 
by Cysneiros et al. [31] for the product definition, Softgoal breakdown by Cysneiros [71] for NFR 
operationalization, NFR relations based on the Eric’s i* framework [28], Liu et al. [12] tactics approach for 
Softgoal to UML conversion, and pattern based storage, model based tradeoffs by Saadatmand et al. [15], 
for design decisions, integration of requirements as per Zhiyi Ma and Shao [5] and finally the requirements 
specification model based on the IEEE SRS [85] and RAM model [84]. Some NFR post modeling activities 
such as roadmap and release plan were addressed using the QUPER tool [87] and NORMATIC tool [65] 
respectively. The project management was also derived based on the inspiration from Mareq et al. [7]. 
RQ3: The techniques classified in RQ2, were used in a convincingly integrated manner to function as a 
single model. The conceptual meta model addresses NFRs at all abstraction levels over the phases of the 
software product life cycle. In other words, if NFR elicitation to integration is considered an NFR life cycle, 
the result of this research is the product life cycle combined with the NFR life cycle. RQ3 solves the research 
gap identified in section 3.1. 
RQ4: The survey was conducted on a sample of practitioners and researchers. Practitioners help validate 
the model from a practical perspective, i.e. we can understand how the model is similar or different to what 
they use, and how open their company is to use it. The practitioners have provided an overall positive 
feedback of 67%. The researchers are the population with dense domain knowledge. Their experience in 
research provides critical review to the artifact. The results from the surveys from both practitioners and 
researchers are that non-functional requirements are not emphasized upon by every company, indicating a 
use for the meta model. 67% efficiency is sufficient to say the model is usable, but not enough to improve 
it. So, the model needs to go through greater validation because of the contrasting responses. No issues 
were withdrawn regarding the transition between the phases of the meta model, indicating a constructive 
flow sequence. Preference between models and tools are quite equal, concluding the fact that modeling is 
not a dead end. The model was recognized as a “good approach” to use NFR models in the product life 
cycles. 
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 Future Work 
This research introduces a systematic way to use NFR models in the early phases of the software product 
life cycle i.e. pre-development phases. The last phase of the meta model is the project management phase 
which involves planning the development activities based on resources, releases, and the analyzed 
requirements. This model can be extended to include features of NFR modeling into the later phases also. 
The later phases would comprise of the development activities, marketing, and servicing and support as per 
the ISPMA 2016’s product life cycle [34]. 

The proposed artifact was validated through an exploratory survey. Some limitations of an exploratory 
survey such as lack of details (as mentioned in Section 7), can be overcome by implementing the model in 
a case study. A case study however requires a larger time span (years) to validate (over several releases), 
but overcomes the shortcomings of a survey. It was beyond the scope of this thesis, but is certainly a 
prospective study to pursue. 

Although this research revolves around NFRs, functional requirements also have a great impact on the 
product. The introduction of more details regarding functional aspects into this model or the proposal of a 
product life cycle oriented functional meta model in relation to its non-functional counterpart is also a 
potential extension to this study. 
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Figure 45: Classification of Popular NFR model types 
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 Appendix B 

 
Figure 46: The Snowballing Process Overview 
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Pape
r ID 

Contex
t (C) 

Study 
Desig
n (S) 

Validit
y (V) 

Rigor 
Sum 

(C+S+V
) 

Subjec
t (U) 

Contex
t (C) 

Scal
e (S) 

Researc
h 

Method 
(RM) 

Relevance 
Sum 

(RM+U+S+
C) 

P1 1 0.5 0.5 2 1 1 0 0 2 
P2 1 0.5 0 1.5 0 1 0 0 1 
P2 1 1 0 2 0 0 1 0 1 
P4 1 0.5 1 2.5 0 0 1 0 1 
P5 1 1 0 2 0 1 1 0 2 
P6 1 1 1 3 0 1 1 0 2 
P7 1 1 1 3 1 0 1 0 2 
P8 0.5 1 0 1.5 0 0 1 0 1 
P9 1 1 0.5 2.5 0 1 1 0 2 

P10 1 0.5 0 1.5 1 1 1 1 4 
P11 1 0.5 1 2.5 1 0 1 0 2 
P12 1 1 1 3 1 1 0 0 2 
P13 1 0.5 1 2.5 0 1 0 0 1 
P14 1 1 0.5 2.5 1 0 1 0 2 
P15 1 1 0.5 2.5 0 1 1 1 3 
P16 0.5 0.5 1 2 0 0 0 0 0 
P17 1 0.5 0.5 2 0 1 0 0 1 
P18 1 1 0.5 2.5 0 1 1 1 3 
P19 1 0.5 0 1.5 0 1 0 0 1 
P20 1 1 0.5 2.5 1 1 0 0 2 
P21 1 0.5 0.5 2 1 1 0 0 2 
P22 0.5 1 1 2.5 1 1 0 0 2 
P23 1 1 1 3 1 1 1 1 4 
P24 1 1 1 3 1 1 0 0 2 
P25 1 1 1 3 1 1 1 1 4 
P26 1 1 1 3 1 1 1 1 4 
P27 0.5 0.5 0 1 1 0 0 0 1 
P28 1 1 1 3 0 1 1 0 2 
P29 1 1 1 3 1 1 1 0 3 
P30 1 1 0 2 1 1 1 0 3 
P31 0.5 1 0 1.5 1 1 0 0 2 
P32 1 1 0.5 2.5 1 1 0 0 2 
P33 1 1 0 2 1 0 0 0 1 
P34 1 1 0.5 2.5 1 0 0 0 1 
P35 1 1 1 3 1 1 1 1 4 
P36 1 1 1 3 1 1 1 1 4 
P37 1 1 0.5 2.5 1 1 1 1 4 

Table 18: Scores of Rigor and Relevance 
 

 Appendix C 
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Table 19: Mapping of Literature to Product Life Cycle (Phase-wise Analysis) - I 
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Table 20: Mapping of Literature to Product Life Cycle (Phase-wise Analysis) - II 
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Table 21: Mapping of Literature to Product Life Cycle (Phase-wise Analysis) - III 
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Table 22: Mapping of Literature to Product Life Cycle (Phase-wise Analysis) - IV 
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Figure 47: A snapshot of the ElicitO tool presented in P30 [75] 

 

 
Figure 48: A snapshot of the roadmap view generated by the QUPER model in P37 [79] 

 Appendix D 
Frequency tables of the survey results of practitioners: 
 
 

Profession 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Client Services Coordinator 1 3.4 3.4 3.4 

Distinguished Engineer 1 3.4 3.4 6.9 

Project Manager 2 6.9 6.9 13.8 
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Project Team Lead 1 3.4 3.4 17.2 

Quality Manager 1 3.4 3.4 20.7 

Requirements Analyst 2 6.9 6.9 27.6 

Requirements Engineer 5 17.2 17.2 44.8 

Senior Architect 3 10.3 10.3 55.2 

Senior Business Manager 1 3.4 3.4 58.6 

Senior Developer 4 13.8 13.8 72.4 

Senior Product Manager 2 6.9 6.9 79.3 

Software Engineer 6 20.7 20.7 100.0 

Total 29 100.0 100.0  
Table 23: Types of Professions 

 
PVM 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Not So Well 3 10.3 10.3 10.3 

2.00 5 17.2 17.2 27.6 

3.00 7 24.1 24.1 51.7 

4.00 11 37.9 37.9 89.7 

Very Well 3 10.3 10.3 100.0 

Total 29 100.0 100.0  
Table 24: Product Vision Model Rating 

 
PSM 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Not So Well 6 20.7 20.7 20.7 

2.00 1 3.4 3.4 24.1 

3.00 14 48.3 48.3 72.4 

4.00 7 24.1 24.1 96.6 

Very Well 1 3.4 3.4 100.0 

Total 29 100.0 100.0  
Table 25: Product Strategy Model Rating 

 
PDM1 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Yes 4 13.8 13.8 13.8 

No 25 86.2 86.2 100.0 

Total 29 100.0 100.0  
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Table 26: Product Definition Support 

PDM2 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Not So Well 1 3.4 3.4 3.4 

2.00 7 24.1 24.1 27.6 

3.00 6 20.7 20.7 48.3 

4.00 14 48.3 48.3 96.6 

Very Well 1 3.4 3.4 100.0 

Total 29 100.0 100.0  
Table 27: Product Definition Model Rating 

 
OP 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Not So Well 1 3.4 3.4 3.4 

2.00 4 13.8 13.8 17.2 

3.00 14 48.3 48.3 65.5 

4.00 9 31.0 31.0 96.6 

Very Well 1 3.4 3.4 100.0 

Total 29 100.0 100.0  
Table 28: Operationalization Model Rating 

 

RELAT1 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Yes 10 34.5 34.5 34.5 

No 13 44.8 44.8 79.3 

Maybe 5 17.2 17.2 96.6 

4.00 1 3.4 3.4 100.0 

Total 29 100.0 100.0  
Table 29: Relationship Support 

 
RELAT2 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Not So Well 3 10.3 10.3 10.3 

2.00 3 10.3 10.3 20.7 

3.00 6 20.7 20.7 41.4 
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4.00 13 44.8 44.8 86.2 

Very Well 4 13.8 13.8 100.0 

Total 29 100.0 100.0  
Table 30: Relationship Model Rating 

 
PATTERN 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Not So Much 1 3.4 3.4 3.4 

2.00 3 10.3 10.3 13.8 

3.00 11 37.9 37.9 51.7 

4.00 9 31.0 31.0 82.8 

Very Much 5 17.2 17.2 100.0 

Total 29 100.0 100.0  
Table 31: Tactics Model Rating 

 
PATTERN2 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Yes 17 58.6 58.6 58.6 

No 5 17.2 17.2 75.9 

Maybe 7 24.1 24.1 100.0 

Total 29 100.0 100.0  
Table 32: Willingness to use the model 

 
TRADE 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Very Similar 1 3.4 3.4 3.4 

Similar 4 13.8 13.8 17.2 

Not so Similar 5 17.2 17.2 34.5 

I do not use an approach 19 65.5 65.5 100.0 

Total 29 100.0 100.0  
Table 33: Trade-off Support 

 
TRADE2 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Yes 12 41.4 41.4 41.4 
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No 4 13.8 13.8 55.2 

Maybe 13 44.8 44.8 100.0 

Total 29 100.0 100.0  
Table 34: Willingness to use Model 

 
INTEGRAT 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Not So Well 2 6.9 6.9 6.9 

2.00 10 34.5 34.5 41.4 

3.00 8 27.6 27.6 69.0 

4.00 8 27.6 27.6 96.6 

Very Well 1 3.4 3.4 100.0 

Total 29 100.0 100.0  
Table 35: Integration Model Rating 

 
SRS1 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Yes 4 13.8 13.8 13.8 

No 25 86.2 86.2 100.0 

Total 29 100.0 100.0  
Table 36: SRS Model Support 

 
SRS2 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Yes 23 79.3 79.3 79.3 

No 6 20.7 20.7 100.0 

Total 29 100.0 100.0  
Table 37: SRS Template Representation 

 

SRS3 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Not So Well 1 3.4 3.4 3.4 

2.00 3 10.3 10.3 13.8 

3.00 10 34.5 34.5 48.3 

4.00 12 41.4 41.4 89.7 
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Very Well 3 10.3 10.3 100.0 

Total 29 100.0 100.0  
Table 38: SRS Model Rating 

 
ROADMAP1 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Yes 19 65.5 65.5 65.5 

No 10 34.5 34.5 100.0 

Total 29 100.0 100.0  
Table 39: Roadmap Support 

 
ROADMAP2 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Yes 10 34.5 34.5 34.5 

No 5 17.2 17.2 51.7 

Maybe 14 48.3 48.3 100.0 

Total 29 100.0 100.0  
Table 40: Willingness to use model 

 
RELEASE1 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Yes 25 86.2 86.2 86.2 

No 4 13.8 13.8 100.0 

Total 29 100.0 100.0  
Table 41: Release Support 

 
RELEASE2 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Very Different 2 6.9 6.9 6.9 

2.00 4 13.8 13.8 20.7 

3.00 15 51.7 51.7 72.4 

4.00 8 27.6 27.6 100.0 

Total 29 100.0 100.0  
Table 42: Release Model Rating 
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RELEASE3 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Yes 12 41.4 41.4 41.4 

No 3 10.3 10.3 51.7 

Maybe 14 48.3 48.3 100.0 

Total 29 100.0 100.0  
Table 43: Willingness to use model 

 
PM1 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Yes 15 51.7 51.7 51.7 

No 6 20.7 20.7 72.4 

Maybe 8 27.6 27.6 100.0 

Total 29 100.0 100.0  
Table 44: Project Management Support 

 
PM2 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid 3.00 1 3.4 3.4 3.4 

4.00 11 37.9 37.9 41.4 

Very Well 17 58.6 58.6 100.0 

Total 29 100.0 100.0  
Table 45: Project Management Model Rating 

 

Frequency tables of the survey results of researchers: 
 
 

Profession 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Assistant Professor 1 7.1 7.1 7.1 

Professor 6 42.9 42.9 50.0 

Researcher 5 35.7 35.7 85.7 

Senior Researcher 2 14.3 14.3 100.0 

Total 14 100.0 100.0  
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Table 46: Profession of Researchers 
 

PVMA 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Not so well 2 14.3 14.3 14.3 

2.00 5 35.7 35.7 50.0 

3.00 4 28.6 28.6 78.6 

4.00 2 14.3 14.3 92.9 

Very well 1 7.1 7.1 100.0 

Total 14 100.0 100.0  
Table 47: Product Vision Model Representation 

 
PVMB 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Not so useful 2 14.3 14.3 14.3 

2.00 3 21.4 21.4 35.7 

3.00 2 14.3 14.3 50.0 

4.00 4 28.6 28.6 78.6 

Very useful 3 21.4 21.4 100.0 

Total 14 100.0 100.0  
Table 48: Importance of Modeling Product Vision 

 
PSMA 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Not so well 3 21.4 21.4 21.4 

2.00 6 42.9 42.9 64.3 

3.00 3 21.4 21.4 85.7 

4.00 1 7.1 7.1 92.9 

Very well 1 7.1 7.1 100.0 

Total 14 100.0 100.0  
Table 49: Product Strategy Model Representation 

 
PSMB 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid 2.00 5 35.7 35.7 35.7 
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3.00 3 21.4 21.4 57.1 

4.00 3 21.4 21.4 78.6 

Very useful 3 21.4 21.4 100.0 

Total 14 100.0 100.0  
Table 50: Importance of Modeling Product Strategy 

 
PDMA 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Not so well 1 7.1 7.1 7.1 

2.00 3 21.4 21.4 28.6 

3.00 6 42.9 42.9 71.4 

4.00 3 21.4 21.4 92.9 

Very well 1 7.1 7.1 100.0 

Total 14 100.0 100.0  
Table 51: Product Definition Model Representation 

 
PDMB 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid 3.00 3 21.4 21.4 21.4 

4.00 7 50.0 50.0 71.4 

Very Important 4 28.6 28.6 100.0 

Total 14 100.0 100.0  
Table 52: Importance of Modeling Product Definition 

 
OPA 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Not so well 1 7.1 7.1 7.1 

2.00 2 14.3 14.3 21.4 

3.00 4 28.6 28.6 50.0 

4.00 6 42.9 42.9 92.9 

Very well 1 7.1 7.1 100.0 

Total 14 100.0 100.0  
Table 53: Operationalization model representation 

 
OPB 
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 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid 2.00 2 14.3 14.3 14.3 

3.00 3 21.4 21.4 35.7 

4.00 5 35.7 35.7 71.4 

Very useful 4 28.6 28.6 100.0 

Total 14 100.0 100.0  
Table 54: Importance of modeling operationalizations 

 
RELATA 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Not so well 3 21.4 21.4 21.4 

2.00 5 35.7 35.7 57.1 

3.00 3 21.4 21.4 78.6 

4.00 2 14.3 14.3 92.9 

Very well 1 7.1 7.1 100.0 

Total 14 100.0 100.0  
Table 55: Relationship Model Representation 

 
RELATB 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Not so well 1 7.1 7.1 7.1 

2.00 2 14.3 14.3 21.4 

3.00 6 42.9 42.9 64.3 

4.00 2 14.3 14.3 78.6 

Very well 3 21.4 21.4 100.0 

Total 14 100.0 100.0  
Table 56: Represenatation of NFRs similar to i* idealogy 

 
PATTERNA 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid 2.00 2 14.3 14.3 14.3 

3.00 6 42.9 42.9 57.1 

4.00 4 28.6 28.6 85.7 

Very much 2 14.3 14.3 100.0 

Total 14 100.0 100.0  
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Table 57: Importance of Patterns 

 

 
PATTERNB 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid 2.00 3 21.4 21.4 21.4 

3.00 7 50.0 50.0 71.4 

4.00 3 21.4 21.4 92.9 

Very well 1 7.1 7.1 100.0 

Total 14 100.0 100.0  
Table 58: Pattern Model Representation 

 
TRADEA 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Not so well 5 35.7 35.7 35.7 

2.00 2 14.3 14.3 50.0 

3.00 4 28.6 28.6 78.6 

4.00 1 7.1 7.1 85.7 

Very well 2 14.3 14.3 100.0 

Total 14 100.0 100.0  
Table 59: Trade-off Model Representation 

 
TRADEB 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Not so much 1 7.1 7.1 7.1 

2.00 1 7.1 7.1 14.3 

3.00 3 21.4 21.4 35.7 

4.00 6 42.9 42.9 78.6 

Very much 3 21.4 21.4 100.0 

Total 14 100.0 100.0  
Table 60: Importance of Modeling Tradeoffs 

 
INTEGRATA 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid 2.00 5 35.7 35.7 35.7 
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3.00 5 35.7 35.7 71.4 

4.00 3 21.4 21.4 92.9 

Very well 1 7.1 7.1 100.0 

Total 14 100.0 100.0  
Table 61: Integration model representation 

 
SRSA 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid 2.00 3 21.4 21.4 21.4 

3.00 7 50.0 50.0 71.4 

4.00 3 21.4 21.4 92.9 

Very well 1 7.1 7.1 100.0 

Total 14 100.0 100.0  
Table 62: Requirements Specification model representation 

 
SRSB 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Not so well 3 21.4 21.4 21.4 

2.00 4 28.6 28.6 50.0 

3.00 5 35.7 35.7 85.7 

4.00 1 7.1 7.1 92.9 

Very well 1 7.1 7.1 100.0 

Total 14 100.0 100.0  
Table 63: Similarity to the SRS IEEE template 

 
POST 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Models 3 21.4 21.4 21.4 

Tools 3 21.4 21.4 42.9 

Both 7 50.0 50.0 92.9 

Neither 1 7.1 7.1 100.0 

Total 14 100.0 100.0  
Table 64: Preference between models and tools 

 
ROADMAPA 
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 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Not so much 1 7.1 7.1 7.1 

2.00 2 14.3 14.3 21.4 

3.00 7 50.0 50.0 71.4 

4.00 2 14.3 14.3 85.7 

Very much 2 14.3 14.3 100.0 

Total 14 100.0 100.0  
Table 65: Usefulness of model for roadmap 

 
ROADMAPB 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid 2.00 1 7.1 7.1 7.1 

3.00 7 50.0 50.0 57.1 

4.00 5 35.7 35.7 92.9 

Very much 1 7.1 7.1 100.0 

Total 14 100.0 100.0  
Table 66: Importance of NFRs in roadmap 

 
RELEASEA 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Not so well 2 14.3 14.3 14.3 

2.00 4 28.6 28.6 42.9 

3.00 6 42.9 42.9 85.7 

4.00 2 14.3 14.3 100.0 

Total 14 100.0 100.0  
Table 67: Release Plan Model Representation 

 
RELEASEB 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid 3.00 7 50.0 50.0 50.0 

4.00 5 35.7 35.7 85.7 

Very much 2 14.3 14.3 100.0 

Total 14 100.0 100.0  
Table 68: Importance of NFRs in release planning 
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RELEASEC 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Yes 3 21.4 21.4 21.4 

No 3 21.4 21.4 42.9 

Maybe 8 57.1 57.1 100.0 

Total 14 100.0 100.0  
Table 69: Willingness to use tool 

 
PMA 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Not so well 1 7.1 7.1 7.1 

2.00 4 28.6 28.6 35.7 

3.00 7 50.0 50.0 85.7 

4.00 1 7.1 7.1 92.9 

Very well 1 7.1 7.1 100.0 

Total 14 100.0 100.0  
Table 70: Project Management model representation 

 
PMB 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Not so much 1 7.1 7.1 7.1 

3.00 4 28.6 28.6 35.7 

4.00 7 50.0 50.0 85.7 

Very much 2 14.3 14.3 100.0 

Total 14 100.0 100.0  
Table 71: Importance of all phases in project management 
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 Appendix E 
 

 Survey Structure - Practitioners 
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Some overall feedback received regarding the meta model are: 
“Great model. Looks like you put a lot of thought into it. I do not create products, but create 

architectural designs so hope this was helpful.” 
“Tools tend to slow down development, alienate people outside the process. Words, human 

interaction, and diagrams are better. Tools add insecurity for people that don’t understand the tool or 
are not of technical background.” 

“Survey is lengthy, but the approach is good. Good luck.” 
“Thought processes are changing and satisfaction is a measure of function. I suggest you get out 

of non-functionalities.” 
“Great structure, some more details would be helpful? I see many good studies, but lack good 

detail on how you plan to use them.” 
“The model looks quite good, perhaps some details would help with better comments.” 
“I did not understand some of the content, some more details would be useful.” 
“I am in favor of development in the lightest manner with the simplest tools and most agile 

approach. From the details available, the approach seems heavy with numerous phases.” 
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REJOINDER OF THE THESIS PROJECT 

Introduction 
This section of the document acts upon the comments made by the supervisor, examiner and opponents 

of the master thesis titled, “Non-Functional Requirement Modeling in Early Phase Software Product Life 
Cycle.” This report is divided into three sections, which will address the comments by the supervisor (S), 
examiner (E) and opponent (O). Most actions were taken based on their provided suggestions, and support 
from literature. 

Supervisor 
Below is the question asked by the supervisor, during the opposition session: 
S1: I am interested in knowing how the work you have shown can be stored in an industry. High level 
modeling requires the storage of meta data. How do you plan to do so? Do you have any ideas? 
A: This was an interesting question by the supervisor that could provide a potential future to the 
implementation of this research. Further research was done to answer this question. According to Marco et. 
al, meta data generated from models can be stored by using meta data repositories and meta data registries. 
A registry acts as a centralized data warehouse for storing information. A repository stores meta data and 
also provides links to relate them to one another. A meta data repository is suggested to be used to store the 
data generated by the proposed model [90], [91]. 
The integrity of the architecture in this model can be maintained if there is traceability. For example, using 
a repository with links can help understand how a change made at one level affects the implementations at 
another level. Relationships between the meta data need to be reserved and that is how the life cycle can 
function without losing systematicity. This is also useful if the data keeps changing or is evolving to 
improve the model. Other uses of this approach include version control, relating meta data, system 
integration, control over decisions, etc. [90], [91]. 
Further details such as theoretical implementations have been discussed with supervisor, and will require 
further research to conclude. 

Examiner 
Below is the remark made by the examiner, during the opposition session: 
E1: I don’t think the survey you have conducted provides reliable conclusions. The respondents do not 
have the necessary knowledge to understand high level modeling. Some models are basic and cannot result 
in a response less than a 3, such as “How well does this figure show how NFR solutions are derived?” in 
the context of the operationalization model. How reliable do you believe you results from the survey are? I 
would suggest interviews to be better than surveys for this purpose. 
A: This was a valid and well-experienced remark made by the examiner. It was agreed upon in the 
opposition itself, that a case study being the better research method for this research, was not selected due 
to the undeterminable nature (of time and risks) of a software life cycle. The systematic literature review, 
the analysis, the meta model generation, and its application had taken most of the time available for the 
master thesis project. The lack of time had led to the rejection of an interview, which would have been 
better than a survey, as per the suggestion of the examiner. A survey was can be mapped as a good technique 
for requirements model evaluation, as per [47]. However, a change was made to the document indicating 
that the survey conducted was an exploratory survey, in order to examine the possibilities of how 
practitioners and researchers would interpret the model. This change also signifies that the results provided 
DO NOT contribute to the complete validation of the model, but help gather information about the model. 
A total of 43 valid responses (29 from practitioners and 14 from researchers) were identified from the 
survey results. The remark made by the examiner is not applicable to researchers because from Section 7.1, 
it was stated that all 14 researchers are working with requirements modeling or have worked with them in 
the past. Hence, they have knowledge of the existing modeling techniques and are familiar with the articles 
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used in this thesis project. From this, it can be concluded that at least 14 responses are from reliable sources, 
which have properly interpreted the survey. 

Opposition 
Below are the remarks made by the opponent in the opposition report: 
O1: RQ2 does not match well entirely with the second objective because it is to identify the more suitable 
models and not the best one. 
A: “More suitable” was the term used because preference is a factor which affects the usability to a large 
scale (as mentioned in Section 8.1.2). For example, if a company has never used goal modeling and uses 
only UML, then some techniques selected for this meta model need to be replaced with techniques based 
on UML. With consideration to such cases, the term “more suitable” was used, since the models were 
selected based on compatibility to the product life cycle and the advantage-disadvantage analysis.  
O2: No proper motivation as to why controlled experiment, interviews and case study were rejected. 
A: The information as to why other research methods were not selected was added with proper references 
in Section 4.3. 
O3: No proper motivation as to why other data analysis methods were not chosen has not been provided. 
A: The information regarding why other data analysis methods were not chosen was added with proper 
reference in Section 4.3.3. 
O4: Only 9 of the 34 papers were determined to have high relevance. How can it be assured that the other 
papers have high relevance to the study? 
A: In the paper [82], the term relevance is a measure of “quality” of the literature, and not a measure of 
how relevant the literature is to the study as mistaken by the opponent. Furthermore, most literature have 
low relevance measure because: 
i) Close to all the literature encountered in the snowballing procedure provided no proper validation 

or no proper sample population for validation which led to a 2 or less in relevance score. 
ii) The quality is assessed after article selection and not before. 
O5: A total of 32 papers were described, whereas summaries were provided for 34. 15 results in table 3 
were listed as 17. 
A: There has been an error in consistency i.e. typing error. The entire document was rechecked to ensure 
the consistency measure. 
O6: “The questions were interpreted differently by different respondent,” cannot by eliminated only 
because his investigation was based on the previous model validation guidelines and Kitchenham’s 
guidelines.” 
A: The quoted was a possible outcome. It was not eliminated, but was a less likely to occur alternative, 
based on the reasoning provided in Section 7.4.2. Hence, the term “probable” was used. 
O7: Reference [35] used has not been published yet. How can we believe it is true? 
A: Article referenced as [35], was a 5-year case study with Sony to identify design patterns in quality 
requirements authored by Krzysztof Wnuk and Thomas Olson. This article is under revision and will be 
published shortly. Only some informational aspects were used from this paper and the results are not 
affected by this paper as it was not a model used in the development of the meta model. 
O8: How were 8 papers selected from 1703 papers during the snowballing process? 
A: The details regarding such decisions made during the snowballing were stored in an excel sheet and 
written down. The information was examined and the criteria regarding the rejection of papers was added 
in section 5.1.3. 
O9: The response rate was not mentioned. 
A: It is not mandatory to present the response rate of the survey. However, a total of 67 responses were 
received in a period of 29 days. Out of 67, only 43 responses were valid and relevant. This is the only 
information available from the author. It was added to Section 7.1. 
O10: The validity threat to reliability and construct validity was not mentioned. 
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A: The calculation of the reliability coefficient ensures reliability up to a certain extent. However, potential 
validity threats regarding both aspects were added in Section 8. 

Conclusion 
All the suggestions, remarks, and questions from the supervisor, opponent and examiner were answered 
and actions and changes were made accordingly. I would like to thank all three participants for their time 
invested in helping to identify and rectify some crucial aspects, which were an important step of improving 
the quality of the thesis produced. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


