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Abstract 

Software quality is dominated by the manufacturing view in which the conformance to software process 

models is considered to be the best approach by which to deliver high quality software products.  Product 

quality is measured by using surrogates as the number of defects found in software products and/or 

rework costs. This view, although useful for structuring practices that a software organization deploys, 

lacks the appropriate support needed to directly focus on the quality needs of different stakeholders.  

The approach for software quality based on a product view addresses this from the perspective of the 

stakeholder’s point of view. A valuable support that can be used to address stakeholder quality goals is a 

product quality model which describes the main quality characteristics to be taken into account when a 

software product is specified, measured or evaluated. However, the research into quality models has been 

developed in parallel, but independently, of the approaches used in the software process field. A strategy 

with which to enhance product quality could be based on both quality views. 

Integrated approaches of the process and product quality views can potentiate the business strategies 

focused on enhancing software quality.  An approach focused on the software process provides a general 

view as regards the extent to which quality goals are fulfilled by current software processes. After 

diagnosing current quality goals using a tailored product quality model, the software process may be 

improved by introducing specific activities oriented toward enhancing a given product quality 

characteristic. In order to implement the aforementioned strategy, software organizations need structured 

approaches that support the enhancement of their product quality. 

As a proposal with which to support the introduction of a product based perspective into a software 

process oriented view of quality, this thesis presents the Software Quality Interaction Management 

Framework (SQIMF), a framework developed in order to manage interactions between product quality 

characteristics  by defining a set of processes that is oriented toward both minimizing the number of 

negative interactions between quality characteristics and mitigating the impact of the negative interactions 

that could occur during software development. The framework additionally considers the development of 

improvement plans oriented toward enhancing a product quality characteristic using specific activities 

based on a harmonization approach. The SQIMF framework is composed of three components: 

1. Conceptual view, which defines the SQIMF ontology. The SQIMF ontology relies on both the ISO 

25010 quality model and other product quality model representations. The ontology also considers the 

vocabulary used in the software quality and software requirements fields to manage interactions between 

quality requirements and quality attributes. Furthermore, the SQIMF ontology considers concepts used in 

a decision-making process to support the trade-off analysis in order to resolve negative interactions. 

Moreover, the SQIMF ontology establishes links with both the Software Measurement Ontology (SMO) 

and the Harmonization of Multi Models Ontology (H2MO) in order to use other supporting 

methodologies.  
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2. Methodological view, which defines a set of processes and methods that can be used to manage 

interactions between quality characteristics. The methodological framework includes: 

 Five processes suggested for use at organizational and project level. The processes bound to the 

organizational level address the tailoring of product quality models and the establishment of 

product quality goals. The processes bound to project level focus on monitoring product quality 

requirements in order to identify potential interactions between quality characteristics, and 

resolving negative interactions by applying a structured process for decision-making.  

 Methods to support the SQIMF processes. The process perspective is supported by the inclusion 

of methods used in the harmonization approach.  A set of methods and techniques with which to 

trade off software quality characteristics is also included. 

3. Technological view, which describes a web tool that can be employed to support the management of 

interaction models, the mapping between process models and product quality models, and the 

management of product quality models. 

This thesis also shows the reference framework regarding how software process improvement literature 

has addressed software product quality. The SQIMF framework proposal has emerged from the analysis 

of the current state of research in the SPI field. In addition, two empirical studies have been conducted. 

An exploratory case study carried out by means of a survey of three small Spanish companies helped to 

determine the need to carry out research into the management of interactions between quality 

characteristics. The second study, a case study conducted using interviews, showed how the interactions 

between quality characteristics are identified. The SQIMF framework can therefore address both quality 

perspectives in order to improve software quality. The exploratory studies showed the need for further 

research into this topic to support business quality needs. 
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1. Introduction 
 

This chapter presents an overview of the research background and the rationale used to carry out this 

research, along with its hypothesis and objectives. The sponsored research projects that contribute toward 

formalizing the ideas behind this research also are presented. Finally, the structure of this work is 

outlined. 
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1.1. Background and Motivation 

Current software systems such as, among others, mobile applications, complex Web-based systems or 

embedded systems, demand high-quality software.  In order to attain the expected quality, software 

developers should consider not only the means employed to provide a solution, but also  stakeholders’ 

quality needs (Chung et al., 2000). The resulting quality requirements may constrain the design and 

implementation alternatives (Ameller et al., 2013). This signifies that the engineering activities used to 

elicit, analyze and specify quality requirements need  to be carefully considered so as to systematically 

identify the relevant quality requirements (Chen et al., 2013). The combination of technologies in modern 

software systems makes it more difficult to evaluate and balance this kind of requirements (Capilla et al., 

2012). This problem is exacerbated because the quality requirements that affect software architecture are 

difficult to define and articulate, they tend to be expressed vaguely, and they are subjective, variable, and 

situational (Chen et al., 2013). Dealing with quality requirements is therefore a challenge, signifying that 

appropriate methods with which to support quality requirements throughout all the stages of the software 

development life cycle are needed, including approaches to deal with interactions between them (Ameller 

et al., 2013; Chen et al., 2013).  

This thesis tackles the management of interactions between software quality requirements from an 

integrated perspective of process and product. In order to provide an holistic approach, quality 

requirements should be categorized using a product quality model as an underlying reference, and 

activities with which to enhance a particular quality characteristic should be integrated into the software 

process. Given the diversity of the related terminology, the following terms will be used throughout this 

thesis for the sake of clarity: Software quality to refer to a general view of product quality without 

implying that any specific approach is used to specify, measure or evaluate it; Software product quality to 

refer to the fact that there is an underlying quality model that defines a set of product quality 

characteristics and; Software process quality, to refer to the capability of a software process to produce 

software with increased quality. The thesis therefore aims to address two main issues, which are outlined 

below. 

Firstly, a particular issue that arises when software developers specify quality requirements is how to deal 

with interactions between them and how to carry out the tradeoffs needed to establish appropriate target 

values for quality requirements (Loucopoulos et al., 2013). Before a trade-off study can be performed, the 

interactions between the quality requirements under study should be characterized. Interactions have been 

described as situations in which the satisfaction of one requirement may affect the satisfaction of another 

(Robinson et al., 2003). Interactions can be recognized by comparing requirements descriptions, or 

analyzing their respective implementation (Robinson et al., 2003).  Overlooking interactions between 

quality requirements is considered to be a causal factor in the failure of some projects (Boehm and In, 

1996; Mairiza et al., 2010; Theofanos and Pfleeger, 2011). The lack of management of interactions 

between quality requirements can therefore increase software development costs, and could decrease 

stakeholder satisfaction (Chen et al., 2013; Dahlstedt and Persson, 2005).  
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The management of interactions between quality aspects focuses on the identification, storage, and 

resolution of interactions (Dahlstedt and Persson, 2005). The identification of interactions between 

quality requirements is the first step towards its resolution. The next step is that of attaining tradeoffs 

between the quality aspects, whatever they are (e.g. quality requirements, quality attributes, quality 

characteristics, among others). Tradeoffs between quality aspects need to consider at least two kinds of 

quality requirements and potentially the context in which they appear (Barney et al., 2012). Achieving an 

appropriate balance between quality requirements requires a trade study, which is defined as an 

evaluation of alternatives, based on criteria and systematic analysis, in order to select the best alternative 

as regards attaining determined objectives (CMMI, 2010). Despite the fact that practitioners acknowledge 

the relevance of managing interactions between quality requirements, few organizations have deployed 

appropriate processes (Ameller et al., 2013; Berntsson Svensson et al., 2012; Phillips et al., 2012). 

 

Several approaches with which to reconcile negative interactions between software quality requirements 

have been reported. The most common methods include expert judgment (Barney et al., 2012), the Non-

Functional Requirements (NFR) framework (Chung et al., 2000), Quality Function Deployment (QFD) 

(Karlsson, 1997), Theory W (Boehm and In, 1996), and the Architecture Trade-off Analysis Method 

(Kazman and Klein, 1998). The overview of the methods used to resolve negative interactions between 

quality requirements or attributes shows that they are focused on a specific software development activity, 

such as an analysis of requirements and architectural design. Given that interactions between quality 

requirements can arise when implementing solutions (Robinson et al., 2003) and throughout the software 

development life cycle (García-Mireles et al., 2014c) an holistic approach is needed to deal with these 

features of an interaction. 

One practical approach that can be used to deal with the identification of interactions between quality 

requirements is the interaction model, which describes the type of relationship between two quality 

characteristics as positive, negative, unknown or independent (Robinson et al., 2003). However, before 

the interactions between quality requirements can be identified by means of interaction models, it is 

necessary to establish the relationship between quality requirements and software product quality models 

such as ISO/IEC 25010 (ISO, 2010). After the quality requirements have been classified with regard to 

their appropriate quality characteristics, the interaction model provides information about the potential 

types of relations that may exist between said quality requirements (Robinson et al., 2003). 

The second issue concerns the process perspective in software product quality improvement. Enhancing 

product quality is one of the main goals of a software process improvement (SPI) initiative (Staples and 

Niazi, 2008; Unterkalmsteiner et al., 2012), and the traditional approach used to assess the effectiveness 

of the SPI program has, to date, been that of using a manufacturing view, in which  the quality focuses on 

conformance to specification and adherence to a software process (Berander et al., 2005). Concepts such 

as defect counts, failure rates and rework costs are common when researchers or practitioners seek 

objective evidence with which to measure quality (Kitchenham and Pfleeger, 1996). Quality improvement 

is achieved when the project performance obtains a reduction in software defects (Card, 1998).  



5 
 

However the manufacturing view provides a narrow view of software quality (Ashrafi, 2003). The main 

approaches which are currently in use as regards enhancing software product quality from a software 

process improvement perspective are: the capability-based approach, the measurement-based approach 

and the combined approach (García-Mireles et al., 2014b). The capability-based approach relies on the 

implementation of practices in order to improve software quality; the main focus of the measurement-

based approach is that of monitoring quality levels using a measurement process. The combined approach 

uses elements from the two aforementioned approaches.  

Within the capability-based approach, one strategy is to provide multi-model support in order to combine 

activities between process reference models (Siviy et al., 2008). Reported studies are mainly focused on 

generic process reference models such as CMM/CMMI, ISO/IEC 15504 and ISO 9000, among others 

(Kelemen et al., 2012; Pardo et al., 2011c). These results are expected since harmonization should be 

carried out between models that are fairly similar so as to gather the expected benefits and reduce the 

costs involved in implement them (Siviy et al., 2008). Other proposals use mappings between security 

reference process models without considering a generic process reference models (García-Mireles et al., 

2014b). The review of the current approaches employed to improve product quality within SPI initiative 

has shown this is an area that needs more research to understand the effect of the software process on 

product quality. What is more, the management of interactions between quality characteristics (or 

requirements) is a topic that has barely been addressed from an SPI perspective in related literature. 

Although industrial practice does in fact recognize the importance of addressing software quality 

characteristics such as usability, performance, or reliability for product success (Berntsson Svensson et 

al., 2012), proper methods with which to support the achievement of product quality goals or 

requirements (in terms of quality characteristics) are not usually described in reference process models 

and little is known about the interaction of these methods with other process elements (Chiam et al., 

2013). Generic process reference models, e.g. CMMI and ISO/IEC 12207, recommend practices that can 

be used to deal with interactions between quality requirements, but they do not address how these 

recommendations can be implemented. These reference models barely address the specific practices used 

to improve product quality characteristics (García-Mireles et al., 2012), and there is still a need to develop 

process approaches with which to specify, achieve and validate product quality requirements (Allen et al., 

2006). Indeed, developing software systems requires quality management tasks to deal with non-

functional requirements such as security and performance (Breu et al., 2014). The usual practices 

employed to enhance software product quality within the capability based approach rely on mappings 

among process models, and in addition to the fact that there is systematic support to deal with mappings 

between processes models (Pino et al., 2010b), this approach can also be extended to enhance product 

quality. A systematic approach with which to perform mappings with regard to practices whose intention 

is to enhance a given product quality characteristic is therefore needed.  
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In summary, the quality needs specified by the stakeholders who are involved require software 

organizations to have adequate processes and methods to deal with quality requirements and their 

implementation in software products in a holistic manner by considering:  

 Appropriate and practical tools to deal with quality requirements, including situations in which 

tradeoffs need to be made (Chen et al., 2013); and support for quality interaction management 

which can be tailored to specific needs for each organization (Berander et al., 2005).  

 Process support with which to enhance a given product quality characteristic. 

Bearing the aforementioned issues in mind, the aim of this thesis is to support the identification, 

resolution and management of interactions between quality characteristics and to provide support for 

mappings between a software process and recommended practices in order to enhance a given product 

quality characteristic. To achieve this, we propose the Software Quality Interaction Management 

Framework (SQIMF), which can provide organizations with processes as regards both managing the 

conflicting interactions between quality characteristics and providing a means to perform mappings 

between product and process models focused on a particular quality characteristic. This research relies on 

previous work on software quality requirements and quality models with which to manage interactions 

between quality characteristics. Moreover, a review on software process models provides a means to 

identify alternatives that can be used to enhance software product quality. 

 

1.2. Hypothesis and Objectives 

The work conducted in this research project was guided by the following principal hypothesis: 

It is possible to manage interactions between software product quality characteristics 

which arise during software project using a process framework and to suggest activities to 

improve software product quality by means of mappings between product and process 

models. 

The general objective of this research is therefore: 

To define a process framework with which manage interactions between software product 

quality characteristics in order to support the business quality goals from a process and 

product improvement perspective. 

The general objective is achieved by the following specific objectives: 

O1. To perform a literature review of both the software product quality approach applied in SPI and 

the proposals used to manage interactions between quality characteristics in order to identify 

current issues and recommended practices with which to mitigate negative interactions. 

O2. To define a process framework that can be employed to manage interactions between quality 

characteristics that might arise during software development projects based on the classification 
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of interactions between quality characteristics as a means to identify potential interactions 

between quality requirements. 

O3. To support the harmonization of multiple process models related to a specific software product 

quality characteristic as a means to provide solution alternatives to either issues related to 

interactions between quality characteristics or the achievement of specific quality goals.  

O4. To provide a set of methods and guidelines that can be used with the process framework in order 

to guide the implementation of the process proposed. 

O5. To validate the framework used to manage interactions between quality characteristics by 

conducting exploratory case studies. 

1.3.  Sponsored Research Projects 

This research has principally been conducted within the framework of the following research projects: 

ARMONIAS, MEDUSAS, and GEODAS-BC. The ARMONIAS project aims to promote the 

harmonization and integration of standards, quality and security models in order to improve the software 

processes of an organization. The outcomes of this project are methods, processes and techniques with 

which to harmonize different quality and security models. This work is derived from the research 

outcomes of said project and deals with the harmonization between traditional process reference models 

such as ISO/IEC 12207 and CMMI and process models that are focused on a given product quality 

characteristic like security or usability. Table 1.1 depicts the details of this project. 

 

Table 1.1 ARMONIAS project 

Title ARMONIAS: Armonización e Integración de Modelos de Calidad y 

Seguridad (The harmonization and Integration of Quality and 

Security Models) 

Sponsored by Junta de Comunidades de Castilla – La Mancha 

Code PII2109-0223-7948 

Grant 240,000 € 

Participants Alarcos Research Group, University of Castilla-La Mancha  

Duration From 1/4/2009 to 31/3/2012 

Main Researcher PhD. Mario Piattini 

 

The MEDUSAS project considers the development of a quality assurance framework with which to 

support software companies when assessing the product quality of their respective software products. The 

usability, security and maintainability quality models were developed as a result of this project. The 

hierarchical description of the quality models was enhanced with a proposal for appropriate measures at 

code and design levels.  Furthermore, a set of heuristics was compiled in order to support the 

enhancement of the product quality. The research results presented herein are based on the project 

activity: Report about tradeoffs between quality subcharacteristics. Table 1.2 depicts the main features of 

this project. 
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Table 1.2 MEDUSAS project 

Title MEDUSAS: Mejora y evaluación del diseño, usabilidad, seguridad y 

mantenibilidad del software (To improve the design, usability and 

maintainability of software) 

Sponsored by Centre for Industrial Technological Development (CDTI) 

Code IDI-20090557-60 

Grant 2,402,751€ 

Participants AQC, SICAMAN, AUDISEC 

Duration From 1/1/2009 to 1/1/2013 

Main Researcher PhD. Mario  Piattini 

 

The GEODAS-BC project considers the application of different techniques in order to improve the 

management processes in software factories which operate in global environments. An expected 

contribution of this project is the definition of processes in global software factories as well as supporting 

requirements driven management of software factories. The contribution of this thesis to GEODAS-BC 

project is focused on the harmonization of process and product perspectives for software quality 

improvement. Table 1.3 depicts the main features of this project.  

 

Table 1.3 GEODAS-BC project 

Title GEODAS: Gestión para el Desarrollo Global de Software mediante 

Ingeniería de Negocio y Entornos Avanzados de Colaboración 

(Management of global software development by means business 

engineering and advanced colaborative settings) 

Sponsored by Subprograma de Proyectos de Investigación Fundamental no 

orientada - Convocatoria-2012 

Code TIN2012-37493-CO3-01 

Grant 308800.0 € (Alarcos Group) 

Participants GEODAS is a coordinated project between the Alarcos Research 

Group of the University of Castilla-La Mancha (GEODAS-BC), the 

Software Engineering Group of the University of Murcia  

(GEODAS-RE) and the Lucentia Group of the University of Alicante 

(GEODAS-BI) 

Duration From 1/1/2013 to 31/12/2015 

Main Researcher PhD. Mario  Piattini 

 

 

1.4. Thesis Structure 

This document is structured in eight chapters whose content is shown as follows: 

 Chapter 1 presents the background, motivation, research hypothesis and objectives that have 

guided this research. 
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 Chapter 2 presents an overview of the research methods applied during the different parts of this 

research. The methods include systematic approaches for conducting literature surveys and 

empirical studies. 

 Chapter 3 depicts an overview of the approaches reported in literature as regards how the SPI 

field enhances software product quality. It also describes how interactions between quality 

characteristics have been addressed in software requirements and software quality knowledge 

areas. 

 Chapter 4 presents the results obtained after conducting an exploratory case study in order to 

understand the extent to which small software organizations can identify negative interactions 

between quality characteristics. 

 Chapter 5 describes the process framework used to manage interactions between quality 

characteristics. The first part discusses the proposed ontology employed to deal with 

interactions. The second part describes the methodological support provided by modeling the 

process using activity diagrams. Methods to support decision making are also included. The last 

part presents a support tool with which to model interaction matrices and relate process activities 

with the product quality characteristic included in a quality model. 

 Chapter 6 presents the results of applying mapping methods in order of providing process 

support, based on practices, for enhancing a given product quality characteristic, such as 

usability. 

 Chapter 7 presents the results obtained after conducting an additional exploratory case study to 

understand how product quality interactions are identified using the SQIMF framework. 

 Chapter 8 presents the main contributions of this work, the results obtained and future research.   

Appendix A, presents the templates and guidelines used in the process framework in order to manage 

interactions between quality characteristics. Appendix B includes some of the representative instruments 

used in the exploratory case studies.  
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2. Research Method 
 

This chapter presents an overview of the research methods used to fulfill the objectives of this thesis.  

These methods can be categorized as literature reviews and empirical methods. Within the first category, 

several systematic mapping studies (SMS) were performed to identify studies about software process 

improvement dealing with product quality. Other SMSs were carried out to explore how usability has 

been addressed in the software process field. The latter category includes inquiry methods focused on 

software organizations, such as an industrial exploratory survey to find support for the process framework 

proposal used to manage interactions between quality characteristics. A case study was additionally 

carried out in order to pilot the process of monitoring interactions between quality requirements from the 

process framework. The case study was embedded in an action-research cycle to improve the proposed 

process framework.  
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2.1. Introduction  

Two aspects should be taken into account in the software process research field: how to create/find a 

proposal and how to assess its suitability for a particular software organization. On the one hand, the first 

action requires a rigorous approach, such as systematic literature reviews, to identify relevant studies 

from which to derive a proposal. On the other hand, the evaluation of this proposal in an industrial 

context requires qualitative and quantitative methods. Both kinds of methods are therefore described in 

the following sections. 

2.2. Systematic Literature Reviews 

Almost all research starts with some kind of literature review. From a scientific perspective, the literature 

review should be complete, systematic and replicable in order to find relevant studies related to the 

phenomenon being studied (Kitchenham and Charters, 2007). Systematic Literature Reviews (SLRs) and 

Systematic Mapping Studies (SMSs) can be performed with this purpose.  An SLR is described as a form 

of secondary study that uses a well-defined methodology to “identify, evaluate and interpret all available 

evidence relevant to a particular research question, topic area, or phenomenon of interest” (Kitchenham 

and Charters, 2007). An SMS is, meanwhile, described as being a study that provides a structure of the 

type of research reports and results that have been published by categorizing them (Petersen et al., 2008). 

Both kinds of studies can be carried out by using the same procedures to select primary studies (Wohlin et 

al., 2013).  The method used to conduct an SLR is therefore described in Section 2.2.1., while both the 

features of the SMS and a comparison between these two types of literature review methods are shown in 

Sections 2.2.2 and 2.2.3. 

2.2.1. Method Used to Conduct a Systematic Literature Review 

The goal of an SLR is to integrate existing evidence in order to provide an answer to a previously defined 

research question. SLRs can be carried out to synthesize existing evidence regarding the benefits or 

limitations of a given technology, to characterize research addressed in a specific area in order to suggest 

further investigation when knowledge gaps are detected, to provide a background for new research 

activities and to evaluate the extent to which theoretical hypothesis are supported by empirical studies 

(Kitchenham and Charters, 2007).  

An SLR requires more effort that a traditional literature review, but the benefits of an auditable procedure 

and the strict selection of primary studies support stronger conclusions. Compared with traditional 

literature reviews, an SLR has the following elements that must be explicitly addressed in the SLR 

methodology (Kitchenham and Charters, 2007):  

1. A review protocol is developed. It describes both a specific research question and the methods to 

be used to identify, analyze, and summarize evidence from selected empirical studies. 

2. A search strategy is defined whose goal is to identify all potentially relevant literature. 

3. The search strategy is documented in order to allow readers to assess the rigor, completeness and 

replication of the process. 
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4. The selection of primary studies is based on explicit inclusion/exclusion criteria. 

5. Artifacts are developed and used to gather data from selected empirical papers. The artifacts can 

be either checklists with which to assess study quality or templates with which to extract data. 

The main activities of the SLR are grouped in three phases: planning the review, conducting the review 

and reporting the review  (Kitchenham and Charters, 2007). Each phase consists of several activities, as is 

depicted in Table 2.1.  

Table 2.1 Activities required to carry out a SLR 

Phase Activities 

Planning the review  Identify the need for a review 

 Specify the research question(s) 

 Develop a review protocol 

 Evaluate the review protocol 

 

Conducting the review  Identify research 

 Select primary studies 

 Assess study quality 

 Extract data  

 Synthetize data 

 

Reporting the review  Specify dissemination 

mechanisms 

 Format the main report 

 Evaluate the report 

 

 

2.2.1.1. Planning the Review 

An SLR can be carried out for two principal reasons: to draw more general conclusions about a 

phenomenon derived from primary empirical papers, or to establish a background for further research 

activities. These can be considered as a starting point as regards defining the need for a review. In 

addition, the general need should be described in an appropriate context, determined by the phenomenon 

under study, which would support the justification needed to carry out the SLR.  

Before conducting an SLR, researchers must verify that a systematic review is necessary. This signifies 

that researchers should check for the existence of a published SLR about the research topic. If reported 

SLRs are found, it is suggested that their quality be evaluated and the approach applied to address the 

need for a review (Kitchenham and Charters, 2007). The assessment of an SLR could considerer aspects 

such as the description of selection criteria, the search strategy used to identify all relevant studies, the 

assessment of primary studies’ quality, data from primary studies included in the SLR, among others 

(Kitchenham and Charters, 2007). The review of existing SLRs about the research topic can also help in 

the definition of a specific research question.  

The most important part of an SLR is the specification of the research question because the entire review 

process depends on it. The research question supports activities related to the search strategy, the data 

extraction procedures and the data synthesis (Kitchenham and Charters, 2007). Given that an SLR 

demands more effort than a traditional literature review, it is important to take into account the relevance 
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of the SLR results in terms of the potential importance for target audiences (practitioners or researchers), 

the likelihood of it influencing current software engineering practices, and the potential support for 

current practices that are believed to be the best with which to perform certain tasks (Kitchenham and 

Charters, 2007). 

After the research question has been specified, a review protocol must be developed. The main goal of the 

review protocol is to reduce researcher bias as regards identifying, selecting, analyzing and synthesizing 

evidence from empirical primary papers. The components of a protocol are the following: background to 

the study, research question(s), search strategies, study selection criteria, study selection procedures, 

study quality assessment checklists and procedure, data extraction strategy, synthesis strategy and 

procedure, dissemination strategy and project schedule (Kitchenham and Charters, 2007). 

Since the protocol is a critical element of the SLR, researchers must agree on the procedure that will be 

used to evaluate it. It is suggested that PhD students present their protocol to their supervisors. The 

protocol can be assessed with regard to both the relevance of the research question and the internal 

consistency. The former can be assessed by considering criteria with which to assess the relevance of the 

research question. The internal consistency may check the alignment between derived search strings and 

research question, consistency between data to be extracted and their suitability for addressing the 

research question, and the appropriateness of data analysis procedures as regards answering the research 

question (Kitchenham and Charters, 2007). Moreover, one of the techniques suggested to identify 

mistakes in procedures described in the protocol review is that of piloting the SLR. 

2.2.1.2. Conducting the Review 

The purpose of an SLR is to apply an unbiased and rigorous search strategy to find as many primary 

studies addressing the research question(s) as possible. The search strategy could thus be developed in 

consultation with librarians or others with relevant experience.  Defining a search strategy is an iterative 

process that requires the identification of sources (e.g. databases) which would then be used to retrieve 

the empirical papers. A search string can be defined by means of feedback from preliminary searches, 

trail searches, the identification of a string of known primary papers, and consultations with experts in the 

field (Kitchenham and Charters, 2007). 

The search string can be constructed by considering different aspects of the research question: population, 

intervention, comparison, outcomes, context, or study designs. A list of synonyms, abbreviations and 

alternative spellings should be considered when defining the search string. Keywords related to the 

research questions presented in journals or conference papers are useful.  Once the search string has been 

defined, the search process can be performed in digital libraries, reference lists, journals, grey literature, 

conference proceedings, research registers and the Internet (Kitchenham and Charters, 2007). 

When an SLR is conducted, the researcher should be aware of publication bias since it could prevent 

strong conclusions about the topic being studied from being drawn (Kitchenham and Charters, 2007). 

Publication bias refers to the problem that positive results are more likely to be published than negative 
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results.  This problem can be addressed by scanning the grey literature, contacting experts and researchers 

working in the area, and consulting conference proceedings. 

The references retrieved from papers should be managed using software tools. The references that 

describe potentially useful studies should be used to retrieve the full articles. In order to be replicable, the 

search process must be documented and products generated during the process must be saved. This 

includes the list of unfiltered search results, along with the rationale used to search in specific digital 

libraries, journals and conference proceedings. In summary, the reasons why decisions about the 

procedures applied in the review were made and the criteria used to include/exclude papers should be 

documented.  

The retrieved list of papers must be selected with regard to a set of criteria that is relevant to the 

investigation. The selection criteria are applied to identify the articles which directly address the research 

question. In order to minimize selection bias, the selection criteria must be defined when the review 

protocol is developed. The selection criteria may evolve when conducting the review and the research 

could lead to a refinement of the selection criteria.  A common practice is that of applying selection 

criteria to the title and abstract of an empirical paper. If they do not provide sufficient information to 

enable a decision to be made then the conclusions should also be considered (Kitchenham and Charters, 

2007). In addition, it is suggested that the reliability of inclusion decisions be checked using an inter-rater 

approach or test-retest approach (Kitchenham and Charters, 2007). 

The quality assessment of candidate papers is a difficult task since there is no agreed definition of study 

quality (Kitchenham and Charters, 2007). A quality study could be one that minimizes bias and 

maximizes internal and external validity. Bias is a systematic error that tends to produce results that are 

inconsistent with the real results of the population. Internal validity is related to the design and conduction 

of the study in order to prevent systematic errors, while external validity is the extent to which the results 

obtained can be used in other contexts (Kitchenham and Charters, 2007).  

It is suggested that checklists with which to assess the quality of primary studies should be built while 

considering the inherent characteristics of the research strategy reported (Kitchenham and Charters, 

2007). The procedures used to employ the quality instruments should be specified in the review protocol. 

These can help in either the specification of selection criteria or the assessment of the level of influence of 

a given article’s quality in review outcomes.  

Once the selection criteria procedure has been applied to retrieved studies, the researchers obtain a set of 

primary papers. The next step is that of data extraction to identify relevant results from primary studies. It 

is suggested that two or more researchers carry out the data extraction independently. This approach 

allows the determination of inter-researcher consistency. Inconsistencies between researchers must be 

discussed and resolved (Kitchenham and Charters, 2007). Statistical analyses and the classification of 

different dimensions can be conducted after extracting data if these methods are previously described in 

the review protocol. 
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The data synthesis activities involve comparing and summarizing the results of the primary studies. The 

methods used to perform data synthesis should be documented in the review protocol. The outcome of the 

synthesis can be a descriptive summary or a quantitative summary (Kitchenham and Charters, 2007). The 

quantitative summary can be developed by applying methods such as meta-analysis. The descriptive 

synthesis can tabulate data, considering the research question in order to highlight similarities and 

differences between the results reported in primary papers. The synthesis involves attempting to integrate 

results and conclusions in those cases in which different researchers may use terms with a certain level of 

similitude (Kitchenham and Charters, 2007). Finally, a sensitive analysis is suggested to determine 

whether the results are robust (Kitchenham and Charters, 2007). 

2.2.1.3. Reporting the Review 

In this last phase, a report is written in order to disseminate the SLR results to the target audiences 

previously identified. Reporting the result in academic journals or conferences is a common practice. In 

addition, the SLR should be reported as a technical report or in a section of a PhD thesis. It is suggested 

that the report should include: title, abstract, background, research questions, review methods, 

excluded/included studies with their respective rationale, discussion, and conclusions, among other 

sections (Kitchenham and Charters, 2007). 

2.2.2. Systematic Mapping Studies 

A systematic mapping study (SMS), also known as a scope study, is a type of secondary study similar to 

an SLR. It uses the same rigorous method to identify relevant studies that answer the research question(s). 

The main difference between both literature review methods is, however, the type of research question 

used. While an SLR attempts to answer a very specific question related to competing technologies, an 

SMS attempts to identify and classify the reported research related to a broad topic (Budgen et al., 2008). 

The main purpose of an SMS is to provide an overview of a topic area and to identify areas for further 

empirical research. 

Other researchers have identified slight methodological differences that could be considered when a 

researcher performs an SMS. Petersen et al. (2008) suggest that an SMS should include both empirical 

and non-empirical studies. In addition, an SMS would be performed before an SLR because the outcome 

of the SMS could show clusters of empirical studies that could be inputs for the SLR method (Petersen et 

al., 2008). The use of specific paper taxonomy (Wieringa et al., 2006) and visualization techniques with 

which to aggregate data are also suggested (Petersen et al., 2008). 

Since an SMS can be used to support further research activities, it should be of high quality. The citation 

and classification of all references, the use of a well-defined and robust taxonomy  and the application of 

a stringent search process are expected (Kitchenham et al., 2011). An SMS that meets quality criteria can 

be used to: establish a baseline with which to analyze trends over time, provide a rationale for further 

empirical research, identify relevant literature in order to elaborate a related work section of other studies, 

validate the search for results in the SLR itself, and support educational ends (Kitchenham et al., 2011). 
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However, if an SMS does not meet the quality criteria, it can be used as starting point for a more detailed 

SMS. 

 

2.2.3. Differences between an SMS and an SLR 

The main differences between an SMS and an SLR are discussed by Kitchenhman et al. (2011), and 

Petersen et al. (2008). After analyzing the work of the aforementioned authors we found that purpose, 

research question, selection of primary papers, data extraction procedures and analysis methods are the 

main factors that may differentiate one method from the other. In addition, SMSs have a limited 

dissemination because their main target audience is composed of peer researchers. A list of differences 

between SLRs and SMSs is presented in Table 2.2. 

 

Table 2.2 Comparison between SLR and SMS 

Aspect SLR SMS 

Purpose Identify best practices by comparing 

technologies  

Classification of software engineering 

studies about a research topic 

Research question Specific. It compares the outcomes of 

empirical studies  

Generic. It could depict research 

trends. 

Search strategy 

requirements 

Rigorous approach to identify all 

relevant studies 

Often less stringent if only research 

trends are of interest 

Quality evaluation A strong conclusion can only be 

derived from high quality primary 

papers 

Is not essential because it could 

include non-empirical papers 

Results Synthesis of outcomes of primary 

papers to answer specific research 

question(s)  

Classification of papers, considering 

diverse dimensions and taxonomies 

 

 

2.3. Empirical Methods 

Software development, as a human-intensive activity, relies on the skills, knowledge and behavior of 

engineers. Human behavior, however, cannot be stated according to a particular law, like those 

documented in Physics. It is not therefore possible to find any formal rules or laws in software 

engineering except when focusing on specific technical aspects. Empirical studies can thus be applied in 

order to increase knowledge at a practical and theoretical level. Improving the understanding of current 

practices in order to develop software is the basis for changing and improving the way we work (Wohlin 

et al., 2012). 

In order to perform an empirical study it is important to consider the two types of research paradigms 

(Wohlin et al., 2003): 

 Exploratory research. This is focused on studying objects in their real context. Observation is 

the means used to obtain evidence. It requires a flexible research design, also known as 
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qualitative research, to obtain data relying on explanations (discovering causes noticed by the 

subjects in the study, and understanding their view of the problem) provided by the people  

taking part in the empirical study. The data obtained is in the form of text or diagrams, and can 

be used to study beliefs, understandings, and multiple perspectives about the object being 

studied. 

 Explanatory research. This is used when the interest lies in identifying cause-effect relationships 

and in comparing groups. It requires a rigid research design, also known as quantitative research. 

A typical case of this type of design is that of controlled experiments, in which one or several 

factors can be manipulated in order to test their effect on the subject under study. The data 

obtained during the execution of these methods are numbers which can be analyzed using 

traditional statistical methods.  

Another classification considers four types of purposes (Runeson and Höst, 2009):  

 Exploratory. This aims to identify new insights with regard to a phenomenon and to generate a 

new hypothesis to be studied. 

 Descriptive. This has the objective of understanding and characterizing a studied phenomenon. 

 Explanatory. This aims to explain why a phenomenon occurs and, most of the time, to determine 

causal relationships between factors that influence the results. 

 Improving. This has the objective of intervening in a studied phenomenon in order to improve a 

particular aspect of it. 

Depending on the purpose of the evaluation and the conditions for the empirical investigation, such as 

control of the research design or the realism of the study, there are three major different types of 

investigation (strategies): survey, case study and experiment (Wohlin et al., 2012). In our work we have 

applied the first two strategies.  

With regard to the primary data collected in an empirical study it can be categorized as quantitative or 

qualitative. Quantitative data rely on numbers and classes while qualitative data appear as words, 

descriptions, pictures or diagrams. Quantitative data can be analyzed using descriptive statistics methods 

or inferential methods, while qualitative data is analyzed by sorting and categorization.  

Both quantitative and qualitative methods are described in the following sections. In the former category, 

an overview of the survey research method is presented, while in the latter a case study research method 

and an action research strategy are presented. The last method is included because it provides a structure 

with which to conduct this research and it also may be used in software process improvement (Runeson 

and Höst, 2009). 

2.3.1. Quantitative Methods: Survey 

A survey is defined as a system that can be used to collect information from or about people in order to 

describe, compare or explain their knowledge, attitudes and behavior (Wohlin et al., 2012). It is a 

retrospective study whose data can be quantitatively or qualitatively gathered by means of interviews or 
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questionnaires. It is important to take a representative sample in order to apply study conclusions to an 

identified population.  A survey does not manipulate variables nor does it provide control over the 

execution or measurement. Its outcomes can compare populations (Wohlin et al., 2012). 

Surveys can be supervised, semi-supervised, and unsupervised (Pfleeger and Kitchenham, 2001). The 

classification relies on the researcher’s participation during the administration of the instrument. In a 

supervised survey the researcher ensures that respondents understand each question and provide an 

answer. In a semi-supervised survey the researcher explains the objectives and format, but then leaves the 

respondents to provide information on their own. In an unsupervised survey the researcher does not 

participate when the respondent answers the questionnaire (Pfleeger and Kitchenham, 2001). 

A survey can be cross sectional, cohort and case control (Kitchenham and Pfleeger, 2002a). In the first 

case, participants are asked for information once. In the second, participants are asked about the changes 

in a specific population more than once. Case control asks participants about previous circumstances in an 

attempt to explain a current phenomenon. In software engineering most surveys are cross-sectional case 

control studies (Kitchenham and Pfleeger, 2002a).  

The first activity in survey research consists of setting the objectives. Each objective is a statement of the 

survey’s expected outcomes (Pfleeger and Kitchenham, 2001). It is important to include definitions of all 

potentially ambiguous terms and to ensure that sufficient time is devoted to elaborating clear and 

measurable objectives. The objectives determine the scope of the survey and could be rephrased as 

research questions or hypotheses (Pfleeger and Kitchenham, 2001). A survey usually has one of two basic 

goals (Kitchenham and Pfleeger, 2002a).   

A survey design should consider three characteristics in order to obtain the information needs expressed 

in the objectives (Kitchenham and Pfleeger, 2002a): 

1. Resilient to bias. It is not affected by a particular aspect or opinion. 

2. Appropriate. It is understood and interpreted as it was planned by the target population. 

3. Cost-effective. The administration and analysis of the survey can be performed with the 

available resources. 

2.3.1.1. Construct a Survey Instrument 

The construction of survey instruments, which are denominated as questionnaires, require the following 

steps (Kitchenham and Pfleeger, 2002c): search for relevant literature, construct an instrument, evaluate 

the instrument and document the instrument. The purpose of a literature review is to identify relevant 

literature on the topic and determine how researchers collected their data in previous studies. Existing 

validated instruments can be adopted, but might need to be amended if they are too long to be used in 

their entirety (size), a different population is being studied (population), they need to be translated 

(language), or if the data collection method is different (instrumentation). However, it may be necessary 

to obtain prior permission to adapt the instrument if it is copyrighted, the pilot testing must be repeated, 

and the new instrument must be assessed for validity and reliability (Kitchenham and Pfleeger, 2002c). 
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 In software engineering research instruments are seldom properly validated, and most surveys are 

developed from scratch  (Kitchenham and Pfleeger, 2002c). The starting point is to consider the purpose 

and objectives. The purpose concerns the expected outcome of the survey and thus constrains the scope 

questions. The specific objectives refer to the precise information the survey intends to collect. Objectives 

may be formulated as research questions or research hypotheses, but they may also be just simple 

statements. It is essential that survey questions relate directly to the survey objectives (Kitchenham and 

Pfleeger, 2002c). 

Survey questions must be formulated by considering the target population. Questions must be developed 

in such a way that the respondents can answer them easily and accurately. Researchers must therefore 

ensure that respondents have sufficient knowledge to answer the questions (Kitchenham and Pfleeger, 

2002c). The time that respondents spend responding to the survey is another important factor to take into 

account.  It is important to bear in mind that the number of questions included in a survey depends on the 

amount of time respondents are willing to commit to it. Some people may be willing to answer a 

telephone questionnaire lasting less than 10 minutes, while other people may be willing to spend 30 to 60 

minutes answering a self-administered questionnaire. The researchers should maintain a balance between 

the information needed to attain research goals and the information that the respondents are willing to 

provide. Finally, surveys based on standardized responses, such as attitude surveys which use an ordinal 

scale (strongly agree, agree, disagree, and strongly disagree), can contain more questions because 

respondents do not need to check the answer scale for each question (Kitchenham and Pfleeger, 2002c).  

A question must be consistent with survey objectives. A question should be worded in such a way that the 

respondent can see the relationship between the intention of the question and the survey objectives 

(Kitchenham and Pfleeger, 2002c). In addition, each question must be precise and unambiguous. 

Information regarding a major event in life can be requested after a year, whereas conventional concerns 

may be drawn from periods of a month or less (Kitchenham and Pfleeger, 2002c).  The use of 

conventional language that expresses a single idea is also suggested. If necessary, develop a glossary to 

ensure that vocabulary used in the research domain has the same meaning as that used by the target 

population. Negative questions should, however, be reformulated because they are usually more difficult 

to understand than straightforward ones (Kitchenham and Pfleeger, 2002c). 

With regard to the survey objectives, the researcher should determine the type of question structure that is 

relevant for the phenomenon under study. Questions can be expressed in one of two ways: open or closed. 

A question is open when the respondents are asked to describe their knowledge, attitudes or concerns 

about one topic. A question is closed when the respondents are asked to select an answer from a list of 

predefined choices (Kitchenham and Pfleeger, 2002c).  

 On the one hand, open questions avoid the imposition of any restrictions on the respondents, but these 

same respondents may misinterpret the question or provide irrelevant information. Open questions may 

therefore be difficult to code and analyze (Kitchenham and Pfleeger, 2002c). On the other hand, closed 

questions are easier to analyze. They are the preferred format for electronic surveys. However, categorical 

questions should include the categories “none of above” or “don’t know” among the answers. Answers 
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based on an ordinal scale may need to include a neutral response, such as “No preference”, as the 

midpoint of the scale. The decision regarding the use of a neutral category must depend on the particular 

requirements of the survey (Kitchenham and Pfleeger, 2002c). 

In closed questions with only one answer the categories should be mutually exclusive. For instance, 

attitude survey answers have usual terms like “strongly agree”, “agree” and so on. These are well-

understood and do not need any further definition (Kitchenham and Pfleeger, 2002c). However, 

understanding may not be obvious when a new scale is built.  The answer scale needs clear and 

unambiguous options in addition to being balanced. A scale is balanced when the two endpoints mean the 

opposite of one another and the intervals between the scale points appear to be about equal (Kitchenham 

and Pfleeger, 2002c).  

Although most instruments include demographic questions at the beginning of the questionnaire, it has 

also been suggested that they be placed at the end instead.  

It is also important to consider the format of the questionnaire and the questionnaire instructions. The 

following checklist can be used (Kitchenham and Pfleeger, 2002c): 

1. Leave a space for the respondent to comment on the questionnaire. 

2. Use a space between questions. 

3. Use vertical format, spaces, boxes, arrows to maximize the clarity of questions. 

4. Consider the use of simple grids. 

5. Consider the use of a booklet format. 

6. Have a good contrast between print and paper. 

7. Stick to a font size of 10-12. 

8. Use a font that is easy to read. 

9. Avoid italics. 

10. Use bolding, underlining or capitals judiciously and consistently for emphasis and instructions. 

11. Do not split instructions, questions and associated responses between pages.  

For information and instructions, use the following checklist: 

1. Explain the purpose of the study. 

2. Describe who is sponsoring the study. 

3. Include a cover letter using letterhead paper, dated to be consistent with the mail shot, providing 

a contact name and phone number. Personalize the salutation if possible. 

4. Explain how the respondents were chosen and why. 

5. Explain how to return the questionnaire.  

6. Provide a realistic estimate of the time required to complete the questionnaire. Note that an 

unrealistic estimate will be counter-productive. 

In addition to the questionnaire, the survey also needs information to motivate participants, such as the 

purpose and relevance of the study, importance of individual participation and how the participants were 
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chosen. Moreover, the information provided with the questionnaire should include how confidentiality 

will be preserved (Kitchenham and Pfleeger, 2002c). 

The construction of the instrument is also exposed to researcher bias. The influence of researchers has 

been observed in the way a question is asked, the number of questions, the range and type of response 

categories and the instructions that respondents should follow (Kitchenham and Pfleeger, 2002c). In order 

to control bias while constructing the questionnaire, it is suggested that neutral questions be developed, 

that the number of questions should be appropriate to cover the topic, that care is taken with the order in 

which the questions are presented, that the range of categories should be exhaustive, unbiased and 

mutually exclusive; and that clear, unbiased instructions be provided (Kitchenham and Pfleeger, 2002c). 

2.3.1.2. Questionnaire Evaluation 

Evaluation, also called pretesting, has several purposes, such as verifying that the questions are 

understandable, assessing the response rate and the effectiveness of the follow-up procedures, evaluating 

the trustworthiness of the instrument and determining whether data analysis techniques are appropriate 

(Kitchenham and Pfleeger, 2002b). The evaluation of the instrument can be carried out by using a focus 

group approach and pilot studies.  

 

Table 2.3 Validity types to considerer when survey questionnaire is evaluated 

Validity type Description 

Face validity  It is a casual review of items by untrained reviewers. It is subjective and ill-defined 

validity measure 

 

Content 

validity 
 This is a subjective assessment of the instrument’s appropriateness for a group of 

reviewers (focus group) with knowledge of the subject matter.  

 This typically involves a systematic review of the survey’s contents to ensure that it 

includes everything it should and nothing that it shouldn’t.  

 Although there is no content validity statistic, it provides a good foundation on 

which to base a rigorous assessment of validity.  

 When developing a new survey instrument in a topic area that has not previously 

been researched, it is the only valid form of preliminary validation available.  

 

Criterion 

validity 
 This is a measure of how well one instrument compares with another instrument or 

predictor. Correlations indicate the extent to which the two questionnaires agree.  

 

Construct 

validity 
 This concerns how an instrument “behaves” when used. Convergent construct 

validity assesses the extent to which different data collection approaches produce 

similar results. Divergent construct validity assesses the extent to which results do 

not correlate with similar but distinct concepts.  It often requires many years of 

experience to assess construct validity properly. 

 

 

On the one hand, focus groups are mediated discussion groups. The group is formed of those who will use 

the survey results and those who are part of the target population. The main purpose of focus group 

sessions is to support the identification of missing or unnecessary questions, ambiguous questions and 

instructions. They also contribute to the evaluation of instrument validity (Kitchenham and Pfleeger, 

2002b). On the other hand, pilot studies are performed using the same procedures as the survey, but the 
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survey instrument is administered to a smaller sample. They are intended to identify any problems with 

the questionnaire itself, with the response rate and with the follow-up procedures. They may also 

contribute to reliability assessment (Kitchenham and Pfleeger, 2002b). 

A survey instrument should be assessed by considering its reliability and validity. Reliability is concerned 

with how well we can reproduce the survey data in addition to the extent of measurement error. A survey 

is reliable if the same kinds of data distributions are gathered when the survey is administered to two 

similar groups of respondents (Kitchenham and Pfleeger, 2002b).  In a test-retest approach, an instrument 

is considered to be reliable if the correlation value is greater than 0.7 (Kitchenham and Pfleeger, 2002b). 

In contrast, validity is concerned with how well the instrument measures what it is supposed to measure 

(Kitchenham and Pfleeger, 2002b). Other aspects of validity also need to be checked (Table 2.3): face 

validity, content validity, criterion validity, construct validity (Kitchenham and Pfleeger, 2002b).  

2.3.1.3. Population and Sample 

Population and sample are terms the researcher must define for the particular context of the survey-based 

research. A set of responses is only a valid sample, in statistical terms, if has been obtained using a 

random sampling process. To obtain a sample, you must begin by defining a target population. The target 

population is the group of the individuals to whom the survey applies. Ideally, a target population should 

be represented as a finite list of all its members (Kitchenham and Pfleeger, 2002d).  

A valid sample is a representative subset of the target population. The initial assessment of the target 

population should arise from the survey objectives, not from a sense of who is available to answer the 

questionnaire (Kitchenham and Pfleeger, 2002d). The population can be a subset of a larger population if 

inclusion or exclusion criteria are specified.  In addition, the sample unit should map out the experimental 

unit.  The mismatch between the population sampled and the true target population is a common problem 

in many surveys, such as for instance when answered surveys are used as a basis to count the 

organizations reached without verifying whether each survey corresponds to only one organization 

(Kitchenham and Pfleeger, 2002d). Once the researchers are confident that the target population is 

appropriate, a rigorous sampling method can be used. Thus, when researchers apply statistical methods to 

sample data, the results could be generalized to the target population. 

Non-probability samples are created when respondents are chosen because they are easily accessible or 

the researchers have some justification for believing that they are representative of the population. This 

type of sample runs the risk of being biased and it is therefore dangerous to draw any strong inferences 

from them (Kitchenham and Pfleeger, 2002d). Indeed, it is not possible to draw any statistical inferences 

from such samples (Kitchenham and Pfleeger, 2002d). There are three reasons for using non-probability 

samples: it is hard to identify the target population, the target population is very specific and its 

availability is limited, and the sample is a pilot study. Several techniques can be used for sampling: 

convenience sampling, snowball sampling, quota sampling, focus group (10 to 20 people), among others.  

It is also important to consider the response rates in order to ensure that those surveys that have been 

responded to are sufficient to carry out a statistical analysis. A response rate is the proportion of 
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participants who have responded in comparison to the number who were invited to take part in the survey 

(Kitchenham and Pfleeger, 2002a).  The response rate must also be reported. 

2.3.1.4. Data Analysis 

Consistency and completeness of responses should be checked before statistical analyses are carried out. 

It is suggested that researchers should have a policy to handle inconsistent or incomplete questionnaires. 

The characteristics of rejected questionnaires should be investigated to ensure that their withdrawal does 

not lead to a bias (Kitchenham and Pfleeger, 2003). Responses are typically decomposed into 

homogeneous sub-groups for further analysis. Partitioning is usually carried out on the basis of 

demographic information. The purpose of partitioning is either to compare the responses obtained from 

different subgroups or to report the results for different subgroup separately (Kitchenham and Pfleeger, 

2003).  

In order to analyze responses in some statistical tools, nominal and ordinal scales have to be converted 

into numerical codes. In many cases, codes are put into the questionnaire along with category names, and 

coding therefore takes place during questionnaire design rather than during data analysis. However, it is 

important to consider that using a number rather than a category does not imply that the number 

represents a ratio or interval scale (Kitchenham and Pfleeger, 2003). Open questions are difficult to code. 

The categories need to be constructed after the questionnaires have been returned. Human expertise is 

required to identify whether or not two different answers are equivalent. If a probabilistic sample is used, 

then standard data analysis procedures can be applied to study the sample and to make inferences about 

the population under study (Kitchenham and Pfleeger, 2003). 

 

2.3.2. Qualitative Methods: Case Study 

A case study is defined as an empirical enquiry that draws on multiple sources of evidence to investigate 

one instance of a contemporary software engineering phenomenon within a real-life context, especially 

when the boundary between phenomenon and context cannot be clearly specified (Runeson et al., 2012). 

The case study is an observational study which could study a project to track a specific attribute or to 

establish a relationship between different attributes. A major outcome of case study research is the 

identification of key factors that may have any effect on the phenomenon being studied. A case study can 

thus be applied when the researcher’s purposes are exploratory, descriptive or explanatory. Moreover, in 

action research it can be used in the research cycle (Wohlin et al., 2012). 

The case study method provides a greater understanding of a studied phenomenon. However, several 

threats should be controlled in order to gather acceptable knowledge. The main advantage of case study 

research is that it works in real settings, with real projects. However, this setting is usually complex and 

non-deterministic. The major characteristics of case study research are: a flexible type of research to deal 

with the complexity of real settings, a multiple source of evidence aggregated to draw conclusions, and 
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that it is supported by existing theories in order to add new insights and knowledge to the software 

engineering field (Runeson et al., 2012). 

2.3.2.1. Ethical Considerations in a Case Study 

A case study may uncover sensitive data from organizations that could affect several stakeholders. It is 

thus important to determine how issues such as confidentiality, anonymity and the reporting of case study 

results should be addressed. It is better to prevent problems by defining a protocol to follow when ethical 

issues arise. Key ethical factors include (Runeson and Höst, 2009): 

1. Informed consent. Subjects and organization explicitly agree to participate in the research. 

2. Review board approval. If there is no organizational review board, it is suggested that peers 

review the case study protocol to prevent problems. 

3. Confidentiality. Opinions collected from individual employees or critical business information 

must be handled in order to prevent information from leaking and the disclosure of sources. In 

addition, organizations must be informed of publishing practices and the dissemination of case 

study results. 

4. Handling of sensitive results. The discussion of this kind of information should take place 

upfront of participants and it should be made clear how this will be handled. 

5. Inducements. Some incentives could be provided. However, these need to be analyzed and their 

role as regards threatening the validity of the study should be considered. 

6. Feedback. Appropriate feedback is critical for long term trust and for the validity of the research. 

Ethical issues can be considered in a consent agreement. This is a type of form or contract that could 

include: names of researchers and contact information, purpose of empirical study, procedures used in 

empirical study, a text clearly stating that the participation is voluntary and that any data collected will be 

anonymous, a list of known risks, a list of benefits for participants, a description of how confidentially 

will be ensured, information about approvals from the review board, data and signatures from participants 

and researchers (Runeson et al., 2012). 

2.3.2.2. Method Used to Carry Out a Case Study 

There are five major steps in a case study (Wohlin et al., 2012) which will be described in the following 

sections: 

1. Case study design. Define objectives and elaborate the protocol that will be used to conduct the 

case study. 

2. Preparation for data collection. Define procedures, templates and guidelines for data collection. 

3. Collection of data. Execute the plan developed in step 1 in order to gather data. 

4. Analysis of collected data. With regard to data type collected, apply appropriate methods in 

order to link evidence from data gathered to conclusions drawn. 

5. Reporting. Consider the target audience to write a report. 
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2.3.2.2.1. Case Study Design 

The case study design considers two main aspects of the research: objectives and protocol for the case 

study. The objective is a statement that describes what is expected when the case study is carried out 

(Runeson and Höst, 2009). For instance, “to evaluate a method for prioritizing requirements” (Regnell et 

al., 2001). Goals, aims or purposes can be considered synonyms of the objective (Runeson and Höst, 

2009). The objective is refined by using a set of research questions that determines the data to be gathered 

in order to answer them. A research question may be related to a hypothesis. Hypotheses may, on the 

other hand, be generated during the case study for further research. 

A case is the object of study. It could be a project, team, activity or process, and it contains one or more 

units of analysis. The phenomenon under study may be based on existing theories. A case study protocol 

defines detailed procedures with which to collect and analyze raw data (Runeson and Höst, 2009). The 

minimal elements that a case study should contain (Wohlin et al., 2012) are depicted in Table 2.4.  

 

Table 2.4 Elements of case study protocol 

Element Description 

Objective What to achieve? 

The objective can be exploratory, descriptive, explanatory, or 

improving. It is a focus point that evolves during the study. 

 

The case What is studied? 

The case is usually a software development project. It may also be an 

individual, a team, a process, a product, a policy, a role, an event, a 

technology, etc.  It may also constitute a unit of analysis within a case. 

 

Theory Frame of reference 

Defining the frame of reference of the study makes the context of the 

case study research clear. It supports the conducting and review of 

research results. It is also useful to consider the viewpoint taken in the 

research, along with the researchers’ background. 

 

Research questions What to know? 

Research questions state what must be known in order to fulfill the 

objective of the study. They also evolve during the study. 

 

Methods How to collect data? 

The methods used to collect data are determined during protocol 

design. These can include interviews, the use of tools or documentation 

analysis. 

 

Selection strategy Where to seek data? 

The case and the units of analysis should be selected intentionally. The 

purpose of the selection may be to study a case that is expected to be 

typical, critical, revelatory or unique in some respect (Benbasat et al., 

1987). In practice, many cases are selected on the basis of availability. 

  

 

Brereton et al. (2008) propose an outline for a case study protocol which includes additional sections: 

analysis, plan validity, study limitations, reporting and schedule. These are described as: 
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1. Analysis methods: define the criteria that will be used to interpret raw data, linking data with 

research questions and alternative explanations. 

2. Plan validity: describe procedures in order to minimize the impact of threats to validity. 

3. Study limitation: specify any threats to validity that may still bias the results. 

4. Reporting: consider the target audience. 

5. Schedule: estimate major activities and assign appropriate amount of time. 

2.3.2.2.2. Collection of Data 

In a case study, conclusions are drawn from several data sources. The data can be gathered from different 

roles, projects and products. Indeed, the analysis of the differences among different sources contributes to 

stronger conclusions. Several methods can be used to gather information from stakeholders, such as 

interviews, observations, archival data and metrics. Questionnaires are also used in case studies (Regnell 

et al., 2001). Table 2.5 shows the major characteristics of each technique. Questionnaires were addressed 

in Section 2.3.1 Quantitative Methods: Survey. 

Table 2.5 Data collection methods which can be used in a case study 

Method Description 

Interview This is a dialogue between the researcher and the interviewee. 

It can be based on a questionnaire. 

Questions can be open or closed. Closed questions make it easier to code raw data. 

Open questions allow a broad range of answers. 

The way in which the questionnaire is used determines the type of interview: fully 

structured, semi-structured or unstructured. 

During the case study design, it should be decided who to interview. The number of 

interviews to be conducted depends on the saturation point (no new information is 

gathered from new subjects). 

 

Observation Researchers watch how software engineers conduct a certain task. 

Several means can be used to conduct observation: as a participant member in team 

tasks, as an observer without participating in the task, or by viewing a video of how 

software engineers carried out a task. 

  

Archival 

data 

Methods in this category consider all documents generated in an organization, 

including documents from different development phases and test reports. 

It is important to know why these data are being collected in order to verify their 

utility in the case study. 

 

Metrics Measures provide quantitative data from previous projects.  

They can be used to establish a baseline. 

The researcher can neither control nor assess the quality of data. 

 

2.3.2.2.3 Data Analysis 

With regard to the type of data gathered during a case study, it can be analyzed using quantitative or 

qualitative methods. On the one hand, for quantitative data, typical methods are: analysis of descriptive 

statistics, correlation analysis, development of predictive models and hypothesis testing (Wohlin et al., 

2012). However, a case study will never provide conclusions with statistical significance. On the 

contrary, different types of qualitative data are linked together to support a strong and relevant conclusion 

(Runeson and Höst, 2009). 
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The analysis of qualitative data can be supported by two phases. The first phase deals with hypothesis 

generating techniques in which the researchers attempt to uncover an unbiased hypothesis from raw data.  

Some of the techniques that could be applied are constant comparison and cross-case analysis. The result 

of this stage is the hypothesis itself (Seaman, 1999). 

Hypothesis confirmation is the last phase in qualitative data analysis. Its purpose is to confirm that the 

hypothesis is true, taking into account additional data (Wohlin et al., 2012). Triangulation and replication 

are examples of techniques used to confirm a hypothesis. Negative case analysis can also be used to 

investigate alternative explanations for rejected hypothesis. In order to gather a formalized body of 

knowledge, the unit of evidence must be coded and iteratively analyzed to generalize a theory (Wohlin et 

al., 2012).  Moreover, sufficient information from each step of the study and every decision made by the 

researcher must be presented in order to maintain the chain of evidence (Runeson and Höst, 2009). 

Since it is easy for confounding factors to influence the conclusions drawn from a case study, the use of a 

structured approach for qualitative analysis is suggested. This means that the researcher must maintain 

records of the decisions made, instruments used, links between data, codes, memos, and other documents 

used in the case study. The analysis can be performed at different levels of formalism, such as (Runeson 

and Höst, 2009): 

1. Immersion approaches. These rely on a low level structure. The research is mainly based on the 

researcher’s intuition and interpretative skills. It is very difficult to maintain the chain of 

evidence when using this approach. 

2. Editing approaches. The analysis is based on code previously identified by the researcher as the 

result, for instance, of the literature review concerning the studied phenomenon. 

3. Template approaches. These are more formal approaches, they include more elaborated codes 

and the research questions are considered a priori. 

4. Quasi-statistical approaches. These are more formal and include, for example, content analysis 

techniques. 

Editing and template approaches are most suitable for software engineering case study research because 

they can derive a clear chain of evidence (Runeson and Höst, 2009). 

One important technique used in case studies for hypothesis confirmation is that of triangulation, which 

signifies viewing the studied object from different angles in order to provide a more complete picture of 

it. Four types of triangulation may be applied (Runeson and Höst, 2009): 

1. Data (source) triangulation. The evidence is elaborated from more than one data source or 

gathered from the same data source at different times. 

2. Observer triangulation. More than one observer participates in the study and the findings of each 

one are analyzed and combined. Discrepancies are discussed and resolved. 

3. Methodological triangulation. This is based on data gathered from different types of data 

collection methods. 

4. Theory triangulation. The data is analyzed by considering different theories or viewpoints. 
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Special attention should be paid to validity threats, since a case study can be biased by the researchers’ 

subjective point of view. Four aspects must therefore be controlled during case study execution in order to 

obtain trustworthy results. These are presented in Table 2.6. 

 

Table 2.6 Validity threats for a case study 

Validity type Description 

Construct validity The operational measures, for instance the questions in a survey, represent 

the theoretical construct and the researcher and study participants must 

interpret them in the same way. 

 

Internal validity This is related to the procedures used to assess a causal relationship and 

with the effect of potential confounding factors in the causal relationship 

under study. 

 

External validity The researcher attempts to analyze to what extent the findings are of 

relevance for other cases.  

 

Reliability This is related to replicating designs by other researchers. In theory, if 

another researcher conducts the study, he/she should obtain similar results. 

Threats to this aspect of validity are ambiguous codes, unclear 

questionnaires or interviews.  

 

 

In the case of external validity it is relevant to consider appropriate contextual factors of the case study 

since these can affect the generality and utility of the conclusions. Some factors are (Kitchenham et al., 

2002): the target industry in which products are used, the nature of the software development 

organization, the skills and experience of software engineers, the tools used in the software process, the 

software process deployed, among others. 

The validity of a case study should be considered from the beginning. The validity can be improved by 

practices such as developing and maintaining a detailed case study protocol, using triangulation 

techniques, obtaining feedback about the protocol from peer researchers, reviewing collected data and 

analyzing the results with case subjects, spending sufficient time with the case, and addressing theories 

that contradict the case study findings (Runeson and Höst, 2009). 

 

2.3.2.2.4 Reporting a Case Study 

The case study report communicates the findings of the study, but it is also the main source used to assess 

the quality of the study. A large volume of data can be generated during the case study. Some data, 

however, could be sensitive information. In this case, the use of this kind of data in a report relies on 

procedures described in the consent agreement. In addition, the target audience determines how to present 

the report (Wohlin et al., 2012). 

Reports prepared for peers may contain the following sections: title, authorship, abstract, introduction 

(problem statement and research objectives, and context), related work (earlier studies, theory) case study 
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design (case and subject selection, data collection procedures, analysis procedure, validity procedure), 

results (cases and subject description, covering execution, analysis and interpretation issues, evaluation of 

validity), conclusions and future work (summary of conclusions, relation to existing evidence, 

impact/implications, limitations, future work) (Runeson and Höst, 2009). Finally, the conclusions must be 

reported and a discussion about the implications of the results should be included. 

 

2.3.3. Qualitative Methods: Action Research 

Action-Research is a qualitative research method that combines theory and practice throughout the 

organizational change and reflection about a problematic situation in the context of a collaborative 

interaction among researchers and practitioners (Avison et al., 1999).  Baskerville et al. (1996) define the 

method as an intervention approach to the acquisition of scientific knowledge.  In its basic form, action 

research consists of a two-stage process: diagnosis and treatment.  The diagnostic stage involves 

collaborative analysis among the researchers and subjects of the research.  As a result, hypotheses are 

generated concerning the research context. In the treatment stage a change is made and the effects are 

studied.  

The action research method is characterized by three distinctive characteristics: the researcher is actively 

involved with benefits for the researchers and the organizations, the knowledge obtained can be 

immediately applied, and the research is a cyclical process which links theory and practice (Baskerville 

and Wood-Harper, 1996). In order to support scientific rigor (Baskerville and Wood-Harper, 1996), the 

basic form of Action-Research requires an additional structure: the context in which the action research 

strategy is performed. The infrastructure must define the responsibilities of the client and researchers. 

Five activities can also be considered: diagnosing, action planning, action taking, evaluating and 

specifying learning.  

 

The diagnosing activities attempt to identify the primary problems that an organization is confronting in 

order to identify their causes. Once the causes have been identified, the organizational actions that should 

resolve the problem are identified in the action planning activities.  A theoretical framework is built to 

determine the change that could mitigate the previously identified problems. The plan establishes the 

target for change and the approach that will be used to perform the change. In the action-taking phase the 

planned action is implemented in the client organization. Once the actions have been completed, 

researchers and practitioners assess the outcomes to check that theoretical effects have been observed and 

the extent to which they mitigate or resolve the problems.  Finally, the activity of learning is an ongoing 

process (Baskerville and Wood-Harper, 1996). 

 

Action-Research has been applied in software engineering, particularly in software process improvement 

projects and technological transfer projects (Runeson and Höst, 2009). The research method, however, 

has led to the appearance of concerns as regards finding a balance between the action and the research 

(Avison et al., 1999).  



32 
 

One approach that can be used to address the aforementioned issue is that of considering Action-Research 

as two intertwined cycles: one for research and the other for problem resolution (McKay and Marshall, 

2001). The first cycle builds a theory by taking into account research goals. The second cycle conducts 

the intervention, considering the client goals.  Based on this idea, Pino (2008) proposes a strategy with 

which to increase the rigorousness of the action research method. He proposes the introduction of the case 

study method within the action cycle. He also proposes that research should start with the research cycle 

in order to develop a theoretical framework that can be used to define actions with which to resolve the 

problems. The cycles and activities considered in Pino’s proposal (Pino, 2008) are shown in Figure 2.1. 

 

 

Figure 2.1 Integrated strategy for Action-Research and Case Study (taken from (Pino, 2008)) 

 

2.4. Research Methods Applied in this Thesis 

The research methodology framework for this investigation was led by the Action-Research method. On 

the one hand, the research cycle was carried out using systematic reviews while the action cycle was 

performed by means of a case study and surveys. The conceptual framework of the Action-Research 

method considered the following participants: 

 Researcher group: A researcher group formed of members of the Alarcos research group. This 

group was formed of the two supervisors of this work and the author of this thesis. 

 Research object: The problem considered in this thesis is the management of interactions 

between quality characteristics and how to support the enhancement of a product quality 

characteristic from the harmonization of multiple models or standards perspective.  

 Critical reference group: This group consisted of the three small organizations participating in 

the MEDUSAS project. In the first part, the organizations participated in a survey in order for 

the researchers to understand how they deal with interactions between quality characteristics. In 

the second part, one organization piloted the process used to monitor interactions between 

quality requirements. The results from these exploratory studies provided information with 

which to improve the process framework presented in this work. 
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 Stakeholders of the research: These are the companies who may benefit from the outcomes of 

this research. In our case, the focus is on small software organizations that are interested in 

improving product quality and that need to both manage interactions between product quality 

characteristics and enhance a particular software quality characteristic such as usability.  

 

 

Research Cycle 

1

What is the relationship between 

traditional process models and 

product quality models? 

Origin of the research: 

Research goals
Results:

 State-of-the-Art (Chapter 3)

Research gap:

  Lack of methods for managing interactions 

between product quality characteristics

 Lack of process support for improving product 

quality

Exploratory empirical study (Chapter 4):

 Exploratory survey: What are the approaches used 

by software companies to deal with interactions 

between quality characteristics?

Research Cycle 

3

It is feasible to build process 

support for enhancing product 

quality?

Hypothesis:

 Mappings between process 

models can be used for enhance 

product qality characteristics

Results:

 Processes for establishing product quality goals in 

SQIMF Framework (Chapter 5)

 Development of a process model focused on 

usability (Chapter 6)

Research Cycle 

2

How software organizations 

deals with interactions between 

quality characteristics?

Hypothesis:

It is feasible to build a process 

framework to deal with 

interactions between quality 

characteristics
Results:

 Developing the SQIMF framework (Chapter 5)

Exploratory empirical study (Chapter 7):

 Is feasible to use the SQIMF framework to identify 

potential interactions between quality 

characteristics?

 

Figure 2.2 Approach used to develop the process framework with which to manage interactions between 

quality characteristics 

 

 

Figure 2.2 depicts how the research was conducted in order to develop the SQIMF framework. In the first 

research cycle the goal is to understand how software process improvement initiatives have been 

addressed software product quality. The results of the literature review allowed the identification of 

research gaps related to the lack of methodological proposals for enhancing product quality. Balancing 

the different quality characteristics is an issue that is barely addressed in software process literature. Thus, 

in order to identify their relevance in current software organizations, an exploratory survey was 
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conducted. The outcomes of both the survey and the literature review provide support as regards 

identifying the need of processes with which to manage interactions between product quality 

characteristics and provide process support in order to enhance a product quality characteristic. 

The second research cycle was led by the development of the process framework used to manage the 

interactions between product quality characteristics (SQIMF framework). The monitoring product quality 

requirements process was partially validated in order explore its feasibility as regards identifying potential 

interactions between quality characteristics. The third cycle was led by the goal of identifying relevant 

practices that could be used to enhance product quality characteristics. Various approaches for carrying 

out mappings between process models were used and proposed in this cycle, which resulted in a process 

model that integrates usability practices into ISO/IEC 12207 processes.  
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3. State-of-the-art 
 

This chapter presents the results of both a systematic mapping study (SMS) and a literature review of 

interactions between quality characteristics. On the one hand, the SMS is focused on studies addressing 

product quality within a software process improvement initiative.  On the other hand, the literature review 

discovers the approaches used to deal with interactions between quality characteristics. The quality 

characteristics used in these reviews are taken from the ISO/IEC 25010 software product quality model.  

The objective is to provide a synthesis of the current support as regards enhancing product quality from 

the perspective of software process improvement.  
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3.1. Introduction 

 
In order to provide an overview of work related to this thesis, the content is organized in two main 

sections: the SMS carried out to identify trends in software process improvement literature when 

considering product quality and the literature review concerning the factors, methods and issues as 

regards dealing with interactions between quality characteristics. 

 

3.2. SMS about Approaches in SPI to Improve Product Quality 

 
We carried out this SMS by considering the recommendations described in Kitchenham and Charters 

(2007) as presented in Chapter 2. A protocol with which to support the work of this review was built on 

Oct. 5, 2013. The goal of this research is to provide an overview of the current approaches used to 

enhance software product quality in the context of SPI initiatives based on process frameworks.  The 

SMS also considers those papers that discuss the impact of SPI on product quality. 

3.2.1. Protocol Overview 

This section describes the protocol followed to carry out the SMS. It contains the research questions, 

search string, search process and data extractions, in addition to the inclusion and exclusion criteria. 

3.2.1.1. Research Questions 

The papers selected in this SMS were reviewed in two phases. The first phase classified the papers by 

considering the quality characteristic/quality model addressed, process reference model used, and the type 

of research contribution according to the types provided in Wieringa et al. (2006). The papers selected 

were also classified by considering their purpose and the potential impact on the Plan-Do-Check-Act 

(PDCA) improvement cycle (Deming, 1992). The second phase analyzed empirical papers identified in 

the previous phase in order to discover their rigor and relevance using the model proposed in Ivarsson and 

Gorschek (2011). Furthermore, the definition of quality characteristics was reviewed and the 

stakeholder’s quality perspective was also identified. Finally, the impact of the SPI initiative on software 

product quality was considered.  

In order to achieve the main objective of the first phase, we needed to answer the following questions: 

RQ1. What types of research have been reported to address software product quality in SPI 

initiatives?  

RQ2. What software product quality characteristics are managed in SPI initiatives? 

RQ3. What process references models are considered in SPI initiatives that deal with product 

quality?  

RQ4. What activities in the PDCA cycle have been covered by the primary papers selected?  
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The classification of empirical papers led us to identify the process reference models researched in order 

to improve a software product quality characteristic. An SPI initiative can be broken down into various 

stages. Each stage requires specific activities to be executed using supporting models and methods. The 

research approach may also show the maturity of the SPI field with regard to product quality 

characteristics. 

The objective of the second phase was to answer the following questions: 

RQ5. What is the rigor and relevance of the studies reported?  

RQ6. How are quality characteristics related to software products defined in SPI initiatives? 

RQ7. What types of stakeholders are considered in the SPI initiative? 

RQ8. What is the impact of SPI on product quality characteristics? 

 

3.2.1.2. Search Process  

We applied an automatic search process to select relevant papers. This approach has been used in other 

literature reviews on software process improvement (Pino et al., 2008). The search process takes into 

account the following resources: ACM Digital Library, IEEE Explore, Scopus and Web of Science. The 

records retrieved from the last three resources were processed using EndNote. The records retrieved from 

ACM were processed manually. Although the search process began in October 2013, the final list of 

retrieved papers was not obtained until February 2014. The search process is presented in Figure 3.1. 

 

 

 

Figure 3.1 Process for the SMS 

 
The search string consists of two groups of terms: software process improvement and product quality 

characteristics (Table 3.1). Since the terms used in systematic literature reviews (Section 2.2) for software 

process improvement are very broad and depend on the research objectives, we based this part of the 

research string on Pino et al. (2008).  
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The second group of terms relies on the product quality characteristics described in the ISO/IEC 25010 

and ISO/IEC 9126 software product quality models. We also studied two literature reviews in order to 

identify relevant terms for synonyms for the concept of quality characteristic (Barney et al., 2012; 

Svensson et al., 2010a). The generic terms for software quality can, on the other hand, support the 

identification of papers addressing others product quality characteristics, or sub-characteristics, which 

were not explicitly included in the search string.    

 

The procedure used to retrieve records from digital libraries was performed in two steps. The first step, 

which we called automatic processing, led to the extraction of 2748 records from the IEEE, Web of 

Science and Scopus databases.  These were then processed in a reference tool to eliminate duplicates. The 

second step was the manual processing of the 482 records extracted from ACM in order to identify 

duplicated records.  

 

Table 3.1 Terms for the search string 

Terms Synonyms  

Software process 

improvement 

 “software process improvement”  OR 

cmm OR cmmi OR 15504 OR spice OR 12207 OR 9001 

Product quality 

characteristics 

9126 OR 25010 OR  

usability OR maintainability OR security OR efficiency OR portability OR reliability 

OR functionality OR compatibility OR  

"non-functional requirements" OR "nonfunctional requirements" OR nfr OR "quality 

characteristics" OR "quality factors" OR "quality requirements" OR "quality attributes" 

OR 

 "software quality" OR "product quality" 

 

3.2.1.3. Selection Criteria 

The records retrieved were reviewed against the selection criteria described in the review protocol. The 

inclusion criteria applied were: 

1. The article must be written in English and have been published before and including December, 

2013. 

2. The article must address the topic of software process improvement and software quality by 

considering the perspective of the product. This includes papers which directly or indirectly support 

any of the activities considered in the SPI. Direct activities are those described in SPI methods which 

assess or change a software process in an organization. Indirect activities are those which provide 

support for an SPI initiative such as the development of reference models, the adaptation of reference 

models, assessment models and methods, and the evaluation of process frameworks with regard to 

software product quality. 

3. The article’s abstract must include a quality characteristic, or sub-characteristic, such as those 

described in ISO/IEC 9126 or ISO/IEC 25010. It may also reference a product quality model or 

product quality term such as quality goals, quality requirements or quality goals (Table 3.1). The 
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decision to include generic product quality terms was made because we reviewed the papers’ 

introductions in order to identify any product quality characteristic or an approach used to deal with 

it. 

4. The articles must include a process reference model such as CMM, CMMI, ISO/IEC 12207, among 

others. 

 

The exclusion criteria applied were: 

1. The article addresses the manufacture’s view of quality. Product quality is measured as the number of 

defects found during the software development lifecycle. This view lacks information about the 

specific product quality characteristics enhanced as explained in Section 1.1.   

2. The article addresses a proposal for educational settings. 

3. The article addresses issues/proposals for either process management or software process quality. 

4. The article only describes improvement results in terms of productivity or a reduced cycle time. 

5. The article addresses characteristics described in the quality in use model (ISO, 2010).  We are 

interested in understanding how process reference models can impact on quality during software 

development rather than their effects when software is in the operation stage. 

6. Literature reviews about software process improvement. 

7. Forwards, editorials, posters, books and theses. 

8. Articles with an identical or similar contribution. 

 

The selection criteria were applied by the first author when reviewing the 2438 articles.  Most of the 

papers were discarded after reading only the title because the topic appertained to other fields such as 

electronics, networks or cryptography. After reading the abstract, we identified 184 candidates. These 

were read again to identify whether they complied with the inclusion criteria, and in some cases we also 

read the paper’s introduction to make a decision. The selection process led to 71 primary papers being 

obtained.  A random sample of 200 records was additionally checked by the second author in order to 

verify the selection process. The results of this procedure were consistent with the outcomes reported by 

the first author. 

3.2.1.4. Data Extraction 

In order to answer the research questions we extracted the following information from each article: 

1. Quality characteristic. The quality characteristic described in the paper. In some cases a quality 

model or generic quality terms are reported (such as those depicted in Table 3.1). 

2. Approach for SPI. We identified several types of approaches for SPI. In order to classify the main 

contribution of each paper, we used the PDCA stages (Deming, 1992) to formulate a categorization 

scheme as regards whether the papers discuss an SPI initiative in an organization or they discuss 

either a model or method supporting each stage: 

a. Plan: The papers discuss improvement methods, an SPI infrastructure, critical factors for 

implementing an SPI initiative, aligning business needs with process improvement goals, 

coordinating multiple SPI initiatives and mappings between process models.  
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b. Do. The papers present solutions for improvement opportunities. These can be process 

models applied at an operative level, a measurement process, pilot projects and their 

respective outcomes, and the deployment of improvement activities throughout an 

organization. 

c. Check: The papers present both models and methods with which to assess the software 

process, assessment results, and a profile of assessment models and methods. This category 

includes maturity models and any other process reference models that are used to compare 

the practices that a software organization carries out. 

d. Act.  The papers discuss approaches with which to improve the SPI process carried out in 

the organization, to analyze organizational lessons learned, surveys from literature or 

organizations with regard to SPI efforts, adoption of reference process models in industrial 

settings, and experiences in continuous process improvement.  

3. Process framework. We identified the process frameworks, or SPI model, explicitly included in the 

article. 

4. Research approach. Research approaches are opinion papers, philosophical papers, experience 

reports, proposals of solutions, validation research and evaluation research (Wieringa et al., 2006). 

5. Venue. This describes whether the paper was published in a journal, conference or workshop. 

6. Year. Year of publication. 

 

 

Figure 3.2 Papers published by year 

 

The second part of the SMS analysis takes into account the empirical papers.  These are classified as 

validation or evaluation in the research approach category. We extracted the following information: goal 

of study, definition of quality characteristics, kind of stakeholders involved, approach used to improve 

product quality, and aspects used to assess rigor and relevance (Ivarsson and Gorschek, 2011).  
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Table 3.2 List of empirical papers. QC/QM: Quality characteristic/Quality model 

Paper Id Paper Type PDCA  

stage 

PDCA topic QC/QM Process 

reference/SPI models 

asthana2009 

(Asthana and 

Olivieri, 2009) 

Validation Do Measures Reliability CMMI 

boegh1999 (Boegh 

et al., 1999) 

Validation Do Measures ISO 9126 CMM, ISO 9001 and 

SPICE 

nunes2010 (Nunes 

et al., 2010) 

Validation Do Developing a process  Security SSE-CMM, CC, ISO 

27002, OCTAVE 

ortega2003 (Ortega 

et al., 2003) 

Validation Check Assessment ISO 9126, Dromey, 

McCall 

SPICE 

wagner2011 

(Wagner et al., 

2011) 

Validation Do Developing a process  Security SSE-CMM  

zia2010 (Zia, 2010) Evaluation Act Adoption of SPI 

practices 

Security CobIT, ISO 27002, 

COSO 

zucatto2007 

(Zuccato, 2007) 

Validation Do Developing a process  Security SSE-CMM 

ardimento2004 

(Ardimento et al., 

2004) 

Validation Do Measures Product goals Method used in ISO 

9001 certified 

organization 

ashrafi2003 

(Ashrafi, 2003) 

Evaluation Act SPI experience 

outcome 

Handbook of SQA CMM, ISO 9000 

balla2001 (Balla et 

al., 2001) 

Validation Act SPI experience 

outcome 

Quality product ISO 9000 

chen2009 (Chen 

and Huang, 2009) 

Evaluation Act SPI experience 

outcome 

Maintainability CMMI, ISO 9001 

kuilboer2000 

(Kuilboer and 

Ashrafi, 2000) 

Evaluation Act SPI experience 

outcome 

Handbook of SQA CMM, ISO 9000 

trienekens2001 

(Trienekens et al., 

2001) 

Validation Do Developing a process  ISO 9126  Generic process 

model 

vanLatum2000 

(van Latum and 

van Uijtregt, 2000) 

Validation Do Pilot project outcomes Reliability, fitness for 

use, and predictability 

BOOSTRAP 

vanSolingen1999 

(van Solingen et 

al., 1999) 

Validation Do Pilot project outcomes Reliability, fitness for 

use,  predictability, 

maintainability 

BOOSTRAP 

winter2010 

(Winter and 

Rönkkö, 2010) 

Validation Do Measures Usability ISO13407, ISO 9241-

11 

oconnor2009 

(O'Connor, 2009) 

Validation Act Adoption of SPI 

practices 

Usability Generic process 

model 

zhou2004 (Zhou 

and Stålhane, 

2004) 

Validation Act Adoption of SPI 

practices 

Reliability Generic process 

model 
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3.2.2. Results of the SMS  

We identified 71 primary papers which were classified by publication year. Figure 3.2 shows publication 

trends. The graph also shows the trends of the empirical studies reported, which represent 26% of all the 

papers selected. The year in which most articles were published was 2009, and the main topics are 

mappings among process reference models and approaches used to deal with security.  

Table 3.2 depicts the 18 empirical papers. Some empirical papers recommend either a product quality 

model or a process reference model that could be used in an SPI initiative. However, the papers lack 

validations of these recommendations (Asthana and Olivieri, 2009; Boegh et al., 1999). These papers 

were included because they provide an approach that can be used to improve or monitor product quality 

goals.  

The empirical papers were published in several conferences and journals. The articles published in 

conferences and workshops represent 72 % of all papers. The conferences which contain most papers are 

PROFES (6), ICCSA (3), SPICE (2) and EuroSPI (2), among others. Upon considering journal papers, 

which represent 28%, they are published in the Software Quality Journal (4), the Journal of Systems and 

Software (2) and Information and Management (2), Information Management & Computer Security (2), 

the Journal of Computer Science (2) among others.  These conferences and journals, however, represent 

roughly a third of the papers.  

Table 3.2 depicts the empirical papers. Some empirical papers recommend either a product quality model 

or a process reference model that could be used in an SPI initiative. However, the papers lack validations 

of these recommendations (Asthana and Olivieri, 2009; Boegh et al., 1999). These papers were included 

because they provide an approach that can be used to improve or monitor product quality goals.  

 

Figure 3.3 Research approach found in articles 

 

Proposal 
62% 

Experience 
7% 

Opinion 
5% 

Validation 
20% 

Evaluation 
6% 

Research approach 
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3.2.2.1. Research Approach (RQ1) 

We classified the selected papers with regard to the main research approach reported in the article using 

the taxonomy described in Wieringa et al. (2006). We found that 62% of the papers belong to the 

proposal category. Empirical studies represent 26% of the papers (evaluation 6% and validation 20%). 

The distribution of the papers by research approach is depicted in Figure 3.3. 

 

3.2.2.2. Quality Characteristics Addressed (RQ2) 

In order to understand how quality characteristics are addressed, we classified the primary papers by 

considering the main quality characteristic considered. We split the results into two groups: individual 

quality characteristics which correspond to ISO/IEC 25010 or ISO/IEC 9126 (52 papers, 73%), and 

papers that present other approaches (19 papers, 23%).  It is important to note that the papers which 

address more than one quality characteristic, without referencing a product quality model, are the least 

frequent (6%). 

 

 

Figure 3.4 Quality characteristics addressed by papers selected 

 

The most frequent quality characteristics from ISO/IEC 25010 or ISO/IEC 9126 addressed by the primary 

papers were security (70%), reliability (13%), usability (12%) and maintainability (5%). When the 

empirical papers were analyzed we found a similar distribution: security (33%), reliability (33%), 

usability (17%), and maintainability (17%). The main difference between theoretical and empirical papers 

concerns security quality characteristic (Figure 3.4). This can be explained by the number of mapping 

studies published that deal with various security reference models without validating the mapping 

outcomes.  
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Other primary papers address quality models (19 papers, 15%). The distribution of these models is 

depicted in Figure. 3.5. The ISO/IEC 9126 is the main quality model used (42%). Other quality models 

are also addressed, which are principally the following: ISO/IEC 25010, Handbook of SQA (HSQA) and 

McCall model.   

 

Figure 3.5 Quality models used in primary papers 

The category named Others (Figure 3.5) includes those papers which consider several product quality 

characteristics that do not fit well into the aforementioned categories because they either propose their 

own quality model or use a different set of quality characteristics. For instance, Fonseca et al. (2005) deal 

with mappings between process standards that consider RAMS (reliability, availability, maintainability, 

and security) as a set of quality characteristics to be addressed by railway systems. A similar situation 

occurs in the paper by von Wangenheim et al. (2012)  which points out that usability, portability, security 

and safety are relevant quality characteristics for telemedicine systems. The other two papers include 

fitness for use and predictability in addition to reliability.  Finally, three primary papers were not included 

in this classification as they do not consider specific quality models.  

As can be observed in Figure 3.5, we found eight papers that address ISO/IEC 9126. Al-Qutaish (2009) 

performs a mapping between ISO/IEC 9126 and ISO/IEC 12207 to identify cross-references between 

processes and measures from an internal quality model, an external quality model and quality in use. 

Boegh et al. (1999) suggest that a specific quality model for a system component can be based on the 

quality characteristics and measures from ISO/IEC 9126. Chandra et al. (2011) define a measurement 

process based on GQ(I)M, ISO/IEC 9126 and CMMI. Ortega et al. (2003) propose a systematic quality 

model and they develop a process framework with which to evaluate product quality (ISO/IEC 9126 is 

the main product quality model), considering the processes that contribute to product quality (from 

ISO/IEC 15504). Tzeng (2012) proposes the use of fuzzy Quality Function Deployment (QFD) to identify 

quality requirements (five from ISO/IEC 9126) and seven processes from ISO/IEC 12207 which have an 

impact on quality improvement in information system maintenance. Hamann et al. (1998) describe a 

method that can be used to develop a product/process dependency model. GQM is used in combination 
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with ISO/IEC 9126 for the hypothesis generation, analysis and validation of product/process dependency 

(Hamann et al., 1998).   

Trienekens et al. (2001) describe the experience of using the product focused SPI model (P-SPI). The 

main conclusion is that P-SPI puts products to be developed in a central position in improvement 

programs. As a result, the specific quality goals of a company and project could be fulfilled. Satpathy et 

al. (2000) propose a model with which to improve product quality by integrating activities from reference 

models and product quality characteristics. They also include a measurement approach based on GQM.  

ISO/IEC 25010 is used by García-Mireles et al. (2012) to map quality characteristics within practices 

described in both ISO/IEC 12207 and CMMI. The Handbook of SQA (HSQA) quality model is used to 

request the effect of ISO 9001 or CMM on product quality (Ashrafi, 2003; Kuilboer and Ashrafi, 2000).  

 

 

Figure 3.6 Process frameworks used in primary papers 

In summary, when researchers cite several quality characteristics, they are considering two main 

approaches: mappings between reference models and measurement processes.  On the one hand, 

mappings are carried out in order to propose a software process, assessment model or maturity model.  On 

the other hand, quality models are used to identify relevant quality characteristics and their related 

measures in order to evaluate product quality. Finally, some articles also use generic quality terms, such 

as product goals or quality goals to propose a measurement process with which to monitor process or 

product quality.  

 

3.2.2.3. Process Frameworks (RQ3) 

Since one of the main approaches used to deal with software process improvement is to use a process 

reference framework (Hansen et al., 2004), we identified the main process frameworks used in SPI 

CMM 
3% 

CMMI 
7% 

ISO 9001 
5% 

ISO12207 
9% 

ISO 15504  
15% 

Security reference 
models 

54% 

COBIT 
2% 

Bootstrap 
4% Six-Sigma 

1% 

Process frameworks 



47 
 

initiatives that are focused on enhancing product quality (Figure 3.6). More than half of the primary 

papers deal with security issues (54%), and we have therefore identified a category namely security 

reference models which includes: SSE-CMM, Common Criteria (CC), ISO/IEC 27002, and ISO/IEC 

21827. ISO 9001, ISO/IEC 12207 and ISO /IEC 15504 standards are used in 29% of the papers. CMM 

and CMMI are used in 10% of the papers. Other reference models (or assessment methods) are Bootstrap, 

COBIT and Six-Sigma. 

However, when we reviewed the empirical papers we found that security-related reference models are the 

most frequent. ISO 9001 is used in 22% of the papers. In addition CMM/CMMI modelsare also reported 

in 22% of papers. ISO/IEC 15504 is cited in only 6% of the empirical papers.  Upon comparing the 

outputs of the empirical papers with those of the theoretical papers, we can suggest that ISO/IEC 15504 

and ISO/IEC 12207 are considered when designing proposals, but that these proposals have not yet been 

validated.  The security reference models also contain proposals that have not been validated. The lack of 

empirical studies on security and ISO frameworks signifies that CMM and CMMI play a relevant role in 

this graph (Figure 3.7). 

 

 

Figure 3.7 Process frameworks used in empirical studies 

 

There is a trend in the SPI field to focus on models such as CMMI, ISO/IEC 15504 and ISO 9001 (Pino et 

al., 2008; Unterkalmsteiner et al., 2012).  Given the relevance of these models, we identified the product 

quality characteristics addressed by them. We found that CMM has been used with security practices and 

the HSQA quality model. CMMI has been used with security, ISO25010, reliability, availability, and 

maintainability. On the other hand, proposals based on ISO/IEC 12207 consider security, usability, 

ISO/IEC 9126, ISO/IEC 25010 and generic quality terms. ISO/IEC 15504 was used to propose the 

enhancement of security, usability, reliability, and ISO/IEC 9126. 
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3.2.2.4. Classification of SPI Approaches Used to Deal With Product Quality (RQ4) 

Using the PDCA stages as a classification scheme (Section 3.2.1.4 Data Extraction), we found that the set 

of primary papers covers all the stages  (Figure 3.8): the Plan stage (25%) principally contains proposals 

for  a particular form of framework mapping (Halvorsen and Conradi, 2001). There are different degrees 

of comparison, from a discussion on a standard’s purpose to a detailed mapping between practices.  

Mapping has also been used to create a new process model which combines practices from various 

reference models in an integrated proposal. Finally, some proposals extend a process reference model, 

CMMI or ISO/IEC 15504, principally to address security issues. 

The main topics in the Do stage are how to develop a suitable process model in order to carry out the 

activities in a software project (at an operative level) and the development of processes and methods with 

which to measure product quality. The measurement proposals deal with processes that can be used to 

support the monitoring and quality control during the software development lifecycle. The formulation of 

appropriate measures can be carried out with GQM. There are other topics such as introducing specific 

practices from other disciplines (e.g., Reliability Engineering), outcomes from pilot SPI projects, tools to 

improve product quality, and the extension of agile methods in order to support security and usability. 

 

Figure 3.8 Classification of papers using PDCA stages 

 
Almost half the papers in the Check stage address the development of assessment models by considering 

standards and guidelines for security practices (Cheng et al., 2007). The assessment models may be 

maturity models. However, only two papers consider the quality characteristics described in ISO/IEC 

9126 (Ortega et al., 2003; Tzeng and Chen, 2012). The assessment methods, on the other hand, include 

questionnaires and some mechanisms with which to make decisions, such as measures, the Analytical 

Hierarchy Process (AHP) or Quality Function Deployment (QFD) (Cheng et al., 2007; Tzeng and Chen, 

2012).  
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The Act stage (10%) contains papers which address either the adoption of practices in order to improve 

specific product quality characteristics or process performance with regard to quality characteristics.  The 

first group discovers specific practices with which to enhance either usability or reliability in web systems 

that software organizations implement in their software projects. There is also a paper that surveys 

organizations in order to understand the extent to which security reference models are deployed in 

industry (Zia, 2010). The last group of papers discusses findings concerning the perception as regards 

software quality in organizations that implement process reference models. Since all the papers in this 

category also correspond to the evaluation research type, they will be reviewed in Section 3.2.2.8. 

 

 

Figure 3.9 Distribution of research papers by PDCA stages 

 

3.2.2.5. Rigor and Relevance of Primary Papers (RQ5) 

The 18 empirical papers were assessed using the framework proposed by Ivarsson and Gorsheck (2011) 

in order to describe the rigor and relevance of the articles. Data were extracted from each empirical paper 

to determine the extent to which each rigor and relevance factor was described. Table 3.3 shows the 

results. The mean for rigor is about 1.38 which can be interpreted as the fact that papers report little 

information about the method employed to perform the study. On the other hand, the relevance data show 

that research has been conducted in an environment similar to an industrial context (mean 3.11). 

However, the lack of rigor reported hinders the possibility of either achieving reliable conclusions or 

generalizing the results. Figure 3.10 presents a bubble chart showing the relationship between rigor and 

relevance.  

The bubble graph (Figure 3.9) shows the distribution between research type and the PDCA-based 

categories. The majority of the papers correspond to the proposal category and deal with topics in the 

Plan, Do and Check categories. The graph shows a lack of evaluation studies for practically all PDCA 

stages. 
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Table 3.3 Rigor and relevance of empirical papers 

paperId Context Study 

Design 

Validity Rigor Subjects Context2 Scale Research 

method 

Relevance 

ashtana2009 0 0 0 0 0 1 0 1 2 

boegh1999 1 0,5 0 1,5 0 0 0 1 1 

nunes2010 0,5 0 0 0,5 1 1 0 1 3 

ortega2003 1 1 1 3 0 1 1 0 2 

wagner2011 0 0 0 0 0 1 1 1 3 

zia2010 0,5 0 0 0,5 0 1 1 1 3 

zuccatto2007 0,5 0 0 0,5 0 1 1 1 3 

ardimento2004 1 0,5 0,5 2 0 0 1 0 1 

ashrafi2003 1 0,5 1 2,5 1 1 1 1 4 

balla2001 1 0,5 0 1,5 1 1 1 1 4 

chen2009 1 1 1 3 1 1 1 1 4 

kuilboer2000 1 0,5 1 2,5 1 1 1 1 4 

trienekens2001 0,5 0 0 0,5 0 1 1 0 2 

vanLatum2000 1 0,5 0 1,5 1 1 1 1 4 

vanSolingen1999 1 0,5 0 1,5 1 1 1 1 4 

winter2010 1 0,5 0 1,5 1 1 1 1 4 

oconnor2009 0,5 0,5 0,5 1,5 1 1 1 1 4 

zhou2004 0,5 0,5 0 1 1 1 1 1 4 

 

 

3.2.2.6. Definition of Quality Characteristics (RQ6) 

Since defining and measuring quality is a difficult endeavor, we reviewed how the empirical papers deal 

with the quality concept.  We found that a third of the papers lack a definition of the software quality 

characteristic being studied. Papers discussing security-focused processes only make reference to 

standards and guidelines such as the SSE-CMM and Common Criteria (Wagner et al., 2011).  Other 

research takes a practical definition of a quality characteristic, such as reliability, and relates the definition 

to any form of measure in a software project, such as defect trending graphs or the number of defects in 

operational software (Balla et al., 2001; van Latum and van Uijtregt, 2000).  
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Figure 3.10  Rigor and relevance of empirical papers 

 

Some proposals use the definition of quality characteristics as they are described in standards. The models 

used to define quality characteristics are the ISO/IEC 9126, ISO 9241, the glossary of terms in IEEE, and 

the Handbook of SQA (Table 3.4).  Some proposals recommend using the quality characteristics as a 

basis to identify relevant quality project goals (Boegh et al., 1999), while others recommend establishing 

target values in order to identify quality characteristics and to support the specification of quality 

requirements (Balla et al., 2001; Boegh et al., 1999).  

 

3.2.2.7. Participating Stakeholders (RQ7) 

The fitness for use quality perspective considers that different stakeholders have specific quality needs. It 

is thus relevant to understand how the stakeholders have been addressed in empirical papers (Table 3.4). 

The empirical studies consider case studies, the action research approach and surveys in order to either 

validate their respective proposals or evaluate the impact of SPI models on product quality.  A third of the 

papers, however, do not include a description of the stakeholder sample.  Another third take into account 

managers and software developers. Finally, the remaining studies report either managers or software 

developers. The majority of the studies do not discuss the impact on software quality by considering the 

stakeholder profile. The stakeholder profile is mainly used to establish sample demographics (Ashrafi, 

2003; Chen and Huang, 2009).  
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Table 3.4 Stakeholders and quality characteristics addressed in SPI initiatives 

paperID Stakeholder 

sample 

Quality 

characteristic 

Quality Definition Quality approach 

boegh1999 N/A Develop a 

specific quality 

model 

Specific to project needs Measures and target values to 

improve requirements specification 

and  quality monitoring 

kuilboer2000 Software 

developers 

Handbook of 

SQA 

Handbook of SQA Implementing SPI models 

moderately increases perception of 

product quality because the model 

considers specific product quality 

ashrafi2003 Software 

developers 

Handbook of 

SQA  

Handbook of SQA Implementing SPI models  

moderately increases perception of 

product quality because the model 

considers specific product quality 

ortega2003 Project 

managers, 

developers and 

users 

ISO 9126, 

Dromey model, 

McCall Model 

ISO 9126 Measures and practices to improve 

product quality 

chen2009 Project 

managers, 

software 

engineers 

Maintainability ISO 9126 SPI initiatives can moderately 

improve software maintainability 

because they reduce the level of 

documentation and project 

management issues. SPI projects 

have a significantly higher level of 

software maintainability that non-SPI 

projects  

ardimento2004 N/A N/A. Generic 

quality term 

N/A Measures considering stakeholder's 

viewpoint in GQM 

balla2001 Project manager, 

Project leader, 

project members 

N/A. Generic 

quality term 

N/A. Reduced number of 

customers’ reclamations 

and number of 

nonconformities 

Defining process based on SPI 

models and product quality requires 

definition of relevant attributes and 

measures 

ashtana2009 N/A Readiness 

criteria  

Measure-based. 

Functionality, operational 

quality, stability and 

reliability 

Measures from product and process 

to determine readiness criteria 

vanLatum2000 Project manager, 

engineers, test 

team 

Reliability Lower number of defects 

in operational software 

Project quality goals and process 

assessment guide the selection of 

practices to improve quality. GQM to 

establish a monitoring process 

vanSolingen1999 N/A Reliability Lower number of defects 

in operational software 

Project quality goals and process 

assessment guide the selection of 

practices to improve quality. GQM to 

establish a monitoring process 

trienekens2001 N/A Reliability Measure-based. Number 

of defect graph trend 

Quality requirements support the 

identification of measures and 

practices used to customize software 

processes 

zhou2004 Project 

managers and 

developers 

Reliability, 

robustness 

Reliability not defined. 

Robustness  in IEEE 

Glossary 

Reliability engineering provides 

methods to improve software 

reliability 

nunes2010 Software 

developers  

Security N/A Mappings between security-focused 

models can be used to develop a 

software process 

wagner2011 Project 

managers 

Security N/A Security practices from SSE-CMM 

can be associated with security 

patterns 

zucatto2007 N/A Security N/A Business needs drive the 

identification of security 

requirements 

zia2010 Software 

developers 

Security N/A Adoption of practices based on 

security governance models 

 



53 
 

Table 3.4 Stakeholders and quality characteristics addressed in SPI initiatives (cont.) 

paperID Stakeholder 

sample 

Quality 

characteristic 

Quality Definition Quality approach 

winter2010 Software 

developers, 

usability experts, 

users 

Usability ISO 9241 Usability measures and usability 

testing practices 

oconnor2009 Web 

development 

managers 

Usability ISO 9241 UCD practices can improve software 

usability 

 

Only two empirical papers assign different activities to stakeholders by considering their respective role. 

Ortega et al. (2003) use the instrument for assessing software quality by considering the roles of 

stakeholders. Project managers’ answer questions about software process activities, users answer 

questions about reliability, usability and efficiency, while developers can answer questions about 

functionality, reliability, usability, maintainability, efficiency and portability. In a similar vein, the 

usability framework  (Winter and Rönkkö, 2010) considers users as usability testers who carry out the 

scenarios described in each testing procedure and answer questionnaires in order to assess the usability of 

a software product; usability experts analyze quantitative and qualitative data and provide the project 

team with feedback regarding measures and experience-based suggestions. These articles, however, only 

describe the experience of developing assessment proposals without discussing the effect of methods on 

software product quality as perceived by different stakeholders. 

 

3.2.2.8. Impact of SPI on Product Quality (RQ8) 

We answered this question by reviewing the surveys focused on evaluating the impact of SPI on product 

quality. We found three papers that analyze two datasets. Kuilboer and Ahsrafi (2000) and Ashrafi (2003) 

analyze surveyed data to understand the impact of CMM and ISO 9001 on product quality. Chen and 

Huang  (2009) analyze the effect of development problems on software maintainability and discuss the 

effect of process maturity (based on ISO 9001 or CMMI) in order to mitigate these problems.  

The majority of the respondents in these surveys pointed out that the project size tended to be small to 

medium. Chen and Huang (2009) reported that 76% of respondents stated that the project team size was 

in the range of 1 – 10 members and that project duration was between 1 and 2 years. Kuilboer and Ashrafi  

(2000) reported that the average range of a team was between 6 and 31 members. These authors also 

found that companies which tend to implement process reference models are those that develop software 

under contract or in-house. As an explanation, the authors argued that organizations which develop these 

types of projects are more interested in quality than in speeding up the process (Kuilboer and Ashrafi, 

2000). However, the authors do not provide additional details in order to characterize the software. The 

software type is relevant since it is known that certain quality characteristics are more important than 

others with regard to the software type category (Wagner et al., 2012).  

Kilbouer and Ashrafi (2000) only surveyed software developers, whereas Chen et al. (2009) surveyed 

software developers and project managers. However, the articles do not analyze the effect of different 
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types of participants on software projects. It is known that employees have different priorities with regard 

to software quality characteristics which may be influenced by the practices and competency which 

correspond to their respective work positions (Berntsson Svensson et al., 2012).  

Process maturity is another factor that contributes toward improving software quality. Chen et al. (2009) 

asked about certifications or maturity level. They found that organizations that develop projects with 

reference models have better maintainability than projects developed without reference models. Ashrafi 

(2003), on the other hand, found a wide variability in the responses from developers who use CMM and, 

as an explanation, argued that process capability is a factor which may cause that variability. However, 

she only reported that the time of an SPI initiative is roughly three years for 75% respondents.  

These studies show a moderate increase in software quality according to the participants’ perception. 

Kuilboer and Ashrafi (2000) reported a moderate increase in design quality while Chen et al. (2009) 

reported a moderate increase in software maintainability when projects are developed in an SPI 

environment. Factors which contribute to this perception are the emphasis on documenting intermediate 

products on software development, and improving the software process to meet project objectives. 

Although the papers do not provide project data to show a stronger conclusion about the enhancement of 

product quality characteristics, perceptual attributes are important to establish a basis for a general theory 

(Iivari, 1996). 

The ideas with regard to improving software quality are summarized as follows. We found that Kuilboer 

and Ashrafi (2000) and Ashrafi (2003) argued that the improvement to software quality is owing to the 

quality characteristics that are included in the requirements of reference models such as ISO 9001 and 

CMM. A reference model may be selected for the quality characteristics addressed in their requirements. 

Software organizations could therefore select reference models if there is an artifact that shows the effect 

of a process reference model on product quality characteristics. The empirical data provided (Ashrafi, 

2003), however, do not sustain this proposal, since adaptation quality factors are not found in CMM and 

respondents reported an increased impact on quality factors from this category. On the other hand, Chen 

and Huang (2009) found that reference models can enhance software maintainability at a moderate level 

when problems with documentation and process management are addressed. 

Other approaches with which to improve product quality within an SPI initiative are the outcomes of the 

PROFES project (van Latum and van Uijtregt, 2000; van Solingen et al., 1999). In this initiative, the 

product quality required is the driver used to decide which activities should be included in a software 

project. The PROFES method relies on an assessment of current practices (Bootstrap), the establishment 

of product quality goals using GQM, and the definition of new software processes. Product-Process 

Dependency models are the critical artifact in this method, since they describe the potential impact that a 

software process activity could have on particular product quality characteristics. The method was applied 

to the development of embedded systems and the authors reported an improvement in the product quality 

and process maturity of three organizations. However, they also pointed out that it is very difficult to 

define and validate product-process dependency models. 

Although a measurement process has the goal of monitoring a process or product, defining target values 

for product quality characteristics and tailoring quality models to specific product are two aspects that can 
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contribute toward improving product quality (Boegh et al., 1999; Ortega et al., 2003). Defining target 

values for software quality characteristics can be based on an experience repository. Software developers 

could therefore specify more reliable quality requirements. The tailoring of quality models meanwhile 

implies the need to define a specific quality model for a product, including indicators and measures. The 

indicators can be a means to define and evaluate the product quality. In both cases, software developers 

are required to spend more time analyzing product quality requirements. 

3.2.3. Discussion 

The main objective of an SPI is to optimize the software process in order to achieve business needs. 

Enhancing software quality is one of the main arguments for starting an SPI initiative. However, we 

found few empirical papers that either evaluate the impact of an SPI initiative on product quality or 

enhance product quality within an SPI initiative. We believe that this is a very important area for further 

research, but the outcomes in the studies reported show that the topic is difficult to address.  

The main findings of this SMS, along with some remarks, are depicted in Table 3.5 and Table 3.6. In 

addition to the  remarks for RQ1 regarding the type of research reported, the vast majority of the 

proposals show, as noted by Barney et al. (2012), that the area for addressing software product quality is 

still in the development stage. Indeed, the evidence collected does not provide conclusive results as 

regards the effect of SPI initiatives on product quality characteristics. 

Addressing product quality characteristics within SPI initiatives (RQ2) requires software organizations to 

implement specific activities (or practices) which should be combined with their respective software 

processes. The practices might be retrieved from both industrial standards and literature on the scientific 

discipline that addresses the quality characteristic. In particular, a strategy based on multi-models can 

support the identification of the practices required when implementing solutions that address some 

specific quality characteristics (Siviy et al., 2008). Furthermore, organizations need support to use product 

quality models during the software development lifecycle. Product quality models can help in the 

specification of quality requirements, measurement, monitoring, and the evaluation of product quality. 

When considering the process reference models used in SPI initiatives which deal with product quality 

characteristics (RQ3), we found that security-based reference models are the most common. This finding 

contrasts with existing results of other related literature reviews about SPI. For instance, Pino et al.  

(2008) found that CMM and CMMI are the most common models in SPI initiatives in small companies. 

Hansen et al. (2004) showed that the majority of papers discuss SPI initiatives based on CMM. 

Unterkalmsteiner et al. (2012) found that CMM and CMMI are among the most common frameworks 

reported.  Indeed, the last work, which is the most recently published, does not report security focused 

reference models.  From a research perspective, this could lead to an in-depth study of the relationships 

that can be established among traditional models for SPI and specialized models such as those in the 

security area.   

By using the PDCA cycle to classify the main contributions of the primary papers in the SPI field (RQ4), 

we found that the primary papers have been addressed in each stage. However, the Act stage, which 

requires an evaluation of the results of implementing an improvement action, requires more research to 
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evaluate the level of improvement achieved in software product quality and the relevant contextual 

factors that should be considered. 

Table 3.5 Main findings of the first phase of review 

Findings Remarks 

RQ1. Research approaches  

62% proposals, 26% empirical papers 

 There is a lack of empirical studies dealing with SPI initiatives 

and product quality characteristics.  

 More work is required in this field to identify the relevant 

contextual factors to be considered when implementing an SPI 

initiative to improve a product quality characteristic. 

RQ2. Product quality characteristics 

managed 

Security is considered in 70% of papers 

addressing one quality characteristic. The 

quality model most often used in 

measurement processes is ISO/IEC 9126.   

 Security, usability and reliability require specific practices to 

be deployed in software processes. These can be gathered from 

standards or from related disciplines. 

 Quality models are mainly used to define measurement 

programs or to develop questionnaires to evaluate product 

quality. 

 Although product quality characteristic definition helps to define 

product quality, the diversity of definitions for quality terms 

and quality models shows that it is difficult to define product 

quality in software projects objectively. In addition, this 

situation hinders the comparison between outcomes of SPI 

projects.   

RQ3. Process reference models 

Security-based reference models are the 

most common (54%), followed by ISO 

standards (29%) and CMM/CMMI (10%) 

 A lot of proposals for security are based on mappings between 

security-related standards. Some of them propose processes 

at the operative level. On the other hand, several proposals are 

based on ISO standards and others on CMM/CMMI models. 

Few empirical studies. 

 Traditional models for SPI (CMMI or ISO/IEC 15504) barely 

addressed when research works report improvements to 

product quality characteristics.  

RQ4. PDCA - Classification of proposals 

Plan (25%), Do (38%), Check (27%), Act 

(10%) 

 Majority of proposals in Plan stage correspond to mappings 

between reference models. However, they are not validated. 

 Do stage contains proposals for measurement process and for 

tailoring software process to enhance (mainly) security aspects. 

 Check stage describes assessment methods while Act stage 

includes surveys to evaluate the impact of SPI on product 

quality. The latter stage requires more empirical studies to 

evaluate the impact of SPI initiatives on specific product quality 

characteristics. 

 

The second part of the research focused on empirical papers, and we found that only 18 papers discuss 

issues concerning the improvement of software product quality within SPI initiatives. The majority of 

them show a lack of rigor in the documents reported (RQ5). This finding hinders the formulation of 

trustworthy conclusions, although the studies were performed in a context relevant to industrial practice.  

The next two questions focused on the definition of product quality characteristics within SPI initiatives 

(RQ6), and the role of stakeholders when SPI initiatives impact on software quality is reported (RQ7). 

We found that the difficulty in defining quality characteristics is also apparent in SPI studies (Kitchenham 

and Pfleeger, 1996). Some papers lack a definition of quality characteristics or quality terms while others 

only make reference to standards such as ISO/IEC 9126 and ISO 9241. Since different stakeholders have 

distinct priorities when considering quality characteristics (Berntsson Svensson et al., 2012), we expected 
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the empirical studies to take this aspect into account. However, the stakeholder profile is only used to 

describe the study sample. 

Although there is little evidence to support the impact of SPI initiatives on software product quality 

characteristics (RQ8), we identified three main approaches that could be used in practice: capability-

based approach, measurement-based approach and combined approach. The capability-based approach 

relies on the implementation of practices to improve software quality; the main focus of the measurement-

based approach is that of monitoring quality levels using a measurement process. The combined approach 

uses elements from the two aforementioned approaches. 

The capability-based approach could be generic or specific. We consider that an approach is generic 

when a software organization implements software practices described in traditional reference models, 

such as CMMI and ISO/IEC 15504. The documentation practices, project management and quality 

assurance activities can contribute to a perception of a moderate increase in software product quality. The 

effects are particularly apparent in software maintainability and, to some extent, in software reliability as 

reported in (Ashrafi, 2003; Chen and Huang, 2009; Kuilboer and Ashrafi, 2000). 

 

Table 3.6 Main findings of the second part of the review. 

Findings Remarks 

RQ5. Rigor and relevance 

Rigor mean (1,38), Relevance mean (3,11) 

 Empirical studies are focused on defining process proposals. The 

rigor reported is poor in the majority of empirical studies, 

although they were carried out in a context similar to industrial 

practice. 

RQ6. Definition of quality characteristics 

A third of papers lack definitions of 

product quality terms. Several quality 

models used. 

 Lack of definition of quality terms makes it difficult to establish 

appropriate indicators and measures to provide objective evidence 

that SPI initiatives actually enhance a particular quality 

characteristic. 

 There is no consensus as to the role of product quality models 

in SPI initiatives. 

RQ7. Stakeholder preferences 

Project managers and developers are the 

main stakeholders surveyed 

 Although it is known that stakeholders have different priorities as 

regards product quality, the empirical studies only use 

stakeholders’ data to establish the sample profile.  

 There is a need to understand how SPI initiatives impact on 

product quality characteristics when stakeholders’ preferences are 

taken into account. 

RQ8. Impact of SPI on product quality 

Few empirical studies analyze the impact 

of SPI on product quality. They report a 

moderate increase in maintainability and 

design quality factors (correctness, 

maintainability, and verifiability) 

 There is a lack of empirical papers that study the impact of 

SPI initiatives on product quality. The existent evidence is 

based on perceptions of developers and project managers 

gathered using questionnaires and interviews.  

 Evidence based on measures can provide stronger evidence about 

the impact of SPI on product quality. 

 

The specific focus attempts to identify relevant practices in disciplines related to software quality 

characteristics that are being improved. For instance, User Centered Design and Reliability Engineering 

can provide methods and techniques that could be incorporated into software development processes 

(O'Connor, 2009; Winter and Rönkkö, 2010; Zhou and Stålhane, 2004). Security practices described in 

standards and reference models can be tailored before they are implemented in software projects (Nunes 
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et al., 2010; Zuccato, 2007). However, the empirical data showed a low adoption level of specific 

practices, and some proposals require that an expert in the discipline, such as a usability expert, be part of 

the development team.  

The measurement-based approach promotes the usage of measures in order to assess the quality of a 

software product. This can be implemented using a quality model to identify the quality characteristics 

and the appropriate measures to monitor the software project (Ardimento et al., 2004). The quality control 

mechanisms are more effective when a target value is assigned (Boegh et al., 1999; Ortega et al., 2003). A 

variant of this approach is to introduce a measurement program based on a customized quality model. The 

model can be based on a standard, such as ISO/IEC 9126, but the specific quality model should identify 

relevant quality indicators and measures that make sense to project stakeholders. The customized quality 

model can additionally support the identification of quality requirements and their respective specification 

(Boegh et al., 1999). 

The combined approach includes elements of both previously discussed approaches. They are based on 

the introduction of software practices by considering project quality goals. The quality goals drive the 

specification of quality requirements, the selection of relevant practices to meet the quality goals and the 

establishment of a measurement process to monitor the effectiveness of a software process (Balla et al., 

2001; Trienekens et al., 2001; van Latum and van Uijtregt, 2000; van Solingen et al., 1999).  

3.2.4. Research Implications 

Several proposals are based on mappings between standards or process models. The mappings are 

important when optimizing organizational resources in SPI initiatives based on multi-models (Siviy et al., 

2008). However, the lack of empirical papers hinders the evaluation of proposals as regards 

understanding the benefits and weaknesses of each method or model. Furthermore, more research is 

needed on the multi-model SPI initiatives that take into account the most common process reference 

models (CMMI, ISO/IEC 12207, ISO/IEC 15504, and others) and standards focused on specific product 

quality characteristics. 

The dearth of primary papers in this SMS, and particularly the lack of empirical papers dealing with 

software product quality, has also been reported in others literature reviews. Barney et al. (2012) found 

that in the abstract section, most papers address software quality aspects generally. In the case of most 

publications it was not possible to ascertain which specific qualities were studied, and only 8% of the 

papers selected reported the ISO/IEC 9126. In similar vein, Unterkalmsteiner et al. (2012) found that 15 

of 148 papers (10%) dealt with quality characteristics as described in ISO/IEC 9126.  These reviews 

therefore provide strong evidence about the relevance of research on software product quality and the 

need to research the topic, in our case, within the software process field. 

The results of this review show that despite the broad range of quality (sub-) characteristics that can be 

studied, few of them are considered in SPI initiatives based on process reference models. Security was the 

main quality characteristic addressed in this SMS using an SPI approach based on mappings. However, 

there is a need to understand the effect of these mappings on the improvements made to the specific 
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software quality characteristic. In addition, there are other quality characteristics that should be studied in 

order for software organizations to be able to evaluate the effect of software processes on product quality.   

We found a lack of focus on the definitions of software product quality characteristics. This topic is 

relevant as regards deploying a measurement program within software organizations, because the first 

step is to rely on an agreement about the meaning of a product quality characteristic and how it can be 

operationalized using indicators and measures. On the other hand, the measurement program must be 

adapted to a specific organizational context, in which the process maturity is a main factor. Some 

proposals, such as those of Ardimento et al. (2004) and van Latum (2000), propose using GQM to 

measure product quality characteristics. 

The ubiquity of software signifies that software organizations must have processes that are able to deal 

with the levels of quality required by the industrial sector and market demands. Quality demands can be 

considered as a driver for research in this topic (Allen et al., 2006). Dealing with empirical data in order 

to assess the impact of a software process on software product quality implies that researchers must also 

report contextual data, such as the type of software, the organizational context and the maturity level 

(Petersen and Wohlin, 2009). It is also important to discuss the moderating effect of the type of 

stakeholders’ construct when the impact on product quality is analyzed. 

3.2.5. Study Limitations 

An SMS has different requirements to a systematic literature review. We are interested in the trend in the 

SPI field since we wish to address software product quality. The identification of relevant papers may 

therefore be auditable but not necessarily complete (Kitchenham et al., 2011). Furthermore, Petersen et al. 

(2008) suggest that a mapping study must include empirical and non-empirical studies.  

Hence, we focused on the four databases usually consulted in the Software Engineering field, and the 

SMS includes both empirical and non-empirical studies. The primary papers were classified using the 

Wieringa et al. (2006) taxonomy. We believe that the papers selected provide an overview of the topic 

being studied because we reviewed both journals and conferences papers. A comprehensive literature 

review, however, should also consider process assessment methods, measurement programs, and maturity 

models. 

The search string was formed after reviewing SLRs and mapping studies in the SPI field and those 

dealing with quality requirements (Barney et al., 2012; Hansen et al., 2004; Pino et al., 2008; 

Unterkalmsteiner et al., 2012). We also found that the term “software process improvement” has been 

used to classify literature in the SPI field (Hansen et al., 2004).  

The number of quality characteristics and quality terms is huge. Standards such as ISO/IEC 9126 or 

ISO/IEC 25010 propose the most commonly used quality characteristics. Although these standards also 

identify some sub-characteristics for each characteristic, we only considered the characteristics in the 

search string since they are those most frequently used.  We also included the quality models (ISO/IEC 

9126 and ISO/IEC 25010) in the search string. Since we are dealing with a product quality view in a field 

in which the manufacturing view is the most common, we also selected papers that use generic quality 
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terms related to software products. This decision was made in order to look at the introduction and 

manually search for a specific product quality characteristic or any approach used to deal with software 

quality characteristics. 

The activities of selecting articles and data extraction needed to be carried out carefully in order to avoid 

possible bias in the literature review (Dybå and Dingsøyr, 2008). A research protocol was built to 

minimize the impact of these issues. This protocol contained the research questions, the aim of each 

research question and how data could be analyzed. We used a reported classification system for both the 

research approach and the rigor and industrial relevance of empirical papers (Ivarsson and Gorschek, 

2011; Wieringa et al., 2006). In order to classify the SPI approaches we reviewed the main activities used 

in SPI methods and developed a classification schema based on the PDCA cycle (Deming, 1992). Our 

classification schema considers both the implementation of an SPI project in organizations and the 

development of methods and models that support each PDCA stage.  

The extraction templates were filled in with verbatim data from the papers reviewed.  The selection of 

papers and the data extraction were carried out by the first author. The second author reviewed the 

selection process and the results were the same. However, this revision was based on a sample of the 

papers retrieved. 

 

3.3. Literature review Concerning Interactions between Quality 

Characteristics 

 

The proposed process framework for managing interactions between quality characteristics were 

developed by reviewing literature from different software engineering areas (Figure 3.11). This review 

was also based on reported Systematic Literature Reviews concerning quality requirements and software 

quality trade-offs (Barney et al., 2012; Chen et al., 2013; Loucopoulos et al., 2013; Svensson et al., 

2010a). There is a strong relationship between software requirements and the software quality area when 

the subject is the specification of quality requirements. This can be observed in the definition of a quality 

model as “set of characteristics and of relationships between them, which provides a framework for 

specifying quality requirements and evaluating quality" (ISO 2010). Moreover, in order to provide 

processes with which to resolve negative interactions we identify the requirements for a decision process 

that is included in process reference models (CMMI, 2010; ISO, 2008). Indeed, a  process perspective is 

considered to be an holistic approach that can be used to deal with software product quality in 

organizational settings (Aaen et al., 2001).  

3.3.1. Interactions from the Requirements Perspective 

An important activity within the software requirements analysis area is the identification and resolution of 

interactions between requirements (Dahlstedt and Persson, 2005; Robinson et al., 2003).  The interactions 

can be discovered by comparing descriptions of requirements, which is called perceived interaction, or by 

analyzing their potential implementation, which is known as implementation interaction (Robinson et al., 
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2003). A perceived interaction describes a case in which requirements descriptions seem to imply that 

satisfying one requirement will affect the satisfaction of another. This is relevant for our framework, 

owing to the fact that quality requirements are characterized as abstract, subjective, and relative (Chung et 

al., 2000; Paech and Kerkow, 2004). In the implementation interaction, on the other hand, the 

requirements interact through the behavior of the components that implement them.  This view of 

interactions corresponds to the decisions made when defining, for instance, software architecture during 

the software development lifecycle (Ameller et al., 2013; Chen et al., 2013). 

 

Software 

Quality 

Interaction 

Management 

Framework
Software Quality 

 Product quality model

 Interaction model between quality 

characteristics

Software Process 

 Requirements for decision processes

 Process affected by interactions between quality characteristics

Software Requirements 

 Factors influencing interactions

 Methods for identifying and 

resolving conflicting interactions

 

Figure 3.11 Software knowledge areas related to the software quality interaction management 

 

Despite the fact that some articles try to organize theories and concepts related to the interactions among 

quality requirements, the term interaction (Mairiza et al., 2010; Robinson et al., 2003) has several 

synonyms: relation (Henningsson and Wohlin, 2002), relationship (Zulzalil et al., 2008), inter-

dependence (Dahlstedt and Persson, 2005), dependences (Berander et al., 2005; Zhang et al., 2014), and 

conflict (Boehm and In, 1996; Egyed and Grünbacher, 2004). The different purposes associated with each 

potential relationship between requirements could generate a large number of interdependence types 

which may be organized in interdependence models (Zhang et al., 2014). For instance, Dahlsted and 

Persson (2005) propose a model containing seven categories of relationships which are organized in three 

groups: structured interdependencies, constraint interdependencies and cost/value interdependencies. 

The Constraint interdependency category is highly relevant for our study, since it is broken down into 

requires and conflict subtypes.  The Conflict subtype includes cases in which it is impossible to 

implement two requirements, or those in which a requirement has a negative influence on the 

achievement of another requirement. The conflict subtype is thus a kind of satisfying relationship 

(Robinson et al., 2003). 
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Mairiza et al. (2010) carried out a literature review of the conflicting interactions that have been reported. 

The most common conflicting interactions they found in literature are the pairs of: security and 

performance (33%), security and usability (23%), availability and performance (20%). More than 70% of 

pairs are not reported in the literature reviewed. Moreover, only 36 pairs (out of 400) of types of non-

functional requirements (NFRs) were reported as conflicting interactions in all the papers reviewed. The 

existence of interactions can affect several activities in software development, such as design, testing, and 

release planning (Carlshamre et al., 2001; Dahlstedt and Persson, 2005). In and Boehm (2001) found that 

40 to 60% of requirements are involved in conflicts, and that almost 50% of conflicts are related to 

system quality requirements.   

 

3.3.1.1. Factors Associated with Conflicting Interactions 

The factors in conflicting interactions have been researched for a long time. Curtis et al.  (1988) found 

that the conflict between requirements emerges from changes in underlying technologies or in competitor 

products, and from misunderstanding the application domain. Conflicts also arise as a result of marketing, 

corporate policies and product line management. At project level, the design team negotiates to reduce 

conflicts, and to limit requirements to those that could be implemented within schedule, budget and 

technical constraints, but programmers may add extra enhancements (Curtis et al., 1988). Gold plating is 

also reported as a practice that can negatively influence interactions between quality requirements 

(Thakurta, 2013). 

Robinson et al. (2003) categorized factors, such as social difficulties and technical difficulties, that 

contribute to conflicting interactions. The former factor considers incompatible requirements from 

stakeholders, stakeholders’ turnover, and changing expectations. From a technical perspective, the large 

volume of requirements, change requests and complexity of requirements owing to complex domains are 

the main factors considered (Robinson et al., 2003). Other factors taken into account are:  different 

interpretation of nonfunctional requirements, system context, architectural and implementation strategy, 

project complexity, stakeholder domain experience, and resource constraints (Boehm and In, 1996; 

Mairiza et al., 2010). Indeed, the process of discovering conflicting interactions is inherently complex and 

difficult (In and Boehm, 2001).  

 

3.3.1.2. Proposals Dealing With Quality Requirements Interactions 

There are also some proposals which deal with conflicting interactions between quality requirements 

(Table 3.7). One of the main features of these proposals is that they rely on the previous knowledge 

shown in an interaction model, such as a matrix or catalog. On the one hand, an interaction matrix is a 

table in which rows and columns consist of quality characteristics and each pair of these is scored as 

positive, negative or independent. On the other hand, a catalog can contain a list of design options or 

implementation means that are evaluated with regard to the potential impact of a means on a given quality 
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characteristic. In this case, interactions between quality characteristics depend on the particular means 

that has been analyzed.  

Proposals dealing with interaction matrices are those of Egyed and Grünbacher (2004) and Sadana and 

Liu (2007), both of which rely on the ISO/IEC 9126 quality model to establish the interaction model. On 

the other hand, catalogs are used either in a framework to support the negotiation of quality requirements 

(Boehm and In, 1996), or in the modeling of a quality goals framework which considers possible means 

of satisfying them  (Chung et al., 2000).  

 

Table 3.7 Proposals for managing interactions between quality characteristics 

Reference QM* 

considered 

Approach 

for 

identifying 

interactions 

Source of interaction Results 

Boehm and 

In, 1996 

N/A Catalog Software architecture 

and process strategies 

may have either a 

positive or negative 

effect on a given +QC 

 QC strategies (positively/negatively) 

influence detailed QC.  

 Negotiation can be performed with 

primary QC. The tool provides a list of 

potential conflicts and a set of strategies 

for resolving the conflict.  

 Finding the right balance between 

conflicting QC is too complex for simple 

algorithms.  

 

Chung et al. 

2000 

N/A Catalog Conflicts between 

NFRs are inevitable. 

Softgoals can help to 

satisfy stakeholders’ 

needs 

 NFR Framework in which solution 

mechanisms influence a softgoal.  

 The Softgoal Interaction Graph supports 

the identification of the relationship 

between quality goals and means of 

solution.  

 A catalog can be built to store knowledge.  

 

Egyed and 

Grünbacher, 

2004 

ISO  9126 Matrix  Conflict and 

cooperation exist only 

if the same part of the 

system realizes the 

requirements 

 Software attributes (QC) are used to 

develop a conflict and cooperation model.  

 The model can be coarse-grained if it 

includes only QC, or fine-grained if it is 

populated with sub-attributes.  

 The model is used to automatically 

eliminate false conflicts and cooperation, 

with the help of a trace analysis technique. 

 

Sadana and 

Liu, 2007 

ISO  9126 Matrix  A conflict between 

NFRs can be 

analyzed by 

producing functional 

and NFRs 

 Procedure used to decompose high level 

NFRs, considering the hierarchy of a QM 

to determine whether the conflicts still 

exist in a low-level NFR 

 
*QM: Quality model, +QC: quality characteristic. 

 

3.3.1.3. Industrial Survey about Requirements Interactions 

From the software requirements perspective, we identified papers which address the interactions between 

quality requirements in industrial settings. Some papers discuss the topic from a general software 

requirements viewpoint (Carlshamre et al., 2001; Karlsson et al., 1997; Karlsson et al., 2007), while 

others are focused on quality requirements (Berntsson Svensson et al., 2012; Phillips et al., 2012). In 
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order to identify how conflicting interactions are addressed, we have classified the papers according to the 

interdependency types proposed by (Dahlstedt and Persson, 2005).  

As a result of the classification (Table 3.8), we found that only Karlsson et al. (1997) addressed a 

relationship that is similar to a conflicting interaction, but using a general perspective of software 

requirements. The authors in question used the term cannot exist, of which they stated “given that 

requirement A has been chosen for implementation, then another requirement, say requirement B, cannot 

be implemented”  (Karlsson et al., 1997). The results provided do not show details of the characterization 

of a conflicting interaction.   

 

Table 3.8 Interdependency types described in surveys 

Reference Interdependency types Outcome 

Requires Tempor

al 

Conflict Cost Value 

Karlsson et al. 

1997 

Must 

exist 

N/A Cannot 

exist 

Positive 

cost, 

Negative 

cost 

Positive 

value, 

Negative 

value 

 AHP-based tool and procedure 

to prioritize software 

requirements considering a 

cost-value approach 

 

Carlshamre et 

al. 2001 

AND, 

OR, RE-

QUIRES 

TEM-

PORAL 

N/A ICOST CVALUE  20% of the requirements were 

involved in 75% of all 

interdependences.   

 The majority of 

interdependencies in bespoke 

projects are AND and 

REQUIRES. ICOST and 

CVALUE are more common 

when enhancing a software 

product 

 

Karlsson et al. 

2007 

N/A N/A N/A N/A N/A  Identification of 

interdependencies can be 

affected by the maturity of RE 

process, size of project and 

size of product.  

 A major problem is how to 

deal with NFRs 

 

Berntsson et al. 

2012 

AND, 

OR, RE-

QUIRES 

TEM-

PORAL 

N/A ICOST CVALUE  The most common 

interdependency types are 

REQUIRES, CVALUE and 

ICOST. Low extent of 

interdependence management. 

 

Phillips et al. 

2012 

N/A N/A N/A N/A N/A  Quality and functionality are 

tightly linked.  

 There are no specific processes 

for QR.  

 Lack of interdependence 

management, which could be 

explained by the fact that the 

interdependencies do not 

frequently arise in the type of 

software developed. 
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Several findings from these studies could be applied to interaction management. For instance, Carlshamre 

et al. (2001) reported that they did not find conflicting interactions between requirements, since the study 

was based on a requirements repository, and they therefore assumed that conflicts had been eliminated by 

the time the study was carried out. This proposition adds a temporal dimension to interaction 

management. The role position in an organization and the type of organizations has an effect on the 

priority of quality characteristics addressed in a software project (Berntsson Svensson et al., 2012). In 

addition, inconsistencies between project managers and project leaders as regards the impact of dismissal 

quality requirements is an issue related to quality expectations management (Berntsson Svensson et al., 

2012). On the other hand,  Phillips et al. (2012) concluded that interaction management between quality 

requirements is a weak area in the organizations they surveyed.  They provided an explanation for this 

observation, saying that quality requirements interactions do not frequently arise in the particular type of 

software developed. Moreover, they found a different priority of quality characteristics and pointed out 

that survey respondents have different interpretations of quality characteristic terms, despite the meaning 

of each characteristic (taken from ISO/IEC 9126) being included in the survey.  

Conflicting interactions can be difficult to identify in software, since the term can have multiple 

interpretations (Zhang et al., 2014). A usual definition of conflicting interaction states that one 

requirement has a negative influence on another. But this definition does not clearly state what a negative 

influence is. Although the interaction type can be found by practitioners, it needs to be clarified. In 

summary, these results show that conflicting interdependencies are barely addressed by empirical studies 

and that conflicting interaction is hard to apply when requirements are analyzed.  

3.3.2. Interactions from a Software Quality Perspective 

Quality models are well accepted means of describing and assessing software product quality. There are 

different types of quality models; we have focused on those models whose purpose is to describe product 

quality.  These models have a hierarchical decomposition in which there is a set of quality characteristics 

which can consider the quality concerns of different stakeholders. Software developers are interested in 

an internal quality view, in order to monitor software product quality through software development; 

users are interested in the external view of the software product and in how the software meets their needs 

in an operational environment.  

The relationship between measures and quality sub-characteristics from the internal quality viewpoint is 

the first step in the identification of the positive or negative influence of software properties on quality 

characteristics. This view is common in several quality models, such as those of McCall  (McCall et al., 

1977), Boehm et al. (1976), ISO/IEC 9126 (ISO, 2001), ISO/IEC 25010 (ISO, 2010), the Dromey model 

(1996),  the Squale model  (Mordal-Manet et al., 2009), and the Quamoco meta-model (Kläs et al., 2011).  

The second step considers how to address the influence from the internal quality view to the external 

quality view. For instance, Dromey  (1996) argued that high-level quality characteristics like reliability or 

maintainability cannot be built into software. Only a set of product properties, which are tangible product 

properties, can be identified for each product developed in the software life cycle, and these influence 

high-level quality characteristics. Each high-level quality characteristic depends on several product 
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properties that are not mutually exclusive in their effect on high-level quality. For the ISO/IEC 9126 and 

ISO/IEC 25010 models, quality sub-characteristics influence quality characteristics; it is supposed that the 

internal quality model influences the external quality model; this relationship should, however, be 

validated in organizational settings.  

When focusing on adapting a quality model to a given organization, Kläs et al. (2011) proposes an 

approach for adapting quality models, considering a meta-model from the Quamoco project. The process 

used to adapt a quality model process should take business goals and the software context into account. In 

this meta-model, there is an element, called Impact, which helps to describe the influences between 

measurable software properties and a given quality characteristic. Impacts specify which factors influence 

which quality aspects, in addition to defining their assumed effect (positive or negative); they also provide 

a justification for the relationship.   

In a nutshell, quality models consider an internal view of quality and a bottom-up approach with which to 

determine the influences of software properties on product quality characteristics. The positive or 

negative influence from the internal quality view to the external quality view is, however, difficult to 

establish (Allen et al., 2006; Dromey, 1996; Kitchenham et al., 1997).  Instead of applying a formal 

analysis or exhaustive empirical studies, a practical approach is to consider the perceived effect (Kläs et 

al., 2011).  Furthermore, recent quality models rarely address the mutual influences between quality 

characteristics. For instance, security is strongly influenced by availability, but availability is a sub-

characteristic that belongs to reliability. Within the product context, the quality characteristics are not 

independent; the relationships between quality characteristics need to be modeled in order to support 

decision-making processes (Kitchenham et al., 1997). Indeed, Chung et al. (2009) suggest that a software 

practitioner should be aware of some well-known classification schemes, and  ought to consider one or 

more of them to adapt them to their specific needs. 

On the basis of survey results,  Wagner et al. (2012) found that quality models are adapted both to the 

needs of the  different kinds of products and to those of a specific product. The respondents prefer a 

specific quality model, and only 28% of them apply the ISO/IEC 9126. Furthermore, the results show that 

quality models are used to a great extent in most development and process-maintenance activities. The 

specific activities that use them are requirements, testing, architecture and design, development of 

guidelines, formal reviews and measurement.  

 

3.3.2.1. Interactions between Quality Characteristics 

Several researchers have proposed matrices that assess the potential impact of interactions between 

quality characteristics (Table 3.9).  The McCall model is an influential work as regards dealing with the 

interactions of quality characteristics (McCall et al., 1977). The evaluation was performed by considering 

the resources used (processing time or memory capacity); in some cases the explanation looks at possible 

consequences of the negative impact of the interactions of two quality characteristics.  
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Of all the reviewed papers shown in Table 3.9, the related work tackling the assessment of interactions 

between quality characteristics is similar. A positive impact indicates that if a high degree of one 

characteristic exists then a high degree of another characteristic would be expected. A negative impact 

indicates that if a high degree of one characteristic exists then a low degree of the other characteristic 

would be expected. However, blank cells in the matrix could have different meanings: there is no 

relationship between characteristics, or the relationship is not clear and is highly dependent on the 

application (McCall et al., 1977).  

 

Table 3.9 Interaction matrices reviewed. Label QC: quality characteristic 

Reference QM 

considered 

Approach to 

identify 

interactions 

Source of interaction Results 

McCall, 

1977 

McCall Analyze 

quality 

criteria 

As code size gets larger 

more processing time is 

required and more 

capacity is needed. 

 Development of table containing 

relationships between software quality 

factors.  

 The relationships are derived by 

assessing the quality criteria. 

Henningson 

and Wohlin, 

2002 

McCall Literature 

review, 

interviews in 

5  

organizations 

Different stakeholders 

assign different priority 

to QC. Relationships 

are either generic or 

context-dependent. 

 Relationships between quality 

attributes are rarely stated.  

 Using different terms for the same QC, 

relationships described at high-level of 

abstraction and lack of characterizing 

data of relationships can cause 

inconsistencies.  

Berander et 

al. 2005 

McCall, 

ISO 9126, 

Boehm 

Literature 

review 

Relationships are 

dependent on the 

definition of QC, 

comparison domain, 

expertise of the 

stakeholder, 

mechanisms used to 

compare QC. 

 Relationships between QC should be 

determined by comparison of directly-

measurable software properties.  

 Interaction matrices are useful for a 

specific company or in a specific 

domain. 

Zulzalil et 

al. 2008 

ISO 9126 Literature 

review and 

survey 

answered by 

20 

organizations 

Relationships are 

dependent on the type 

of system built and on 

the type of users. 

 Relationships between QC are 

identified for web applications.  

 There are inconsistencies between 

literature and online survey results 

(e.g., usability vs. maintainability). 

Svahnberg 

and 

Henningsson 

(2009) 

 

ISO 9126 Consolidate 

results from 

industry and 

academic 

surveys 

Inconsistency of 

reported relationships 

between QC may 

depend on specific 

context. 

 More evidence is needed to understand 

the relationship between different 

quality attributes.  

 A negative relationship between 

efficiency and functionality is 

consistent in literature and study in 

industry.  

 

The interactions between quality characteristics have been explored by surveys.  Henningson and Wohlin 

(2002) and Zulzalil et al. (2008) reported that all participants agreed with the existence of interactions 

between quality characteristics. In addition, the participants tend to describe negative rather than positive 

interactions, owing to the fact that industrial experience is based on conflict and consequences 

(Henningsson and Wohlin, 2002). The factors which could explain that conflicting interactions between 

quality characteristics arise are: stakeholders’ priorities, ambiguous vocabulary, interactions described at 
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high-level of abstraction, and the type of software developed (Henningsson and Wohlin, 2002; Zulzalil et 

al., 2008). 

Berander et al. (2005) analyzed interactions between quality characteristics, considering the preferences 

of developer, manager, and user. As a result, they found inconsistencies between interaction matrices 

reported in literature. Factors that could contribute to this inconsistency are: ambiguous definition of 

quality characteristics, application domain, researchers’ experience and the interpretation of which 

mechanisms were used to obtain a good value of the quality characteristics. Since many factors affect the 

comparison procedure, interaction matrices that consider only high level quality characteristics are of 

limited use. Building this type of matrices should consider low-level concepts, such as sub-characteristics 

or implementation means, to identify the type of influence. These matrices can be applicable within a 

specific company or in a specific domain where software is developed, considering similar mechanisms.  

 

3.3.3.  Decision-Making Processes Used to Manage Interactions between 

Quality Characteristics 

The conflicting interactions between quality characteristics should be resolved. The common term used to 

refer to this decision-making process is a trade-off study or a trade-off analysis (Berander et al., 2005). It 

is defined as “an evaluation of alternatives, based on criteria and systematic analysis, to select the best 

alternative for attaining determined objectives.” (CMMI, 2010). A trade-off study would be performed 

when it is impossible, or very difficult and costly, to implement two quality requirements in the target 

software or component. A trade-off thus implies a balance between quality requirements that could be 

achieved by changing the expected values of quality requirements specified by the stakeholders, or by 

changing the means of solution so as to fulfill expectations.  

 

Several methods for dealing with software quality trade-offs have been proposed (Barney et al., 2012). 

Common approaches are based on prioritization techniques and negotiation approaches (García-Mireles et 

al., 2014c). In the former, a weight is assigned to each relevant criterion when assessing 

requirements/solution options (Berander and Andrews, 2005). In the latter, the stakeholders seek an 

agreement in which the conflict between goals is resolved (Grünbacher and Seyff, 2005).  Tradeoffs are 

also carried out according to expert judgment (Berander et al., 2005), and traceability can support the 

identification of potential conflicting interactions (Egyed and Grünbacher, 2004).  

 

Trade-off methods and tools tend to focus on the description of the proposal targeted at a particular stage 

of the software development lifecycle. The majority of the efforts reported are in the software architecture 

area (Barney et al., 2012). The literature review carried out by García-Mireles et al. (2014c)  shows that 

trade-off study goals change with regard to the software lifecycle stage in which they are used. At the 

process level, the goal is to select a set of quality characteristics that are appropriate for the software 

being developed. At the analysis stage, the aim is to establish suitable indicators and values that can be 

used to deal with quality requirements (Regnell et al., 2008), while at the design stage the objective is to 
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evaluate diverse software architecture in order to understand the level of achievement of each of the 

quality characteristics being studied.  

The structuredness of the problem, along with the organizational level at which decisions need to be 

made, determine how the decision should be made. Taking into account the former factor, the approaches 

can be either naturalistic or rationalistic. Software engineers can apply either a rationalistic decision-

making approach when the problem under consideration is well-structured, or a naturalistic decision-

making approach when the problem is perceived as ill-structured (Zannier et al., 2007). Software project 

decisions can also be made at strategic, tactical and operational levels (Aurum and Wohlin, 2003). A 

strategic goal may therefore consider decisions about the relevant quality characteristics, such as security, 

for software products. At a tactical level the decision can be made with regard to the standards or 

reference models to be used in a software project. At an operational level the decisions address how 

security can be implemented in software projects. 

Despite the importance of decision-making in software engineering, little empirical research has been 

reported (Zannier et al., 2007). Ruhe (2003) summarizes the major concerns as regards decision-making, 

and concludes that decisions are often poorly understood or described, made under time pressure, based 

on intuition, and consider only a few relevant stakeholders.  Indeed, there are a variety of contextual 

factors that could affect software quality and these must be considered when making decisions (Clarke 

and O’Connor, 2012).  Strategic and operational decisions concerning products, processes, technologies 

or tools and other resources are far from being mature. Any stakeholder can perceive, interpret and 

evaluate the quality characteristics with regard to his/her own experience (Paech and Kerkow, 2004).  

As a basis for our process-based framework, we reviewed recommended practices for decision-making 

processes. We built a single set of practices by mapping the Decision Management  (DM) Process from 

ISO/IEC 12207 and the Decision and Analysis Resolution (DAR) Process Area from CMMI-Dev1.3 

(García-Mireles et al., 2013c).  As a result of the mapping procedure, we found that DM practices can be 

embedded within the DAR practices. Our proposed framework for managing interactions between quality 

characteristics consequently considers the DAR practices.  The main practices are the following: establish 

guidelines for decision analysis, establish evaluation criteria, identify alternative solutions, select 

evaluation methods, evaluate alternative solutions, and select solutions. 

In summary, we found several issues that software organizations confront when product quality 

characteristics are considered in software projects. From a technical perspective, we noted that the 

definitions of quality characteristics can have different meanings and that they are difficult to define and 

validate during software development; research on both software requirements and software quality areas 

has discovered evidence of interactions between quality characteristics, along with a lack of appropriate 

and practical methods to deal with them; each software engineering area proposes a number of methods 

and tools focusing on how to enhance product quality, without taking into account how to combine results 

from different areas, and  process reference models address product quality to only a limited extent and 

there is therefore a need for systematic approaches that can be used to enhance product quality. In 

addition, methods used to make decisions about quality interactions can affect several processes 

throughout the software development life cycle; these include the stakeholder requirements definition 
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process, the software requirements analysis process, the measurement process, the review process, the 

acquisition process, and the operation process (García-Mireles et al., 2014c).  

We believe that an integrative view of the interactions between quality characteristics would benefit 

software organizations.  Our proposal relies on a software process perspective to combine methods related 

to the identification and resolution of conflicting interactions, as is presented in the following sections.  

 

 

3.4. Conclusions 

 

Improving software quality is one of the main goals in software engineering literature, as is shown in the 

fields of software processes software requirements and software quality. However, we have identified 

three main issues that should be taken into account to improve product quality: 

1. Software process improvement literature has been focused on the manufacturing view of 

software quality. The manufacturing view is relevant to the characterization of products with 

regard to the defects found, and to making inferences about the effectiveness of the processes 

deployed. However, this view does not provide information about the process efficacy when a 

given product quality characteristic is taken into account. 

2. There is a difficulty as regards dealing with product quality in the context of software process 

improvement initiatives. The majority of proposals deal with mappings among security reference 

models. Nonetheless there is a lack of support as regards either enhancing other quality 

characteristics or considering traditional processes reference models such as CMMI or ISO/IEC 

12207 to enhance a given product quality characteristic. 

3. Interactions between quality characteristics arise when developing software, but few research 

works address this issue.  Software requirements take a comprehensive view of the stakeholders’ 

concerns and priorities but this research is barely addressed in software process improvement 

initiatives. In addition, software quality models address this concern by using interaction models 

but without providing a robust support to build them and to use them. 

 

The overview of the software process improvement literature concerning approaches to enhance product 

quality characteristics presented in this chapter provides the bases needed to propose a process framework 

for managing interactions between quality characteristics. The intention of this framework is to combine 

research results concerning the interactions between quality characteristics related to three distinct areas 

of software engineering: software process, software quality and software requirements. 
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4. Interactions between Quality 

Characteristics: Exploratory 

Survey 
 

This chapter presents the outcomes of an exploratory case study used to identify the approaches that 

software organizations use to deal with interactions between quality characteristics. This case study was 

conducted by means of a survey research method and with the participation of three small Spanish 

companies. The results highlighted that practitioners are aware of the issues related to conflicting 

interactions between quality characteristics but they depend on their previous knowledge to identify them. 
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4.1. Introduction 

The literature review reported in Chapter 3 permitted a research gap to be identified as regards managing 

interactions between product quality characteristics. In this chapter we therefore report the results of 

exploring this issue in industrial sector. The survey was conducted with three small Spanish software 

companies who were participating in one of the projects that constituted the context of this research, the 

MEDUSAS project. This section thus describes the MEDUSAS project as a background in which to 

establish the research context, after which the details regarding the design of the survey, results and 

discussion are presented.  

 

4.2. The MEDUSAS Project 

The software industry in Spain is interested in activities related to software quality since this country is 

one of the preferred nearshore destinations (AQC, 2009). The high number of software factories that are 

being set up means that their respective directors need to consider how to ensure the quality of the 

software they develop. The customers of the software factories similarly need to control the quality of the 

software provided. Moreover, these companies are seeking a process certification, such as CMMI or ISO 

15504, a goal which demonstrates the importance of quality assurance activities. In short, this particular 

context shows the gaps that exist as regards controlling and ensuring the software quality of information 

system development, providing the main motivation for the MEDUSAS (Improvement and Evaluation of 

Software Maintainability, Security, Usability and Design) industrial project. 

The goal of the MEDUSAS project is to build an ISO25000-based environment to support quality control 

and quality management (AQC, 2009) (ISO, 2010). The project scope includes the assessment of both 

code and design models, in order to determine the maintainability, security and usability of software 

products. The quality models were built for the purpose of linking terms, concepts, measures and 

heuristics to the aforementioned software quality characteristics.  

The methodological section of the MEDUSAS project provides a quality assurance methodology with 

which to carry out the software quality assurance process (Figure 4.1). The quality models for usability, 

security and maintainability were also built in this project section. The models additionally included a set 

of measures, heuristics and checklists. Moreover, a balance scorecard tool for monitoring measurement 

values associated to each characteristic described in the quality models was developed in the MEDUSAS 

project. 

A consortium of three companies has participated in the MEDUSAS project, along with the University of 

Castilla-La Mancha. One of them specializes in the deployment of ISO-based quality and information-

security improvement initiatives. The second company develops web applications and provides 

consulting services in security and business intelligence. Finally, the third company provides consulting 

services and develops software tools with which to improve quality assurance. 

 



74 
 

Quality assurance 
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Usability quality model
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ISO/IEC 9126 ISO/IEC 27000

 

Figure 4.1 Methodological elements developed in the MEDUSAS project 

4.3. Exploratory Industrial Survey 

We carried out an exploratory survey to understand how the interactions between quality characteristics are 

managed. The survey process considered the guidelines provided in (Kitchenham and Pfleeger, 2002a, b, c, 

d, 2003; Pfleeger and Kitchenham, 2001) and were described in Chapter 2. Our purpose was to find 

evidence as to whether companies working in the MEDUSAS project using quality models can identify 

and manage interactions between quality characteristics. The research questions were: 

 RQ1. What interactions between quality characteristics are identified and how are they assessed? 

 RQ2. What factors are considered when assessing an interaction between quality characteristics? 

 RQ3. During which stages of the software development life cycle are the interactions analyzed? 

We paid special attention to the selection of questions, which were formulated in such a way that 

respondents could answer them easily and accurately: they were purposeful and specific questions. We 

attempted to ensure that the number of questions was suitable (not be too long).  

The purpose and objectives of the survey were borne in mind when drawing up the questions, thus 

enabling us to ensure that the questions were directly related to the survey’s objectives. The following 

factors were also taken into account when deciding what to ask: a) the questions needed to be worded in 

such a way that those answering could do so easily and accurately; b) there had to be an appropriate 

number of questions; c) the answers needed to be standardized (for closed questions), using the following 

answers to assess interactions between quality characteristics: positive, negative, no impact, not known. 

When producing the questions, we realized that they had to make sense and that they needed to be specific. 

The language used was therefore conventional, using terminology that was familiar to the participants; 

negative questions were not included. 

 The questionnaire consisted of open and closed questions (Appendix B.1). The closed questions asked 

about the interaction between quality characteristics and how they were assessed. The quality 

characteristics considered correspond to those described in the MEDUSAS quality models: maintainability, 

usability and security. The open questions were focused on factors considered in the assessment of 
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interactions, the software lifecycle stage in which interactions are identified, stakeholders involved in the 

identification of interactions, and the potential impact of interactions on product quality and process 

activities.  The questionnaire also included questions whose purpose was obtain a description of the 

software organization, project and software developers involved in MEDUSAS project. The analysis 

method considered was that of simple descriptive statistics, since we have very few companies in our 

population and we are more interested in qualitative data regarding the identification of interactions 

between quality characteristics.  

The questionnaire was designed using a prototype which was a kind of self-control study. The 

questionnaire was also assessed by a group of experts. As a result, the quantity of questions was reduced 

and a glossary of quality characteristic definitions was included (from quality models in the MEDUSAS 

project). Moreover, as the questionnaire was non-supervised it was important to take into account both the 

its format and the instructions that were provide to ensure that it was filled in correctly. 

With regard to the sample size, it should be emphasized that the survey population was made up of all the 

participants in the MEDUSAS project. This being so, the sample size consisted of the three small 

companies involved in the project. The questionnaire was emailed to project leaders who responded within 

a month of the questionnaire being sent. These answers were also collected by email. 

4.3.1.  Survey Results 

The data analysis shows that two companies are developing information systems and the other is 

developing a software tool. The code size is in the range of 1.3KLOC to 160KLOC and the projects are 

carried out by small teams who use a SCRUM methodology to manage each project (Table 4.1). The 

duration of the project was reported to be in the range of 3 to 36 months. Experience in developing 

software shows the mean number of years dedicated to software development by the engineers working on 

the software project under study. Members using the MEDUSAS quality assurance methods do not 

necessarily participate as developers in the software project. The evaluation teams’ experience is in the 

range of 1.5 to 4 years.  

 

Table 4.1 Contextual information about the companies surveyed 

Contextual factor Company A Company B Company C 

Methodology SCRUM SCRUM SCRUM 

Team size 5 1 7 

Experience 

developing software 
4 years 2 years 9 years 

Programming 

language 
PHP JAVA JAVA 

Modeling language UML UML UML 

Product size 160 KLOC 1.3 KLOC 14.6 KLOC 

Experience assessing 

product quality 
1.5 years 3 years 4 years 
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With regard to the identification of the type of interaction between quality characteristics (RQ1), the 

participants were able to assess the interaction as positive (+) when maximizing the value that one 

characteristic contributes toward the enhancement of another. A negative interaction (-, --) can be 

identified when maximizing the value of a given quality characteristic that hinders (-) or makes it 

impossible (--) for another quality characteristic to be maximized.  Quality characteristics are independent 

(I) when the maximization of one of them is not related to the maximization of another. If the participants 

did not find evidence to assess the interaction, then they could use the label Unidentified (N).  Table 4.2 

shows a summary of how the interactions between maintainability, usability and security were assessed. As 

the table shows, the pairs of maintainability – security and usability – security were reported with positive 

and negative interactions. 

 

Table 4.2 Summary of reported interactions between quality characteristics 

Interaction Company A Company B Company C 

Maintainability – 

Usability 

Not reported They reported independent 

relationships 

They reported 

independent relationships 

Maintainability – 

Security 

 They identified positive 

and negative interactions  

They reported independent 

relationships 

They reported 

independent relationships 

Usability – Security Not reported They identified positive 

and negative interactions 

They reported 

independent relationships 

 

Company A reported that the following relationships were negative interactions: confidentiality—

reusability, attack detection – reusability, and attack detection – modifiability (Table 4.3).  It also reported 

14 positive interactions. Company B reported negative interactions between authenticity and accessibility 

(Table 4.4). A positive interaction between integrity and accessibility was also reported. In addition, the 

remaining interactions were perceived as independent. 

With regard to the factors considered in order to assess interactions (RQ2), there were two types of 

responses; there were those who reported independent relationships and those who reported positive and 

negative interactions. In the first case, the participants reported that they could not find any evidence of 

dependencies between quality characteristics when monitoring the software project. Company B added that 

they had improved the code to enhance security, but said that they had not found any evidence of 

dependencies after analyzing the values measured during software project monitoring.  

The rationale from company A for the negative interaction between confidentiality—reusability was that 

components that must be confidential may hinder the fulfillment of reusability criteria. The explanation 

provided for the remaining negative interactions was that the attack surface increases when the component 

is more reusable.  In addition, this company pointed out that negative interactions were found in single 

components, although there was no impact on the whole system.  The rationale from company B for 

assessing the interactions between authenticity and accessibility as negative relied on the effort required to 

keep accessibility values when they implemented new authentication mechanisms. On the other hand, the 

positive interactions were determined with regard to the participants’ perception and knowledge of quality 

characteristics. For instance, with regard to the positive interaction between attack protection and 
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modularity, it is considered that “correct modularity restricts the attack scope to specific modules”. These, 

are not, however, based on measurement values observed during software development. 

 

Table 4.3 Interactions between maintainability and security reported by Company A 

Maintainability   
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Authenticity N + N N N 

Confidentiality - + N + + 

Conformance N + N N N 

Attack detection - + - + + 

Availability N N N + N 

Integrity N N N + + 

Non-repudiation N + N N N 

Traceability N + N N + 

 

 

Table 4.4 Interactions between usability and security reported by Company B 
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Authenticity I I I I I - 

Confidentiality I I I I I I 

Conformance I I I I I I 

Attack detection I I I I I I 

Availability I I I I I I 

Integrity I I I + I I 

Non-repudiation I I I I I I 

Traceability I I I I I I 

 

The interactions between quality characteristics are identified (RQ3) during the periodical meetings of 

those involved in the SCRUM method. It should also be noted that in the maintenance stage it is possible to 

identify the interactions between quality characteristics, as is reported by Company B. The analysis of 

measurement values and suggestions provided in the heuristics meant that negative interactions identified 
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were more easily resolved. The negative interaction identified had only local impact on the software 

components involved. 

 

4.3.2.  Discussion 

The interactions between quality characteristics were not perceived in the same way by all the companies 

involved. Two project leaders reported that relationships between quality characteristics are independent of 

each other. One company determined that they have negative interactions between usability and security, 

while another reported negative interactions between maintainability and security. The data analysis shows 

that participants have different perceptions of the interactions between quality characteristics; the results 

may suggest that the participants’ experience and knowledge is a principal factor in the assessment of the 

interactions between quality characteristics, since there is no objective evidence concerning which values 

were considered to be conflicting when participants assess project progress.   

The preliminary results show that companies need support in order to identify conflict at earlier stages of 

the software lifecycle, and that they also require methods with which to resolve conflicting interactions. 

The inconsistency among participants is an aspect which signifies that there is a need for more detailed 

studies to understand the context in which the interactions might continue. There is also a need for 

empirical research to validate the interactions. The outcomes of the survey show that respondents have 

different views of interactions among quality characteristics; an in-depth study that will permit us to 

understand the factors which contribute to this situation is therefore necessary.  

 

Table 4.5 Assessment related to pairs of quality characteristics under analysis 

Reference Usability - Security Maintainability - Security 

McCall 1977 Not included Not included 

Henningson and Wohlin, 2002 Not included Not included 

Berander et al. 2005 Not included Independent 

Egyed and Grunbancher, 2005 Independent Independent 

Zulzalil et al. 2008 Unknown Independent 

Svahnberg and Henningsson, 

2009 

Not included Not included 

Mairiza et al. 2010 Partial conflict Never in conflict 

 

We have compared our results with published interaction models (Table 4.5). In the comparison we found 

that the pairs of quality characteristics under study were not considered by several interaction models.  The 

interaction models that describe the pairs of quality characteristics, on the other hand, show inconsistent 

results. Indeed, only one reference pointed out that some papers assessed the interaction between usability 

and security as negative.  However, a partial conflict also means that other papers consider the quality 

characteristics under study to be either positive or independent.  The results published by Mairiza et al  

(2010) are therefore similar to our empirical data. Our results are not consistent with the reviewed 
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assessment related to maintainability and security.  This result suggests that contextual factors should be 

taken into account when a study of interactions between quality characteristics is conducted.  

 

4.3.3.  Threats to Validity 

As is described in Chapter 2, various recommendations have been followed in the design and production of 

the survey in the quest for maximum rigor and precision. There were, however, some limitations or threats 

to validity. As regards the external validity, we cannot generalize to other companies with a similar context 

to the companies surveyed, as the sample size is too small. In addition, our survey goal is qualitative, as we 

wished to discover how participants identify the negative interactions. We therefore consider that, as a first 

approach, the results may be adequate. With regard to internal validity, the questionnaire was developed 

following guidelines, and was reviewed by one of this thesis’s supervisors. Although the questionnaire was 

not evaluated in a pilot study, the results are appropriate for exploring whether practitioners are aware of 

interactions between quality characteristics. In addition, since the survey being non-supervised, it was not 

possible to ask participants about how the monitoring tool was used to identify interactions between quality 

characteristics. However, the answers were sufficient for us to be able to address the research questions and 

focus the development of the framework.   

 

4.4. Summary and Conclusion 

Since little research have been conducted in order to understand how to manage interactions between 

quality characteristics, it was necessary to explore to what extent this problem arises in software 

organizations and the approaches used to mitigate their impact on software projects. This chapter has 

therefore presented the main outcomes of an exploratory survey used to investigate how software 

companies deal with interactions between quality characteristics. Given that influential papers on this 

topic were published more than 18 years ago (Boehm and In, 1996; McCall et al., 1977), it is important to 

gather empirical evidence that shows the needs of industrial sector. The main facts and findings about the 

exploratory survey are thus overviewed as follows: 

 The exploratory survey was conducted within the activities of the MEDUSAS industrial project. 

Three small Spanish companies participated in the emailed survey. The survey asked questions 

regarding the contextual information of each company, the main quality characteristics 

addressed in software projects, the identification of interactions, and the resolution of negative 

interactions. 

 With regard to the identification of interactions, two companies reported positive and negative 

interactions. The negative interactions were established between the following pairs:  

maintainability – security and usability – security. These interactions were determined by the 

interaction between the sub-characteristics: confidentiality – reusability, attack detection – 

reusability, attack detection – modifiability, and integrity – accessibility.  The positive 
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interactions correspond to:  authenticity – accessibility, and several pairs between security and 

maintainability sub-characteristics. The remaining interactions between quality sub-

characteristics were considered as independent relationships.  

 The categorization of an interaction between quality characteristics as positive or negative is 

based on the project leaders’ previous experience rather than current data in a given software 

project. Knowledge of the application domain, product quality characteristics and the 

mechanisms to improve each quality characteristics may therefore influence the identification of 

interactions between quality characteristics. 

 Each surveyed company provided data for distinct types of interactions between quality 

characteristics. Company C only reports independent relations between quality characteristics. 

Company B found interactions between maintainability – security whereas Company A reported 

interactions between usability – security. All three companies, however, depict similar 

contextual information. The main differences are found as regards experience in developing 

software, programming language and type of software developed. The contextual factors 

therefore need to be considered in order to understand the conditions that trigger the 

identification of an interaction.  

 The arguments provided to explain those interactions were based on the causal relationship 

between two sub-characteristics, e.g., an attack surface increases when the component is more 

reusable. In addition, other interactions were explained by the availability of a resource, e.g. 

maintaining current accessibility levels requires more effort when new authentication 

mechanisms are implemented.  

 The interactions were identified during the periodical meeting of those involved in the SCRUM 

methods. In addition, one company commented that interactions between quality characteristics 

can also be identified during the maintenance stage. With regard to the resolution of negative 

interactions, the participants mentioned that interactions can be addressed in project meetings 

and that negotiation with the customer is the preferred practice to resolve them. 

 Project leaders/managers reported that interactions may be detected during team meetings or 

when an increment in the software product is available to test it. However, the monitoring of an 

executable software product could increment development costs when negative interactions are 

identified.  

 The comparison of the outcomes of this survey with the literature review has shown that quality 

sub-characteristics are not commonly addressed in reported interaction tables. In addition, some 

of the survey results are inconsistent with current literature. This finding therefore pointed 

towards the product under study as a basis for the identification of interactions between quality 

characteristics.  

 Several interaction tables found in literature are described at a high-level of abstraction, without 

providing a definition of either the quality terms studied or how different process and product 

oriented mechanisms can impact on each quality characteristic. In addition, several interaction 

tables do not address how the hierarchical structure of a product quality model, such as ISO/IEC 

25010, may impact on the identification of interactions between quality characteristics. 
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These findings pointed to the need to address interactions between quality characteristics from a process 

perspective: 

 The software developer’s experience contributes toward identifying potential interactions 

between quality characteristics. Since some project leaders do not find negative interactions, it is 

thus important to know the settings in which participants believe that interactions arise and how 

they can be characterized in order for them to be monitored during software development. 

Indeed, it is necessary to determine under what circumstances a negative interaction arises and 

what is its respective impact on the software project.  

 Quality terms can be interpreted by people in different ways. Since the participants suggested 

addressing interactions during project meetings, it is thus important that all the stakeholders 

involved use an adapted definition of the quality characteristic terms. An agreed-uniform 

vocabulary regarding quality can minimize conflicts caused by language ambiguity. In addition, 

if the vocabulary is combined with appropriate indicators and measures, the quality 

characteristics can be clearly specified during earlier stages of software development and 

objective product data can be used to monitor potential interactions. 

 The discussion of interactions between quality characteristics was at an abstract level. During a 

software project, stakeholders specify quality goals and in some cases specific quality values. 

These goals may lead to conflicting interactions between different stakeholders’ needs, and 

achieving specific quality values therefore requires that a software company understands the 

impact of these decisions on software product and process strategies. Guidelines with which to 

improve the software process that combine practices recommended in process models can 

support the achievement of quality goals. 

 The negative interactions have, until now, lacked appropriate support for their management 

during software development. Organizations therefore need an approach with which to mitigate 

the impact of negative interaction on business goals and project costs. Indeed, they can learn 

from their projects with regard to the relevant factors to take into account in order to identify 

negative interactions and the impact of the identified interactions on software products. 

 When a negative interaction between quality characteristics arises, the software organization 

needs support to resolve them. One approach that is commonly used to resolve negative 

interactions is that of trade-off, although, the majority of them are based on expert judgment. 

Software organizations thus need support in resolving these interactions in such a way that the 

experience gathered in software projects can be used in other projects. A rationalistic approach 

for decision making can support this need.  
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5.  SQIMF: Software Quality Interaction 

Management Framework  
 

This chapter presents the SQIMF, a framework for dealing with interactions between quality 

characteristics when they are identified during the course of software projects. The framework relies on 

both practices recommended for decision management and a literature review regarding the methods that 

should be used to conduct trade-off studies. As a means to suggest solutions to negative interactions if 

they arise, a process oriented approach is applied which is based on the harmonization of multi-models in 

order to explore the activities and tasks that could be used to enhance a given product quality 

characteristic such as usability. The details of the framework are presented in three sections: conceptual, 

methodological, and technological views. 





85 
 

5.1. Elements of the SQIMF 

As discussed in Chapter 3, the product quality perspective is barely addressed by current research projects 

in the software process improvement field. What is more, the interactions between quality characteristics, 

although recognized by software requirements and software architecture fields, are rarely addressed from 

the process perspective. Thus, in order to provide support for the enhancement of product quality within 

the software process perspective, the SQIMF (Software Quality Interaction Management Framework) has 

been developed.  Its main goal is to deal with interactions between quality characteristics during software 

development and to suggest activities with which to enhance a particular software product quality 

characteristic. The framework is decomposed into three parts: conceptual view, methodological view and 

technological view. These views and details on how they were addressed are presented in Figure 5.1. 

Process support at 
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Process support at project level

Tailoring a product quality model
Establishing product quality goals

Communicate quality goals
Monitoring quality requirements
Resolving negative interactions
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Figure 5.1 Components of the SQIMF  framework 

 

 Conceptual view. This view includes an ontology containing the concepts related to the 

management of interactions between quality characteristics. This ontology relies on both the 

concepts extracted from the ISO/IEC 25010 in order to describe the product quality model and 

on a literature review regarding how product quality models have been modeled. The ontology is 

additionally enriched with concepts found in articles concerning interactions between product 

quality characteristics. The concepts extracted include those related to the identification and 

resolution of conflicting interactions supported by requirements for decision-making processes 

(García-Mireles et al., 2013c). The SQIMF ontology is combined with the Software 

Measurement Ontology (SMO) (García et al., 2006) in order to provide support for the 

identification of relevant indicators and measures. Furthermore, in order to provide process-
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oriented solutions, the SQIMF ontology is combined with the ontology of harmonization of 

Multiple Models (H2mO) (Pardo et al., 2012). 

 Methodological view. This view is focused on providing support for the activities, tasks and 

roles required to manage interactions between quality characteristics. Although this type of 

interactions arises during software development projects, they can influence the way in which 

business goals should be achieved. A process based solution should therefore consider both 

project and organizational level. At project level the solution framework deals with the 

identification of interactions that arise in software development in addition to providing 

solutions. At organizational level the software process should be improved to mitigate the impact 

of negative interactions.  The framework consists of five processes as follows:  

o At project level. Three processes are suggested in this level. At project start-up, the 

SQIMF proposes a process with which to communicate the organizational product quality 

model currently used in order that all project members can understand how the quality 

characteristics are defined in the organization, what the relevant quality characteristics are, 

and the expected values for each of them. This first process addresses the company view of 

the expected quality; however, the users’ and customers’ quality needs may lead to 

conflicts with organizational software quality goals. The monitoring of product quality 

requirements process goal thus consists of assessing current quality requirements in order to 

identify potential conflicts among them.  When conflicts are detected, they could be 

resolved by applying the software quality trade-off process.  

o At organizational level. The SQIMF framework provides two processes to minimize the 

occurrence of conflicts between quality characteristics and to mitigate their impact on a 

software project. The first process, tailoring the product quality model, is focused on the 

specification of an organizational product quality model adapted to its particular needs. The 

process used to establish goals in order to enhance a product quality characteristic is based 

on the software process perspective to identify activities and tasks with which to improve a 

product quality characteristic.  

 Technological environment. This view is composed of a software tool that is used to map 

process and product quality models. The tool was designed to be a component of the 

HProcessTool used to support harmonization projects. The main features of the tool are the 

management of interaction models along with the mappings between product and process 

models.  

 

5.2. SQIMF Conceptual View 

Although product quality is one of the principal goals in software engineering research, reported 

approaches show inconsistencies between quality focus, vocabulary, the standards used, and the process 

involved. Indeed some of the approaches that are applied to study product quality are incompatible with 

each other  (Allen et al., 2006). The structure and content of a quality model along with the diversity of 

definitions related to quality terms are factors that may influence the lack of management of product 
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quality when software is being developed (Chung and Prado Leite, 2009). A previous step with which to 

understand the concepts used in the domain of interactions between quality characteristics is thus that of 

reviewing the vocabulary used to represent a product quality model and the structure on which it relies.  

The vocabulary used in the domain of interactions between quality characteristics can be extracted from 

two software engineering fields: software quality and software requirements (SWEBOK, 2014). These 

fields are closely related to each other when studying product quality. For instance, current product 

quality standards, such as ISO/IEC 25000, provide quality models and practices that can be used to elicit 

quality requirements. Indeed, a quality requirement is defined as a requirement for the existence of a 

quality attribute in a software product (ISO, 2010). The fields, however, have different levels of evolution 

with regard to the management of interactions and the definition of terms used when dealing with quality 

requirements, quality attributes or quality characteristics. It is therefore relevant to look at them in order 

to define a consistent vocabulary. 

In the software quality field the identification of relevant literature regarding the interaction between 

quality characteristics is difficult owing to the use of inconsistent vocabulary. For instance the interaction 

concept has several synonyms such as:  relation (Svahnberg and Henningsson, 2009), relationship and 

conflict (Zulzalil et al., 2008), dependence (Berander et al., 2005), influences (Burgués et al., 2005), and 

impact (Kläs et al., 2011). The diversity of terms and meanings concerning the interactions between 

quality characteristics makes it difficult to understand the similarities and differences between published 

method proposals and to understand how research has evolved in this domain. On the other hand, the 

hierarchical structure of quality models, such as ISO/IEC 25010 or ISO/IEC 9126, promotes a simple 

structure that lacks interactions between quality sub-characteristics or quality characteristics. The 

abstraction used to model product quality in current standards may hinder the study of interactions 

between quality characteristics, sub-characteristics, and the way the quality characteristics interacts each 

other. 

In the software requirements field the interactions between quality attributes (characteristics) have been 

addressed from diverse perspectives. The majority of approaches focus on the modeling and negotiation 

of requirements. These proposals address interactions such as inter-relationships (Al Balushi et al., 2013), 

the relative conflict among quality requirements (Mairiza et al., 2010) and conflicts among desired quality 

attributes (Boehm and In, 1996), among others. Despite the fact that a literature survey proposes a 

comprehensive view of the management of interactions among requirements (Robinson et al., 2003), 

including those related to product quality, this approach is barely addressed in fields other than that of 

software requirements. In addition, several studies have pointed out the difficulties involved in managing 

product quality in industrial settings, including those related to managing interactions between quality 

requirements (Ameller et al., 2013; Berntsson Svensson et al., 2012; Chen et al., 2013; Phillips et al., 

2012). 

In summary, differences in quality model structure and components, the extent to which quality is 

perceived by different stakeholders and the fact the product quality is addressed by different research 

communities result in inconsistencies in and misinterpretations of the vocabulary used in the domain of 
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management of interactions between quality characteristics. The lack of a formal consensus with which to 

deal with interactions between quality characteristics has thus allowed us to: 1) identify the conflicting 

terms used in the management of interactions between quality characteristics; and 2) provide support for a 

consistent vocabulary in this domain area.  

5.2.1.  The SQIMF Ontology 

In the computer science field, a conceptualization is a representation of knowledge based on concepts and 

the relationships between them. In order to be useful, it would need to be explicit. Explicit means that the 

concepts used and the relationships among them area clearly defined. A domain ontology would therefore 

provide a vocabulary (terms and concepts) and their relationships specialized to a specific topic.  The 

benefits of an ontology are clarifying the knowledge structure, reducing conceptual and terminological 

ambiguity and allowing the sharing of knowledge (Ruiz and Hilera, 2006). This chapter describes an 

ontology, i.e., an explicit specification of a conceptualization (Gruber, 1993), whose purpose is to provide 

a consistent terminology with which to understand and manage interactions between quality 

characteristics.  

In order to achieve the stated purpose by following a structured approach, the Representation Formalism 

for Software Engineering Ontologies (REFSENO) methodology (Tautz and Von Wangenheim, 1998) was 

selected.   

Table 5.1 Specification of the ontology requirements for SQIMF ontology 

Concept Value 

Domain Management of interactions between quality characteristics 

Authors Gabriel Alberto García Mireles 

Reviewers Ma Ángeles Moraga, Félix García, and Mario Piattini 

Purpose To provide a consistent vocabulary of the concepts related to the management of 

interactions between quality characteristics in order to improve the stakeholders’ 

communications as regards the impact of quality characteristics on software projects 

Level of formality Semiformal (REFSENO methodology and UML class diagrams) 

Scope It contains concepts related to: 

 Description of a product quality model 

 Description of interactions between components of a quality model 

 Description of interaction profile  

 Description of decision-making process concepts 

In addition, the SQIMF ontology is linked to the H2MO ontology to provide a 

particular quality characteristic with process support. Furthermore, the SMO 

ontology is linked to the SQIMF ontology to facilitate the description of indicators 

and measures. 

Source The literature sources are depicted in Tables 5.2 to 5.4. 

 

Several criteria were considered to select REFSENO which were related to the experience of using the 

methodology in addition to its inherent characteristics: 1) the Alarcos research group have experience in 

applying it to several domains (e.g. measurement, multi-model environments, global software 

development, among others); 2) the method was specifically designed to deal with the software 

engineering domain; 3) The domain constructs (concepts, attributes and relationships) are represented in 

tables; and 4) REFSENO differentiates between the conceptual level and specific instances created when 
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the ontology is instantiated. In addition REFSENO can be used to develop light-weight ontologies (Ruiz 

and Hilera, 2006). 

Given that the purpose of the SQIMF ontology is to provide an easy-to-use light-weight ontology to 

facilitate the communication between project participants, the REFSENO methodology was adapted. The 

activities and tasks related to the physical implementation of the ontology were omitted. Moreover, in 

order to describe the relations between concepts, UML diagrams were developed. The requirements 

needed to develop the software quality interaction management ontology are depicted in Table 5.1. 

Table 5.2 Source used for representing quality models 

N Reference Description 

1 ISO/IEC 25010 (2011) Systems and software engineering - system and 

software product quality requirements and evaluation (SQUARE) - 

System and software quality models 

It describes the ISO/IEC 

25010 product quality 

model 

2 Burgues, Franch, and Ribó (2005). A MOF-Compliant Approach to 

Software Quality Modeling. 24th International Conference on 

Conceptual Modeling - ER 2005. 3716 LNCS, pp. 176-19. 

It proposes a conceptual 

model for structuring 

quality models 

3 Dubielewicz, Hnatkowska, Huzar, Tuzinkiewicz, (2006). Software 

quality metamodel for requirement, evaluation and assessment. CEUR 

Workshop Proceedings, 180, pp. 115-122. 

It proposes a quality 

metamodel based on 

ISO/IEC 9126 

4 Kläs, Lampasona, Münch (2011). Adapting software quality models: 

Practical challenges, approach, and first empirical results Proceedings - 

37th EUROMICRO Conference on Software Engineering and Advanced 

Applications, SEAA 2011,  pp. 341-348. 

Quamoco metamodel 

supports the description 

of a tailored quality 

model 

5 Castillo, I., Losavio, F., Matteo, A., Boegh, J. (2010). REquirements, 

aspects and software quality: The REASQ model. Journal of Object 

Technology, 9 (4), pp. 69-91 

It establishes a conceptual 

model considering an 

aspect oriented approach 

 

Table 5.3  Sources used to model interactions between quality characteristics considering the software 

quality perspective 

N Reference Description 

1 Henningsson, K., & Wohlin, C. (2002). Understanding the Relations between 

Software Quality Attributes - A Survey Approach. 12th International 

Conference on Software Quality, Ottawa, Canada, pp. 1-12. 

It describes  practitioners’ 

perceptions of  interactions 

between quality attributes 

2 Zulzalil, H., Ghani, A., Selamat, M., & Mahmod, R. (2008). A Case Study to 

Identify Quality Attributes Relationships for Web-based Applications. 

IJCSNS International Journal of Computer Science and Network Security, 

8(11), 215-220 

It identifies potential 

interactions between quality 

characteristics in a web-

oriented quality model 

3 Berander, P., Damm, L. O., Eriksson, J., Gorschek, T., Henningsson, K., 

Jonsson, P., et al. (2005). Software Quality Attributes and trade-offs. 

http://www.uio.no/studier/emner/matnat/ifi/INF5180/v10/undervisningsmate

riale/reading-materials/p10/Software_quality_attributes.pdf. 

It proposes an interaction 

matrix between quality 

characteristics considering 

different stakeholders’ 

views 

4 McCall, J., Richards, P., & GF, W. (1977). Factors in software quality. 

Concept and definitions of software quality: final technical report In N. T. I. 

S. RADC-TR-77-369 (Ed.), (Vol. RADC-TR-77-369 (I, II and  III)). 

Springfield 

It describes an interaction 

matrix for quality 

characteristics 

5 Svahnberg, M., & Henningsson, K. (2009). Consolidating different views of 

quality attribute relationships. ICSE Workshop on Software Quality (WOSQ) 

IEEE, Vancouver, CANADA pp. 46-50. 

It compares evidence from 

different studies  
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Although resolving negative interactions between quality characteristics can be supported by several 

methods (Boehm and In, 1996; Mairiza and Zowghi, 2010; Thakurta, 2013), this work was centered on a 

process based perspective. More particularly, the strategy based on multi-model process was selected. 

This decision was made because enhancing a given product quality characteristic requires that the 

software process include additional activities. These activities are dependent of the quality characteristic 

under study and they can be introduced in several phases of the software development process. The 

SQIMF ontology therefore uses the harmonization multi-model ontology to provide process support. 

Furthermore, some organizations may apply measures and indicators to define target values for quality 

characteristics. Thus, in order to describe these values, the SQIMF ontology uses the SMO ontology to 

establish relations between quality elements, as described in quality models, with the appropriate 

indicators or measures. 

 

Table 5.4 Sources used to model interactions between quality characteristics considering the software 

requirements perspective 

N Reference Description 

1 Sadana, V., & Liu, X. F. (2007). Analysis of conflicts among 

non-functional requirements using integrated analysis of 

functional and non-functional requirements. in: Society, I.C. 

(Ed.), Computer Software and Applications Conference. 

COMPSAC 2007. 31st Annual International pp. 215-218.  

It describes a method to identify 

conflicting quality requirements 

considering an interaction matrix of 

quality characteristics 

2 Egyed, A., & Grünbacher, P. (2004). Identifying requirements 

conflicts and cooperation: How quality attributes and automated 

traceability can help. IEEE Software, 21(6), 50-58. 

It presents a tool and method to 

identify potential conflicts at code 

level based on an interaction matrix 

of quality characteristics 

3 Boehm, B., & In, H. (1996). Identifying quality-requirement 

conflicts. IEEE Software, 13(2), 25-35. 

It proposes a tool to negotiate quality 

requirements  

4 Chung, L., Nixon, B. A., Yu, E., & Mylopoulos, J. (2000). Non-

functional requirements in software engineering: Kluwer 

Academic Publisher. 

It describes a method for modeling 

interactions between quality 

requirements when they are treated as 

softgoals 

5 Mairiza, D., Zowghi, D., & Nurmuliani, N. (2010). Towards a 

catalogue of conflicts among non-functional requirements. Fifth 

International Conference on Evaluation of Novel Approaches to 

Software Engineering, Athens; Greece, pp. 20-29.  

It proposes a catalogue of conflicting 

interactions between types of quality 

requirements considering their 

relativeness  

6 Robinson, W. N., Pawlowski, S. D., & Volkov, V. (2003). 

Requirements Interaction Management. ACM Computing 

Surveys, 35(2), 132-190. 

It depicts a comprehensive literature 

survey about interactions between 

requirements 

 

The development of the SQIMF ontology was directed by the following goals: 

 Identify the vocabulary used in the domain of product quality models. The domain was reviewed 

by considering the ISO/IEC 25010 product quality model as a benchmark in order to represent 

the terms and concepts use to represent quality models.  

 Identify terms and definitions used in the domain of interactions between quality characteristics. 

This task includes the identification of semantic relationships (synonyms and homonyms) in 

addition to any inconsistencies in the use of terms. 
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 Elaborate a consistent vocabulary to address interactions between quality characteristics. This 

action includes considering the vocabulary terms used in both software quality and software 

requirements fields. The ontology must include the vocabulary used to identify an interaction 

along with those terms used when providing a solution in response to the negative interactions. 

 Link the SQIMF ontology with the H2MO in order to provide process support for the 

enhancement of a given product quality characteristic. In addition, consider the SMO ontology to 

provide support for the definition of indicators and measures related to product quality 

characteristics and sub-characteristics. 

 

Given the various domains that need to be reviewed, the SQIMF ontology is presented in four parts. The 

first part describes the concepts used to describe quality models and to describe interactions between 

quality characteristics. The second part presents the concepts used in decision processes to model the 

resolution of negative interactions. The third part presents the use of the SQIMF ontology with the H2MO 

ontology. Finally, the fourth part depicts the links between the SQIMF ontology and the SMO ontology. 

 

5.2.1.1. SQIMF: Quality Models 

Developing the SQIMF ontology implied the need to review how quality models can be represented and 

to analyze the domain of interactions between quality characteristics. Firstly, in order to identify concepts 

related to quality models, the ISO/IEC 25010 was studied. Papers addressing the conceptual modeling of 

quality models were also reviewed (Table 5.2).  

Secondly, the domain of interactions between quality characteristics were studied in the fields of software 

quality and software requirements. In the former field, the concepts, terms and their relations were 

extracted from the sources depicted in Table 5.3 and 5.4. An influential paper with which to address the 

interaction between quality characteristics is the work developed by McCall (1977). The interaction 

between quality factors (characteristics) were represented in an interaction matrix. The remaining papers 

from Table (5.3) address similar approaches that can be used to represent and classify the interactions 

between quality characteristics. 

With regard to the requirements engineering field (Table 5.4), the representation of the interactions 

between quality characteristics have a similar approach. In comparison with the papers depicted in Table 

5.3, the majority of these papers developed either methods or tools to support the identification of 

interactions between quality requirements based on an interaction matrix. The requirements interaction 

management survey (Robinson et al. 2003), on the other hand, describes a comprehensive view of 

approaches used to deal with interactions between requirements, including the review of some projects 

focused on the modeling and negotiation of quality requirements.  
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Figure 5.2 Class diagram of SQIMF ontology: Identification of Interactions 

 

The concepts identified in these domains are represented in Figure 5.2. The product, such as the artifact 

used or produced by an activity during the software development life cycle, is related to several quality 

requirements. The quality requirements require the software product to have certain attributes. A product 

quality model is composed of quality characteristics. In a similar vein, a quality characteristic can be 

composed of several sub-characteristics. The product quality model can be published as an industry 

standard, such as ISO/IEC 25010, which is referenced in this ontology as a standard quality model. The 
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standard quality model can be adapted to particular organizational settings or product categories in order 

to develop a tailored quality model.  

A tailored quality model can be used to classify categorized quality requirements. Categorized quality 

requirements are therefore a specialization of quality requirements. Two or more categorized quality 

requirements are involved in an interaction. The interaction can be represented in an interaction profile. 

Contextual factors can influence the interaction. With regard to the type of information used to identify an 

interaction, which is named an interaction formality, it can be a perceived interaction, when decisions are 

made on the basis of previous knowledge about quality characteristics and the beliefs about how quality 

requirements may interact. However, if the interaction between quality characteristics is determined by 

considering their implementation as evidence, it is thus an implementation interaction. An interaction can 

be assessed as a positive interaction or a negative interaction by considering several interaction types. 

However, it is possible that a pair of categorized quality requirements show no interaction despite the in-

depth review of their behavior in a software product. In addition, several interactions between quality 

characteristics may be unknown owing to a lack of analysis about their potential interaction. 

In order to detect an interaction, an interaction model can be used. The interaction model is built by 

considering a pair of quality characteristics or quality sub-characteristics. Each pair is assessed by 

considering the same interaction types used to assess the interactions between categorized quality 

requirements. If the interaction model is built using quality sub-characteristics, it can supply data with 

which to develop an interaction model with quality characteristics. 

 Interaction models can also be derived from catalogs in order to enhance their quality. They describe a 

mechanism, product or oriented process that has been used in other products to enhance a particular 

quality characteristic or sub-characteristic. When the mechanism is evaluated in order to determine its 

influence on several quality characteristics or sub-characteristics, these can be used to supply an 

interaction model with information. Using catalogs to document the mechanisms’ influence in quality 

characteristics provides information about potential solutions when an interaction between quality 

characteristics is being assessed.  

The definitions of the terms depicted in Table 5.5 are organized as follows: the first column presents the 

term while the second column depicts its super-concept; the third column contains the description of each 

term and the fourth column depicts the source of each term. The values for the fourth column can be: 

 Adopted: when the term or its definition is contained in a bibliographical reference and they are 

used in this ontology as they are specified. 

 Adapted: when the definition is based on a cited document but changed to achieve the goals of 

this ontology. 

 New: When the term used in the ontology has a new meaning in this ontology. 

 

Table 5.6 includes the following columns: name of relationship, participating concepts and description to 

document the relationships among the concepts depicted in Figure 5.2. Table 5.7 shows the attributes 
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discovered after modeling the SQIMF ontology concepts. It contains the name of the attribute, its 

description and the related concept. 

 

 

Table 5.5 List of concepts for the interaction between quality characteristics ontology 

Term Supercon Description Source 

Attribute Concept Inherent property or characteristic of an entity that 

can be distinguished quantitatively or qualitatively 

by human or automated means 

Adopted from 

ISO 25010 

Catalog For 

Characteristics 

Catalog For 

Enhancing 

Quality 

A catalog for enhancing quality focused on product 

quality characteristics 

New term. 

Concept adopted 

from  (Chung et 

al., 2000) 

Catalog For 

Enhancing Quality 

Concept A relation describing the influence of a mechanism 

on a quality element.  

New 

Catalog For 

SubCharacteristics 

Catalog For 

Enhancing 

Quality 

A catalog for enhancing quality focused on product 

quality sub-characteristics 

New 

Categorized Quality 

Requirement 

Quality 

Requirement 

A quality requirement that has been categorized with 

regard to a product quality model 

New 

Contextual factor Concept Users, tasks, equipment (hardware, software and 

materials), and the physical and social environments 

in which a product is used 

Definition 

adopted from 

ISO 25010 

Implementation 

Interaction 

Interaction 

Formality 

Requirements interact through the behaviors of the 

components that implement them 

Adopted from 

Robinson et al. 

2003 

Interaction Concept Binary relationship between a pair of quality 

requirements describing the extent at which the pair 

can be, or is implemented, in the same end product 

under the project restrictions. The interaction can be 

generalized to the quality characteristics or quality 

sub-characteristics which categorize the quality 

requirements under consideration 

New definition. 

Term in 

(Robinson et al., 

2003) 

Interaction Between 

Characteristics 

Interaction 

Model 

Interaction model between quality characteristics New 

Interaction Between 

Subcharacteristics 

Interaction 

Model 

Interaction model between the sub-characteristics 

which are derived from the same quality 

characteristic. 

New 

Interaction Formality Concept Category of interaction based on the availability of 

information to judge them 

New concept. 

Term adapted 

from (Robinson 

et al., 2003) 

Interaction model Concept Characterize the interactions between quality 

elements using matrices or tables to show the 

influences (interaction type) that one quality element 

has on others in the same hierarchical level as 

described in the tailored product quality model 

New 

Interaction profile Concept Characterization of an interaction described by the 

degree of interaction, basis, likelihood and criterion. 

In addition, the interaction profile includes the 

related contextual factors, interaction formality and 

interaction type 

New 
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Table 5.5 List of concepts for the interaction between quality characteristics ontology  (Cont.) 

Term Supercon Description Source 

Interaction Type Concept Categorical scale which determines the 

direction of an interaction  

New concept. Term 

adapted from (Robinson 

et al., 2003) 

Negative Interaction Interaction 

Type 

Interaction in which enhancing one given 

quality characteristic  (or attribute) results in 

a difficult, impossible or costly 

implementation of the other 

New definition. Term 

adopted from (Robinson 

et al., 2003) 

No Interaction Interaction 

Type 

Interaction in which enhancing one given 

quality characteristic  (or attribute) has no 

effect when the other quality characteristic 

(or attribute) is  implemented or executed 

New definition Term 

adopted from (Robinson 

et al., 2003) 

Perceived Interaction Interaction 

Formality 

Requirements descriptions seem to imply 

that satisfying one requirement will affect 

the satisfaction of another 

Adopted from (Robinson 

et al., 2003) 

Positive Interaction Interaction 

Type 

Interaction in which enhancing one given 

quality characteristic  (or attribute) results in 

an easier or cheaper implementation of the 

other 

New definition. Term 

adopted from (Robinson 

et al. 2003) 

Product Concept The set of artifacts to be developed, 

delivered and maintained in a project 

Adopted from 

(Montangero, 1999) 

Product Quality 

Model 

Concept Set of characteristics, and relationships 

between them, which provides a framework 

for specifying quality requirements and 

evaluating quality 

Adopted from ISO 25010 

Quality 

Characteristic 

Product 

quality model 

Category of software quality attributes that 

has a bearing on software quality 

Adopted from ISO 25010 

Quality requirement Entity Requirement that a software quality 

attribute be present in software 

Adopted from ISO 25010 

Quality 

Subcharacteristic 

Quality 

characteristic 

Category of software quality attributes 

which describes a component of a quality 

characteristic 

New 

Standard Quality 

Model 

Product 

Quality Model 

A general product quality model which 

describes in a hierarchical tree the 

categories of product attributes related to 

product quality 

New 

Tailored Quality 

Model 

Product 

Quality Model 

An organizational specific product quality 

model derived from a standard quality 

model and adapted to specify, measure and 

assess the products that an organizations 

develops 

New 

Unknown Interaction Interaction 

Type 

The type of interaction between a pair of 

quality requirements, quality characteristics 

or sub-characteristics has not been 

established  

New definition. Term 

adapted from (Robinson 

et al., 2003) 
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Table 5.6 Relationships in the SQIMF ontology for the identification interaction part 

Name Concepts Description 

Assesses Interaction – Interaction Type An interaction type assesses an Interaction 

Assesses Interaction Model – Interaction  An interaction type assesses an Interaction Model 

Categorizes Tailored Quality Model – Categorized 

Quality Requirement 

A Tailored Quality Model categorizes Categorized 

Quality Requirement 

Described by Product – Attribute Product is described by attribute 

Detects Interaction model – interaction An interaction model supports the detection of 

interactions 

Determines Interaction Formality – Interaction Interaction Formality is related to the 

determination of type of interaction with regard to 

the availability of information 

Has parts Product quality model – quality 

characteristics 

Quality model has quality sub-characteristics 

Has parts Quality characteristic – quality 

subcharacteristic 

Quality characteristic has quality sub-

characteristics 

Has parts Product – Quality Requirements  Product has quality requirements 

Influences Contextual Factor – Interaction Contextual factor influences interaction 

Is a Perceived Interaction – Interaction 

Formality 

Perceived Interaction is generalized into 

Interaction Formality 

Is a Implementation Interaction – Interaction 

Formality 

Implementation interaction is generalized into 

Interaction formality 

Is a Categorized Quality Requirement – quality 

requirements 

Categorized Quality requirement is a specialization 

of a quality requirement 

Is a Positive interaction – interaction type Positive interaction is an interaction type  

Is a Negative interaction – interaction type Negative interaction is an interaction type 

Is a No interaction – interaction type No interaction is an interaction type with 0% of 

strength 

Is a Unknown interaction – interaction type Unknown interaction is an interaction type which 

lacks information to establish a value 

Is a Interaction model – Interaction between 

characteristics 

Interaction model is specialized into interaction 

between characteristics 

Is a Interaction model – Interaction between 

subcharacteristics 

Interaction model is specialized into interaction 

between sub-characteristics 

Is a Catalog for enhancing quality – catalog for 

characteristic 

Catalog for characteristic is a specialization of 

catalog for enhancing quality 

Is a Catalog for enhancing quality – catalog for 

subcharacteristic 

Catalog for sub-characteristic is a specialization of 

catalog for enhancing quality 

Is a Product quality model – standard quality 

model 

Product quality model is a generalization of a 

standard quality model 

Is a Product quality model – Tailored quality 

model 

Product quality model is a generalization of a 

tailored quality model 

Involved in Categorized Quality Requirement – 

Interaction 

A categorized quality requirement is involved in an 

interaction 

Participates Quality characteristic – Interaction between 

characteristic 

A quality characteristic participates in an 

interaction between characteristics 

Participates Quality subcharacteristic – Interaction 

between subcharacteristic 

A quality sub-characteristic participates in an 

interaction between sub-characteristics 

Participates Quality characteristic – Catalog For 

Characteristic 

A quality characteristic participates in a catalog for 

characteristics 

Participates Quality subcharacteristic – Catalog For 

Subcharacteristic 

A quality sub-characteristic participates in a 

catalog for sub-characteristics 

Represents Interaction Profile – interaction Interaction profile represents an interaction 

Requires Quality Requirement – Attribute  Quality Requirement requires Attribute 

Supplies Interaction Between Characteristics – 

Interaction between Subcharacteristics 

An interaction between sub-characteristics supplies 

an interaction between characteristics 

Supplies Catalog For Enhancing Quality – 

Interaction Model 

A catalog for enhancing quality supplies an 

interaction model 

Used in Tailored quality model – interaction model A tailored quality model is used in an interaction 

model 
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Table 5.7 Relevant attributes in the SQIMF ontology for the identification of interaction part 

Name Concepts Description 

Degree Interaction Strength of the binary relationship. It can be 0% to 100%. 

Adapted from (Robinson et al., 2003) 

Basis Interaction Elements participating in an interaction. It may be a pair of 

requirements or a contextual factor hindering a quality 

requirement from being satisfactorily implemented. Adapted 

from (Robinson et al., 2003) 

Likelihood Interaction Characterizes the probability of occurrence of an interaction 

between quality requirements. Adapted from(Robinson et al., 

2003) 

Criterion Interaction Establishes the rationale used to assess an interaction. It may 

be determined by factors such as similar structure, resources, 

task, causality and time. Adapted from (Robinson et al., 

2003) 

Name Product Name of the product under study 

Description Product Description of the product under study which is used or 

produced during software development lifecycle.   

Description Quality Requirement A need expressed by stakeholder that shall be addressed in 

the software product that refers to quality attributes 

Name Attribute Name of the attribute 

Definition Attribute Unambiguous description of an attribute 

Category Categorized Quality 

Requirement 

Characteristic or sub-characteristics to which the quality 

requirement belongs 

Reference Standard Quality Model Identification of a published industrial-wide quality model 

Purpose Tailored Quality Model Description of the purpose of creating a tailored version of a 

product quality model 

Name Product quality model Identification of the product quality model under study 

Description Product quality model Information about the usage of a product quality model 

Name Quality characteristic Identification of a quality characteristic 

Definition Quality characteristic Unambiguous description of a quality characteristic 

Name Quality subcharacteristic Identification of a quality sub-characteristic 

Definition Quality subcharacteristic Unambiguous description of a quality sub-characteristic 

Mechanism Type Catalog For Enhancing 

Quality 

Type of mechanism: process oriented or product oriented 

Influence On 

Quality 

Catalog For Enhancing 

Quality 

Describe the interaction type related to the mechanism 

(positive, negative, no interaction, unknown) 

Description Of 

Mechanism 

Catalog For Enhancing 

Quality 

Information about the mechanisms’ features 

Description Contextual Factor Information about the factors influencing the interaction 

Degree Interaction Model Describe the extent to which one quality element influences 

another 

 

5.2.1.2. SQIMF: Decision Process Vocabulary 

The second part of the SQIMF ontology is focused on the vocabulary used to model a decision process. 

The vocabulary was extracted from the practices required to implement decision-making processes such 

as trade-off processes (García-Mireles et al., 2013c). Figure 5.3 depicts the decision-making vocabulary 

used to provide alternative solutions. The blue-colored classes were defined in the model shown in Figure 

5.2. These classes provide the linking point between both of the ontologies developed. In addition, Tables 

5.8 to 5.10 depict the concepts, relations and attributes. The columns used to describe the ontology 

concepts are the same as those used in Tables 5.5 to 5.7. 

An interaction profile presents an issue to be resolved, considering several alternative solutions. These 

alternatives can be based on mechanisms provided from both the product perspective and the process 

perspective. In order to determine the suitability of an alternative with which to resolve the identified 

interaction between quality characteristics, as described in the interaction profile, the decision makers 
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need to determine the evaluation criteria that meet organizational and project goals. These criteria must 

be ranked in order to simplify the decision-making process. Each alternative can be assessed using an 

evaluation method. These can belong to either a negotiation approach or a prioritization method 

category, as classified in García-Mireles et al. (2014c). The recommended solution(s), as an outcome of 

applying the evaluation methods to alternatives under study, is (are) reviewed in order to check that the 

recommended solution satisfies the project needs. 
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Figure 5.3 UML class diagram of the decision process vocabulary in the SQIMF ontology. 
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Table 5.8 Concepts used through a decision process and included in the SQIMF ontology 

Term Supercon Description Source 

Alternative Solution Concept A feasible approach to resolve a negative interaction 

reported in the interaction profile 

New 

Evaluation Criterion Concept A standard or rule used to make a decision New 

Evaluation Method Concept Describe the set of methods that can be used to 

model, measure, simulate, test and assess an 

interaction between quality characteristics 

New 

Evaluation Result Concept Describe the outcomes of an evaluation method 

applied to an alternative solution 

New 

Negotiation 

Approach 

Evaluation 

Method 

Set of methods oriented toward resolving conflicting 

issues using an approach based on negotiation 

New 

Prioritization Method Evaluation 

Method 

Set of methods oriented toward establish a ranking 

between a set of alternatives 

New 

Process Oriented 

Solution 

Alternative 

solution 

A type of solution focused on processes, activities, 

tasks, guidelines or practices 

New  

Product Oriented 

Solution 

Alternative 

solution 

A type of solution focused on product features, 

components or product quality values 

New 

Recommended 

Solution 

Concept A set of recommended solutions that were assessed 

as better when they were assessed by a ranked 

evaluation criteria 

New 

 

Table 5.9 Relationships in the SQIMF ontology for decision process part 

Name Concepts Description 

Assesses Evaluation Criterion – Evaluation 

result 

An evaluation criterion is used to assess an alternative 

solution 

Assessed by Alternative solution – evaluation 

method 

An alternative solution is assessed using an evaluation 

method 

Is a Alternative solution – process oriented 

solution 

A process oriented solution is a specialization of an 

alternative solution 

Is a Alternative solution – product oriented 

solution 

A product oriented solution is a specialization of an 

alternative solution 

Is a Evaluation Method – negotiation 

approach 

A negotiation approach is a specialization of an 

evaluation method 

Is a Evaluation method – prioritization 

method 

A prioritization method is a specialization of an 

evaluation method 

Provides Alternative solution – evaluation result An alternative solution provides inputs to obtain an 

evaluation result 

Provides Evaluation result – recommended 

solution 

An evaluation result provides inputs to recommend a 

solution 

Provides Evaluation method – evaluation results An evaluation method is used to provide an evaluation 

result 

Ranks Prioritization method – evaluation 

criterion 

A prioritization method ranks an evaluation criterion 

Relates Interaction profile – evaluation 

criterion 

An interaction profile is related to an evaluation 

criterion 

Relates Interaction profile – alternative 

solution 

An interaction profile is related to an alternative solution 

Reviews Evaluation criterion – recommended 

solution 

An evaluation criterion is used to review a 

recommended solution 

Supplies Recommended solution – interaction 

model 

A recommended solution provides data for an 

interaction model 
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Table 5.10 Relevant attributes in the SQIMF ontology for decision process part 

Name Concepts Description 

Description Alternative solution Information about the mechanism proposed to resolve the 

conflicting interaction 

Description Evaluation Result Information about the strengths and weaknesses of the 

alternative solution assessed 

Rationale Recommended Solution Description of the reason for recommending an alternative 

along with the reason for discarding remaining alternatives 

Name Evaluation criterion Identifier for the rule used to make decisions about 

alternatives 

Description Evaluation criterion Information about the meaning of the evaluation criterion 

Rank Evaluation criterion Relative order of a particular criterion with regard to the full 

set of criteria defined 

 

5.2.2. Using SQIMF with SMO 

Different approaches can be used to investigate interactions between quality characteristics or other 

quality elements. The time in the software life cycle in which the negative interaction arises, the 

availability of information to characterize the interaction and the resources available to explore alternative 

solutions may drive the approach used to deal with interactions. When the organization has the process 

capability to implement a measurement program the SQIMF framework would be integrated into it. The 

SQIMF ontology therefore requires the incorporation of appropriate concepts and relations in order to 

establish measures and indicators with which to monitor and resolve interactions. The SQIMF ontology 

can be linked by using the software measurement ontology (SMO) as a starting point.  Figure 5.4 depicts 

the concepts used in both models. The blue classes (darker classes) belong to the SMO ontology while the 

white classes correspond to SQIMF elements. In order to provide a complete view of the linking of both 

ontologies, the description of the SMO concepts (taken from (García et al., 2006)) are included in Table 

5.11 and the relation between concepts are depicted in Table 5.12. 

One difference between the definition of a quality model in SMO and a product quality model in the 

SQIMF ontology is related to the nature of the elements considered in the quality model. The SMO 

restricts the set elements to those that can be measured while the product quality model addresses quality 

characteristics and their relationships.  Quality sub-characteristics are, on the other hand, useful to elicit 

quality requirements and to establish target values for a software product (Kitchenham et al., 1997). 

When considering the application of the SMO ontology for a usability model for portlets  (Moraga et al., 

2006), it is thus concluded that  “linked to” relations correspond, as presented in Figure 5.4. 

The product (from the SQIMF ontology) is a type of entity (from the SMO ontology). The entity belongs 

to an entity class that has attributes. The product is described using attributes and measures are defined 

for attributes. An attribute can be related to measurable concepts which are evaluated by a quality model. 

The measurable concept can be linked to quality sub-characteristics while a quality model can be linked 

to both quality characteristics and product quality model. 
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Figure 5.4 Using SQIMF ontology with SMO ontology 

 

 

Table 5.11 Concepts used via a decision process and included in the SQIMF ontology 

Term Supercon Description Source 

Entity Concept Object that is to be characterized by measuring its 

attributes  

Adopted from 

ISO 15939 

Entity class Concept The collection of all entities that satisfy a given 

predicate 

Adopted from 

(García et al., 

2006) 

Measure Concept The defined measurement approach and the 

measurement scale (a measurement approach is 

either a measurement method, a measurement 

function or an analysis model) 

Adopted from 

(García et al., 

2006) 

Measurable Concept Concept Abstract relationship between attribute of entities 

and information needs 

Adopted from 

ISO 15939 

Quality Model Concept The set of measurable concepts and the relationships 

between them which provides the basis on which to 

specify quality requirements and evaluate the quality 

of the entities of a given entity class 

Adopted from 

(García et al., 

2006) 
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Table 5.12 Relationships between concepts of SQIMF and SMO ontologies 

Name Concepts Description 

Belongs to Entity – Entity class An entity belongs to one or more entity classes 

Compose of Entity – Entity An entity may be composed of several other entities 

Defined for Measure -- Attribute A measure is defined for an attribute 

Defined for Quality model – Entity class A quality model is defined for a certain entity class 

Evaluates Quality model – Measurable Concept A quality model evaluates one or more measurable 

concepts. A measurable concept is evaluated by one or 

more quality models 

Is a Entity – Product An entity is a generalization of a product 

Is a Quality Model – Product Quality 

Model 

A quality model is an specialization of a product quality 

model 

Has Entity class – Attribute An entity class has one or more attributes. An attribute 

can only belong to one entity class 

Linked to Measurable concept – Quality 

subcharacteristic 

A quality sub-characteristic is linked to a measurable 

concept 

Linked to Quality characteristic – Quality model A quality characteristic is linked to a quality model 

 

5.2.3. Using SQIMF with H2MO 

Identifying conflicting interactions between quality characteristics may impact on business goals.  The 

analysis of a specific interaction can provide information about the risks of failure for the project and for 

the organization as regards achieving its business goals. Common approaches with which to resolve 

conflicting interactions are based on methods that can be used to make decisions about their priorities 

(García-Mireles et al., 2014c). This resolution approach, however, ignores other strategies that may be 

implemented to achieve the expected product quality. One solution might be complemented with 

activities oriented toward enhancing the most highly prioritized quality characteristics.  

Enhancing a given product quality characteristic might imply implementing additional activities 

throughout the software development life cycle. Both industrial standards and scientific literature that 

address the quality characteristic under consideration provide a set of practices that may be combined 

with the organizational software process. A strategy based on multi-models (Siviy et al., 2008) may 

therefore be suitable for organizations that have implemented SPI initiatives and are looking to enhance a 

product quality characteristic. Furthermore, organizations need support to use product quality models 

during the software development lifecycle. Product quality models can help in the specification of quality 

requirements, measurement, monitoring, and the evaluation of product quality.  

Thus, in order to facilitate the integration of new activities, the SQIMF ontology uses a previous ontology 

to model the contents of multi-model process reference models with the aim of harmonizing these models 

(Pardo et al., 2012). Table 5.13 presents the terms from the H2MO ontology used while Table 5.14 shows 

the relationships between the concepts. Figure 5.5 depicts the concepts modeled from the H2MO 

ontology and the relationship with SQIMF ontology. The orange classes (darker classes) belongs to 

H2MO ontology while the white classes belongs to SQIMF framework. The linking of these two 

ontologies meets the fourth goal described in Section 5.2.1 SQIMF ontology.  
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Figure 5.5 Ontology for mapping process models 

 

As Figure 5.5 depicts, a process model can be used to enhance a product quality characteristic, and these 

process models can be both reference process models and those academic contributions that address 

process models such as those focused on security or usability. The process implemented in an 

organization impacts on a given product quality characteristic. Thus, in order to develop a solution based 

on the process perspective, the harmonization of reference models with process models oriented toward a 

given quality characteristic can be harmonized throughout a harmonization process. The harmonization 

process can be performed using a mapping technique. The mapping can be performed at different process 

abstraction levels, including both activities and tasks.  

5.2.4. Discussion 

When developing the SQIMF ontology several decisions were made with regard to the terms that would 

be used. This section presents additional information about the factors considered in the representation of 

quality models, quality attribute and interactions. 
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Various proposals were considered for the modeling of product quality models (Table 5.2), although the 

concepts from the quality model element area were mainly taken from ISO/IEC 25010. The terms 

‘product quality model’ and ‘quality characteristic’ are treated pretty similarly in all proposals. The term 

quality sub-characteristics is, however, only described by enumerating the corresponding instances 

without providing an explicit definition.   

The interactions between quality characteristics are barely addressed in documents focused on product 

quality models. Certain types of influence were found between quality characteristics (Burgués et al., 

2005) as was the fact that software factors may impact on quality aspects (Kläs et al., 2011). Indeed, 

reference product quality models such as ISO/IEC 25010 promote a tree-like hierarchical view of quality 

characteristics and sub-characteristics. 

Table 5.13 Concepts used to carry out mappings between process models 

 

Quality attribute is a homonym that can refer to a quality model characteristic, sub-characteristic, 

attributes associated with a sub-characteristic, attributes associated with a characteristic, and attributes 

belonging to the entity under study. In this ontology the definition used for attribute is therefore the same 

as that employed in ISO/IEC 25010 and refers to a property or characteristic of an entity that can be 

measured. In contrast, both quality characteristic and sub-characteristic are more generic terms referring 

to a set of quality attributes of an entity. 

From the software quality perspective, the articles that discuss the interactions between quality 

characteristics use tables. They are based mainly in the work of McCall  (McCall et al., 1977) and attempt 

to assess how the interactions can be found in several software artifacts or application domains. However, 

Term Supercon Description Resource 

Activity Concept Set of tasks used to produce and maintain a product. 

An activity includes procedures, standards, policies 

and objectives needed to create and modify a set of 

work products. 

Adopted from (Cugola 

and Ghezzi, 1998) 

Harmonization Concept Activity that seeks to define and to configure the 

most suitable harmonization strategy with which to 

achieve the strategic goals of an organization in 

which two or more models are involved. 

Adopted from (Pardo 

et al., 2012) 

Mapping Comparison A technique for comparing artifacts of the same 

category in which the similitude between their 

respective elements can be established 

Adapted from (Pardo et 

al., 2012) 

Process Concept Coherent set of policies, organizational structures, 

technologies, procedures, purpose, objective and 

work products that are needed to design develop, 

deploy and maintain a software product. 

Adopted from 

(Fuggetta, 2000) 

Process Model Concept A description of a set of interrelated activities, which 

transform inputs into outputs for a given purpose.  

Adapted from process 

concept in (CMMI, 

2010) 

Product Concept The set of artifacts to be developed, delivered and 

maintained in a project is called product.  

Adopted form 

(Montangero, 1999) 

Task Concept Process element that defines the work done by roles. 

A task is associated with the input and output 

products 

Adopted from (OMG, 

2008) 

Technique Concept Different ways of applying a method Adopted from (Pardo 

et al., 2012) 
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these papers do not discuss the differences in meaning of interactions between quality characteristics in 

any depth.  

 

Table 5.14 List of relations among concepts 

Name Concepts Description 

Enhances Process model – quality characteristic A process model may enhance a quality characteristic 

Generates Process – product A process generates one or several products 

Has parts Process model – process A process model can contain one or several processes 

Impact on Process – quality characteristic A software process impact on a quality characteristic 

Involves Harmonization – Technique A harmonization approach involves one or several 

techniques 

Is a Technique – Mapping Mapping is a kind of technique 

Is composed of Process – activity A process can be decomposed into activities 

Is composed of Activity – task An activity can be decomposed into tasks 

Is related to Process – Process A process is related to one or several processes 

Involves Harmonization – process reference 

model 

Harmonization involves at least two distinct process 

reference models 

Produces Task – product A task can produce products 

Supports Process model – quality element Process models can support a quality element 

Uses Task – products Tasks can use products 

 

From the software requirements perspective, the proposals depict how to use the interaction tables to 

elicit, model or negotiate quality requirements.  The effect of these studies is therefore limited to the 

requirements field. In order to apply the integrated knowledge gathered in this area, the comprehensive 

literature survey of  Robinson et al. (2003) regarding requirements interaction management was one of 

the principal inputs used to define the interaction profile for conflicting interactions between quality 

characteristics. 

 

5.3. SQIMF Methodological View  

In this section the methodological component of the SQIMF framework is presented. The framework 

development was led by trade-off methods (Barney et al., 2012), requirements for building decision 

processes (García-Mireles et al., 2013c) and the requirements interaction management review (Robinson et 

al., 2003). The solution strategy used in the framework was based on processes, and the development of 

alternative solutions in order to enhance a given quality characteristic is based in the harmonization 

approach (Siviy et al., 2008).  The goals considered when the methodological component was built are the 

following: 

1. Organizing and integrating trade-off methods in a common repository, since current methods have 

different goals as regards the software development lifecycle stages. 

2. Supporting the identification of quality characteristic interactions and quality sub-characteristic 

interactions by using interaction matrices. 

3. Providing methodological support in an effort to minimize the negative interactions that may emerge 

between stakeholders. 
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4. Providing methodological support to learn from negative interactions between quality requirements. 

5. Providing a method to support the mappings of practice-based proposals focused on a given product 

quality characteristic and the current organizational software process. 

 

 

MEDUSAS

Software Quality models

Measures

Heuristics

Interaction matrices

Purpose:

 Elaborate a software product quality model 

suitable to type of software products that 

organization performs.

Outcomes:

 Tailored quality model

 Definition of vocabulary

 Selection of suitable measures

P1. Tailoring Product Quality Model Process

Purpose:

Build a plan in which improvement goals are setting 

up with regards the current product quality and the 

expected product quality

Outcomes:

 Identification of relevant quality characteristics

 Current product quality

 Current competence product quality

 Expected quality levels

 Identification of solutions means

 Identification of positive interactions

P2. Establishing Product Quality Goals Process

Purpose:

 Make decisions about the best alternative to 

deal with confiict among quality requirements

Outcomes:

 Rankings of criteria importance

 Identified alternatives 

 Evaluation methods selected

 Evaluation of results

 Recommended solutions

 Identification of negative interactions 

P5. Software Quality Trade-offs Process

Purpose:

 Identify potential conflict among quality 

requirements

Outcomes:

 Registration of quality requirements

 Classification of quality requirements

 Keep on traceability of quality requirements 

dependencies

 Identification of potential conflicts among 

quality requirements

P4. Monitoring Product Quality Requirements 

Process

Purpose:

 Share the same software product quality model 

among project stakeholders

Outcomes:

 Published quality model

 Explanation about the meaning of terms

 Agreement among stakeholders for using a 

tailored quality model

 Selection of expected quality goals

P3. Sharing Product Quality Model Process

Quality models Positive interactions

Quality models Negative interactions

 

Figure 5.6 Framework for managing interactions between quality characteristics from (García-Mireles et 

al. 2013c) 

 

 

Figure 5.6 shows the main processes, together with a repository of models and the interaction matrices 

between quality characteristics. A summary of the rationale applied to create each process is presented in 

Table 5.15.  

The processes at the top of Figure 5.6 (P1 and P2) are focused on organizational activities in order to 

mitigate the impact of conflicting interactions between quality characteristics. The tailoring of a software 

quality model process (P1) aims to determine a product quality model that is appropriate for the kind of 

software products that a company develops, in which critical quality characteristics are established and 

suitable measures are identified and evaluated. The establishment of a quality goal process (P2) for the 

product then takes place to diagnose the quality of both the company’s products and those of the 

competition: the aim is to set a benchmark that will permit the identification of future quality levels of 

critical characteristics; the mechanisms employed to meet those quality levels are documented.  

The processes P3 to P5, which are shown at the bottom of Figure 5.6, support the management of 

interaction between quality characteristics at project level. The P3 process attempts to achieve a common 

understanding as regards the vocabulary of the software quality model. After the classification of quality 

requirements based on the quality characteristics described in the tailored quality model, the P4 process 

seeks potential conflicts between quality requirements. The process identifies these by using the 
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interaction matrices to check dependencies between quality characteristics. If a conflict is detected, then 

the software quality trade-off process (P5) is performed. 

Table 5.15 Rationale used for processes included in the framework 

Process Rationale 

P1. Tailoring software 
product quality model 

 Software organizations have different priorities with regard to quality characteristics 

(Berntsson Svensson et al., 2012; Phillips et al., 2012) 

 Quality models are inconsistent in terms, structure and concepts. Software 

organizations should adapt a QM to their specific needs (Chung and Prado Leite, 

2009)  

 Software organizations tend to adapt quality models to particular kinds of products 

(Wagner et al., 2012) 

 
P2. Establishing 

product quality goals 
 Sources of conflict between requirements: market/customer needs, new technology, 

product competency  (Curtis et al., 1988) 

 Quality requirements are dismissed because it is hard to understand, estimate and 

assign a value to each one (Berntsson Svensson et al., 2012) 

 Quality indicators can be established considering quality levels of competency and 

products themselves (Regnell et al., 2008) 

 Quality goals influence decisions made both during software development and during 

validation of a software product (Ameller et al., 2013) 

 As a project progresses,  the business side may demand additional quality 

requirements during software development that could result in higher costs and 

schedule slippage (Thakurta, 2013) 

 
P3. Sharing software 

product quality model 
 A product quality model should be specific to the software product being built 

(Kitchenham et al., 1997) 

 Methods are needed to support stakeholders’ communication about quality 

requirements, as are approaches to make tradeoffs between expected quality values 

(Loucopoulos et al., 2013). 

 Quality terms require additional clarification and need to be used in the appropriate 

context. Some terms are used with incorrect definitions (Ameller et al., 2013) 

 
P4. Monitoring quality 

requirements 
 Requirements conflicts may emerge when stakeholders’ goals are inconsistent or 

contradictory (Curtis et al., 1988; Chung and Prado Leite, 2009; Paech and Kerkow, 

2004; Robinson et al., 2003) 

 Projects require a balance between quality requirements (Boehm and In, 1996) 

 Requirements conflicts may emerge when project artifacts are inconsistent with each 

other (Robinson et al., 2003) 

 There are potential conflicts between quality characteristics (Berander et al., 2005; 

Mairiza et al., 2010; Robinson et al., 2003) 

 Quality requirements can often only be stated in relation to given functional and 

architectural requirements (Paech and Kerkow, 2004; Phillips et al., 2012)   

 Interaction quality characteristic matrices can support the identification of quality 

characteristics (Boehm and In, 1996; Egyed and Grünbacher, 2004; Mairiza et al., 

2010; Robinson et al., 2003) 

 
P5. Software quality 

trade-off process 
 Software organizations need to store information about trade-offs in order to exploit 

this knowledge (Chung et al., 2000; Robinson et al., 2003) 

 Software organizations may apply a rationalistic approach to perform trade-offs 

between quality characteristics (García-Mireles et al., 2013c) 

 Misunderstanding the application domain is a source of conflicting requirements 

(Curtis et al., 1988) 

 

 
 

Each process from the process framework is described using activity diagrams in which roles, artifacts and 

activities are identified and modeled. The process model is described with SPEM 2.0 notation (OMG, 

2008). The process framework has been modeled in EPF composer version 1.5 in order to ensure that both 

the documentation is generated in a standard format and the models are available via the Web. Figure 5.7 
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depicts a partial view of a role description and Figure 5.8 shows a view of the activity used to approve the 

tailored product quality model described in process P1. Tailoring the software product quality model. The 

tasks were grouped by discipline in order to organize process documentation. 

 

 

Figure 5.7 Partial view of the role name product quality expert described on a web page 

 

 

Figure 5.8 Partial view of a task from the customizing product quality model discipline 
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5.3.1. Tailoring Product Quality Model Process  

5.3.1.1.  Purpose 

The purpose of the tailoring product quality model process is to tailor a software quality model by 

considering the quality goals that an organization has established in order to satisfy their customer quality 

needs and preferences. This process relies on a standard quality model, such as ISO/IEC 25010, in order 

to identify relevant quality characteristics and sub-characteristics that could be used to specify, measure 

and assess the quality of the software products developed. The ultimate goal of the tailoring process is 

that involved stakeholders be able to understand the quality model and be able to use it in the activities 

related to software product quality in the context of target software life cycle processes. The process is 

shown in Figure 5.9. 

5.3.1.2. Objectives 

The following objectives can be attained with the tailoring product quality model process: 

 The construction of a tailored version of a standard product quality model in a systematic 

manner by means of conformance of the activities and development of work products defined in 

this process. 

 The definition of the scope of the tailored quality models with regard to the quality 

characteristics and sub-characteristics selected as being relevant along with the target software 

life cycle processes that should use the tailored software product quality model. 

 The support of the tailoring of a standard quality model by using the guidelines provided in this 

process in order to achieve business needs related to product quality as described in the strategic 

business plan. 

Table 5.16 Roles involved in product quality model process tailoring  

Abbreviation Role Description 

QS Quality Sponsor The quality sponsor is a member of a software organization who is 

interested in enhancing product quality.  The quality sponsor can 

propose and negotiate improvement actions with appropriate 

management roles and can support the definition and 

implementation of these actions at project level. 

PQT Product Quality Team A group of participants who has a diversity of quality interests in a 

particular software product or category of software products. The 

product quality team is composed of different roles whose 

responsibility may be related to using, developing, maintaining, 

ensuring quality, or planning quality goals for a product or category 

of products.  

PQE Product Quality Expert A participant who has the knowledge and skills needed to adapt a 

product quality model in the context of organizational needs. 

ST Steering Group This group is composed of directive members who can approve 

proposals regarding the changes in the software organization and 

can assign the resources needed to carry out improvement actions. 
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Figure 5.9 Activity diagram for the tailoring product quality model process 
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5.3.1.3. Inputs and Outputs 

The work products required in this process are: Strategic business plan addressing product quality goals, 

reference product quality model that could be a standard quality model such as ISO/IEC 25010, and 

guidelines for identifying relevant factors. 

The process outcomes are the following work products: tailored product quality model, product quality 

model tailoring proposal, prioritized factors for tailoring quality model, and report concerning quality 

model tailoring.  

5.3.1.4. Roles 

There are four roles considered in this process. The description of their responsibilities is described in 

Table 5.16. 

5.3.1.5. Activities 

The tailoring of the software product quality model is composed of four activities: plan the tailoring 

approach, determine relevant factors to be considered, tailor the quality model, and review the tailored 

quality model. 

A1. Plan the tailoring approach. In this activity the role named Quality Sponsor (QS) has a meeting 

with the role named Product Quality Expert (PQE) in order to identify relevant product quality goals that 

the software organization should manage with regard to the organization strategic plan.  The product 

quality goals and a reference product quality model are the inputs needed to develop a proposal for the 

tailoring of a quality model.  This proposal contains the goals as regards the tailoring of a quality model, 

the target software life cycle processes (e.g. a set of processes described in ISO/IEC 12207) that may use 

the tailored quality model, the stakeholders involved, the resources assigned and a schedule of the 

activities needed to adapt a quality model. The proposal should be approved by the Steering Group (ST). 

A2. Determine relevant factors to be considered. In this activity, the PQE supports the Product Quality 

Team (PQT) in identifying relevant factors as regards tailoring the reference product quality model. These 

factors are related to the target software product(s) that the organization wishes to enhance along with the 

organizational contextual factors.  From a product perspective, the PQT describes the main features of the 

target software product (product maturity, quality aspects that have driven the development, size of 

product, system type, programming language, supporting technology) in addition to the various 

stakeholders involved in any of the software life cycle stages who may have relevant opinions about the 

quality of the software product. Furthermore, project artifacts such as defect reports, quality requirements 

and change proposals can provide information about the relevant quality elements that need to be 

considered. From an organizational perspective, the PQT describes the target processes involved in any 

task related to building, measuring, or assessing software product quality (this includes the activities, 

artifacts, practices, tools, techniques, people knowledge, and skills related to software product quality and 

experience in the domain). In addition, the organizational factors relevant to dealing with product quality 

are described. These can be organizational certifications, standards or models that need to be considered 

in order to enhance the product quality. The PQT needs to make decisions about the factors to be 
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considered when tailoring a quality model. The relevant factors can be identified by means of negotiation 

between the members of the PQT. These factors should be prioritized in order to determine the 

appropriate weight when the PQT makes decisions about the relevant quality characteristics and the 

means that will be used to achieve them in a software product. In addition, the tasks and methods needed 

to tailor the quality models should be described in the tailored product quality model proposal. These 

tasks can involve any of the approaches used to deal with software quality prioritization described in 

(García-Mireles et al., 2014c). 

A3. Tailor quality model. The performer role (P) reviews the prioritized factors for tailoring the quality 

model in order to identify the task to be undertaken during the tailoring of the reference product quality 

model. The tasks can include literature surveys, analyses of organizational documents, and the selection 

of appropriate quality characteristics, sub-characteristics, attributes, measures, and indicators. The 

performer carries out the tasks assigned and applies the methods selected in order to gather a tailored 

version of the software product quality model. The procedures, the tailored quality model, and any issues 

that arise during the execution of this activity is reported along with the tailored product quality model. A 

proof of concept can be performed in order to verify its feasibility in target software processes. 

A4. Review tailored quality model. The PQT participates in a review led by the PQE to check the 

tailored product quality model. This review checks that the tailored quality model meets the requirements 

described in the product quality model tailoring proposal and verifies that a prioritized list of quality 

characteristics is provided. If the resulting quality model achieves the expected goals, it is sent to the ST 

in order for its use in the described context to be approved. After approval, the tailored quality model is 

ready to be used in a pilot software process improvement project. Furthermore, the resources used when 

tailoring the reference quality model and any issues that arose during this process are documented. 

5.3.1.6. Work products 

Several work products are created during the process of tailoring a product quality model. These are 

described as follows: 

a. Proposal for tailoring a reference product quality model. This proposal defines the aim of tailoring 

a reference product quality model. The motivation for tailoring the quality model is depicted by 

considering the strategic product quality goals. In addition, the proposal describes the main usage of the 

tailored quality model within the selected organizational software processes. Furthermore, it contains the 

stakeholders involved, the resources assigned and the schedule used to adapt the quality model. The 

template for the proposal is shown in Appendix A.3 Template for proposal for tailoring a quality model. 

b. Reference product quality model. This is a model that describes the quality characteristics that need 

to be considered in any software lifecycle stage. The model contains a hierarchical structure which 

describes the quality characteristics and sub-characteristics. These can be related to the measurable 

attributes of a software entity. A current standard, such as ISO/IEC 25010, can be considered as a 

reference product quality model. 
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c. Guidelines for identifying relevant factors. The guidelines for identifying relevant factors to be 

considered in tailoring a quality model describe an initial list of software product, software processes and 

organizational settings that could be considered when tailoring a product quality model. The list of factors 

is described in Appendix A.4 Guidelines for identifying relevant factors. 

d. Prioritized factors for tailoring quality models. This document contains the decisions made by the 

PQT in order to prioritize the relevant factors that will be used to tailor the product quality model. The 

document contains the potential factors considered which can be based on the guidelines used to identify 

relevant factors. The prioritized list of relevant factors is documented along with the identification of 

appropriate methods with which to inquire about the relevant quality attributes. For instance, if the main 

factor is the target end user category, methods such as surveys and focus groups can therefore be used to 

determine the relevant quality elements. On the other hand, if the product is targeted to a regulated 

market, then the main sources of quality elements to be considered in the tailoring process would 

therefore be found in applicable standards. A template for prioritized factors for quality model tailoring is 

presented in Appendix A.5 Template for prioritized factors for tailoring a quality model.  

e. Tailored product quality model. The tailored product quality model describes the procedure used to 

inquiry about both the relevant quality elements and the outcomes of modifying the reference quality 

model. It must specify the rationale employed to for discard, add or modify the quality elements such as 

quality characteristics, quality sub-characteristics, quality attributes, measures and indicators. The 

changes can be carried out in the name of quality elements, the definition of a quality element appropriate 

to target stakeholders, and the measurable attributes that could be considered in software projects. The 

document contains the goal of tailoring the quality model, the references used to tailor the quality model, 

the method used to achieve a list of suitable quality elements, the procedure used to select relevant quality 

elements and the tailored model that describes each quality element. 

f. Report of tailoring quality model. This document describes the result of the tailoring process such as 

the amount of effort used and the resources involved in tailoring the quality model. In addition, it includes 

the ST role’s approval of the tailored version of the reference product quality model.  

g. product quality goals. This document describes the quality goals found in strategic business plan. 

 

5.3.2. Establishing Product Quality Goals Process 

5.3.2.1.  Purpose 

The purpose of the establishing product quality goals process is to build an improvement plan in which 

target values for the relevant quality elements are established. The relevant quality elements are described 

in the tailored software product quality model.  The process relies on an investigation of appropriate 

means to achieve the expected quality values from a process perspective. The approach used to relate the 

process perspective with the product perspective is based on mappings of both the models that concern 

the activities that should be implemented in the software development process and the models that 
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describe a software product quality model. At product level, the interaction between quality elements is 

also considered as an aspect to be taken into account when the values for quality model are determined. 

This process is depicted in Figure 5.10. 

5.3.2.2. Objectives 

The following objectives can be attained with  establishing product quality goals process: 

 The construction of an improvement plan which describes the target values for the quality 

elements described in the tailored quality model. 

 The definition of appropriate values for quality elements, considering the current means used to 

achieve product quality. 

 The verification that target quality values can be achieved, considering potential interactions 

between quality elements. 

 The consideration of an appropriate process support when several process models are involved in 

a solution. 

5.3.2.3. Inputs and Outputs 

The work products required in this process are: tailored product quality model, list of own software 

product to be diagnosed, list of competence products to be diagnosed, qualitative guidelines with which to 

identify current quality levels, stakeholders’ quality needs and preferences, interaction model. 

The process outcomes are the following work products: current product quality levels, current 

competence product quality levels, proposal for target quality values, interaction model, proposal for 

establishing product quality values, report for establishing product quality values, product quality target 

values.  

Table 5.17 Roles involved in establishing product quality goals process 

Abbreviation Role Description 

QS Quality Sponsor The quality sponsor is a member of a software organization who is 

interested in enhancing product quality.  The quality sponsor can 

propose and negotiate improvement actions with appropriate 

management roles and can support the definition and 

implementation of these actions at project level. 

PQT Product Quality Team A group of participants who has a diversity of quality interests in a 

particular software product or category or software products. The 

product quality team is composed of different roles whose 

responsibility is to use, develop, maintain, ensure quality, or plan 

quality goals for a product of category of products.  

PQE Product Quality Expert A participant who has the knowledge and skills needed to adapt a 

product quality model in the context of organizational needs. 

ST Steering Group This group is composed of directive members who can approve 

proposals regarding the changes in software organization and can 

assign the resources needed to carry out improvement actions. 

P Performer Role responsible for implementing the mappings of both process 

and product quality models. In addition, this role performs the 

mappings of methods, tools and techniques with appropriate 

software process activities and tasks. 
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Figure 5.10 Activity diagram for the process establishing product quality goals 
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5.3.2.4. Roles 

Five roles participate in this process. They are described in Table 5.17. 

5.3.2.5. Activities 

The process used to establish product quality goals is composed of five main activities in order to identify 

target quality values for a target product.  

A1. Determine approach used to establish target product quality goals. This activity defines the 

approach used to assign quality values to the quality elements described in the tailored quality model. The 

motivation for expecting given quality values is documented by considering the strategic product quality 

goals.  In addition, the procedures used to estimate target values are described and the means used to 

achieve the target values are documented. A decision needs to be made about the products that will be 

assessed. Appendix A contains a template of elements to be considered when establishing expected 

quality values. 

A2. Diagnose actual product quality.  The performer role reviews the tailored quality model and the 

approach used to establish the quality model.  As a result, the performer identifies the quality elements to 

be measured and the target software products. The methods used to assess current quality levels can be 

based on the list of methods discussed in (García-Mireles et al., 2014c). The selection of methods depends 

on several factors such as type of software product, level of detail of the quality assessment, the criticality 

of the software product, the business strategy used for product management, the resources that are 

available to measure the software product, and the capability of the software process, among others. As an 

initial instrument for diagnosis, a qualitative guideline can support expert judgment when evaluating 

product quality (Horgan and Khaddaj, 2009). The outcome of this activity is a report on the current levels 

of quality for relevant quality elements. A guideline with which to qualitatively assess usability, 

maintainability and security is shown in Appendix A. 

A3. Identify potential product quality goals. The PQT analyzes potential quality goals for the tailored 

quality model with the help of the PQE. These can be based on their own experience or on reports from 

competence products, stakeholder preferences and quality needs, along with reports regarding change 

proposals and defects. Applicable standards can additionally describe potential goals or values for some 

quality elements. Criteria with which to assess the potential quality goals and values should be established 

in order to determine appropriate values, considering the available resources, potential costs and benefits, 

or any other relevant aspects for the target users and the business goals. The list of criteria to be 

considered is prioritized and the methods employed to determine quality values and means to achieve 

them are defined in the prioritized list of factors related to the assessment of quality values.  

A4. Determine target quality values.  The performer applies the procedures to the proposal for target 

quality values in order to identify the potential means that will be used to achieve the expected quality 

values. In addition, the definition of the product quality goals needs to consider potential interactions 

between quality elements. Thus, in this activity, the potential interactions between quality characteristics 

are identified and documented in order to mitigate potential conflicts between quality goals. A method 
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with which to create an interaction model is therefore required. The potential quality goals also need to 

consider the process perspective, signifying that this activity identifies activities, tasks, methods and 

techniques that can be used to improve the specified product quality goals. These product quality focused 

activities need to be combined with existing processes in order to obtain their expected benefits. A 

method with which to identify general software life cycle activities that can be improved with specific 

tasks in order to improve product quality characteristics is therefore needed. 

A general method with which to perform mappings between process models can also be used to define a 

software process that is focused on enhancing a product quality characteristic. This last method is adopted 

from Pino et al. (2010a). The means identified to achieve the target product quality levels is assessed in 

order to determine its implementation feasibility by considering project constraints. The product quality 

target level is documented. 

A5.  Review product quality target levels. The PQT participates in a review led by the PQE to check the 

established product quality levels. The review checks that the determination of the target values was 

based on appropriate methods and that the final values have been achieved by using suitable methods. 

The report of target product quality goals is approved by the ST and the report is available for piloting 

these quality levels and the identified process elements within a software process improvement project.  

5.3.2.6. Work Products 

a. Proposal for establishing target product quality values. This document describes the approach used 

to determine the quality values for relevant quality elements. In addition, it contains the stakeholders 

involved, the resources assigned and the schedule employed to establishing product quality goals. The 

template for the proposal is included in Appendix A. 

b. Qualitative guidelines for identifying current quality level. This guideline describes a questionnaire 

with which to qualitatively measure the actual level of a given product quality elements. Each quality 

characteristic and sub-characteristic is described by considering five levels of performance. Appendix A 

describes a guideline that can be used to qualitatively measure usability, maintainability and security.  

The guideline is adapted from  Horgan and Khaddaj (2009). 

c. Current product quality levels report. This document describes the result of evaluating a product. It 

contains the approach used to measure the quality elements along with the outcomes of the measurement 

procedure. It can contain a qualitative assessment of the product quality (appendix A) and the procedure 

used to select the participants involved. The level of impact of the decisions regarding the participants 

that have been identified and how to achieve a common value for a product quality characteristic need to 

be documented.  

d. Proposal of target quality values.  The proposal concerning target quality values is a document that 

describes expected quality values for the relevant product quality elements. The document contains the 

rationale for each value or range of values in addition to the procedures used to make decisions about 

those values. It also describes the procedures used to determine the final set of product quality values that 

need to be considered in the software product. 
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 e. Interaction model. A list of means describing the potential effect that a given method, activity, tool, 

technique, component has on a given quality element.  An abstract variant of the interaction model is the 

model that describes the interactions between quality elements. Appendix A presents an interaction model 

for usability and security. 

f. Product quality target levels. A document describing the final set of target values for the quality 

levels expected in a software product. The report contains the procedures applied to make decisions and 

the rationale used to select quality values. It also contains the process elements that should be 

implemented in a software process to achieve the expected quality levels.  

g. Report of established product quality goals. This document contains the main findings in the process 

for establishing product quality levels and includes the ST’s approval. 

h. Competence products. This document describes the result of evaluating a competence product. It 

contains the approach used to measure the quality elements along with the outcomes of the measurement 

procedure. It can contain a qualitative assessment of the product quality (appendix A.7) and the procedure 

used to select the participants involved. The level of impact of the decisions regarding the participants 

that have been identified and how to achieve a common value for a product quality characteristic need to 

be documented.  

i. Stakeholders’ quality needs and preferences. The user and customer quality goals are documented 

and used to establish target quality values. 

j. Tailored product quality model. It is described in tailoring product quality model process. 

k. Reference software product. A product or category of products developed by an organization whose 

quality characteristics are under review. 
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Figure 5.11 Quality approaches linked to process elements (García Mireles et al., 2012) 
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5.3.2.7. Method for Mapping Software Product Quality Model and Software Process 

Reference Model 

The purpose of the method proposed herein is to carry out a mapping between a product quality model 

and a process oriented quality model in order to identify the practices and activities directly involved in 

enhancing product quality.  

Improvement models are focused solely on a particular view of the process, and this view has a 

relationship with the process elements. Figure 5.11 shows the elements usually considered when 

modeling a process (Montangero, 1999). Processes, activities and tasks are concepts related to the actions 

or best practices that an organization could implement. Process models can be represented at diverse 

levels of granularity and usually express a specific view of interest, such as an activity model or a product 

model (Montangero, 1999).  In process oriented models, activities are highlighted while other process 

elements are only listed or briefly described. In contrast, product quality approach models are interested 

in the description of the characteristics that are considered relevant to enhance product quality, without 

addressing how they can be achieved during software development or operation.  

 
Figure 5.12 Mapping method used to compare process oriented and product oriented quality approaches 

 

With regard to the above, it was necessary to compare quality models that are focused on different 

entities: activities and products.  This was done by carrying out a mapping, which was undertaken by 

adapting the method described by Pino et al. (2010a). The update obeys the evaluation of two different 

quality perspectives. Figure 5.12 shows the activities and tasks that are necessary to map quality models.  

The activities are: 

1. Analyze models. The purpose of this is to understand the improvement models’ goals, structure, 

and requirements. Since we are working with two quality perspectives, one of them can be the 

source for search terms, whilst the other can be the target of the mapping. Task required: 

Describe product oriented model and Describe process oriented models.  

2. Design mapping: The purpose of this is to set out a comparison procedure and design mapping 

templates. Task required: Establish comparison levels and Define comparison scale.  
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3. Execute mapping: The purpose of this is to apply a comparison procedure in order to achieve 

mapping results. Task required: Carry out comparison.  

4. Assess mapping results: The purpose of this is to report issues that must be considered in a 

harmonization initiative. Task required: Analyze findings.  

 

5.3.2.8. Method Used to Create an Interaction Model 

The purpose of the method used to create an interaction model is to build an instrument with which to 

support decisions concerning the influences between product quality characteristic. The identification of 

conflicting interactions can assist software engineers in identifying potential quality issues that have 

arisen, particularly at the beginning of a software project. 

When addressing the interaction between product quality characteristics it is necessary to study at the 

very least the domain of software requirements and software quality as they are described in (SWEBOK, 

2014). One domain deals with quality requirements and their potential interactions in the context of a 

specific software project while the other addresses the quality characteristics and the relationships 

between them. Interactions identified at requirements levels can feed the interactions between quality 

characteristics in the software quality domain. In a similar vein, when an interaction between quality 

characteristics is described, this information can then support a careful analysis of quality requirements 

established for a software product. An approach that can be used to deal with interactions between quality 

characteristics is based on building interaction matrices. These matrices show the potential influence that 

one given quality characteristic may have on another.  

Our approach with which to build an interaction matrix is based on a literature survey (García-Mireles et 

al., 2014a). We reviewed interaction matrices in order to identify potential influences between the sub-

characteristics of usability, maintainability and security. Building interaction matrices that are suitable for 

organizational needs requires the organization to have selected or tailored an appropriate quality model. 

The procedure used to develop interaction matrices consists of the following steps: 

1. Analyze the quality model. The purpose is to understand the reference quality model in terms of its 

vocabulary, structure and semantics. This understanding helps to identify relevant literature regarding 

interactions between quality characteristics. 

2. Select relevant literature. Using the quality model as a reference, the literature is scanned in order to 

identify those papers that address interaction matrices for the quality characteristics. 

3. Review interactions. An interaction model is built for each pair of quality characteristics under study. 

The dimensions of the matrix are determined by the quality sub-characteristics from each quality 

characteristic. For each cell in the matrix, review the selected literature in order to identify the type of 

relationship reported. 

4. Develop the interaction matrix. Several references can assess a particular pair of quality sub-

characteristics. Some of them may have inconsistent results. Since we intend to develop an initial 
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interaction model to support decisions in a software organization, we take as a basis the most pessimistic 

outcome of interaction. The three ordered values that can be reported are positive interaction, no 

interaction, and negative interaction. The negative interaction value is, therefore, the most pessimistic. It 

may also be discovered that several pairs of quality characteristics have no information. In this case, we 

derive the interaction value from its respective quality characteristics. This step thus allows us to fill in all 

the cells in the interaction model. 

5.3.3.  Monitoring Quality Requirements Interaction Process 

5.3.3.1. Purpose 

The purpose of the monitoring quality requirements process is to identify potential conflicts between 

quality requirements. The process relies on the quality characteristics interaction model which provides 

information about the potential interactions between quality characteristics. Conflicting interactions may 

appear when the quality requirements interact with each other, particularly when they cannot achieve the 

expected quality values. Whatever the cause of issues between quality requirements, the interaction 

profile should be defined for further analysis.  As an outcome of the process, the quality requirements are 

redefined if is necessary, the interaction model is updated with new interactions profiles and the report 

concerning the issues arisen is created.  The report can support the update of product quality goals and 

further analysis to improve product quality goals.  Figure 5.13 shows the activity diagram of this process. 

5.3.3.2. Objectives 

The following objectives can be attained by using the monitoring quality requirements process: 

 A review of the consistency of quality requirements with target quality values. 

 A verification of the potential interactions between quality requirements by means of the quality 

characteristics. 

 An update of the appropriate interaction model using the discovered interactions. 

5.3.3.3. Inputs and Outputs 

The work products required in this process are: product quality requirements and related product 

components, tailored product quality model, target product quality goals, and interaction model. 

The process outcomes are the following work products: categorized list of quality requirements, 

interaction profile and summative report about interactions found. 

 

5.3.3.4. Roles 

The roles participating in this process are described in Table 5.18. 
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5.3.3.5. Activities 

A1. Classify quality requirements. During software development, and when the project schedule points 

out the requirements milestones, the requirements engineer reviews the product quality requirements in 

order to classify them. The classification is based on the tailored product quality model. This activity can 

also be performed when quality requirements are changed in a software project and an analysis of the 

impact of quality requirements needs to be performed.  

A2. Check potential interactions between quality requirements. Once the quality requirements have 

been categorized, the categories identified are used to verify potential interactions between quality 

requirements in the context of a particular product component. If interactions are discovered in the 

comparison process, an interaction profile should be written to describe its characteristics. If interactions 

arise because product quality goals cannot be achieved, these also need to be considered in the interaction 

profile.  The interaction profile is the source used to resolve conflicting interactions in the software 

quality trade-offs process. 

 

Table 5.18 Participating roles in the process monitoring product quality requirements 

Abbreviation Role Description 

PQT Product Quality Team A group of participants who has a diversity of quality interests in a 

particular software product or category or software products. The 

product quality team is composed of different roles whose 

responsibility is to use, develop, maintain, ensure quality, or plan 

quality goals for a product of category of products.  

PQE Product Quality Expert A participant who has the knowledge and skills needed to adapt a 

product quality model in the context of organizational needs. 

RE Requirements engineer This role is responsible for carrying out the activities related to the 

process of requirements engineering including those concerning the 

description of quality needs and the specification of quality 

requirements. The responsibilities in this process are to provide the 

quality requirements specified in a given software project and 

classify them by considering the tailored product quality model. 

R Reviewer Role responsible for detecting potential interactions between 

categorized quality requirements. When the reviewer realizes that 

an interaction has arisen, then s/he creates an interaction profile that 

describes the features to be considered in an interaction. The role 

needs to have knowledge about quality requirements, quality 

characteristics and how to identify interactions between quality 

characteristics. 

 

A3. Review incidents. When the software project is in its closing stage, the interaction profiles are 

analyzed in order to identify any problems in the software project, quality means, or interaction model 

that need to be updated. The review report is stored in the knowledge base. The review incidents report is 

the basis employed to update the tailored product quality model and the target product quality goals 

document.   

5.3.3.6. Work Products 

a. Categorized quality requirements. This is a report of the quality requirements classified with regard 

to the tailored product quality model. The quality requirements can be related to specific software 
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artifacts, and the values for a given category of quality requirements (quality characteristics) may be 

different as regards different stakeholders, users’ goals, task scenarios and environment in which the 

software artifact is developed, tested, operated or maintained. 

b. Interaction profile. This document describes the features involved in interactions between categorized 

quality requirements. The elements that need to be considered are degree of the interaction (0 – 100%), 

basis (elements participating in interaction), likelihood, criterion (structure, resources, tasks, causality, 

time) and other contextual factors to be considered. A template is included in Appendix A.2. 
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Figure 5.13 Activity diagram used to monitor product quality requirements process 

 

c. Interactions between quality requirements report. Describe the issues that have arisen during the 

software development project related to interactions between categorized quality requirements.  

d. Tailored product quality model. This is a model that is adapted to the quality needs of organizations. 

The model includes the characteristics, sub-characteristics, attributes and measures that can be applied. 

e. Target product quality goals. This document describes the expected quality goals or values that the 

software product should achieve, considering the perspective of the software organization that wishes to 

establish a baseline for the quality of its products. These target goals can be converted into quality 

requirements when they are incorporated in a new version or new product.  
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f. Interaction model. This is a matrix that presents the kind of relationship between two quality 

characteristics or sub-characteristics. The initial matrix is based on a literature review but it evolves as 

new interactions are found in software projects. The interaction model is complemented with information 

about the interaction profile and the resolution strategy in order to allow software developers to base their 

decisions on practical experience. An example of an interaction model is presented in Appendix A. 

g. Product quality requirements. A set of quality requirements identified for the product under 

development. 

 

5.3.3.7. Method Used to Detect Interactions 

The method employed to detect interactions is used in the process for monitoring quality requirements 

within the activity named check potential interactions between quality characteristics (Figure 5.14). The 

interactions between quality characteristics may arise as the results of inconsistent terms and definitions 

used, or a perceived conflict at requirements level that might be related to specific values, stakeholders’ 

goals or usage scenarios. The interactions may also emerge because the resources or means used to 

implement a solution do not provide the expected levels of quality or are inconsistent with the 

organizational goals. The performer role carries out the following tasks to detect interactions between 

categorized quality requirements: 

1. Review software product. The parts of the software product that need to be checked are identified. 

These parts can be software components, use cases, software architecture models, and others in which it is 

important to assess the interactions. A list of components to check can be generated. 

2. Assign quality requirements. The categorized quality requirements are assigned to each component.  

3. Check potential interaction between categorized quality requirements. The categories of quality 

requirements are searched for in the interaction model. If a negative interaction is identified, then an 

interaction profile report is elaborated.  If the organization has established target product quality goals, 

then it is also necessary to make a comparison with regard to the categorized quality requirements. The 

result of this comparison is also reported in the interaction profile. 

4. Elaborate an interaction profile. For each interaction between categories of quality requirements 

identified, prepare a report in which the details of the interactions are reported.   
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Figure 5.14 Method to detect interactions 

5.3.4.  Sharing Software Product Quality Model Process 

5.3.4.1. Purpose 

The purpose of sharing a software product quality model process is to ensure that all the stakeholders 

involved in defining, assessing and measuring the software product quality use the same vocabulary when 

dealing with software product quality. In addition, if the organization has defined target quality goals for 

a kind of products or for a specific project, the stakeholders involved should be informed.  The ultimate 

goal of this process is to avoid misunderstandings about the meaning of software product quality within 

an organizational context when developing specific software products. Figure 5.15 depicts the minimal 

activities that should be performed to maintain a clear interpretation of software product quality terms. 

The purpose of this process is achieved when the stakeholders understand the meaning and scope of the 

product quality terms with regard to the target software processes, and establish the product quality model 

that leads the quality activities in the software project. 

5.3.4.2. Objectives 

The following objectives can be attained with the sharing software product quality model process: 

 Relevant stakeholders understand the product quality model that the organization uses in quality 

related activities. 

 Relevant stakeholders access the tailored quality model from the organizational knowledge base. 
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Table 5.19 Roles involved in shared product quality model process 

Abbreviation Role Description 

PQE Product Quality Expert A participant who has the knowledge and skills needed to adapt a 

product quality model in the context of organizational needs. 

RPP Relevant Project 

participants 

This role is composed of those stakeholders who are directly 

involved in the activities needed to specify, measure or assess the 

software product quality in a given software project. This role’s 

responsibilities are to understand the tailored quality model, the 

target quality goals, and use this knowledge when carrying out 

activities related to product quality. 

TS Technical Support 

Personnel  

Role responsible for building appropriate representation of the 

tailored quality model and target product quality goals. This role 

has knowledge of the different technologies needed to establish a 

common project knowledge base.  

 

. 

5.3.4.3. Inputs and Outputs 

The work products required in this process are: tailored product quality model, target product quality 

goals. 

The process outcomes are the following work products: published tailored quality model and that the 

stakeholders carry out activities in order to understand the tailored quality model. 

5.3.4.4. Roles 

The roles participating in this process are depicted in Table 5.19. 

 

5.3.4.5. Activities 

A1. Explain the usage of the quality model to the stakeholders. The PQE prepares meetings with 

relevant project participants (RPP) in order to present the tailored quality model and explain its usage in 

the context of the target software product within the context of specific software processes. If target 

product quality goals are defined, these are discussed with the RPP. The potential means used to achieve 

target quality goals are also depicted.  The output is that the RPP clearly understand the tailored quality 

model, target quality goals if they have been defined, and how to deal with the tailored product quality 

model in the context of the software process by taking improvement actions. 

A2. Publish product quality model. The tailored product quality model and the target quality goals are 

published in a common repository in order to enable the RPP to access this information when they need it.  

The PQE agrees with RPP about the means that will be employed to publish the tailored quality models. 

The technical support personnel (TS) follows the PQE’s suggestions to build the appropriate resources 

needed to share product quality information. 
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Figure 5.15 Activity diagram of the process for sharing product quality model 

 

5.3.4.6. Work Products 

a. Tailored product quality model. This is a model that has been adapted to the quality needs of 

organizations. The model includes the characteristics, sub-characteristics, attributes and measures that can 

be applied. 

b. Target product quality goals. This document describes the expected quality goals or values that 

software product should achieve, considering the perspective of the software organization that wishes to 

establish a baseline for the quality of its products. These target goals can be converted into quality 

requirements when they are incorporated in a new version or new product.  

c. Published tailored product quality model. This is a representation of the tailored quality model that 

is accessible to relevant members of a software project when dealing with software product quality. 

 

5.3.5. Software Quality Trade-off Process 

5.3.5.1. Purpose 

The purpose of the software quality trade-off process is to make decisions concerning the best resolution 

alternative when conflicting interactions between quality requirements arise during software 
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development.  The ultimate goal is that software organization use a rationalistic approach based on 

defined criteria to evaluate the potential resolution alternatives, determine the appropriate methods with 

which to analyze the issue under study and build alternatives, and establishing a procedure that can be 

used to recommend an alternative. The artifacts developed during this process are stored in the 

organizational knowledge base in order to refine the product quality strategy that the organization 

implements. Figure 5.16 depicts the process used to make trade-offs between quality requirements. The 

process starts when an interaction profile is created and the main outputs are the set of alternatives that 

can be employed to resolve the issue and the recommended alternative described in the resolution report. 

In this process, the interaction model is updated as a result of both the issues analyzed and the 

recommended solution. 

5.3.5.2. Objectives 

 A systematic approach is applied to analyze conflicting interactions and to provide a 

recommended solution. 

 The methods for prioritizing quality criteria and methods to assess quality alternatives are clearly 

documented. 

 The set of alternatives is built using appropriate methods. 

 The recommended solution is based on the analysis of alternatives.  

 Both the recommended solution and the interaction profile are used to update the interaction 

model. 

  

5.3.5.3. Inputs and Outputs 

The work products required in this process are: tailored product quality model (published), target product 

quality goals and interaction profile. Moreover, the interaction model is an input to be updated during the 

implementation of this process. 

The process outcomes are the following work products: the decision for further analysis of the interaction 

profile, the prioritized criteria used to assess alternatives, the set of alternatives and the resolution report. 

The interaction profile can additionally be update during the implementation of this process. 

 

5.3.5.4. Roles 

Table 5.20 presents the roles involved in the software quality trade-off process. 
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Table 5.20 Roles involve in software quality trade-off process 

Abbreviation Role Description 

PQT Product Quality Team A group of participants who has a diversity of quality interests in a 

particular software product or category or software products. The 

product quality team is composed of different roles whose 

responsibility is to use, develop, maintain, ensure quality, or plan 

quality goals for a product of category of products.  

PQE Product Quality Expert A participant who has the knowledge and skills needed to adapt a 

product quality model in the context of organizational needs. 

DE Discipline Expert This role has the knowledge and skills needed to deal with product 

quality characteristics in the context of the process under study. The 

role’s responsibilities include the construction of alternatives to 

resolve a conflicting interaction in addition to selecting and 

applying methods with which to analyze proposed alternatives. 

 

5.3.5.5. Activities 

A1. Review interaction profile. The PQE and the PQT review the interaction profile in order to 

determine further activities with regard to conflicting interactions between quality requirements. The 

review is enriched with the discipline expert’s (DE) opinions with regard to the specific quality 

characteristics and process under study. The outcome of the review is a decision concerning the relevance 

of additional activities in order to recommend a solution. The reported likelihood of an interaction and its 

impact on the software project are critical elements to be considered in order to make a decision. The 

decision can modify quality requirements by negotiating requirements with the customer. However, if the 

decision is to develop a solution to the interaction profile, then this group of roles establishes a set of 

criteria in order to assess the possible alternatives. Given that the tailored quality model and target 

product quality goals have a prioritized list of quality characteristics, the selection criteria can be 

enhanced with others factors, such as cost, benefits, time required to implement a solution proposal or 

training required to implement a solution, among others. The outcomes of this activity are both a decision 

for further analysis of an interaction profile and the list of criteria that will be used to assess proposed 

alternatives. 

A2. Build alternatives. Based on the outcomes of the review interaction profile activity, the DE builds a 

set of potential alternatives with which to resolve the interactions that have arisen between quality 

requirements in the context of the software process in which they arise. The methods used to assess 

alternatives are additionally documented and used to determine the extent to which each alternative 

achieves the assessment criteria previously established.  The methods employed to assess alternatives 

should therefore provide information with which to establish assessment criteria in order to make 

decisions based on practical evidence. The output of this activity is a set of alternatives that can be used to 

resolve the interaction and a set of methods with which to assess these alternatives. 

A3. Evaluate alternatives. The PQE and the PQT roles review alternatives and the results of the 

assessment methods. The alternatives are assessed by considering the assessment quality criteria and 

procedures established to carry out the assessment. The assessment results can produce additional 

alternatives that can be considered in the recommended solution. The resolution report should include the 

means used to resolve the conflicting interaction and how it could be implemented in the software project. 
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The interaction model is also updated with the interaction profile information and with the recommended 

solution. 

 

5.3.5.6. Work Products 

a. Interaction profile. This document describes the features involved in interactions between categorized 

quality requirements. The elements that need to be considered are degree of the interaction (0 – 100%), 

basis (elements participating in interaction), likelihood, criterion (structure, resources, tasks, causality, 

time) and other contextual factors to be considered. A template is included in Appendix A.2. 

b. (Published) tailored product quality model. This is a model that has been adapted to the quality 

needs of organizations and is accessible to relevant project participants. The model includes the 

characteristics, sub-characteristics, attributes and measures that can be applied. 
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Figure 5.16 Activity diagram for software quality trade-offs process 

 

c. Target product quality goals. This document describes the expected quality goals or values that the 

software product should achieve, considering the perspective of the software organization that wishes to 
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establish a baseline for the quality of its products. These target goals can be converted into quality 

requirements when they are incorporated in a new version or new product.  

d. Interaction model. This is a matrix that presents the relationship between two quality characteristics or 

sub-characteristics. The initial matrix is based on a literature review but it evolves as new interactions are 

found in software projects. The interaction model is complemented with information about the interaction 

profile and the resolution strategy in order to allow software developers to base their decisions on 

practical experience. An example of an interaction model is presented in Appendix A.1. 

e. Prioritized criteria. This document describes the procedures used to determine the criteria to be used 

in the assessment of alternatives and how they were prioritized.  

f. Alternatives. This document describes the set of alternatives built to assess different means to resolve 

the conflicting interaction between quality characteristics. Since building alternatives are contextual to 

software project constraints, these restrictions should be documented when construction methods are 

selected and the proposed alternatives are assessed. 

g. Resolution report. This report contains the prioritized criteria, alternatives and decisions regarding the 

best alternative to resolve the conflicting interaction. The report documents rationale with which to make 

decisions. 

 

5.4.  Methods Supporting Software Quality Trade-offs 

Interactions between quality characteristics can arise throughout the software life cycle. Each life cycle 

phase however, calls for appropriate methods to manage interactions. In this section the identification of 

an initial set of methods to manage interactions between software quality characteristics is presented. The 

set of methods identified was based on the systematic mapping study of software quality tradeoffs 

presented in Barney et al. (2012). The empirical papers studied were classified by considering contextual 

data regarding the use of the method (Table 5.21). The contextual data were classified using the 

contextual facet (Petersen and Wohlin, 2009) in order to identify those studies that focused on a method 

or process approach to identify appropriate methods. On the one hand, papers classified as intervention 

research (I) validate a proposed method in industrial settings. On the other hand, papers classified as 

descriptive type (D) are focused on evaluating current practices in industrial settings. 

In order to identify methods to use within the quality characteristics interaction management process 

framework, the intervention-type papers were selected. A summary of the methods used is depicted in 

Table 5.22. The methods were categorized as prioritization and negotiation approaches (Lehtola and 

Kauppinen, 2006). On the one hand, prioritization approaches assign a weight to each relevant criterion 

(Berander and Andrews, 2005). On the other hand, in a negotiation approach the stakeholders seek an 

agreement in which the conflict between goals is resolved (Grünbacher and Seyff, 2005).  
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Table 5.21. Empirical publications reviewed (legend: QM/QC: Quality model(s)/Quality characteristic(s). 

Type: I: intervention, D: descriptive) 

Id Type Facet QM/QC R. Method Industrial  S.  Software 

Type 

Rigor 

(Svensson et al., 2008) I Method Performance Action 

Research 

Telecomm. Mobile 

Products 

High 

(Svensson et al., 

2010b) 

I Method Maintainability,  

efficiency 

Action 

Research 

Electronic 

Payment 

Payment 

Terminals 

High 

(Vanhanen et al., 

2009) 

I Method ISO9126 Case Study Market Driven N/A High 

(Regnell et al., 2007) I Method N/A Interview Telecomm. Mobile 

Product 

Low 

(Berntsson Svensson 

et al., 2009) 

D Organi-

zation 

ISO9126 & 

McCall 

Interview Telecomm & 

Control 

Embedded 

Systems 

High 

(Barney and Wohlin, 

2009) 

D Organi-

zation 

ISO9126 + time, 

cost, scope 

Survey Telecomm. 2 Products Low 

(Lacerda et al., 2010) I Method N/A Case Study N/A SOA-Based Low 

(Onut and Efendigil, 

2010) 

I Process ISO9126 + cost 

+ reputation 

Case Study Manufacturing/ 

Chemical 

Industry 

ERP System High 

(Barney et al., 2009) D Organi-

zation 

Features, time, 

cost, (ISO9126) 

Survey Telecomm. 2 Products Low 

(Mead and Stehney, 

2005) 

I Process Security Case Study Management 

Services 

IT Asset 

Mngmt 

Low 

(Sibisi and Van 

Waveren, 2007) 

I Process ISO9126, ISO 

14598 + GQM 

Survey Entertainment Embedded 

System 

High 

(Trienekens et al., 

2010) 

I Process ISO9126 Case Study Naval Mission-

Critical 

High 

(Oliveira et al., 2008) I Product Internal quality Experiment Control Systems Embedded 

Systems 

High 

(Yahaya and 

Deraman, 2010) 

I Method ISO9126 + 

integrity 

Case Study Health Sector Information 

System 

Low 

(Fogelström et al., 

2009) 

D Roles N/A Experiment N/A N/A High 

(Linhares et al., 2009) I Tools N/A Experiment Telecomm. N/A Low 

(Ramires et al., 2005) I Tools ISO9126 Experiment Government Pension 

Systems 

Low 

(Xiaojing and Jihong, 

2010) 

I Tools McCall Case Study N/A N/A Low 

(Chang et al., 2008) I Tools ISO9126 Case Study Government Video 

Recorder 

System 

Low 

(Patankar and 

Hewett, 2008) 

I Tools QoS metrics Example N/A Web Services Low 

 

The data depicted in Table 5.22 can support the definition of a repository of methods to support the 

process framework for managing interactions between quality characteristics. A hypothetical example can 

show the relationships between methods identified and the process framework. For instance, if a software 

organization wishes to assess quality characteristics when buying a software product, it may implement 

the tailoring quality model process from the process framework. After selecting a reference product 

quality model, the person responsible for tailoring the software product quality model would survey 

relevant stakeholders to establish a priority among product quality characteristics (survey method in Table 
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5.22). In contrast, when trade-offs are required at earlier stages of software development, it is necessary to 

customize the quality model, identify relevant measures and a quality indicator and establish target 

values. Measurement methods and the negotiation approach can thus support the specification of 

appropriate target values (measures and workshop methods in Table 5.22). 

Table 5.22 Methods that can be used in the process framework to manage interactions between quality 

characteristics 

Make-

decision 

approach 

Method / 

technique 

Purpose Requirements / Notes 

  

P
ri

o
ri

ti
za

ti
o
n

 m
et

h
o

d
s 

AHP  

Fuzzy 

AHP  

To establish the weight of quality 

characteristics in evaluation 

criteria 

To assess software quality  

To select the best product 

alternative 

Require tool support to capture data and to 

validate them 

The technique is time consuming 

Define the term which is used to prioritize  

Measures 

 

To assess software alternatives 

with regard to measures taken and 

presented on a scoreboard or as 

performance indicators 

Build a specific quality model. Identify suitable 

measures and procedures to perform 

measurement and data aggregation  

 

Surveys 

 

To elicit software quality with 

regard to perception of users and 

developers 

Build a specific quality model. Identify suitable 

measures and procedures to perform data 

aggregation  

Construct a questionnaire 

  

N
eg

o
ti

a
ti

o
n

 a
p

p
ro

a
ch

 

Risk-based To identify relevant quality 

requirements  based on the risks 

related to the software  product  

Determine business goals and product goals  

Use specific methods to elicit user requirements 

Apply specific methods for modeling quality 

requirements and assessing the related risks 

Align product quality requirements with business 

goals 

Tool-based To support argumentation among 

stakeholders  

To support negotiation in a 

distributed environment 

A tool must be provided 

The tool must have an argumentation model or 

component to support participants’ comments 

The tool must implement a model to support 

decision-making 

Workshop 

 

 

To elicit quality requirements,  

quality indicators, quality 

measures, and quality values 

To customize quality models 

To  compare quality of their own 

product with regard to  market 

/competence  

A moderator is needed to support the method 

Stakeholder experience in the software domain 

and industry sector is required to identify 

relevant quality indicators and quality values 

Standards and suppliers can help to identify 

quality indicators and quality values 

Establish a voting/ranking approach 

 

The identification of the purpose of methods and its requirements can support the selection of methods, 

considering the particular context in which software development is carried out. In addition, both the 

method’s purpose and the context in which it was validated allow us to discover which processes, as 

described in ISO/IEC 12207(ISO, 2008), may use it. The following processes may have a relationship 

with the methods reviewed: acquisition process, measurement process, software review process, software 

operation process, stakeholder requirements definition process, system requirements analysis process, and 

software requirements analysis process. Since the management of interactions between quality 

characteristics can be considered throughout the software life cycle, the framework used to manage 

interactions between quality characteristics provides a systematic approach to deal with this issue. 
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5.5. SQIMF Technological View 

The development of a supporting tool for the SQIMF framework was based on the context of a 

harmonization of process reference models and product quality models. Since enhancing product quality 

implies the need to consider potential conflicting quality goals, the tool also considers the management of 

interactions between quality characteristics. 

The goal of building the tool was therefore to support the management of activities with which to improve 

product quality, considering the harmonization of both product and process quality models in addition to 

providing support for the management of interactions between quality characteristics.  

The main features addressed in the tool are related to: 

1. Harmonizing product quality models. The product quality models were analyzed in order to 

define a common structure that could be used to represent them. The product quality models had 

to follow a tree-like hierarchical structure in order to store the data regarding the product quality 

model, quality characteristics and quality sub-characteristics. 

2. Management of interactions between quality characteristics. The tool provides support as regards 

dealing with interactions model in which each pair of quality characteristics can be scored as 

positive, negative, unknown, or no relation.  The interactions models were developed by 

considering the method proposed in García-Mireles et al. (2013a).  

3. Mappings between product quality characteristics and activities described in process models.  

Process models, such as ISO/IEC 12207 and CMMI, contain activities and practices which 

suggest that appropriate tasks should be implemented in the software development process in 

order to enhance a product quality characteristic.  The tool therefore provides the functionality to 

map these activities onto the related software product quality characteristics. The mapping 

between product quality characteristics and process models considers the method proposed in 

García-Mireles et al. (2012). 

In the case of interactions, between quality characteristics that are scored as positive or negative, it is also 

possible to specify an impact level. For instance, Fig. 5.17 shows a fictitious configuration of interactions 

between quality characteristics. These were taken from ISO/IEC 25010, and the direction of the 

relationship (positive, negative), along with the potential impact level, can be captured. As an additional 

feature, the tool provides a recommender module, whose principal goal is to inform practitioners of the 

impact that a quality characteristic has on other quality characteristics (Fig. 5.18).  
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Figure 5.17 A possible interaction matrix of quality characteristics from ISO/IEC 25010 
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The process framework used to manage interactions between quality characteristics presented in this 

article is a principal component of a research project which is related to the harmonization of quality 

models that considers both process-focused and product-focused approaches (García-Mireles et al., 2012). 

As a means to combine both topics (management of quality characteristic interaction and harmonization 

of quality models), this tool is integrated into the enhanced HProcessTool (Pardo et al., 2011a) which is 

used to manage, control and monitor harmonization projects. This tool supports the ARMONIAS 

framework (Pardo et al., 2013),  allows repetitive actions to be carried out, and reduces the cognitive load 

of the individuals involved in a project in which multiple reference models are necessary. 

 

 

Figure 5.18 Recommender module. 
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6. SQIMF Application Example: Building a 

Process Model for Usability 
 

This chapter is focused on the application of the SQIMF framework in order to attain the ultimate goal of 

defining a process model for usability. One of the preliminary steps as regards attaining this goal is that of 

understanding to what extent general process models, such as CMMI and ISO/IEC 12207, are oriented 

toward enhancing a given product quality characteristic. The mapping methods described in the SQIMF 

framework, along with the establishing product quality goals process, are therefore used both to identify 

requirements for a decision-making process and to establish a map between product and process models. 

The outcomes of the first mapping were used to define the decision-making processes of the SQIMF 

framework while the outcomes of the second mapping showed that the general process models lack 

support as regards enhancing product quality characteristics. In order to provide a means to enhance 

usability, the SQIMF establishing product quality goals process is therefore performed to build a process 

model for usability. 
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6.1. Introduction 

When considering product quality within the software process perspective, a strategy is required in order 

to understand to what extent the product quality view is addressed in process models. After identifying 

the extent to which product quality characteristics are addressed in process models, it might be possible to 

develop an approach with which to improve a software process by adding activities that will lead to 

enhancements of a given product quality characteristic. The process perspective can thus address several 

process models in order to ensure that the expected product quality is achieved. One strategy that can be 

employed to integrate several process models is that of structuring them in a harmonization approach.  

An explorative stage aimed at identifying how process models can enhance product quality characteristics 

resulted in the identification of three strategies for the harmonization of product and process perspectives. 

First, the mapping between decisions processes provides a list of requirements that will be used when 

software organizations need to select among several alternatives regarding product quality. Second, the 

mapping between processes – product models provides evidence of the relation between the two quality 

perspectives. Finally, the identification of relevant processes and practices with which to enhance a 

product quality characteristic serves as starting point for the definition of usability processes. These 

mappings, although not carried out in the context of real software organizations, were evaluated by expert 

researchers and can provide those companies looking to implement the mapped models with support. 

 

Mapping between 
product and process 

models

Mapping between 
ISO 12207 and 

usability oriented 
process

Mapping between 
DAR and DM 

processes

Are the mappings 
between processes 

suitable for defining a 
software process 

oriented to enhance a 
given product quality 

characteristic?

Establishing product qualit goals process

 

Figure 6.1 Approach used to carry out mappings 
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Figure 6.1 depicts the main questions taken into account in order to enhance product quality considering 

the process and product view. Since the strategy used to address the process perspective was the 

harmonization of process quality models, the goal was to explore how mappings contribute toward 

harmonizing the product and process perspective. The results obtained after performing the mappings can 

be used in the establishing product quality goals process, as described in Chapter 5.  In this process, an 

improvement plan is defined, considering the quality values required for a given product quality 

characteristic, e.g.  usability, and the activities and methods that could be implemented in order to achieve 

the target values.  

6.2.  Mappings Used to Establish a Product Quality Improvement 

Approach 

This section describe the studies carried out from the process perspective to evaluate the suitability of 

mappings with which to identify relevant practices that can be used to enhance a given product quality 

characteristic. The mappings were carried out by applying the methods proposed in Chapter 5.  

6.2.1. Requirements for a Decision-Making Process 

The goals of the harmonization approach consist of deploying diverse quality improvement models in 

organizations, optimizing resources, and simultaneously obtaining the expected benefits of each model 

and achieving business goals (Siviy et al., 2008). In particular, we are interested in identifying 

requirements for the decision-making process based on CMMI-DEV (CMMI, 2010) and ISO12207 (ISO, 

2008) , in order to define a process whose goal is to support quality trade-off decisions. Requirements 

were extracted from models by carrying out a comparison between the decision-making processes of both 

models by adapting the techniques proposed in García-Mireles et al.  (2012) and Pino et al. (2010b). The 

activities involved in this comparison were:  

1. Analyze models. The purpose of this is to understand the improvement models’ goals, structure, 

and requirements. In this study, we describe the decision processes involved in the comparison. 

2. Design mapping. The purpose of this is to set out a comparison procedure and to design mapping 

templates. We are interested in the details of the implementation of quality requirements. We 

then consider additional information such as sub-practices, notes and process outcomes. 

3. Execute mapping. The purpose of this is to apply a comparison procedure in order to achieve 

mapping results.  

4. Establish quality requirements. The purpose of this is to report requirements identified with 

regard to each model and to propose a solution that will allow them to be integrated into a 

process definition.   
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6.2.1.1. Analyze Models 

Process models such as CMMI-DEV and ISO/IEC 12207 describe the practices used to structure a 

decision-making process. In this section the description of the process area, in the former, and the 

process, in the latter, are presented with regard to the general model structure. 

The Decision Analysis and Resolution (DAR) Process Area of CMMI-DEV1.3 belongs to the support 

category and appertains to the defined process level (maturity level 3). The process relies on a systematic 

evaluation process and established criteria to evaluate identified alternatives. Although it is recognized 

that uncertainty is one of the principal risks when making a decision, the model emphasizes a rationalistic 

approach with which to select, monitor and control either methods or selection criteria. The process also 

seeks new alternatives when the alternatives evaluated do not meet the stated requirements.  The process 

area describes the specific goals, practices, sub-practices and examples of possible outcomes. There are 

also informative notes. 

The Decision Management Process (DM), on the other hand, belongs to project processes within the main 

system context process group of the ISO/IEC 12207.  The process analyzes project alternatives in order to 

then select one of them. The project must confirm that the preferred alternative resolves the issue that a 

request for a decision has identified.  The process relies on the decision-making strategy to deal with 

decisions. The process specifies activities, tasks, and outcomes. There are also informative notes. 

6.2.1.2. Design Mapping 

We are interested in identifying common actions and the differences among process elements in order to 

provide support when an organization wishes to define a decision process to support trade-off studies. We 

use a matrix in which we can see the relationships between the elements of both models, and include the 

work products (outcomes) used or produced in each practice or activity. The heading of Table 6.1 depicts 

the template elements. 

6.2.1.3. Execute Mapping 

The results attained after comparing both models are presented in Table 6.1. We found that all the tasks 

and activities from the DM process are related to the DAR process practices. The processes’ outcomes are 

aligned with DAR specific practices. 

6.2.1.4. Establish Quality Requirements 

The comparison results show that there is an overlapping between the DM and DAR processes. Indeed, 

the task of the DM process can be 100% addressed by DAR practices. However, the DM process covers 

only 52% of DAR practices. The main differences between the process outcomes are the terms used to 

name informational elements in both models. DM includes a decision-making strategy as a basis to 

capture all relevant data related to carrying out a decision-making process, while the DAR process 

provides more details as regards dealing with process outcomes. Since the DM process can be embedded 

in the DAR process, we use the latter as a basis to describe process quality requirements. Although we 
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rely on the DAR specific practices, the proposal can help to understand the activities required to support 

trade-off studies. 

Table 6.1 Mapping between DAR and  DM processes (Legend: SUB: sub-practices, SP: Specific practice; 

DP: Decision planning, DA: Decision analysis, DT: Decision tracking) 

CMMI specific 

practices  

ISO/IEC 

12207:2008 

activities and tasks  

CMMI outcomes ISO12207 outcomes 

SP 1. Establish 

guidelines for 

decision analysis 

(100%) 

  Guidelines for when to apply a 

formal evaluation process 

Decision-making strategy, applicable 

policies and procedures 

SUB 1. DP Task 1     

SUB 2. 6.3.3.3      

SP 2. Establish 

evaluation criteria 

(33%) 

  Documented evaluation criteria, 

rankings of criteria importance 

Decision-making strategy 

SUB 1. DP Tasks 1, 2, 3       

SUB 2. DA Task 1     

SUB 3, 4, 5,6       

SP 3. Identify 

alternative 

solutions (33%) 

  Documented evaluation criteria, 

identified alternatives 

Alternative courses of action, 

decision-making strategy 

SUB 1.       

SUB 2.       

SUB 3. DP  Task 3     

SP. 4. Select 

evaluation 

methods (33%) 

  Selected evaluation methods Decision-making strategy 

SUB 1. DA Task 1     

SUB 2, 3       

SP 5. Evaluate 

alternative 

solutions  (66%) 

  Documented evaluation criteria, 

rankings of criteria importance, 

identified alternatives, selected 

evaluation methods, evaluation 

results 

Decision-making strategy, alternative 

courses of action, resolution, decision 

rationale and assumptions, (preferred 

courses of action) 

SUB 1. DA  Task 2     

SUB 2. DT  Task 1     

SUB 3. DT  Task 1   

SUB 4, 5       

SUB 6. DT Tasks 1, 2     

SP 6. Select 

solutions (50%) 
  Recommended solutions  Resolution, decision rationale and 

assumptions, (preferred courses of 

action) 

SUB 1.       

SUB 2. DT Task 2     

 

6.2.1.5. Discussion 

The mapping between DAR and DM processes identifies the recommended practices as regards 

implementing decision processes. These types of processes are important when managing interactions 

between quality characteristics because they provide a context in which to assess the impact of each 

interaction, the influence of potential solution alternatives and how they can be assessed in order to meet 

the stakeholder’s needs.  

The requirements identified allow the implementation of structured approaches in order to make decisions 

either during software development to resolve issues regarding interactions between quality 
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characteristics or when the organization wishes to improve the software process to achieve organizational 

goals. In contrast with several other methods that are used to carry out trade-offs between quality 

characteristics (Barney et al., 2012), the recommended practices can be implemented at organizational 

level to identify the strengths and weaknesses of different methods such as prioritization or negotiation 

approaches (García-Mireles et al., 2014c).  Practices such as establishing evaluation criteria, identifying 

alternative solutions, selecting evaluation methods, and selecting solutions, as described in the decision 

processes, thus provide the requirements needed to define the SQIMF process framework. 

6.2.2. Mapping between Process and Product Quality Models 

In order to identify to what extend traditional software process reference models deal with product 

quality, a mapping was carried out. This section summarizes the results obtained after carrying out the 

mapping process described in Chapter 5. It was applied to ISO/IEC 25010, CMMI-DEV and ISO/IEC 

12207. The mapping method used for this mapping was proposed in García-Mireles et al.  (2012). 

6.2.2.1. Analyze Models 

The ISO/IEC 25010 standard (ISO, 2010) proposes a software product quality model that is hierarchical 

in nature, and which documents the most relevant characteristics and sub-characteristics. One of the 

principles leading to its development was that a product comprehensive specification and evaluation are 

essential to produce high quality software. It is also supposed that software systems have different 

audiences, and that each of them perceives the level of product quality differently.  

The ISO/IEC 25010 quality models can be used to identify relevant quality characteristics which can then 

be used to establish the requirements, criteria of achievement, and measurement. The standard defines 

both the quality in use model and product quality model. The quality in use model is composed of five 

characteristics: effectiveness, efficiency, satisfaction, freedom from risk, and context coverage. These 

could be applied to software products in the operation stage. The product quality model is, meanwhile, 

composed of eight characteristics: functional suitability, performance efficiency, compatibility, usability, 

reliability, security, maintainability, and portability. These can identify the static or dynamic properties of 

software at the development stage. 

The CMMI focuses on improving processes in an organization (SEI, 2010). The CMMI-DEV contains 22 

process areas. Each process area has set goals and expected practices. CMMI model components are 

grouped into three categories that reflect how to interpret them. The components required must be visibly 

implemented to achieve specific and generic goals. The expected components guide the implementation 

of improvements and are related to specific and generic practices. Lastly, informative components assist 

users to understand either required or expected components.  

The process areas are organized into four categories: process management, project management, 

engineering and support. In this mapping the key areas of the engineering category were reviewed, since 

they describe the practices associated with the development of software products. The process areas that 
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are included in this category are: requirements development (RD), technical solution (TS), product 

integration (PI), verification (VER) and validation (VAL). 

The ISO/IEC 12207:2007 (ISO, 2007) contains a specification of the processes, activities and tasks that 

are applied throughout the life cycle of a software product, from acquisition to retirement. The 

requirements are marked with the word "shall", the recommendations with "should" and the permitted 

practices with "may". 

In this document we shall focus on the technical processes of system context and software 

implementation sub-processes since they are associated with the tasks, context and capabilities that 

should show how the software is developed and deployed in a target environment. The technical 

processes are used to define the requirements for a system, the product development, use, maintenance 

and system retirement. Software implementation processes are used to develop a software element. This 

includes those processes that transform the specified behavior, interfaces and implementation constraints 

into implementing actions which result in a software element that satisfies the requirements derived from 

system requirements. 

6.2.2.2. Design the Mapping 

The ISO/IEC 25010 product quality model for software systems is made up of eight characteristics. 

Overall, the product quality model has 30 sub-characteristics, whilst the quality in use model consists of 

five characteristics and 11 sub-characteristics. The names of all of these characteristics and sub-

characteristics, and their respective descriptions, will be the keywords searched for in selected parts of the 

CMMI and ISO/IEC 12207.  

It should be noted that both the CMMI and ISO/IEC 12207 models have mechanisms that the 

organization can implement in order to choose the methods, tools and techniques that are suitable for 

software development. Moreover, when addressing the requirements specification, the software quality 

characteristics are called non-functional requirements. This revision therefore focuses solely on the 

explicit statements which mention quality characteristics or categories of such characteristics. These 

statements are included in the description of activities, processes and practices of the selected process 

categories of both models. 

The procedure used to map software quality characteristics is based on the objective identification of the 

concepts associated with them in the process and practice descriptions. Furthermore, the matched 

statement is reviewed to set out its localization in the hierarchical structure of the process model. The 

steps needed to evaluate the models are: 

Identify the search terms. In this case we wish to know the software quality characteristics. This can be 

achieved by referring to the following terms: features, dimensions, characteristics and quality attributes. 

Secondly, other concepts that are relevant in the search are those associated with the concepts of non-

functional requirements and quality requirements. ISO/IEC 25010 additionally provides a list of software 

quality characteristics and sub-characteristics. 
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Table 6.2 Statement linked to software quality characteristics of Integration Product process area. Labels: 

(R)equired, (I)mportant, (A)uxiliary 

Element type Description  R I A 

Informative note SP 1.3. 

Establish procedures … 

product integration 

Criteria can be defined by their behavioral 

performance (functionality and quality 

attributes) 

0 0 1 

Sub-practice SP 2.1. 

Review  … for 

completeness  

Sub-practice 1. Review interface data for 

completeness and ensure complete coverage of 

all interfaces.  

0 0 1 

Informative note SP 3.4. 

Package … product or 

product component 

Sub-practice 3. Satisfy the applicable 

requirements and standards for packaging and 

delivering products. Examples of requirements: 

safety,…, security, …  

0 0 1 

Total  0 0 3 

 

Localize the statement in the structure of the process models and categorize the relevance of the practice. 

The process model statements which contain the search terms are identified and classified as: required 

(R), important (I), or auxiliary (A). The assigned category relies on the process model element type. 

Fill in the mapping matrix. For each match, add an item to the mapping matrix linking the process 

elements and set out the relevance of the statement. Finally, add the contribution of model elements in 

each category. An example of this is shown in Table 6.2.  

 

6.2.2.3. Execute the Mapping 

This process was applied to set out the mapping of the product-based quality approach, ISO/IEC 25010, 

and the process-based quality approach of both the CMMI-DEV1.3 and ISO/IEC IS 12207:2007 models. 

Only those components in the technical category were analyzed.  

Table 6.3 Software product quality in CMMI 

Process Area Required Important Auxiliary 

Validation (VAL) 0 0 1 

Verification (VER) 0 0 1 

Product integration (PI) 0 0 4 

Technical solution (TS) 0 0 18 

Requirements development (RD) 0 1 22 

Total 0 1 46 

 

The search terms identified in the previous section allowed statements to be discovered in CMMI with 

regard to the model structure. For instance, Table 6.2 shows the Product Integration process area, and lists 

the type of statement, description and the score assigned. In this case, the three references to software 

product quality can be found in the sub-practices and the informative notes.  
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Table 6.4 Statement linked to software quality characteristics of system requirements analysis process. 

Labels: (R)equired, (I)mportant, (A)uxiliary 

Element type Description R I A 

Note 6.4.2.2. Outputs A defined set of system functional and non-functional requirements 

describing the problem to be solved are established. 

0 0 1 

Requirement 6.4.2.3.1.1 

The specific intended 

use of the system to be 

developed.  

The system requirements specification shall describe: ….user 

requirements; safety, security, human-factors engineering, interface, 

operations, and maintenance requirements… 

1 0 0 

Total  1 0 1 

 

Table 6.5 Software product quality in ISO/IEC 12207 

Processes: Technical context and  

Software implementation 

Required Important Auxiliary 

Stakeholder reqs. definition 6.4.1 

System requirements analysis 6.4.2 

System architectural design 6.4.3 

Implementation 6.4.4 

System integration 6.4.5 

System qualification testing 6.4.6 

Software Installation 6.4.7 

Software acceptance support 6.4.8 

Software operation 6.4.9 

Software maintenance 6.4.10 

Software disposal 6.4.11 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

4 

1 

3 

0 

0 

0 

0 

0 

0 

1 

1 

Total 2 0 10 

Software implementation 7.1.1 

Software requirements analysis 7.1.2 

Software architectural design 7.1.3 

Software detailed design 7.1.4 

Software construction 7.1.5 

Software integration 7.1.6 

Software qualification testing 7.1.7 

0 

4 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

3 

0 

0 

0 

1 

0 

Total 4 1 4 

 

As can be observed in the score in Table 6.3, the key process areas with the greatest number of 

components containing quality characteristics are requirements development and technical solution. There 

is only one specific practice in requirements development that expresses the importance of product 

quality characteristics. No goal, as stated in the model, includes references to software quality attributes. 

The informative notes and some sub-practices address the quality attributes. However, they do not have 

the relevance of a specific goal. For the technical solution process area, informative notes emphasize the 

need for architectural design and evaluation based on relevant quality attributes.  

The ISO/IEC 12207, meanwhile, has 18 processes in the technical category which are grouped into two 

subcategories: technical processes and implementation processes. For instance, Table 6.4 shows the 

mapping of software quality characteristics onto the system requirements analysis process. There are two 

references. The first shows that the system specification must have a section of non-functional 
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requirements that are relevant to the problem to be solved. The second is a requirement for a formal 

description of quality requirements.  

In the technical processes, only two clauses were found that were considered to be relevant quality 

requirements for certification purposes. In contrast, the implementation processes include multiple 

references to quality characteristics, of which we can highlight the software requirements analysis process 

with four clauses (Table 6.5). The ISO/IEC 12207, in the notes associated with certain tasks, recommends 

using appropriate standards to achieve the desired level of quality characteristics. For example, if 

usability is an important aspect of the development project, then the notes point to standards such as 

ISO/IEC 9241, ISO/IEC 13407 and ISO/IEC 18152. 

 

6.2.2.4. Assess Mapping Results  

After carrying out the comparison of these models, various facts can be noted. First, the practices and 

processes which point to tasks that directly describe quality characteristics correspond to the system and 

software analysis stage (Figure 6.2 and 6.3). Second, the system design stage in CMMI only has a few 

notes regarding the consideration of the quality characteristics that have an impact on the software 

architecture (Figure 6.2). In the case of ISO/IEC 12207 the consideration is lower in frequency. The 

remaining stages of the life cycle contain few references to the quality characteristics. Third, there were 

few specific references to key aspects of individual quality characteristics. Safety, security, usability, 

maintainability and performance are explicitly addressed, mainly in the descriptions of the examples. 

Other cases only address general terms, such as quality attributes, quality attribute requirements or non-

functional requirements. Lastly, the structure and level of abstraction of the models studied make the 

comparison of findings difficult. 

 

 

Figure 6.2 Findings from CMMI-DEV. Labels: requirements development (RD), technical solution (TS), 

product integration (PI), verification (VER) and validation (VAL) 
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The comparison is the first step in identifying improvement areas in a multimodel SPI initiative. CMMI 

and ISO/IEC 12207 show that they have practices related to enhancing software product quality early in 

the software development cycle. However, there is a lack of activities and tasks focused on quality 

software characteristics at the end of development. Moreover, the majority of the references are 

explanations concerning the requirements of improvement models. It may therefore be necessary to set 

out practices throughout the entire development life cycle which will allow the correspondence elements 

between both quality approaches to be identified.  

 

With regard to the above, a software organization that wished to enhance software product quality would 

focus on analysis tasks to define the desired quality product characteristics. This could be considered as 

the first step in the integration of both quality perspectives. It would then be possible to study software 

analysis methods, as regards organizational process and the desired quality product characteristics, in 

order to choose the most appropriate practices. 

 

 

Figure 6.3 Findings from ISO/IEC 12207 

 

6.2.2.5. Discussion 

The mapping reported in this section shows that the mapping method proposed is suitable as regards 

identifying activities and tasks related to the enhancement of product quality characteristics. As a result, 

the processes which belong to the engineering category and that mention a product quality characteristic 

are identified. These principally correspond to activities carried out at the beginning of a software project.  

The mapping method proposed can identify the level of relevance of the practices with regard to the 

process model structure. The results show that process models remark on generic practices for software 

development. The majority of references to quality characteristics appear in those sections related to 

explaining practices. Very few product quality characteristics were mentioned in specific practices or 

clauses, thus allowing us to conclude that traditional process reference models, such as ISO/IEC 12207 
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and CMMI, lack the appropriate support needed to enhance a product quality characteristic. If an 

organization wishes to enhance product quality, it is necessary to seek additional practices. These can be 

gathered from industrial standards or from the related academic discipline, such as Human-Computer 

Interaction or Reliability Engineering, as mentioned in Chapter 3. 

 

The result obtained with this method is different to those of the other approaches used to establish 

mappings between process and product models. Ashrafi (2003) and Pardo et al. (2011b) performed a 

mapping by considering the underlying idea that the frequency of product quality characteristics 

mentioned in a process reference model makes it more suitable for enhancing a product quality 

characteristic under review. However, empirical data provided by Ashrafi (2003) do not support this 

hypothesis. On the other hand, the method proposed herein relies on the idea that a general process model 

should be consistent with the principles of the manufacturing view of quality, but in order to support 

product quality it should identify relevant practices throughout the software development lifecycle. These 

linking practices for product quality could be used as a starting point to improve the software process by 

analyzing to what extend practices described in process models focused on a specific quality 

characteristic are compatible with current practices. 

 

In summary, generic process models lack the support needed to enhance specific product quality 

characteristics. Although it is common practice to address product quality from the measurement 

perspective, achieving given product quality goals requires the implementation of specific practices in the 

software engineering process. Software organizations therefore need appropriate support to improve their 

software processes. A description of how to build a process model for usability in order to facilitate the 

adoption of practices oriented toward improving the software usability is provided in the following 

section. 

 

6.2.3. Building a Process Model for Usability 

6.2.3.1. Approach Used to Build the Process Model 

As stated in Chapter 3, few process models are used to enhance product quality characteristics. In 

addition, the previous section (6.2.2 Mapping between process and product quality models) showed that 

generic process models lack the appropriate support needed to enhance product quality characteristics. 

There is thus a need to help organizations enhance their product quality characteristics. This section 

describes the parts of the SQIMF framework applied in order to build the process model for usability.  

One of the main goals of the establishing product quality goals process (P2) (Figure 6.4) is to develop an 

improvement plan which describes the solution means recommended to attain the specified product 

quality goals. In order to identify these means, the software organization should at least review applicable 

standards and appropriate processes models. Activity “A4, Determine target quality values”, from the 

process P2 (Figure 6.5), is the most relevant as regards developing a plan that can be used to enhance 

usability.  
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MEDUSAS

Software Quality models

Measures

Heuristics

Interaction matrices

Purpose:

 Elaborate a software product quality model 

suitable to type of software products that 

organization performs.

Outcomes:

 Tailored quality model

 Definition of vocabulary

 Selection of suitable measures

P1. Tailoring Product Quality Model Process

Purpose:

Build a plan in which improvement goals are setting 

up with regards the current product quality and the 

expected product quality

Outcomes:

 Identification of relevant quality characteristics

 Current product quality

 Current competence product quality

 Expected quality levels

 Identification of solutions means

 Identification of positive interactions

P2. Establishing Product Quality Goals Process

Purpose:

 Make decisions about the best alternative to 

deal with confiict among quality requirements

Outcomes:

 Rankings of criteria importance

 Identified alternatives 

 Evaluation methods selected

 Evaluation of results

 Recommended solutions

 Identification of negative interactions 

P5. Software Quality Trade-offs Process

Purpose:

 Identify potential conflict among quality 

requirements

Outcomes:

 Registration of quality requirements

 Classification of quality requirements

 Keep on traceability of quality requirements 

dependencies

 Identification of potential conflicts among 

quality requirements

P4. Monitoring Product Quality Requirements 

Process

Purpose:

 Share the same software product quality model 

among project stakeholders

Outcomes:

 Published quality model

 Explanation about the meaning of terms

 Agreement among stakeholders for using a 

tailored quality model

 Selection of expected quality goals

P3. Sharing Product Quality Model Process

Quality models Positive interactions

Quality models Negative interactions

Addressing product quality goals needs:

 Review applicable process models

 Identify activities, task and mehtods

 Integrate activities into current software 

process (mapping procedure)

 

Figure 6.4 Process P2 is applied to build a process model for usability 

 

The “A4. Determine target quality values” activity is focused on the identification of appropriate 

activities, tasks and practices. This activity requires a review of current standards and process models in 

order to identify potential process models focused on usability. These activities additionally need to be 

integrated with current software processes. The mapping methods (described in Section 5.3.2) can thus 

support the construction of the process model needed for usability. The mapping can rely on the ISO/IEC 

12207 in order to provide a general process model that can be adapted to particular organizational needs. 

 The process role involved in this activity is the performer. The activity was therefore carried out by the 

author of this thesis. The process model for usability can be considered as a part of the artifact “product 

quality target levels”. This artifact can be considered as an improvement plan for application in the 

current software process. In order to be useful in a software organization, the process model for usability 

needs to be adapted by considering the appropriate contextual factors.  
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Establishing product quality goals process

A3. Identify potential 

product quality goals

A4. Determine target 

quality values
A5. Review product 

quality target levels

A2. Diagnose actual 

product quality

Current product 

quality levels

Competence products

Report of 

establishing 

product quality 

goals

Software process 

improvement project

QS
PQE

P
PQTPQE P ST

Reference software 

product

<<input>>

Tailored product quality 

model

Qualitative guidelines for 

identifying current 

quality levels

<<input>>

Qualitative guidelines for 

identifying current 

quality levels

Stakeholders’ 

quality needs and 

preferences

<<input>> Proposal of target 

quality values

<<input>>

<<output>>

Product quality 

target levels

Interaction model

<<input>>

<<output>>

QS

A1. Determine 

approach used to 

establish target product 

quality goals

[True]

[Else]

<<decision input>>
Do you want to assess an 
own software product?

QS PQE

Proposal for 

establishing target 

product quality 

goals

<<output>>

<<input>>

<<input>>
<<input>>

<<output>>

Target product 
quality values should 
be supported by 

appropriate activities

 

Figure 6.5 Parts of the establishing product quality goals process used to build the process model for usability 
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6.2.3.2. Building the Process Model 

One of the quality characteristics that is of predominant importance in current software products, given 

the ubiquity of software and the diversity of user’s profiles, is usability. Usability is defined as the 

"degree to which a product or system can be used by specified users to achieve specific goals with 

effectiveness, efficiency and satisfaction in a specified context of use" (ISO, 2010). Experts agree that 

processes, methods, and tools are required to improve product software usability (Seffah and Metzker, 

2004). 

In order to provide support for usability following the process mentioned in the previous section, two 

main actions were performed: a search for process models oriented toward enhancing product usability 

and the realization of a mapping in order to define the process model for usability. The first action was 

based on a systematic review of literature concerning usability proposals. The second action was to carry 

out the mapping method for process models  (García-Mireles et al., 2013b). 

In the first action, a set of primary papers were identified which were mapped with ISO/IEC 12207 in 

order to structure the proposals in a sound framework. In addition, the resulting mapping provides the 

support needed to select usability practices when software projects are required to enhance this quality 

characteristic. 

In the second action, the empirical papers were reviewed in order to identify the approach that would be 

used to carry out the mapping. The resulting mapping is the basis for the proposed process model for 

usability. In order to provide a homogeneous process reference model with which to promote product 

usability, the relevant practices identified in each primary study were integrated into the  ISO/IEC 

12207:2007 (ISO, 2007) process reference model. 

As one of the fundamental premises of ISO/IEC 12207:2008 states, software always exists in a system 

context; we therefore consider the system context technical processes and the software implementation 

processes with which to integrate the recommended practices found in literature. The technical processes 

are used to define the system requirements, product deployment, operation, maintenance, and retirement. 

This kind of processes has the goal, among others, of optimizing system usability. The software 

implementation processes are meanwhile used to produce a piece of software that meets the requirements 

derived from system requirements. The map between proposals and ISO/IEC 12207 processes was based 

on the identification of the purpose and software development stage at which the recommended 

process/practices should be used.  

Table 6.6 presents the processes identified in the ISO/IEC 12207 standard which may be candidates for 

the inclusion of usability practices. As can be observed in Table 6.6, there is a higher incidence of 

practices in the processes of system requirements analysis, requirements identification of participants, 

requirements analysis and architectural design software. This supports the findings of  (Ferré et al., 2005), 

who found that user centered design (UCD) and software engineering practices are focused on the same 

tasks in the early stages of development, namely: specify the context of use, analyze users and their tasks, 

specify usability requirements, develop a product concept, produce low-fidelity prototypes, and validate 



153 
 

them with representative users. However, very few proposals can be mapped onto design, construction, 

integration, acceptance testing, and operation processes.  

 

Table 6.6 Mapping ISO/IEC 12207 processes with usability practices from primary studies 

              Process   
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anderson2001  

(Anderson et al., 

2001) 

x x  x  x x x x   x x 

biel2010 

(Biel et al., 2010) 

   x   x    x   

bonacin2009  

(Bonacin et al., 2009) 

x x  x x    x     

castro2008 

(Castro et al., 2008) 

x x  x  x        

constantine2002 

(Constantine and 

Lockwood, 2002) 

x x  x  x x x x  x   

ferre2005 

(Ferré et al., 2005) 

x x x x  x x     x x 

glissmann2005  

(Glissmann et al., 

2005) 

x x x x    x      

goransson2003 

(Göransson et al., 

2003) 

x x  x x  x x    x x 

helms2006 

(Helms et al., 2006) 

x x x x  x x x x x x x x 

hornbaek2007 

(Hornbæk et al., 

2007) 

   x  x        

hussain2008 

(Hussain et al., 2008) 

 x  x  x   x x x   

lif1999 

(Magnus, 1999) 

x x  x  x x       

memmel2007  

(Memmel et al., 2007) 

x x            

moreno2009 

(Moreno et al., 2009) 

x x  x  x x  x  x   

nielsen1992 

(Nielsen, 1992) 

x x x x x x x x x  x x x 

rafla2007 

(Rafla et al., 2007) 

x x  x  x        

sousa2005 

(Sousa et al., 2005) 

x x  x  x x x x  x x  

wang2008 

(Wang and Shi, 2008) 

x x x x  x x  x  x x  

Totals 15 16 5 17 3 13 11 7 9 2 8 7 5 
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   Technical Processes (from ISO 12207)

6.4.1. Stakeholder 

requirements definition

Identifiy stakeholders, 

groups, user context, and 

usability requirements

Identifiy stakeholders groups, 

describe user profiles, define 

usability requirements, specify 

software/hardware platform

6.4.2. System requirements 

analysis

Describe functions and 

systems capabilitities. 

Verify requirements

Analyze usability requirements

6.4.3. System architectural 

design

Human centered design 

activities are identified and 

performed. 

Architecture evaluation

User task redesign

6.4.4. Implementation
Develop system item. 

Replaced by 7.1.1 Software 

implementation

See software implementation

6.4.7. Software installation
Product is installed in target 

environment
Log usability issues

6.4.8 Software acceptance 

support

Customer is supported to 

achieve the trust that 

product meets system 

requirements. Training is 

provided

Log usability issues

6.4.9. Software operation

Software product is 

operated in target 

environment and support is 

provided to customers

Gather user feedback

Process Description
Suggested usability 

oriented activities

 

Figure 6.6 Activities and techniques included in primary studies, and their mapping onto the system 

technical processes of  ISO/IEC 12207 

 

The relevant practices associated with the system technical processes are presented in Figure 6.6. These 

practices emphasize knowing the users, including their goals and needs in order to seek and set out the 

most efficient way in which to adapt the technology to their work environment, and providing users with 

more effective and efficient software interaction. The acceptance support and operation processes 

additionally focus on training and usability testing with users, in order to understand the level at which 

the system meets the requirements established in the system analysis. 

The techniques and/or practices associated with software implementation processes are shown in Figure 

6.7. It is first recommended that activities should be planned, along with the selection of appropriate 

methods with which to support usability by considering an iterative approach. Use cases and alternative 

scenarios are then suggested for the documentation of user tasks and the response to error conditions. In 

order to address interface design tasks, interaction and navigation models are highlighted, followed by the 

construction of prototypes, at different levels of fidelity, in order to organize interaction objects and 

information, and to refine the expected behavior. In the design and construction processes, design 

patterns, standards, and automatic code generation are recommended. Finally, during the testing 

processes, various usability evaluation techniques could be used, such as heuristic evaluation and 

empirical tests of usability. 
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 Software implementation processes (from ISO 12207)

7.1.1. Software implementation
Software development 

planning
UCD task planning

7.1.2 Software requirements 

analysis

Establish quality 

characteristics: interaction, 

fault sensitive areas 

requiring training. Verify 

requirements

Design conceptual model

7.1.3 Software arquitectural 

design
Build high leve software 

structure and verify it
Standarize user interface design

7.1.4 Software detailed design

Specify component 

features.

Verify software detailed 

design

User interface detailed design

7.1.5. Software construction
Develop and document 
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Figure 6.7 Activities and techniques included in primary studies, and their mapping onto ISO/IEC 12207 

software implementation processes 

 

Thus, upon considering the recommended practices derived from academic proposals, the Software 

Implementation processes from ISO/IEC 12207 should be refined with activities, tasks and methods that 

enhance product usability. Table 6.7 shows suggested practices to be considered when implementing the 

processes.  The left-hand columns show the ISO/IEC 12207 processes that are related to usability.  

 

6.2.3.3. Discussion 

It is possible to map the software process practices described in academic papers onto the software 

processes belonging to the ISO/IEC 12207 software implementation processes category. This can be 

performed by reviewing each research paper in order to identify the purpose of the method/practice 

contained in it, along with the activities in which the proposal has been used. The activities can reference 

particular software development life cycle stages or specific software process models such as RUP.  
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Table 6.7 Suggested usability practices for use in ISO/IEC 12207 processes 

Process Activity / Task / outputs / recommended practices 

Software 

implementation 

Activity: Plan User centered design (UCD) activities 

The purpose is to develop a plan by incorporating interaction design activities in an 

iterative manner, including assessment activities performed by target users. It should also 

include the milestones and activities needed to provide both UCD and software 

development with feedback. 

 

Output:  UCD activities included in the software project development plan 

 

Suggested practices/methods: 

Schedule the development of prototypes, plan UCD design and assign adequate resources, 

plan usage of UCD methods and training required 

Software 

requirements 

analysis 

Activity: Develop a conceptual model 

Based on usability requirements and tasks scenarios, alternative sketches for interaction 

design are developed. These prototypes can be used to identify navigability trees and 

determine the components of relevant screens. In addition, the set of guidelines needed to 

develop a consistent interface are determined. 

 

Output: a conceptual model for interaction  

 

Suggested practices/methods: 

It is suggested that the following be built: use cases including alternative scenarios, low 

fidelity prototypes, card sorting, domain models, identification of interface components 

including their functions. In addition, assessment practices can establish the level of 

usability required in a software product. The following is therefore also suggested: assess 

competence products to determine usability goals, validate user task models, and 

assessment of prototypes by representative users. 

Software 

Architectural 

Design 

Activity: Standardize interface design 

The purpose of this activity is to ensure the interface design interfaces. Aspects to be 

checked are: interface controls, distributions of interface components, vocabulary and 

terms used, color usage, font usage, usage of pointing devices and keyboard shortcuts, 

features of help system or user documentation. 

 

Output: Guidelines and prototypes 

 

Suggested practices/methods: 

Develop a navigation tree, interface prototypes, use Model View Controller to abstract 

interface components; develop domain model and interaction models.  

To assess prototypes: heuristic usability assessment and prototypes assessment by 

representative users. 

 

 

Software detailed 

design 

Activity: Refine user interface high level design, if necessary 

The purpose is to develop a specification of each screen, navigability tree, menu, screen 

contents and usage of interaction devices. This specification is useful on large and 

complex projects, when personnel is distributed or when software development is carried 

out by novices. 

 

Output: detailed specification of user interface design (optional) 

 

Suggested practices/methods:  

Determine user interface interaction patterns, develop high fidelity prototypes, include 

design guidelines for particular type of software application, define the features of visual 

components and the navigability between screens, develop a detailed design of relevant 

usage scenarios, and validate the prototypes and guidelines with users and experts. 
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Table 6.7  Suggested usability practices for use in ISO/IEC 12207 processes (cont.) 

Process Activity / Task / outputs / recommended practices 

Software 

construction  

Activity: Build software user interfaces 

The purpose is to construct the software interface of a software product, considering the 

conceptual model, guidelines for consistent design, or the detailed specification of user 

interfaces. In addition, implement the design patterns described in the high level design. 

 

Output: user interfaces constructed 

 

Suggested practices/methods:  

Implement prototypes, develop contents for screens and help systems, select design 

patterns and user interface toolkits, reuse code, use software tools for automatic creation 

of software interfaces. In addition, carry out both expert and user assessments. 

Software 

integration 

Activity: Integrate user interface component 

The purpose of integrating the user interface component is to prepare the software 

increments in which the user interface components are linked with respective software 

components following the architectural design. 

 

Outputs: software increment 

 

Suggested practices/methods:  

Integrate software components 

Software 

qualification 

testing 

Activity: verify software usability 

The purpose of verifying software usability is to ensure that the software product meets 

usability requirements. 

 

Output: assessment report. 

 

Suggested practices/methods:  

Heuristics evaluations and walkthroughs, usability testing, determine evaluation methods 

and criteria. 

 

The identification of suggested practices was based on the primary articles selected in an SMS (García-

Mireles et al., 2013b). Although the articles selected were empirically validated, few data were provided 

bearing in mind the rigor with which the research was reported. This result thus implies that the suggested 

practices should be analyzed in the context of project constraints, type of software product, and software 

developers’ skills. An approach based on the decision-making process, such as that used in the process for 

establishing product quality goals, could therefore be carried out to include appropriate activities and 

select appropriate methods. 

With regard to the application of the SQIMF process framework, the outcome depicted in Table 6.7 

shows that the guidance was successful as regards developing a process model. However, the process 

could be improved by the addition of methods with which to identify process models that are oriented 

toward a specific product quality characteristic. In addition, the process model for usability would be used 

in the industrial sector to validate its suitability. 
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7. Identifying Quality Characteristics 

Interactions with SQIMF  
 

This chapter presents the outcomes of an exploratory case study used to validate the monitoring of quality 

requirements process in order to identify potential interactions between product quality characteristics. 

This case study was conducted by means of the interview research method, in which one small Spanish 

company participated. The results showed that the process can fulfill its goal, but that practitioners require 

training to identify interactions between product quality characteristics. 
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7.1.  Introduction 

This chapter reports a case study that was carried out in order to discover which factors are relevant as 

regards characterizing an interaction between product quality characteristics and the feasibility of using 

the monitoring of quality requirements process for that purpose. The research was conducted by using the 

interview method with members of one small Spanish software company who participated in the 

MEDUSAS project.  

7.2.  Design of the Exploratory Case Study 

The goal of the exploratory case study was to understand how the interactions between quality 

characteristics are identified. It was particularly important to identify those contextual factors that influence 

the interactions between any quality characteristics that occurred and how the process used to monitor 

product quality requirements, from the SQIMF framework, can support the characterization of an 

interaction profile. It was thus necessary to conduct this inquiry in an industrial setting in which 

practitioners are aware of interactions between quality characteristics.  

One small Spanish software company that had been certified as a testing laboratory with standard ISO/IEC 

17025, and which was also involved in the MEDUSAS project, participated in this case study. This 

company was selected opportunistically on the basis of existing academic-industry relationships. The 

company provides consultancy and support for process assessment in the ISO/IEC 15504 in addition to 

assessing product quality based on ISO/IEC 25010, thus signifying that its profile is appropriate to our 

empirical research. 

The exploratory case study was carried out in two phases. In the first phase, the semi-structured interview 

was guided for contextual factors identified in the software engineering field. A guide to topics was 

elaborated, considering the contextual facets (Petersen and Wohlin, 2009). These facets were adapted to 

include specific questions about the interactions between quality requirements as described by Robinson et 

al. (2003). The interview guideline was checked by two researchers prior to its usage. Only minor details 

regarding the characterization of the interaction profile were found, and these were remedied by adding an 

appropriate explanation. The questionnaire used in the interview is shown in Appendix B.2. 

Two participants, a directive manager and a quality leader from the company under study, were informed 

of the aims of this inquiry. As a result they agreed to the audio recording of the interview sessions and to 

filling in questionnaires and templates.  Each interviewee had more than four years of experience in 

assessing software quality from the process and product perspective.  The information provided is based 

mainly on their experience as regards assessing software products.  

During the interview sessions, several notes were taken as regards the guidelines used. These notes were 

verified with audio files. In addition, the types of interactions identified by both participants were explored 

in order to establish appropriate evidence for this research. Data collection thus relied on the interviewer’s 

notes, audio files and the responses from two participants. The analysis of these sources allowed the 

triangulation of evidence with regard to the interactions identified by both participants and the contextual 

factors identified as being relevant. 
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In the second phase, a study of the monitoring quality requirements process was conducted (Figure 7.1). 

This process consisted of three main activities: classify quality requirement, check potential interaction 

between quality requirements and review incidents (Figure 7.2). Since this process is designed to support 

the monitoring of quality requirements during a software project, it can be applied at different stages of the 

software product lifecycle. A complete validation of this process thus requires the monitoring of a 

complete software project. Given that this requirement is very difficult to achieve in industrial settings; the 

exploratory case study was focused on the second activity, called  “A2. Check potential interaction 

between quality characteristics”. 

This intervention was carried out a week after the first phase. The goal was to determine the feasibility of 

implementing this process in a software organization. The instruments used to test the monitoring process 

were elaborated on the basis of the results of the first phase. This activity included the development of a 

guide explaining the purpose of the process, input products and outputs required, activities and tasks to 

carry out and an interaction profile template (Appendix B.3 – B.5). The process description was retrieved 

from the SQIMF framework and reviewed by two researchers. A questionnaire was also elaborated in 

order to obtain information regarding the feasibility of the process. The questionnaire and templates were 

emailed to the interviewee. The resulting template and questionnaire about the usefulness of the process 

were emailed to the interviewer.  

Software Quality Models

Measures

Heuristics

Interaction Matrices

Purpose:

 Elaborate a software product quality model 

suitable to type of software products that 

organization performs.

Outcomes:

 Tailored quality model

 Definition of vocabulary

 Selection of suitable measures

P1. Tailoring Product Quality Model Process

Purpose:

Build a plan in which improvement goals are setting 

up with regards the current product quality and the 

expected product quality

Outcomes:

 Identification of relevant quality characteristics

 Current product quality

 Current competence product quality

 Expected quality levels

 Identification of solutions means

 Identification of positive interactions

P2. Establishing Product Quality Goals Process

Purpose:

 Make decisions about the best alternative to 

deal with confiict among quality requirements

Outcomes:

 Rankings of criteria importance

 Identified alternatives 

 Evaluation methods selected

 Evaluation of results

 Recommended solutions

 Identification of negative interactions 

P5. Software Quality Trade-offs Process

Purpose:

 Identify potential conflict among quality 

requirements

Outcomes:

 Registration of quality requirements

 Classification of quality requirements

 Keep on traceability of quality requirements 

dependencies

 Identification of potential conflicts among 

quality requirements

P4. Monitoring Product Quality Requirements 

Process

Purpose:

 Share the same software product quality model 

among project stakeholders

Outcomes:

 Published quality model

 Explanation about the meaning of terms

 Agreement among stakeholders for using a 

tailored quality model

 Selection of expected quality goals

P3. Sharing Product Quality Model Process

Quality models Positive interactions

Quality models Negative interactions

Identify potential interactions between quality requirements needs:
 Review quality requirements
 Determine potential interaction between quality characteristics
 Categorize quality requirements
 Define the profile of negative interactions

MEDUSAS

 

Figure 7.1 Process applied in the exploratory case study: monitoring product quality requirements 
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7.3. SQIMF Support for the Monitoring of Product Quality Requirements 

Interactions between product quality requirements can occur throughout the software development life 

cycle process. A software organization should therefore establish a monitoring process with which to 

detect them and determine their respective impact on the software product and project. Interaction models, 

as described in the SQIMF process framework (Section 5.3.3), can support the identification of negative 

interactions between quality requirements. The process for the monitoring of product quality requirements 

(Figure 7.1) is therefore partially validated in this exploratory case study.  

The activity under study is A2:  Check potential interactions between quality requirements (Figure 7.2). 

This activity can use the method to detect interactions in order to verify that interactions between quality 

characteristics are under control. The method is designed to operate in parallel with a software 

development project (Figure 7.3) and its design requires product components and quality requirements as 

input. These artifacts are the main elements used to check potential interactions. As the artifacts are 

developed while the software development project is running it is possible that their definition might be 

abstract and ambiguous in earlier stages.  

 

Monitoring product quality requirements

A2. Check potential 

interaction between 

quality requirements

A3. Review 

incidents

A1. Classify quality 

requirements

<<input>>

Product quality 

requirements

Categorized 

quality 

requirements

<<output>>

<<input>>

Target product quality 

goals

<<input>>

Interaction 

model

<<input>>

<<output>>

RE R PQTPQE

Tailored product 

quality model

<<input>>

<<input>>

Interaction 

profile

<<output>>

<<input>>

Interactions 

between quality 

requirements 

report

<<output>>
Activity validated in the 

exploratory case study

 

Figure 7.2 Activity validated in exploratory case study 
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The quality requirements need to be categorized using the tailored product quality model. As a result, a 

quality requirement is mapped onto a product quality characteristic. The categorized quality characteristic 

can be checked in the interaction model in order to identify potential negative interactions with other 

product quality characteristics. If a negative interaction is detected, then an interaction profile should be 

defined in order to determine the relevant contextual factors involved along with the expected impact on 

the software project. These steps were therefore tailored to be used in this exploratory case study. Since the 

project under study was in its conception stage, several artifacts were not defined, and the activity was 

therefore focused on the description of the interaction profile. 

 

Method to detect interactions

List of 

components

Categorized 

quality 

requirements

Review software 

product

Assign quality 

requirements

<<output>>

Iteration

NO

YES

<<input>>
<<input>>
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requirements

Interaction 

model

Categorized 

quality 

requirements

<<input>>

<<input>>

Elaborate an 

interaction profile

Interaction 

profile

<<output>>

Target product 

quality goals

<<input>>

R

 

Figure 7.3 Method used to detect interactions 

 

7.4.  Interviews Results 

The interviewees found that it was relevant to deal with interactions between quality characteristics. At the 

time of the interview, this company was starting a new web-based project with the objective of supporting 

an organization whose main goal is provide web information content to visually impaired persons. Since 

they were defining the main features for this web-tool, the analysis of interactions between quality 

characteristics was focused on this project. 

The interaction profile identifies the elements that participate in an interaction. For instance, for security 

and usability quality characteristics, the reviewer can use the following matrix to assess the type of 

interaction between two quality sub-characteristics. They found the relevant interactions to be those 

presented in Table 7.1. 
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For the project under consideration, the interviewee identified a negative interaction (-) to be the relation 

between the pairs authenticity - operability and authenticity – accessibility. The positive interaction 

corresponds to the pair availability - user error protection. The remaining pairs are assessed with the label 

“O” since the interviewee did not find evidence to categorize them.  The following paragraphs describe 

how the contextual facets contribute toward characterizing the negative interactions. 

In the product facet, the product is in its conception stage in which the usability of the web application is 

the main quality characteristic under study. The organization plans to develop the product from scratch 

using traditional web technologies (e.g. HTML) but needs to reach an agreement with the customer as 

regards other programming language requirements.  A main issue to be considered in the project is the 

screen sizes and the interaction mechanisms to be used (such as buttons). At software level, they are not 

considering special libraries to enhance the interaction of these kinds of users. 

 

Table 7.1 Interactions between usability and security 
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Autenthicity O O - O O - 

Confidentiality O O O O O O 

Conformance O O O O O O 

Attack detection O O O O O O 

Availability O O O + O O 

Integrity O O O O O O 

Non-repudiation O O O O O O 

Traceability O O O O O O 

 

Upon considering the information regarding the process facet, one interviewee pointed out that the review 

activities, mainly after an increment is delivered, allow the occurrence of interactions between quality 

characteristics to be checked. An executable version of the web tool and the interactions with a potential 

user would be particularly useful to provide information about the effectiveness of the interaction 

mechanisms implemented. However, if interactions between quality characteristics occur, they do not have 

any practice, method or tool with which to support their management or resolution. In addition, they do not 

have training to identify interactions between quality characteristics, although the four members of the 

company have been involved in software maintainability for four years and have spent a year dealing with 

usability issues. 
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With regard to the organizational facet, this firm works by means of projects, and in this case the team size 

is four members. With regard to the market facet, there are no market segments or constraints that may 

influence the occurrence of interactions between quality characteristics.  

When dealing with the interaction between quality characteristics, they reported negative interactions 

between accessibility and authenticity. These sub-characteristics belong to usability and security quality 

characteristics. They found it particularly difficult to provide access support for all types of users, including 

those suffering from blindness.  A common approach employed to register users in a web system is that of 

using CAPTCHAs which distort a label in order to differentiate between a real user and a bot. However, 

this mechanism requires an in-depth study in the context of this web application owing to the visually 

impaired users of this application. 

Since this project is in its conception stage, it is difficult to establish an interaction profile for accessibility 

and authenticity. According to the data provided, the interaction between this pair of quality sub-

characteristics only occurs when this group of users is taken into account. One of the main criteria for the 

interaction could be based on sharing information (resources) from a web application. The elements that 

can be considered are quality requirements and contextual factors related to the definition of a software 

product, including quality requirements for each type of target users. The quality requirements might be 

discussed with the customer using the quality characteristics described in a quality model. The organization 

is not currently addressing how to resolve the interaction, since it is in the first stage of the project. 

The interviewees additionally highlighted positive interactions between a pair of quality characteristics. 

They reported that integrity (security) has a positive influence on user error protection (usability). The 

rationale for this relation is that implemented security mechanisms ensure that only the user with 

modification access can change data records. This interaction relies on their previous experience in 

developing and assessing systems. 

The product facet was that which was most relevant as regards identifying contextual factors, particularly 

the quality attributes, system type, supporting technology, and programming language aspects. Other 

aspects such as product maturity, size or customization were not addressed by the interviewees. The 

process facet is, on the other hand, relevant as regards identifying the review session. This can be used to 

check whether the product increment meets requirements, including quality requirements. The review of 

executable software has, until now, been the approach used to identify potential issues with quality 

requirements, including those related to interactions between them. However, the interviewees do not have 

information about other practices, techniques and tools that can be used to identify and resolve conflicting 

interactions between quality characteristics.  

The remaining contextual facets were irrelevant for the interviewee. Factors concerning the influence of 

people facet, organizational facet, or market facet on identification of interactions between quality 

characteristics were barely addressed. The explanation for this result can be derived from the project 

profile. It is in its conception stage and considers requirements from only one customer. 

 The instrument also provides information about factors involved in defining an interaction: stakeholders’ 

profiles, features required for each stakeholder, and that their abilities influence the potential identification 
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of interactions between quality characteristics. These interactions can be specific for certain features in the 

software system and they can affect only a certain group of users. However, the importance of the features 

involved in the interaction and the customer’s priority as regards how to satisfy the stakeholders’ needs can 

negatively influence the acceptability of a software product.  

The second phase was focused on studying the monitoring of quality requirements process. The guidelines 

used to conduct the study include both the activity diagram and the interaction profile template which are 

used to test the suitability of the monitoring of product quality requirements process. The main part of this 

process is the characterization of the interaction between quality characteristics or sub-characteristics. A 

questionnaire was also prepared in order to assess the suitability of this process. The questionnaire was 

answered after the participant had identified the interactions and filled in the process template. 

 

Table 7.2 Responses to diverse factors used to describe an interaction profile 

Factor Response 

Basis 

Identify the requirements involved in interaction 

or the contextual factors that restrict the 

achievement of quality requirements  

 In this project, adding security requirements can have 

a negative influence on accessibility and operability 

since the software features are only available to 

certain types of users 

Criterion 

The interactions occur owing to system structure, 

competence by the same resources, precedence 

of tasks, a requirement defining the result of 

another requirement, temporal behavior, among 

others factors 

 New security components affect system structure 

Establish the degree of the interaction 

Some interactions can be partial and it is 

important to establish the conditions for which 

the interaction is absolute  

 Application type and target users might impact on the 

degree of interaction between quality characteristics.  

 The stakeholder’s experience in the security field may 

influence the quality of security requirements.  

 The expert’s knowledge can be used to establish a 

security mechanism to reduce the influence of highly 

secure mechanisms on accessibility or operability 

Probability of occurrence 

Estimate the probability of occurrence of 

conflicting interaction  

 The interactions occur during the software 

development under the constraints considered 

Impact of the interaction 

Estimate the effect of the interaction within 

software project. For instance: Catastrophic, 

inconvenient, system failure, system reboot, 

unsatisfied users 

 

The main effect: 

 Application does not meet basic quality requirements 

Unsatisfied users 

 Application cannot be delivered to target users 

Type of interaction 

Describe whether the type of interaction is based 

on perceived assumption described at 

requirements level or on the analysis of 

implementation means 

 Perceived interaction 

Context 

Describe any relevant factors to describe the 

context in which the interaction occurs. For 

instance: Stakeholders involved, Users’ goals, 

scenarios, events that trigger the interaction 

between quality characteristics, among others 

Main contextual factors: 

 Application users  

 Application type 
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With regard to the template for the interaction profile, the participant was clearly able to fill in 

identification data: project id, date, reviewer, type of software and artifacts analyzed. In this case, the 

participant assessed a desktop application, analyzing the code, executable software and technical 

documents.  

The interaction matrix can serve to identify potential interactions between quality sub-characteristics. The 

participant reported a negative interaction between the pairs: security-operability, security – accessibility, 

and authenticity – accessibility. What is more, positive interactions were reported between security and 

user error protection along with integrity and user error protection.  

The participant responded with a general statement for each interaction identified. He assessed basis, 

criterion, degree of interaction, probability of occurrence, impact of the interaction and type of interaction 

and context. Each paraphrased response is presented in Table 7.2. 

The questionnaire used to assess the feasibility of the monitoring of quality requirements process shows the 

following: 

 The process objectives, roles descriptions, inputs and outputs are clearly described. The 

participant scored these four items with the agree option. The templates and the process task are 

fairly described. The participant scored these two items with the neutral option. 

 The process objectives, descriptions of roles, inputs, outputs and templates are easy to understand. 

The participant scored these four items with the agree option. Only the task category was scored 

with the neutral option.  

 The process application in a potentially real situation produces different results. The template is 

the easiest element to apply, while the tasks were scored as neutral.  

The objectives of the process are not, however, easy to apply (scored with the disagree option).  In a note, 

the participant highlighted that there is currently a lack of suitable information about interactions between 

quality characteristics derived from quality assessment projects. One of the main applications of 

understanding interactions from assessment evidence is that of providing support as regards determining 

achievable quality goals or maximizing the relevant quality characteristics for a software product. In 

addition, the quality goals should be linked to specific practices in order to observe whether they really 

contribute toward resolving conflicting interactions. 

 

7.5. Results and Discussion 

As a result of this validation of the monitoring of product quality requirements process, some evidence was 

obtained about the potential usefulness of the following SQIMF elements:  

 The interaction matrix is useful for gathering data about the potential interaction between product 

quality characteristics. In the first phase of this exploratory case study, the interactions between 

quality sub-characteristics, which appertain to usability and security, were easily filled in. In 
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addition, the new categorization of interactions is consistent with previous results obtained in the 

exploratory survey (Section 4.3).  

 The SQIMF framework may make the software team aware of the relevance of interactions in a 

software project. This company found relevant to comprehend interactions between quality 

characteristics because this knowledge can be used in the conception stage of a software project. 

They can negotiate with the customer with regard to the resources needed to address the 

requirements of all intended user groups. Moreover, the company can investigate appropriate 

mechanisms to be included in a software product when usual means of solution cannot meet any 

quality requirements.  

 The product-related context facet, included in the interaction profile, influences the identification 

of interactions between quality characteristics. Relevant factors of this facet are both the 

requirements that should be considered in order to satisfy quality needs of intended users and the 

type of software product under development. This result is consistent with literature concerning 

quality requirements that establishes that the types of applications influence the identification of 

relevant quality characteristics (Berntsson Svensson et al., 2012; Chen et al., 2013).   

 The process facet, included in the interaction profile, shows that the interviewees consider that the 

client influences how the software development can be performed. But they consider that the best 

time to analyze potential interactions between quality requirements is during the deployment 

stage, when the executing code can demonstrate the way in which different requirements were 

implemented. This task is therefore very relevant when deciding during which software 

development phases it is possible to use the SQIMF Framework.  

 The remaining context facets seem to be irrelevant as regards identifying interactions between 

quality characteristics, since those interviewed did not provide any comments about their potential 

effect. This result can be explained by the stage at which this company is dealing with interactions 

between quality characteristics. Although its main focus is on quality assurance, the insight into 

the effect of interactions between quality characteristics on software product and project resources 

is recent. In addition, the project under consideration is at its conception stage, and the quality 

requirements were not therefore specified until the interview session.  

 The specific questions about how to identify interactions, their profile and how to resolve them 

showed that the main components needed to identify interactions are the stakeholders and the 

product. The interactions can be related to certain features to be implemented in the software in 

order to meet the quality requirements of specific stakeholders. However, the information 

provided depended on the perceptions of the interviewee since the project is at its conception 

stage. 

 Monitoring the product quality requirements process can support the identification of interactions, 

and can particularly serve to characterize the type of interaction identified. However, the specific 

tasks require additional refinement for their use in a software project. This refinement can include 

additional examples as regards using the process templates.  
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The monitoring product quality requirements process is defined to be used throughout all the stages of the 

software product life cycle and it can be adapted to the specific needs of the projects under study. The 

SQIMF framework requires quality requirements to be classified before an interaction model is used to 

identify potential interactions. The project under consideration was, however, at its conception stage, 

during which requirements have not yet been specified. This task was thus skipped, and only the activity 

denominated as “check potential interactions between quality characteristics” was performed. Indeed, this 

is the main task to be performed in the process. The outcomes can be considered valuable as regards 

improving the process for monitoring product quality characteristics. 

 

7.6. Threats to Validity 

The exploratory case study provides in-depth information about the interactions between quality 

characteristics. Although the guidelines of Runeson et al. (2012) were followed, there are limitations when 

a case study is conducted. As regards the external validity, the exploratory case study carried out cannot be 

generalized to other companies with a similar context to that of the participant company because this is an 

exploratory case. However, the characterization of the organization can provide useful insights into the 

development of a theory with which to define the type of interactions that can be identified at the 

conception stage of a software product and how these can impact on the project planning activities.  

Since this is an exploratory case study, the investigation of causal relations is not one of the main activities. 

The case study was therefore conducted by following the recommendations and developing and checking 

the instruments used. With regard to construct validity, the exploratory case study was carried out in two 

phases. The potential contextual factors that might influence the interaction between quality characteristics 

were therefore commented on with the interviewee in the first phase. The guidelines used to monitor the 

quality requirements process additionally include descriptions to help users when filling it in. However, it 

was not possible to ask the participants about several process activities since the execution of process 

activities was performed by one participant alone. 

 

7.7. Summary and Conclusions 

In this chapter the exploratory case study carried out to validate the monitoring of product quality 

requirements process has been described. The activity under study was “check potential interactions 

between quality characteristics”. The results can be summarized as follows: 

 

 The product contextual facet has a great influence when dealing with interactions between 

product quality characteristics.  The product factors are determined by both the stakeholder’s 

quality goals and the hardware and software considered in a software project. For instance, the 

output devices (size of a screen) affect how the forms can be designed and the selection of some 

software components, such as CAPTCHAs, can be determined by the user’s profile. 
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 Another source of potential interactions between quality characteristics is the project team. The 

previous project members’ experience of how to measure and evaluate quality characteristics 

influences the perceptions about interactions. In this case study only the project leader and 

project managers were interviewed, but decisions about product quality interactions can also be 

made during software development activities. An empirical study is thus also needed in order to 

discover how interactions between quality characteristics are addressed in engineering activities. 

 The interactions between quality characteristics are of the type perceived. The data from the 

interviews showed that the project under study was at the conception stage and no requirements 

specification had therefore taken place at the moment of the interviews. The project leaders are 

thus aware of potential interactions between quality characteristics, but they cannot be checked 

with product components. The interactions identified, on the other hand, should be verified in 

software projects in order to obtain objective data for use in the organization’s repository. 

 The criteria used to categorize the source of an interaction may be dependent on the changes 

made to the structure of the software system, causal relationships and the competence for 

resources. These criteria should be studied in other projects in order to discover which of these 

sources of interactions are the most common and to gather objective evidence so as to validate 

them when the software deployed is assessed. 

 In general terms, the identification of interactions between quality characteristics is performed at 

an abstract level. This view hinders addressing the characteristics of an interaction such as the 

degree of interaction and their potential impact on a software product or project. For instance, 

the main effect of a negative interaction, as reported by one interviewee, is that users are 

unsatisfied with the product. Monitoring interactions between quality characteristics during 

software projects is therefore necessary in order to uncover the real impact on the software 

project. In addition, the identification of an interaction could be enhanced if the probability of 

occurrence and risk-based techniques are used. 

 Software organizations need appropriate support when managing interactions between quality 

characteristics. The process for monitoring quality requirements provides partial support as 

regards determining the interaction profile. This process, however, should be deployed during all 

stages of software development to check under what circumstances interactions occur. 

 Outcomes of the exploratory case study showed that the suggested process is appropriate for use 

in software organizations, although it needs to be adjusted to improve the suggested tasks. The 

template employed to describe the interaction profile was considered easy to use and apply in a 

software project. 

 The perspective used to identify the interactions of quality characteristics is related to the 

software project leaders/managers’ experience. The organization under study, which is focused 

on product quality based on measures, considers that this approach should be included to assess 

interactions between quality characteristics. This view, although useful as regards establishing 

objective evidence about interactions, needs appropriate models with which to interpret the 

values obtained by each quality indicator. In addition, other perspectives for both improving 
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product quality and minimizing the impact of negative interactions also need to consider 

appropriate process support. 
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8.  Conclusions 
 

This chapter presents a summary of the contributions of this thesis, an analysis of goal achievement and 

the results obtained, and publications. The conclusions are also used as a basis to outline future lines of 

research. 
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8.1. Analysis of Research Goals   

Product and process quality views with which to improve software quality provide a large body of 

knowledge regarding methods, techniques, tools, models, standards, among others, with the ultimate goal 

of improving software quality. These proposals include activities that can be employed to construct, 

measure, and evaluate quality throughout software life cycle activities. In addition, software quality is a 

multi-dimensional concept that is strongly influenced by the stakeholders’ perception. Addressing 

software quality therefore requires an understanding of how to balance different quality elements while 

considering the stakeholders’ point of view. In this scenario, an holistic approach that can be used to 

potentiate the strengths of the methods used in these two perspectives is needed to satisfy current and 

future software quality needs. 

In order to provide an approach with which to integrate these two quality perspectives, this research relies 

on the process perspective to investigate how software product quality may be enhanced. In this thesis a 

methodological framework, named SQIMF, has been proposed.  

The introductory chapter of this document states the following general objective: 

To define a process framework with which manage interactions between software 

product quality characteristics in order to support the business process quality goals 

considering both process and product improvement perspective. 

The general objective is decomposed into several specific objectives in order to manage the research 

activities. The fulfillment of each specific objective contributes toward achieving the general objective. In 

order to show how each specific objective was addressed, a summary of activities and results is therefore 

provided: 

O1. To perform a literature review of both the software product quality approach applied in SPI and 

the proposals used to manage interactions between quality characteristics in order to identify 

current issues and recommended practices with which to mitigate negative interactions. 

Chapter 3: State-of-the-Art describes a set of initiatives with which to address the software product 

quality perspective within an SPI initiative based on process reference models. An SMS was performed, 

and the empirical papers identified showed that within SPI initiatives the main quality characteristics 

addressed are security, reliability and maintainability. The initiatives reviewed were categorized by 

considering the main topic addressed: practices or measures. The lack of studies in this field, and the lack 

of articles about managing interactions between quality characteristics allowed a research gap to be 

identified, in which the SQIMF framework is a contribution whose main purpose is to support the 

enhancement of product quality which relies on processes. 

O2. To define a process framework that can be employed to manage interactions between quality 

characteristics that might occur during software development projects based on the classification 

of interactions between quality characteristics as a means to identify potential interactions 

between quality requirements. 
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Chapter 5: SQIMF framework describes the conceptual model that supports the concepts identified. The 

chapter also provides methodological and technological support in order to manage interactions between 

quality characteristics. The methodological support is composed of five processes which have led to both 

the minimization of the occurrence of conflictive interactions and the mitigation of their potential impact. 

The technological view provides a web tool that can be used to manage interaction models which has 

been constructed by considering a product quality model such as ISO/IEC 25010. 

O3. To support the harmonization of multiple process models related to a specific software product 

quality characteristic as a means to provide solution alternatives to either issues related to 

interactions between quality characteristics or the achievement of specific quality goals.  

Articles which appertain to capability-based category, presented in Chapter 3: State-of-the-art, apply 

mappings between the process models under study in order to define either a unified process model or an 

assessment model. Mappings are methods which are used to provide harmonized solutions in settings 

characterized by the implementation of multiple process models. Since enhancing a product quality 

characteristic, such as security, would require implementing the practices described in a process reference 

model, the SQIMF framework (Chapter 5) should provide this support. The SQIMF framework therefore 

considers harmonization in two components. From a conceptual view, the framework provides links 

between the SQIMF ontology and the H2MO ontology in order to use the harmonization methodological 

framework to provide structured support when two or more process model have to be implemented 

simultaneously. From the methodological view, the SQIMF framework provides the establishing product 

quality goals process which can introduce process-oriented solutions, such as mappings, in order to 

achieve expected quality goals.   

O4. To provide a set of methods and guidelines that can be used with the process framework in order 

to guide the implementation of the process proposed. 

Chapter 5: the SQIMF framework provides a set of methods with which to either manage interactions 

between quality characteristics or carry out mappings. The management of interactions requires methods 

that can be used to identify and resolve conflicting interactions. The SQIMF Framework is based on the 

interaction model approach, thus allowing it to identify interactions between quality characteristics. It 

provides a method with which to define an initial interaction model, taking into account a product quality 

model and different proposals regarding interactions between quality characteristics. Since resolving 

interactions between quality characteristics might be led by different context-dependent goals, the SQIMF 

framework provides a set of methods (Chapter 5) which are used to prioritize quality characteristics or to 

negotiate with stakeholders the quality characteristics to be taken into account. The SQIMF framework is 

linked with a Harmonization framework in order to carry out mappings between process models. A 

method is then proposed with which to carry out the mappings between a process model and a product 

quality model (Chapter 5). Chapter 6 describes the results of applying these methods, and templates that 

can be employed to describe the interaction profile and to qualitatively assess the product quality levels 

are also included. 
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O5. To validate the framework used to manage interactions between quality characteristics by 

conducting exploratory case studies. 

Chapters 4 and 7 describe the design and results of the two exploratory cases studies conducted. The first 

of these was based on a survey approach in order to understand how small software companies identify 

interactions between quality characteristics, the impact on software projects and the approach used to 

resolve conflicting interactions. The results obtained showed that managers’ knowledge of conflicting 

interactions influence the identification of interactions categorized as perceived interactions. The second 

exploratory case study was conducted by means of interviews and by taking into account two goals: to 

identify potential contextual factors that influence the occurrence of interactions between quality 

characteristics and to study the feasibility of using the process to monitor product quality requirements. 

As a result of these interviews, the contextual facet for product was found to be the most relevant as 

regards identifying factors related to negative interactions between quality characteristics. The second 

goal showed that the process description is useful to monitor product quality although some adjustments 

are required, mainly in the scope of task definitions. The implementation of the SQIMF framework also 

requires that appropriate training be considered in order to allow the software developers to identify 

negative interactions between quality characteristics. 

The fulfillment of the aforementioned specific objectives provides support to allow the general objective 

of this research to be attained, since this work provides a process framework with which to manage 

interactions between software product quality characteristics, considering both process and product 

quality views.  The SQIMF framework consists of a set of conceptual models, processes and method 

descriptions, in addition to a supporting web tool. 

 

8.2. Support for Results 

During the time this research was conducted, several articles were presented in software engineering 

related conferences and venues. The list of these articles is shown below: 

 

International Journals 

 García-Mireles, G.A., Moraga, M. A., García, F.,  Piattini, M. (2014). Approaches to promote 

product quality within software process improvement initiatives: a mapping study. Journal of 

Systems and Software. Under review. 

 García-Mireles, G.A., Moraga, M. A., García, F.,  Piattini, M. (2014). Towards a process-based 

framework for managing interactions between quality characteristics. Software Quality Journal.  

Under review.  
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 García-Mireles, G.A., Moraga, M. A., García, F.,  Piattini, M. (2013). The Influence of Process 

Quality on Product Usability: A Systematic Review. CLEI Electron. J. 16(2) pp. 1-13.  Access: 

http://www.clei.org/cleiej/paper.php?id=278 

 

 

Divulgation Journals 

 García-Mireles, G.A., Moraga, M. A. (2014). Prácticas dirigidas a la mejora de la usabilidad del 

software. EPISTEMUS (2014) 16:64-71.Access: 

http://www.epistemus.uson.mx/revista.php?id=16   

 García-Mireles, G.A., García, F., (2013). Armonización de modelos de calidad del software. 

EPISTEMUS (2013) 14:41-46. Access: 

http://www.epistemus.uson.mx/revistas/pdf/numero14.pdf 

 

International Conferences 

 García-Mireles, G.A., Moraga, M. A., García, F., Piattini, M. (s/f) Identifying Quality 

Characteristic Interactions During Software Development. Submitted to ENASE 2015 - 

Proceedings of the 10th International Conference on Evaluation of Novel Approaches to 

Software Engineering. [Conference Ranking: CORE B]. 

 García-Mireles, G.A., Moraga, M. A., García, F.,  Piattini, M. (2014) Methods for supporting 

management of interactions between quality characteristics. ENASE 2014 - Proceedings of the 

9th International Conference on Evaluation of Novel Approaches to Software Engineering. Pp. 

93-100. [Conference Ranking: CORE B]. 

 García-Mireles, G.A., Moraga, M. A., García, F.,  Piattini, M. (2013). A Framework to Support 

Software Quality Trade-Offs from a Process-Based Perspective. EuroSPI 2013: 96-107. Access: 

http://link.springer.com/chapter/10.1007%2F978-3-642-39179-8_9. [Conference Ranking: 

CORE B]. 

 García-Mireles, G.A., Moraga, M. A., García, F. (2012). Development of maturity models: A 

systematic literature review. 16th International Conference on Evaluation and Assessment in 

Software Engineering, EASE 2012. IET Seminar Digest, 2012 (1), pp. 279-283. doi: 

http://dx.doi.org/10.1049/ic.2012.0036. [Conference Ranking: CORE A]. 

 García-Mireles, G.A., Moraga, Ma.Á., García, F., Piattini, M.(2012) Towards the harmonization 

of process and product oriented software quality approaches. Communications in Computer and 

Information Science, 301 CCIS, pp. 133-144. Access: 

http://www.springerlink.com/content/j77085x8014n9022/.  [Conference Ranking: CORE B]. 

Conference ranking were consulted in http://103.1.187.206/core.  

 

http://www.informatik.uni-trier.de/~ley/db/journals/cleiej/cleiej16.html#Garcia-MirelesMGP13
http://www.clei.org/cleiej/paper.php?id=278
http://www.epistemus.uson.mx/revista.php?id=16
http://www.epistemus.uson.mx/revistas/pdf/numero14.pdf
http://www.informatik.uni-trier.de/~ley/db/conf/eurospi/eurospi2013.html#Garcia-MirelesMGP13
http://link.springer.com/chapter/10.1007%2F978-3-642-39179-8_9
http://dx.doi.org/10.1049/ic.2012.0036
http://www.springerlink.com/content/j77085x8014n9022/
http://103.1.187.206/core
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National Conferences 

 García-Mireles, G.A., Moraga, M. A., García, F.,  Piattini, M. (2013). Identificación de 

interacciones entre las características de calidad del software. En XVIII Jornadas de Ingeniería 

de Software y Bases de Datos (JISBD 2013), Madrid, España. Access: 

http://congresocedi.es/images/site/actas/ActasJISBD.pdf pp. 141-154. 

 García-Mireles, G.A., Moraga, M. A., García, F.,  Piattini, M. (2011). Influencia de la calidad 

del proceso en la usabilidad del producto: una revisión sistemática. En XVI Jornadas de 

Ingeniería de Software y Bases de Datos (JISBD 2011), A Coruña, España. Pp. 599 – 612. 

Access: www.sistedes.es/ficheros/actas-conferencias/JISBD/2011.pdf 

 

8.3.  Research Contributions 

The research contributions of this thesis can be categorized as follows: 

1. Contribution to the knowledge area of SPI focused on enhancing software product quality.  

 The SMS results have allowed us to identify a research gap in SPI field that requires both new 

approaches and empirical studies to enhance product quality (García-Mireles et al., 2014b). The 

main contribution is the characterization of approaches applied in this area and the identification 

of product quality characteristics under study. In addition, the SQIMF framework is a new 

approach with which to deal with interactions between quality characteristics (García-Mireles et 

al., 2013c). It relies on the decision-making processes described in traditional process reference 

models and integrates approaches used in software requirements and software quality in order to 

identify and resolve negative interactions between quality characteristics. Furthermore, the 

results also showed that traditional process reference models barely address software product 

quality. Suggestions that quality characteristics should be taken into consideration appear in 

practices from the analysis and design stages of a software lifecycle, but these references are 

mainly informative (García-Mireles et al., 2012). 

 The SMS on usability and software processes (García-Mireles et al., 2013b) additionally 

provides the current state-of-the-art as regards how usability practices are introduced into 

software development processes.  Empirical papers were identified and then mapped onto the 

ISO/IEC 12207 software engineering processes in order to organize current knowledge regarding 

usability practices and their impact on software engineering processes. Furthermore, during the 

harmonization between process models, a detailed mapping between decision processes, 

described in CMMI-DEV1.3 and ISO/IEC 12207, was carried out in order to identify 

requirements with which to develop trade-off processes (García-Mireles et al., 2013c). 

 It provides a categorization scheme of the trade-off methods reported in order to use them when 

conflicting interactions occur during software development (García-Mireles et al., 2014c). The 

tradeoff methods can be classified as prioritization methods and a negotiation approach. The 

http://congresocedi.es/images/site/actas/ActasJISBD.pdf%20pp.%20141-154
http://www.sistedes.es/ficheros/actas-conferencias/JISBD/2011.pdf
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requirements that are necessary to use these methods within a software project and organization 

were also identified. 

2. Contribution to software engineering methods. 

The SQIMF framework provides methodological support as regards both managing interactions between 

product quality characteristics and carrying out mappings between process models. The methods 

proposed are the following: 

 The mapping between process and product quality models is a method that allows the 

identification of practices related to the enhancement of product quality within traditional 

process reference models (García-Mireles et al., 2012). The method also allows the relevance of 

the practices found to be identified with regard to the process model structure. In addition, the 

mapping between process models (Pino et al., 2010a) was adapted to take into account the 

artifacts used in process models (García-Mireles et al., 2013c) and to incorporate the practices 

described in software engineering literature (García-Mireles et al., 2013b). 

 A method with which to develop an interaction model is proposed. This method is focused on 

the construction of interaction models for hierarchical quality models (García-Mireles et al., 

2013a). Interactions matrices found in literature are mapped with target product quality 

characteristics/sub-characteristics. The relations between quality characteristics and quality sub-

characteristics are used for fill in the matrices when data is lacking. This initial interaction model 

is the basis used to identify interactions in the organizational context. 

 The SQIMF framework also provides a catalog of methods and techniques for the tradeoff of 

software quality characteristics (García-Mireles et al., 2014c). These can be used when resolving 

negative interactions between quality characteristics. They can also be used to prioritize quality 

characteristics, tailor a product quality model, or analyze the strengths or weaknesses of 

alternatives solutions. 

 Other artifacts were also defined in order to support the management of interactions between 

quality characteristics. The interaction profile template supports the gathering of data concerning 

the interactions, including the contextual factors considered. Other templates and guidelines 

were defined in order to tailor a product quality model and establish product quality goals.  

 

8.4.  Future Research Lines 

Providing an integrated methodological solution that considers process and product quality perspectives 

requires a general, high-level view of the topics under study. Several future research lines can therefore 

be derived, such as 

1. Validating the SQIMF framework. Several processes were proposed in order to mitigate the 

effect of conflicting interactions between quality characteristics. However, the exploratory case 

study conducted only identified some contextual factors that are relevant for the company under 

study. The management of interactions between quality characteristics is also related to tailoring 
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a product quality model to specific organizational and product needs in addition to establishing 

product quality goals. Processes described for these activities can be validated in a software 

organization. If a qualitative approach is selected, there is a better chance of the product quality 

model being introduced into the software process as a first step toward enhancing product 

quality. The results obtained can be used to improve the SQIMF processes. However, a major 

problem for the empirical validation of the SQIMF framework is that of finding appropriate 

software organizations in which to validate the framework, since these companies need to be 

implementing procedures that are used to deal with product quality. 

2. Improving the technological environment. The web tool developed focuses on some features 

of the SQIMF framework such as managing the interaction models, storing product quality 

models and mapping process models practices with product quality characteristics. Other 

features could, however, also be implemented: 

 Proving support for activities described in each SQIMF process. The SQIMF framework 

provides templates and guidelines that can be used to carry out several processes such as 

tailoring product quality models and establishing product quality goals. These include 

templates with which to maintain the rationale for decisions made and to define specific 

product quality profiles for software developed in an organizational context. The 

development of a tool for process support would provide information that could be 

employed to diagnose how the processes from SQIMF are carried out in software 

organizations and to facilitate the implementation of the processes in an organizational 

context. The data stored regarding the resources used and products delivered for SQIMF 

processes could therefore be used as input to improve the SQIMF framework. 

 Providing support for trade-offs methods. Several methods, principally based on 

prioritization methods, require that a weight be assigned to alternatives in order to prioritize 

them. Since the weights are assigned by relevant stakeholders, tool support is necessary to 

ease the data gathering and calculate the priorities. Despite the fact that several tools 

implement methods with which to prioritize quality characteristics, they need to be adapted 

to the SQIMF framework. 

 Providing support for the management of process practices. There is currently a lack of 

support as regards using practices oriented toward enhancing a product quality characteristic 

within a software process model. It is thus necessary to understand how the practices used to 

enhance a product quality characteristics impact on a software process and to what extent 

their use can be generalized to other project settings. This initiative requires methodological 

and technological support in order to monitor the project context and its effect on product 

quality.  

 Managing quality and interaction models. The tool currently stores one version of a 

product quality model. However, a software organization can define several quality models 

with regard to its product categories. If the organization has different quality models, the 

contextual factors considered should therefore be recorded in order to assess how the 

interaction model supports these tailored versions of product quality characteristics. 
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3. Develop a conceptual model of relevant contextual factors. As a result of exploratory studies, there 

are some contextual factors that make a significant contribution to the occurrence of interactions between 

quality characteristics; these contextual factors should be studied in order to assess their impact on 

software projects, the software development stage prone to be discovered and the validated approach that 

can contribute toward minimizing the impact. The conceptual model is a basis for the development of 

methodological support. 

4. Updating the conceptual model. The SQIMF ontology was built by considering quality models, and 

articles for both software requirements and software quality. However, the tradeoffs between quality 

characteristics are also applied in other software engineering areas, such as software architecture. The 

ontology could thus be validated in the software architecture field and enriched with new concepts from 

this area. The model could also be improved with other concepts in order to make trade-offs considering 

factors such as costs and time. These concepts could provide additional support as regards making 

decisions about alternatives.  

5. Extending the research into quality in use characteristics. The SQIMF framework was constructed 

by considering the product quality during the development stage. Software quality can, however, be 

assessed when software is at the operation stage. This research could therefore be extended to study the 

effect on quality in use of practices implemented during development.  

6. Investigating the effect of practices oriented toward a given quality characteristic. The usability 

practices within the SQIMF framework were structured in the context of the ISO/IEC 12207 software 

engineering processes. However, practices oriented toward other quality characteristics need to be 

structured in order to apply them in SPI projects. What is more, these practices need to be carefully 

assessed in order to determine their benefits or drawbacks in different project settings. 
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Appendix A. Templates for the process 

framework 
 

A.1. Interaction Matrix 

The interaction matrix can be created at either the quality model level or the quality characteristic level. 

In the former case, the set of quality characteristics of a software product quality model are used as 

dimensions to define a matrix of interactions between quality characteristics. For instance, an interaction 

matrix for the ISO/IEC 9126 quality model has six dimensions. Each dimension corresponds to one 

quality characteristic. The relation between two characteristics can be positive, negative, unknown or no 

relation. The description is presented in table A1. R1 and R2 represent categorized quality requirements. 

Table A1. Types of relation between quality characteristics 

Type Description 

Positive interaction (+) Enhancing the values of R1 increases the values 

of R2 

Negative interaction (-) Enhancing the values of R1 decreases the values 

of R2 

Unknown interaction 

(blank) 

When enhancing the values of R1 it is not 

possible to know the influences on values of R2 

Independent (0) Enhancing the values of R1 has no impact on the 

values of R2 

 

Table A2. Interaction matrix for usability – security. 
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Security - - - - - - 

Autenthicity - - - - - - 

Confidentiality - - - - - - 

Conformance - - - - - - 

Atack detection - - - - - - 

Availability - - - - - - 

Integrity - - - - - - 

Non-repudiation - - - - - - 

Traceability - - - - - - 

 

Since we are working with a subset of quality characteristics, our proposal for an interaction matrix relies 

on the selection of two quality characteristics and their respective sub-characteristics. It is therefore 
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possible to define an interaction matrix for security and usability using a given software product quality 

model. For instance, we developed the interaction matrix for usability and security (Table A2). 

The lists of the definitions are included in addition to these values in order to facilitate the understanding 

of quality terms. For instance, for security and usability, the terms and definitions used are the following 

in the Spanish language: 

Seguridad 

o Autenticidad.  Tiene que ver con el grado en el que se garantiza que los sujetos y recursos del 

sistema de información son auténticos.  

o Confidencialidad. Es el grado en el que se asegura que la información es solamente accesible a 

sujetos autorizados.  

o Conformidad. Es el grado en que los productos software se ajustan a los estándares, acuerdos, o 

regulaciones de leyes y otras recomendaciones similares relativos a seguridad.  

o Detección de ataques. Es el grado en que los intentos de ataque o los ataques realizados con 

éxito son detectados, almacenados y notificados.  

o Disponibilidad. Es el grado en que se asegura que los sujetos autorizados tienen acceso a los 

datos y aplicaciones en el momento en que lo requieran.  

o Integridad. Es el grado en que se protege a los componentes de los sistemas de información de 

alteraciones intencionada por parte de sujetos no autorizados.  

o No repudio. Es el grado en que se impide que una parte de una interacción pueda repudiar algún 

aspecto de la interacción.  

o Trazabilidad. Es el grado en que se asegura que las acciones de un sujeto pueden ser trazadas 

inequívocamente y asociadas a dicho sujeto.  

 

Usabilidad interna/externa 

o Pertinencia del reconocimiento. Grado en que los usuarios pueden reconocer si la aplicación es 

apropiada a sus necesidades.  

o Facilidad de aprendizaje. Grado en que una aplicación puede ser utilizada por determinados 

usuarios para alcanzar objetivos específicos de aprendizaje con eficiencia, efectividad y 

satisfacción en un determinado contexto de uso.  

o Operabilidad. Grado en que una aplicación tiene las características que hacen que sea fácil de 

operar y controlar.  

o Protección contra errores del usuario. Grado en que la aplicación protege a los usuarios de los 

errores que pueden cometer.  

o Estética de la interfaz de usuario. Grado en que la interfaz de usuario permite una interacción 

agradable y satisfactoria.  

o Accesibilidad. Grado en que una aplicación puede ser utilizada por personas de distintas 

capacidades para lograr un objetivo determinado en un contexto de uso específico.  
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A.2. Template for Defining the Interaction Profile 

The template used in the first section collects information about the project in which interactions between 

quality characteristics were found. The following data might be collected: 

Project Id and name:  

Date:  

Reviewer:  

Type of software:  

Artifacts analyzed:  

 

The interaction profile identifies the elements participating in an interaction. For instance, for security and 

usability quality characteristics, the reviewer can use the following matrix to mark the type of interaction 

between two quality sub-characteristics.  

 

Product usability  
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Security       

Autenthicity       

Confidentiality       

Conformance       

Attack detection       

Availability       

Integrity       

Non-repudiation       

Traceability       

 

The mark can be (-) for a negative interaction, (+) for a positive interaction or (O) when the interaction 

model depicts a positive or negative relation but they cannot be met in the context of the current project.  

For each interaction identified, the reviewer needs to collect the following data: 

Basis 

Identify the requirements involved in interaction or the 

contextual factors that restrict the achievement of quality 

requirements  

 

Criteria 

The interactions arises due to system structure, competence for 

the same resources, precedence of tasks, a requirement defines 

the result of another requirement, temporal behavior in 

distributed systems  (structure, resources, tasks, causality, time) 

 

 

Establish the degree of the interaction 

Some interactions can be partial and it is important to establish 

the conditions for which the interaction is absolute. For instance, 

certain stakeholders’ skills can influence the level of 

achievement quality goals 

 

Probability of occurrence 

Estimate the probability of occurrence of conflicting interaction  
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Impact of the interaction 

Estimate the effect of the interaction within software project. For 

instance: Catastrophic, inconvenient, system failure, system 

reboot, unsatisfied users 

 

 

Type of interaction 

Describe whether the type of interaction is based on perceived 

assumption described at requirements level or it is based on the 

analysis of implementation means 

 

Context 

Describe any relevant factor in order to describe the context in 

which the interaction arises. For instance 

Stakeholders involved 

Users goals 

Scenarios 

Events that trigger the interaction between quality characteristics 
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A.3. Template for Proposal for Tailoring a Quality Model 

 

Proposal for tailoring a reference quality model 

Introduction 

Purpose: 

Describe the expected usage and rationale for 

tailoring a reference quality model 

 

Firm name: 

Name of the software organization that 

wishes to tailor a reference quality model 

 

Person responsible: 

Mention the person in charge of creating this 

document (Product Quality Expert role) 

 

Stakeholders involved: 

Mention the management persons involved 

in creating this document (Quality Sponsor 

role) 

 

Approved by: 

Present the name of management person and 

approval date. 

 

Motivation 

Business needs: 

Describe main businesses needs to be 

considered. These can be extracted from 

Business Strategic Plan 

 

Tailoring proposal 

Objective: 

Describe the objective of the tailoring 

process. The objectives can be based on 

Deissenboeck et al. (2011).  

 

Reference software product quality model. 

Mention the quality model to be used in the 

tailoring process and include the reason for 

using it 

 

Product scope: 

Describe the type of product along with its 

components that should be considered when 

tailoring quality model 

 

Process scope: 

Describe the target software process to be 

considered when adapting the quality model 

 

Organizational settings: 

Describe any organizational setting relevant 

to managing product quality goals. These can 

be the type of organization, certification of 

the organization, roles and experience of 

personnel, constraints and market demands 
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Resources and infrastructure 

Resources assigned: 

Describe the infrastructure assigned to carry 

out this process 

 

Quality Sponsor  

Product quality expert  

Product quality team  

Steering group  

Planning 

Date Activity Role Timetable Spent time Experience 

report 

      

      

      

Other relevant information 

(Please write down any relevant information regarding the tailoring of the the quality model) 
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A.4. Guidelines for Identifying Relevant Factors 

The factors to be considered when tailoring a product quality model are adapted from contextual factors 

described in Petersen and Wohlin 2009. These are grouped in three main groups: 

 

Organizational settings 

Business goals 

Identify any potential product quality goal described in strategic plan 

 

Describe the structure of the organization in which the tailored quality 

model will be used. In addition, describe any certification, standard 

implemented or to be implemented with regard to the strategic plan 

 

Describe any market aspect concerning customer, product competence, 

government changes, or any other change (for instance, new technology) 

that can influence the approach used to enhance product quality 

 

 

Product perspective 

Describe major features of software product 

Describe the maturity of the software product (concept stage, 

development stage, under maintenance, the k version) 

 

Describe any quality aspect that has driven the product development 

 

Describe the size of the software product 

 

Describe the system type  

(information system, embedded system, web application, distributed 

system) 

 

Describe the approach used to generate new products (is it based on 

software product line approach?) 

 

Describe the programming language 

 

Describe supporting technology  

(hardware and software constraints) 

 

 

Process perspective 

Mention the target processes that will use the tailored quality model.  

(The process can be extracted from ISO/IEC 12207) 

 

Describe the relevant activities in which the tailored quality model may 

be used 

 

Describe any practices, technique or tool within the software process that 

need to be considered when tailoring the software product quality model 

 

Describe the artifacts in which the tailored quality model will be applied   
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People perspective 

Describe the stakeholders interested in the software product that can be 

involved in making decisions about product quality 

 

Describe the process roles that need to be considered in selected 

software process. For each role describe current knowledge and skills 

needed to deal with product quality goals 
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A.5. Template for Prioritized Factors for Tailoring Quality Model 

This document contains the elements of the guidelines used to make decisions about the relevant product 

quality factors to be considered when tailoring a quality model.  As a result of a negotiation process, it 

contains: 

Approach used to select prioritizing factors 

(Describe the method used to select relevant factors) 

 

Method used to prioritized factors 

(Describe the method employed)  

 

Methods used to tailor the quality model 

(describe the methods used to tailor the quality model) 

 

Methods used to make decisions about the 

included/excluded quality elements 

 

 

Some of the methods that can be used to prioritize factors and selecting quality elements are described in 

the following table.  

Trade-

off 

approach 

Method / 

technique 

Purpose Requirements / Notes 

P
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d
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AHP  

Fuzzy 

AHP  

To establish the weight of quality 

characteristics that constitute the 

evaluation criteria 

To assess software quality  

To select the best product 

alternative 

Require tool support to capture data and to validate 

them 

The technique is time consuming 

Define the term which is used to prioritize  

Measures 

 

To assess software alternatives with 

regard to measures taken and 

presented on a scoreboard or as 

performance indicators 

Build a specific quality model. Identify suitable 

measures and procedures to perform measurement 

and data aggregation  

 

Surveys 

 

To elicit software quality with 

regard to perception of users and 

developers 

Build a specific quality model. Identify suitable 

measures and procedures to perform data 

aggregation  

Construct a questionnaire 

N
eg

o
ti

at
io

n
 a

p
p

ro
ac

h
 

Risk-

based 

To identify relevant quality 

requirements  based on the risks 

related to the software  product  

Determine business goals and product goals  

Use specific methods to elicit user requirements 

Apply specific methods for modeling quality 

requirements and assessing the related risks 

Align product quality requirements with business 

goals 

Tool-

based 

To support argumentation among 

stakeholders when making 

decisions concerning software 

artifacts 

To support negotiation in a 

distributed environment 

A tool must be provided 

The tool must have an argumentation model or 

component to support participants’ comments 

The tool must implement a model to support 

decision-making 

Workshop 

 

 

Relevant stakeholders can elicit 

quality requirements , quality 

indicators, quality measures, and 

quality values 

Relevant stakeholders can 

customize quality models 

To  compare quality of their own 

product with regard to  market 

/competence  

A moderator is needed to support the method 

Stakeholder experience in the software domain and 

industry sector is required to identify relevant 

quality indicators and quality values 

Standards and suppliers can help to identify quality 

indicators and quality values 

Establish a voting/ranking approach 
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A.6. Templates for the Process for Establishing Product Quality Values 

 

Proposal for establishing target product quality values  

 

Introduction 

Purpose: 

Describe the expected usage and rationale for 

establishing product quality values 

 

Firm name: 

Name of the software organization that 

wishes to establish quality values for the 

tailored product quality model 

 

Person responsible: 

Mention the person in charge of creating this 

document (Product Quality Expert role) 

 

Stakeholders involved: 

Mention the management persons involved 

in creating this document (Quality Sponsor 

role) 

 

Approved by: 

Presents the name of management person and 

approval date. 

 

 

Motivation 

Business needs: 

Describe main business needs to be 

considered. These can be extracted from 

Business Strategic Plan 

 

 

Establishing quality values proposal 

Relevant quality elements: 

Describe the quality elements to be 

considered in this process. The quality 

elements can be taken from the tailored 

product quality model 

 

Product scope: 

Describe the type of product along with its 

components that should be considered when 

establishing product quality goals 

 

Process scope: 

Describe the target software process to be 

considered when adapting the quality model 

 

Organizational settings: 

Describe any organizational setting relevant 

to manage product quality goals. These can 

be the type of organization, certification of 

the organization, roles and experience of 

personnel, constraints and market demands 
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Resources and infrastructure 

Resources assigned: 

Describe the infrastructure assigned to carry 

out this process 

 

Quality Sponsor  

Product quality expert  

Product quality team  

Steering group 

 

 

Planning 

Date Activity Role Timetable Time spent Experience 

report 

      

      

      

Other relevant information 

(Please write down any relevant information related to tailoring the quality model) 
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A.7. Guidelines to Estimate the Current Levels of Product Quality 

This guideline is based on the proposal of Horgan et al. (2009) with which to qualitatively assess software 

product quality when it is either difficult to implement measurement methods in an organization or the 

organization is at the preparatory stage for software quality measurement. The method relies on 

stakeholders’ responses to a questionnaire in which the quality levels can be determined. The score is an 

ordinal scale of five categories, from 1 to 5, where level 1 shows a lack of consideration of a quality 

characteristics and level 5 represents the maximum value that can be achieved. For instance, usability, 

maintainability and security can be scored as:  

Maintainability 

5 The software product is modified with less resources and effort than those estimated and the changes 

satisfy customer needs 

4 The software product is, on the majority of occasions, modified within the resources and effort that 

were estimated and the customer needs are fairly satisfied 

3 The software product sometimes requires additional resources to implement changes that may 

negatively impact on customer relationships 

2 The software product is often difficult to maintain and effort estimates are frequently a kind of guess 

and customer needs are frequently not satisfied 

1 The software product cannot be maintained 

 

Usability 

5 The software product can be used by inexperienced and experienced users without instruction and both 

kinds of users are satisfied with the means of interaction. 

4 The software product  can be used by inexperienced and experienced users with some training 

3 The software product can be used by experienced staff with additional training resources and the 

inexperienced staff require formal training 

2 The software product can be used by experienced and inexperienced users only after comprehensive 

training 

1 The software product can be used only by the software developer or by few users 

 

Security 

5 The software product and the related data cannot be accessed by unauthorized users 

4 The software product and related data can be accessed by unauthorized users but the damage is 

minimal 

3 The software product and related data can be accessed by unauthorized users but the damage is short 

term only 

2 The software product and related data can be accessed by unauthorized users but the damage is major 

and long term 

1 The software product can be accessed by anyone and the damage may be major and long term 

 

These scales can be used to assess current quality levels and to propose required quality levels. The scale 

can also be extended to qualitatively measure the quality sub-characteristics. 
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Appendix B. Templates for the 

Monitoring of Quality Requirements 

Process 

B.1. Partial Questionnaire Used to Explore How Companies Deal With 

Interactions between Quality Characteristics 

1. What kind of dependency did you observe in each pair of quality attributes? Positive, negative, 

independent or unidentified? 

2. What rationale was used to determine this type of dependency? 

3. In which life cycle stage was the dependency identified? 

4. What means were used to meet this pair of quality characteristics? 

5. What measures did you apply to verify the dependency? 

6.  What elements did you consider to evaluate the dependency as negative? 

7. What procedures did you use to resolve the negative dependency? 

8. What was the impact of negative dependencies on quality product requirements?  

9. What was the impact of negative dependencies on software design, coding and testing? 

10. Which participants were involved in the negative dependency identification and conflict resolution? 
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B.2. Questionnaire Used to Identify Relevant Factors Related to the 

Identification of Interactions between Quality Characteristics 

Objective: To understand the context in which an interaction between quality characteristics is identified. 

Object of study: interactions between quality characteristics. 

Interviewee:                                                                                        Date of interview:  

Years of experience: 

Position in organization: 

University grades: 

 

Product facet:  

The software product in which the interactions 

were identified 

Can you describe the product purpose and main features of the 

software under study? 

 

 

 

In addition, can you describe the main purpose of your 

intervention within the software product? 

 

 

 

Product Maturity: 

Describe the maturity of product. In conception 

stage, in development stage, in testing stage, in 

operation stage, under maintenance, the k 

version of product 

What is the maturity of the software product under study? 

Quality:  

Product development is driven by different 

quality aspects 

What quality elements (characteristics and sub-characteristics) 

drive the development (or measurement, evaluation) of the 

software product? 

 

 

Size: 

Size of the product 

What is the size of the software product under study? 

System type: 

Information system, embedded system, web 

application, distributed system 

What type of system is the software under study? 

Customization: 

The product under study is adapted to different 

segment markets 

Is it a customizable software product? 

Programming language: 

Programming language in which the software 

was developed 

What programming language was used to develop the software 

product? 

Supporting technology: 

Describe the hardware and software that 

constrains the software product 

Which technology is required to operate the software product? The 

most relevant components. 

 

Hardware? 

 

 

 

Software? 
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Process facet:  

Describe the work-flow of the 

development in which interactions were 

identified 

Can you describe the process used to develop the software product? 

 

Activities: 

Describe the activities of software 

process in which the interactions were 

identified  

Which activities in the software process were prone to identifying 

interactions between quality characteristics? 

 

 

 

Artifacts:  

Products which are the output of 

activities.  

What artifacts were developed (reviewed) when the interaction between 

quality characteristics occurred? 

 

 

 

 

Practice, tools, techniques facet: 

They describe systematic approaches 

used to carry out activities 

What practices, tools or techniques were applied when the interactions 

between quality characteristics occurred?  

 

Practices? 

 

 

Techniques? 

 

 

Tools? 

 

 

 

People facet:  

The human factor has a major impact on 

the success of software development 

and achieving the expected product 

quality 

Please state how many people participated in the development of the 

system under study? 

 

Roles: 

Describe the roles involved in the 

identification of the interactions 

between quality characteristics  

Which roles identified the interactions between quality characteristics? 

Include the associated responsibilities when the interaction was identified 

Describe each role: 

 

 

Experience:  

Experience in the area of product 

quality and years working in it. 

Education and training 

What experience does the role have in the area of product quality and 

identifying interactions between quality characteristics? 

Experience in product quality: 

 

 

Experience as regards identifying interactions: 

 

 

 

 

Organizational facet:  

Describe the company structure in 

which the other context fact and the 

solution are embedded 

No question 

Organizational unit: 

Describe the part of the organization 

that closely interacts with the object of 

study. Describe functional unit or 

project 

What are the responsibilities of the organizational unit (project)?  

 

 

How many people are involved in the project? 

 

 

Certification: 

Certification of the organization 

(ISO/CMMI) 

What certifications does the organization have? 
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Market facet:  

Describe the customers and competitors 

No question 

Number of customer: 

Bespoke versus market driven 

development. In the former a contract 

drives the development. The latter 

targets a large and open market 

What is the mode of software product in which the interactions were 

identified? 

 

By contract with known stakeholder. (Users also?) 

 

Customer driven? 

 

Market segments: 

Describe the groups of customer that 

share a common need  

What market segments are considered in the software product? 

 

Constraints: 

The market can put constraints on 

software development, such as very 

short time-to-market or certifications 

 

Are there any market constraints to be considered in the software project 

that affect the interactions between quality characteristics? 

Interaction specific question:  

Describe specific  negative interaction 

 

 

Can you describe how the interaction accessibility – authenticity was 

identified? 

 

MEDUSAS:  

Accessibility: 

Degree to which an application can be used by people of different 

capabilities to attain a determined objective in a specific context of use.  

Authenticity: Related to the degree to which it is guaranteed that the 

subjects and resources of the information system are authentic.  

 

Stakeholders: 

Type of users and stakeholders 

considered in the software project 

What stakeholders were considered in the software project? 

 

 

Do you define specific scenarios for each type of stakeholder? 

 

Do you relate quality requirements to each scenario? How do you identify 

the quality requirements? 

 

Interaction factors: 

Describe the factors considered to 

categorize an interaction  

What factors do you take into account to classify an interaction as 

negative?  

 

Type of factors: 

Users (education, training, skills, capacities, age, others) 

 

 

 

Task (Goals and actions that users carry out in software) 

 

 

 

Equipment (special hardware components to be used) 

 

 

 

Software (special software to be used) 

 

 

 

Physical environment (physical conditions affecting the operation of the 

system) 

 

 

 

Social environment (how the social context impacts on software product) 
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Interaction profile: 

Describe the features of an interaction. 

 

Degree of interaction (Range of 0% to 

100%) 

Basis (elements participating in the 

interaction) 

 

Criterion used for interaction: structure, 

resources, task, causality and time 

 

What is the degree of conflicting interaction between accessibility and 

authenticity? Is it the same in all pairs of stakeholders? 

 

 What criterion is used to establish a negative interaction?  

 

Which elements were considered in the interaction between accessibility 

and authenticity? (Quality requirements, contextual factors… which of 

them?) 

 

 

Are quality requirements (QR) described? What values were specified for 

each QR? 

 

 

Interaction resolution: 

Describe the features used to resolve a 

negative interaction 

 

Impact:  

High: implies at least changing quality 

requirements or changing schedule to 

address the interaction 

Low: The identification of the 

interaction can be resolved within the 

current project resources and schedule 

What impact does the interaction (accessibility – authenticity) have on the 

software project? (e.g.  restating customer requirements, reprioritizing 

requirements, negotiation with stakeholders, developing resolution 

alternatives, changes in software design or architecture, change at code 

level, change at testing level) 

 

 

What was the impact of prioritizing quality requirements (or quality 

elements) in order to resolve interactions? 

 

 

What heuristic guidelines were applied to resolve the conflicting 

interaction? 

 

How was the negative interaction between authenticity and accessibility 

resolved? 

 

Do you prepare a set of alternatives in order to select one of them? 

 

 

What criteria do you apply to select an alternative? 

How do you verify that the alternative selected has resolved the negative 

interaction? 

 

How does the measurement of quality elements contribute toward 

verifying that the quality levels were maintained? Do you use another 

technique to verify the quality levels? Which one? 
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B.3. Questionnaire Used to Determine Suitability of the Quality 

Requirements Monitoring Process 

1. The objectives of the process are clearly described 

 Strongly disagree Disagree Neutral Agree Strongly agree 

 

2. The descriptions of roles are clearly described 

 Strongly disagree Disagree Neutral Agree Strongly agree 

 

3. The inputs for this process are clearly described 

 Strongly disagree Disagree Neutral Agree Strongly agree 

 

4. The outputs of this process are clearly described 

 Strongly disagree Disagree Neutral Agree Strongly agree 

 

5. The templates are clearly described 

 Strongly disagree Disagree Neutral Agree Strongly agree 

 

6. The tasks of this process are clearly described 

 Strongly disagree Disagree Neutral Agree Strongly agree 

 

7. The objectives of the process are easy to understand 

 Strongly disagree Disagree Neutral Agree Strongly agree 

 

8. The descriptions of roles are easy to understand 

 Strongly disagree Disagree Neutral Agree Strongly agree 

 

9. The inputs for this process are easy to understand 

 Strongly disagree Disagree Neutral Agree Strongly agree 

 

10. The outputs of this process are easy to understand 

 Strongly disagree Disagree Neutral Agree Strongly agree 
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11. The templates are easy to understand 

 Strongly disagree Disagree Neutral Agree Strongly agree 

 

12. The tasks in this process are easy to understand 

 Strongly disagree Disagree Neutral Agree Strongly agree 

 

13. The objectives of the process are easy to apply 

 Strongly disagree Disagree Neutral Agree Strongly agree 

 

14. The tasks in this activity are easy to apply 

 Strongly disagree Disagree Neutral Agree Strongly agree 

 

15. The templates of this process are easy to apply 

 Strongly disagree Disagree Neutral Agree Strongly agree 

 

16. Do you have any additional comments regarding the monitoring quality requirements process? 
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B.4. Interaction Matrix 

The interaction matrix can be created at quality model level or at quality characteristic level. In the former 

case, the set of quality characteristics of a software product quality model are used as dimensions in order 

to define a matrix of interactions between quality characteristics. For instance, an interaction matrix for 

the ISO 9126 quality model has six dimensions. Each dimension corresponds to one quality characteristic. 

The relation between two characteristics can be positive, negative or unknown or no relation. The 

description is presented in table B1. R1 and R2 represent categorized quality requirements. 

Table B1. Types of relation between quality characteristics 

Type Description 

Positive interaction (+) Enhancing the values of R1 increases the values 

of R2 

Negative interaction (-) Enhancing the values of R1 decreases the values 

of R2 

Unknown interaction 

(blank) 

It is not possible to know the influences on values 

of R2 by enhancing the values of R1  

Independent (0) Enhancing the values of R1 does not have an 

impact on the values of R2 

 

Since we are working with a subset of quality characteristics, our proposal for an interaction matrix relies 

on selecting two quality characteristics and their respective sub-characteristics. It is therefore possible to 

define an interaction matrix for security and usability by using a given software product quality model. 

For instance, we developed the interaction matrix for usability and security (Table B2). 

Table B2. Interaction matrix for usability – security. 

 

Product usability 
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Security - - - - - - 

Authenticity - - - - - - 

Confidentiality - - - - - - 

Conformance - - - - - - 

Attack detection - - - - - - 

Availability - - - - - - 

Integrity - - - - - - 

Non-repudiation - - - - - - 

Traceability - - - - - - 

 

 

The lists of definitions are included in addition to these values in order to facilitate the understanding of 

the quality terms. For instance, for security and usability, the terms and definitions used are the following 

in Spanish: 
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Seguridad 

o Autenticidad. Tiene que ver con el grado en el que se garantiza que los sujetos y recursos del 

sistema de información son auténticos.  

o Confidencialidad. Es el grado en el que se asegura que la información es solamente accesible a 

sujetos autorizados.  

o Conformidad. Es el grado en que los productos software se ajustan a los estándares, acuerdos, o 

regulaciones de leyes y otras recomendaciones similares relativos a seguridad.  

o Detección de ataques. Es el grado en que los intentos de ataque o los ataques realizados con 

éxito son detectados, almacenados y notificados.  

o Disponibilidad. Es el grado en que se asegura que los sujetos autorizados tienen acceso a los 

datos y aplicaciones en el momento en que lo requieran.  

o Integridad. Es el grado en que se protege a los componentes de los sistemas de información de 

alteraciones intencionada por parte de sujetos no autorizados.  

o No repudio. Es el grado en que se impide que una parte de una interacción pueda repudiar algún 

aspecto de la interacción.  

o Trazabilidad. Es el grado en que se asegura que las acciones de un sujeto pueden ser trazadas 

inequívocamente y asociadas a dicho sujeto.  

 

Usabilidad interna/externa 

o Pertinencia del reconocimiento. Grado en que los usuarios pueden reconocer si la aplicación es 

apropiada a sus necesidades.  

o Facilidad de aprendizaje. Grado en que una aplicación puede ser utilizada por determinados 

usuarios para alcanzar objetivos específicos de aprendizaje con eficiencia, efectividad y 

satisfacción en un determinado contexto de uso.  

o Operabilidad. Grado en que una aplicación tiene las características que hacen que sea fácil de 

operar y controlar.  

o Protección contra errores del usuario. Grado en que la aplicación protege a los usuarios de los 

errores que pueden cometer.  

o Estética de la interfaz de usuario. Grado en que la interfaz de usuario permite una interacción 

agradable y satisfactoria.  

o Accesibilidad. Grado en que una aplicación puede ser utilizada por personas de distintas 

capacidades para lograr un objetivo determinado en un contexto de uso específico.  
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B.5. Template Used to Define the Interaction Profile 

The template from the first section collects information about the project in which interactions between 

quality characteristics were found. The following data might be collected: 

Project Id and name:  

Date:  

Reviewer:  

Type of software:  

Artifacts analyzed:  

 

The interaction profile identifies the elements that participate in an interaction. For instance, for security 

and usability quality characteristics, the reviewer can use the following matrix to mark the type of 

interaction between two quality sub-characteristics.  

 

Product usability 
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Security       

Authenticity       

Confidentiality       

Conformance       

Attack detection       

Availability       

Integrity       

Non-repudiation       

Traceability       

 

The mark can be (-) for negative interaction, (+) for positive interaction or (O) when the interaction model 

depicts a relation that cannot be dealt with in the context of the current project.  

For each interaction identified, the reviewer needs to collect the following data: 

Basis 

Identify the requirements involved in interaction or the 

contextual factors that restrict the achievement of quality 

requirements 

 

Criterion 

The interactions occur owing to system structure, competence of 

the resources themselves, precedence of tasks, a requirement 

defining the result of another requirement, temporal behavior in 

distributed systems  (structure, resources, tasks, causality, time) 

 

Establish the degree of the interaction 

Some interactions can be partial and it is important to establish 

the conditions for which the interaction is absolute. For instance, 

certain stakeholders’ skills can influence the level of 

achievement of quality goals 

 

 

Probability of occurrence 

Estimate the probability of occurrence of conflicting interaction  
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Impact of the interaction 

Estimate the effect of the interaction within software project. For 

instance: Catastrophic, inconvenient, system failure, system 

reboot, unsatisfied users 

 

 

Type of interaction 

Describe whether the type of interaction is based on perceived 

assumption described at requirements level or on the analysis of 

implementation means 

 

Context 

Describe any relevant factor to describe the context in which the 

interaction occurs. For instance 

Stakeholders involved 

Users goals 

Scenarios 

Events that trigger the interaction between quality characteristics 

 

 

 

 

 

 

 

 

 

 


