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ABSTRACT 

iStar is a goal-oriented requirements modelling language which has been used by 

industrial and academic projects of different domains. Modelling languages are 

commonly extended to add new constructs, which better represent specific concepts, 

giving more expressiveness to the extended language. iStar is often extended to 

incorporate new constructs from specific application areas or to adjust them to practical 

situations during requirements modelling. A study performed on iStar extensions 

identified the occurrence of problems related to their quality, such as the incompleteness 

related to absence of definition of meaning of the concepts introduced and metamodel; 

inconsistencies between extension representation levels; and conflicts between the 

graphical representations of the constructs. The iStar syntax has been recently 

standardised. However, the language continues to be extended. Thus, this is an 

appropriate time to propose a way to support the proposal of iStar extensions 

systematically to prevent the problem occurrence, increase the quality of extensions, and 

make extension creation a less challenging task. This thesis investigates how iStar 

extensions have been created and proposes a systematic way to guide the creation of 

quality extensions and avoid the occurrence of common problems. A set of empirical 

studies was carried out in this work. The identification of existing extensions was 

performed through a systematic review of the literature, which originated a catalogue of 

extensions of iStar that can facilitate the identification and reuse of extensions and 

constructs. A set of guidelines on how to create good extensions was established based 

on the results of an interview-based study and survey with researchers who have already 

extended iStar. Besides, a comprehensive literature review was also conducted to provide 

a theoretical framework. Finally, PRISE (PRocess to support IStar Extensions) was 

proposed, based on the background of modelling languages and the results of the 

empirical studies. It establishes a sequence of tasks and artefacts to be used to guide the 

creation of iStar extensions. One tool has been proposed to support the management of 

new extensions based on PRISE. The process was illustrated by creating one new 

extension. It was evaluated through interviews and a questionnaire with researchers with 

experience in creating iStar extensions and through a case study with a novice extender. 

PRISE has proven to be adequate to avoid the problems identified in previous extensions, 

offering a step-by-step approach to creating new extensions or fixing problems in existing 

ones. 

 

Keywords: Quality of modelling languages. Goal-based modelling. iStar extensions. 

Catalogue. Guidelines. Process. 



 
 

RESUMO 

iStar é uma linguagem de modelagem de requisitos orientada a objetivos que vem 

sendo utilizada em projetos industriais e acadêmicos de diferentes domínios. É comum 

que linguagens de modelagem sejam estendidas para adicionar novos construtores e 

representar melhor conceitos específicos, dando mais expressividade. iStar vem sendo 

frequentemente estendida para incorporar novos construtores de áreas de aplicação 

específicas ou para ajustá-la a situações práticas durante a modelagem de requisitos. Uma 

análise realizada nas extensões de iStar identificou a ocorrência de problemas 

relacionados à qualidade das extensões, como a incompletude relacionada a ausência da 

definição dos conceitos introduzidos e não representação da extensão a nível de 

metamodelo; inconsistências entre os níveis de representação da extensão; e conflitos 

entre as representações gráficas dos construtores. A sintaxe de iStar foi padronizada 

recentemente, no entanto a linguagem continua sendo estendida. Portanto este é um 

momento adequado para propor uma maneira de conduzir as extensões de iStar de forma 

sistemática de modo a evitar a ocorrência destes problemas, aumentar a qualidade das 

extensões e tornar a criação de extensões uma tarefa menos desafiadora. Esta tese 

investiga como as extensões de iStar vem sendo criadas e propõe uma forma sistemática 

de guiar a criação de extensões com qualidade e evitar a ocorrência de problemas 

recorrentes. Um conjunto de estudos empíricos foi realizado neste trabalho. A 

identificação das extensões existentes foi feita por meio de revisão sistemática da 

literatura, a qual originou um catálogo de extensões do iStar que pode facilitar a 

identificação e reuso de extensões e construtores. Diretrizes de como criar boas extensões 

foram estabelecidas com base nos resultados de um estudo baseado em entrevistas e 

questionário com pesquisadores que já estenderam o iStar. Além disso, uma revisão 

abrangente da literatura também foi realizada para fornecer referencial teórico. 

Finalmente, o PRISE (PRocess to support IStar Extensions) foi proposto, com base na 

literatura de linguagens de modelagem e nos resultados dos estudos empíricos, para 

estabelecer uma sequência de tarefas e artefatos a serem utilizados para guiar a criação 

de extensões de iStar. Uma ferramenta foi proposta para apoiar o gerenciamento de novas 

extensões criadas por meio do PRISE. O processo foi ilustrado e validado por meio da 

correção de problemas de cinco extensões existentes e da criação de duas novas 

extensões. Ele foi avaliado por meio de entrevistas e um questionário com pesquisadores 

com experiência em criar extensões do iStar e por meio de um estudo de caso com um 

extensor novato. O PRISE mostrou-se adequado para evitar os problemas identificados 

nas extensões anteriores, oferecendo um passo a passo para a criação de novas extensões 

ou correção de problemas em extensões existentes. 

 

Keywords: Qualidade de linguagens de modelagem. Modelagem orientada a objetivos. 

Extensões de iStar. Catálogo. Diretrizes. Processo. 
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1 INTRODUCTION 

In this chapter, we present the context, problem and motivation of this thesis. Then, 

we present its research questions and objectives. Furthermore, we describe the research 

methodology, as well as an overview of the solution and published work of this thesis. 

Finally, the thesis structure is presented. 

1.1 Context  

Zave (1997) cites that Requirements Engineering (RE) is concerned with real-world 

goals for functions and constraints on software. RE is an important part of the software 

development process, from elicitation and specification to maintenance of requirements 

(KOTONYA; SOMMERVILLE, 1998). Evidence shows that requirements errors, such 

as misunderstandings and omissions, are more expensive to repair in later phases, such as 

project, development and test (BOEHM, 2007). According to Nuseibeh; Easterbrook 

(2000), modelling is the construction of abstract descriptions that are amenable to 

interpretation, and it is a fundamental activity in the RE area to reduce misunderstandings 

and omissions.  

Modelling languages (MLs) have been used in computer science to model several 

aspects of the system, including requirements. Petri nets is one of the oldest ML; it was 

proposed by Petri (1962), and it is used to model process workflows, networks, real-time 

systems and embedded systems. The Entity-Relationship Model (ER) (CHEN, 1976) was 

proposed to represent data and its relationships in a conceptual way, being used to 

represent the database structure of a system. Business Process Model and Notation 

(BPMN) (OMG 2014) is an ML used to represent the business process and it is largely 

used in enterprises to represent their workflows.  

The Unified Modelling Language (UML) was proposed in the nineties as the 

standard ML for object-oriented software development (OMG 2017a). We can highlight 

the UML use case diagram and requirements diagram of SysML (OMG 2017b) which are 

used to represent requirements graphically. Another set of MLs has been proposed to 

specify requirements, a great part of them being goal oriented. 

Over the last two decades, much attention has been paid to the area of goal-oriented 

requirements engineering (GORE) (HORKOFF et al., 2019). Goal-oriented modelling is 

one of the most important achievements in RE research (FRANCH et al., 2011). While 

object-oriented analysis fits well to the late stages of requirement analysis, the goal-

oriented analysis is more appropriate for the earlier stages where the organisational goals 

are analysed to identify and justify software requirements and position them within the 

organisational system (MYLOPOULOS; CHUNG; YU, 1999). Some goal-based MLs 

have been proposed, such as KAOS (Knowledge Acquisition in autOmated 
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Specification), and iStar1. KAOS (DARDENNE; LAMSWEERDE; FICKAS, 1993) is a 

language used for conceptual modelling of goals, assumptions, agents, objects and 

operations. iStar (YU, 1995) represents the system through Strategic Dependency (SD) 

and Strategic Rationale (SR) models using concepts such as actor, goal, resource, task 

and links between them. The semantic of these constructs and their representations were 

presented by Yu (1995). iStar is one of the most used Goal-Oriented Requirements 

Engineering (GORE) languages which also attracts a lot of attention from the research 

community. 

iStar had some variations in its syntax (e.g., Toronto iStar (YU, 1997) and Trento 

iStar (YU, 1995)). Efforts were made towards unifying the language notation and 

establishing a core. We can cite a work performed by Horkoff et al. (2008) to analyse the 

iStar (both Trento and Toronto) constructs variation and the definition of a reference 

metamodel (CARES; FRANCH, 2011). Recently, a new version of iStar has been 

proposed (DALPIAZ; FRANCH; HORKOFF, 2016), named iStar 2.0. 

In June 2016, a new version of iStar was presented as iStar 2.0 by Dalpiaz; Franch; 

Horkoff (2016) and endorsed by the iStar community2. The new version of iStar 

represents the first step to standardise the language and the acceptance of the community 

points to the relevance to consider this new version since 2016.  

A set of previous works contributed to the proposal of this new version, as papers 

comparing different implementations of iStar (FRANCH et al., 2011), the tabular 

representation of the notation (CARES; FRANCH; PERINI, 2008), ontological 

guidelines (GOMES et al., 2015) and lessons learned from the use of the notation in 

practice (CARVALLO; FRANCH, 2014). Some changes were performed in this new 

version of the language: some concepts were discontinued, and new concepts were 

introduced. 

Extending an ML is to add new constructs, modify or remove the existing ones 

(BRAMBILLA; CABOT; WIMMER, 2012).  MLs are frequently extended to adapt them 

to a specific application area or to improve practical aspects.  

Because of the increasing complexity of the systems development, organisational 

structure and diversity of application areas, the proposal of iStar extensions has increased 

in the last years. Several extensions have been made to suit iStar to specific application 

areas, such as Data Warehouse (GIORGINI; RIZZI; GARZETTI, 2005) and Security 

(MOURATIDIS; GIORGINI, 2007). Autonomic computing systems application area was 

a source for extensions of iStar related to configuration, optimisation, healing and 

protection of autonomic applications (LAPOUCHNIAN et al., 2006). Social Technical 

                                                
1 We use the term iStar to refer to the modelling language in a general mode and about its version 1.0. 

When we talk about the version 2.0, we use iStar 2.0.  
2 The list of iStar 2.0 endorsers can be found here: https://sites.google.com/site/istarlanguage/guide-

authors?authuser=0 
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Systems (STS) are another application area for iStar extensions, such as the extension 

involving conflicts of interest in health care presented by Chung (2006). Legal aspects 

were also considered representing regulations in Nòmos (INGOLFO et al., 2013) 

(INGOLFO et al., 2014). 

There are different forms to present an iStar extension, but all of them introduce 

new elements to iStar or change existing ones. For example, a set of extensions described 

in detail the new elements and its representations in the iStar metamodel and concrete 

syntax3 (see work described in (ALI; DALPIAZ; GIORGINI, 2008) and (MORANDINI 

et al., 2015)). This kind of extensions describes how the new elements were introduced 

and how to use them. 

Another set of iStar extensions was presented in the context of the description of a 

method to model requirements of a specific application area. Therefore, iStar changes are 

presented using illustrations with the usage of new elements. Examples of this kind of 

extensions can be found in (GUZMAN et al., 2016) and (ISLAM et al., 2012). We 

highlight that, in this sort of presentation, the extension introduces new graphical 

representations in concrete syntax. 

There are also sets of extensions presented as a case study or a modelling tool with 

a set of new elements introduced in iStar, for example in (GANS et al., 2006) and (SIENA 

et al., 2008).  

In this thesis, we do not consider as an extension any work that used iStar without 

changing its metamodel or concrete syntax (graphical representation) because, in this 

case, the iStar is used with the standard syntax, that is, without extension. 

1.2 Problem and Motivation 

Lindland; Sindre; Solvberg (1994) define a conceptual model for quality of models 

based on three quality categories: Semantic Quality (i.e., the relationship between the 

model and the domain), Syntactic Quality (relationship between the model and the 

language) and Pragmatic Quality (related to the creation and interpretation of the model). 

These authors consider that a conceptual model is any collection of specification 

statements relevant to some problem. It is an important part of the early development, 

which can be represented by requirements specification or modelling. 

The paper of Moody (2009) is a contribution about the quality on MLs. It includes 

a set of principles related to the syntactical definition of MLs. One of the main principles 

of this paper is Semiotic Clarity, which is based on Goodman’s theory of symbols 

                                                
3 A metamodel specifies modelling constructs and their relationships providing an abstract syntax to 

distinguish between valid and invalid models (KELLY; TOLVANEN 2008). According to Brambilla; 

Cabot; Wimmer (2012), concrete syntax is concerned with representing the constructs of a modelling 

language graphically. Section 2.2 presents the background of modelling languages development and 

extension.  
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(GOODMAN, 1968) that establishes the one-to-one principle (see Section 2.3.1). This 

theory establishes four kinds of conflicts: Symbol redundancy, Symbol overload, Symbol 

excess and Symbol deficit.  

The conceptual model for quality defined by Lindland; Sindre; Solvberg (1994) and 

the Moody’s principles can be used to analyse iStar extensions. Problems related to 

Lindland, Sindre and Solvberg may occur in extensions and can be used to analyse iStar 

extensions. 

These problems can be classified as Incompleteness (IMP), inconsistencies (INS) 

or conflicts (CON) that impact on the quality of the extensions. The Incompleteness 

analysis consists of verifying whether the meaning of the extension’s concepts, the 

abstract syntax, concrete syntax, and the modelling tools are adequate for the application 

area. The inconsistencies analysis is related to the verification of the absence of nodes or 

links of the iStar syntax and the inconsistencies between the levels of presentation of the 

extension (meaning of the concepts, abstract syntax, concrete syntax, tool support). 

Finally, the conflicts are related to Moody’s Semiotic Clarity principle. Below, we list 

some kinds of problems in iStar extensions: 

 IMP1: The non-definition of the meaning of the constructs introduced in the 

extensions; 

 IMP2: The non-representation of the extension in the metamodel; 

 INS1: Inconsistencies with the original iStar syntax due to absence of iStar 

nodes and links; 

 INS2: Inconsistencies between the concept’s meaning, abstract syntax and 

concrete syntax and tools of the extension; 

 IMP3: No definition of modelling tools; 

 The definition of graphical representations of constructs in conflict with other 

extensions. The kind of conflicts below are based on the semiotic clarity 

principle: 

o CON1: One concept with two or more representations in concrete syntax; 

o CON2: Two or more concepts with only one construct in concrete 

syntax; 

o CON3: New constructs in conflict with the original4 iStar syntax; 

o CON4: Wrong representation of iStar original construct; 

o CON5: Graphical representations that are not part of the extension. 

IMP1 is related to the semantic quality, the IMP2, INS1, INS2 and the conflicts 

(CON1, CON2, CON3, CON4 and CON5) are related to syntactic quality. According to 

Lindland; Sindre; Solvberg (1994), the definition of tool support (IMP3) impacts on 

                                                
4 We used the term original to mention iStar without extension. 
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pragmatic quality, once modelling tools facilitate the creation and validation of models 

by syntactic error detection and consistency checking. More details about these problems 

are presented in sections 3.2 and 3.3. 

A set of 96 extensions had been proposed for iStar from 2001 to 2016. Problems 

related to the Lindland, Sindre and Solvberg quality model or Semiotic Clarity principle 

were found in almost all these extensions during the analysis of a Systematic Literature 

Review (SLR) (GONÇALVES et al., 2018a) presented in Chapter 3.  

The extensions (MATE et al., 2014) and (MORALES et al., 2011) have definitions 

of the concepts’ meaning presented, the extensions are defined in both syntaxes, the 

metamodel is complete as related to iStar metamodel, there is compatibility between 

metamodel and its concrete syntax, and there is no conflict. However, the other 94 

extensions present at least one problem of incompleteness, inconsistency or conflict. For 

example, Mouratidis et al. (2013) present an iStar extension to support the elicitation of 

security and privacy requirements and the selection of a cloud provider that has a total of 

28 problems (detailed in Chapter 6). Another case is the extension to model goal models 

in an holonic way to represent three organisational levels (business, process and actors) 

(LOUAQAD; MOHAIJIR, 2014), which extension does not describe its metamodel. 

Similarly, Murukannaiah; Singh (2014) present an iStar extension to model contextual 

intentional elements (such as belief and resource) without introducing the meanings of 

four concepts, does not describe its metamodel and with two conflicts related to the 

semiotic clarity.  

In summary, we identified in an SLR (Chapter 3) that 42.7% of the extensions did 

not present (or just partially presented) the definition of concepts introduced. Of the 

extensions only 62.5% were represented in the concrete syntax, and 77.8% of the 

extensions that present the abstract syntax or both syntaxes have an absence of iStar nodes 

and links (that is, they are not conservative extensions, which changes or reduces the 

original syntax (BRAMBILLA; CABOT; WIMMER, 2012)). Of the extensions, 37.14% 

have no compatibility between abstract and concrete syntax, and 53.6% of the extensions 

are not supported by a modelling tool. One hundred and eight conflicts related to semiotic 

clarity were identified in iStar extensions. These data suggest the problems that have been 

occurring during the proposal of iStar extensions.  

Additionally, experienced researchers in iStar extensions mentioned in 

(GONÇALVES et al., 2019a) that they use their knowledge about the theme but do not 

follow a standard and well-documented process to support the iStar extensions. The 

consequence is that some tasks sometimes are neglected/not remembered and not 

performed are those that have been causing the occurrence of problems of 

incompleteness, inconsistencies and conflicts mentioned in the previous paragraph.  

Experienced researchers in iStar extensions also point out that a kind of guidance 

to support the proposal of iStar extensions can contribute to avoiding some of above-
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mentioned problems and to increasing the quality of the extensions (GONÇALVES et al., 

2019a). They described that it is appropriate to create a process so that next iStar 

extensions will be proposed systematically and be of better quality.  

Processes are important because they give consistency and structure to a set of 

activities. These characteristics are useful when we know how to do something well 

through existing projects and we want to ensure that others do the same in the execution 

of the next projects. Processes are also important because they allow us to gather existing 

experiences and pass them on from the savvy to the novice (PFLEEGER, 2003). 

The experienced researchers also suggested the creation of a catalogue to ease the 

identification and reuse of the iStar extensions and their constructs, extensions 

mechanisms to iStar and guidelines about iStar extensions to be integrated to the process 

and be used by the extenders to create the next iStar extensions. Moreover, there is 

increasing interest of the iStar community about how the iStar extensions are proposed.  

We also highlight that because of the proposal of iStar 2.0 (DALPIAZ; FRANCH; 

HORKOFF, 2016), it is a suitable moment to discuss how the proposal of next iStar 

extensions could be systematised.  

The lack of existing works to address these suggestions of the iStar community to 

avoid these problems is another motivation for this work. In fact, we have not found any 

previous work contributing to that purpose in the literature (GONÇALVES et al., 2018a). 

Also, the experienced researchers commented that there is a lack of a proposal for a 

process to support the iStar extensions (GONÇALVES et al., 2019a).  

1.3 Research Questions 

Our research interest is to understand how iStar extensions have been performed 

and to give guidance to avoid problems of incompleteness, inconsistency and conflicts. 

From the main topic, research questions arise: 

 RQ1: What are the existing iStar extensions?  

To address this research question, we identified the existing iStar extensions 

published in the literature (Chapter 3) and created a catalogue of them (Section 

3.6).  

 RQ2: How have the iStar extensions been proposed? 

We considered the analysis of the iStar extensions identified (Chapter 3) and 

the analysis of the descriptions of the experienced researchers (Chapter 4). 

 RQ3: What can be done to improve the quality of future iStar extensions 

proposals? 

The background of modelling languages development and extension (see 

Section 2.2), and quality of modelling languages (Section 2.3) present general 

directions. Moreover, we made some observations during the analysis of 
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existing iStar extensions (Chapter 3) and considered the opinion of 

experienced researchers in iStar extensions (Chapter 4).   

 RQ4: How can a process be designed to support the proposal of iStar 

extensions more completely, consistently and without conflicts? 

The completeness is related to the definition of concepts’ meanings and their 

representation in the abstract and concrete syntaxes. The consistency involves 

i) the presence of all nodes and links of the iStar syntax and ii) the verification 

between the levels of representation of the extension. The conflicts are related 

to the Moody’s Semiotic Clarity principle.  

PRISE (PRocess to support IStar Extensions) (Chapter 5) is based on the 

background of modelling languages development and extension (Section 2.2) 

and quality of modelling languages (Section 2.3) and the suggestions of the 

experienced researchers (Chapter 4). This process joins the other results 

proposed to improve the future proposals such as the catalogue of iStar 

extensions, guidelines, and towards an extension mechanism, besides giving 

guidance to the next proposals. 

 RQ5: What is the effect of using this process to propose iStar extensions? 

The process was used by us (Chapter 6) to propose a new iStar extension. The 

effect of applying this process was the absence of problems which have been 

occurring in extensions created without the process such as the non-definition 

of the meaning of the constructs introduced in the extensions, inconsistencies 

between the concept’s meaning, abstract syntax and concrete syntax and tools 

of the extension (see the complete list of problems addressed by this thesis in 

Section 1.2); 

 RQ6: What is the perceived usefulness, ease of understanding and intention to 

use/ease of use of the proposed process? 

We obtained static and dynamic evaluations according to the proposed 

protocol by Wohlin et al. (2012). We obtained a static evaluation (using mixed 

methods) of the process by experienced researchers in iStar extensions 

(Section 7.1) and a dynamic evaluation (Qualitative) by a novice (Section 7.2).  

The answers to these questions have been sought from the various studies carried 

out during the development of this PhD thesis. The details of the steps followed to answer 

these questions are presented in Section 1.5 (Methodology). 
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1.4 Objectives 

The general objective of this thesis is to investigate how to improve the quality of 

iStar extensions by developing a process which is useful and suitable for supporting the 

proposals of iStar extension in order to avoid the occurrence of incompleteness (IMP1, 

IMP2, IMP3) inconsistencies (INS1, INS2) and conflicts (CON1, CON2, CON3, CON4, 

CON5).  

To achieve this general objective, the following specific objectives are required: 

 Identify the existing iStar extensions, how they have been created and what 

can be done to improve the next extension proposals; 

 Define a process to support the proposal of iStar extensions which joins the 

other results such as the catalogue of iStar extensions, guidelines and an 

extension mechanism; 

 Provide a tool for extenders to manage the creation of their extensions using 

the process; 

 Analyse the outcomes of applying the proposed process to create a new iStar 

extension; 

 Explore the usefulness, ease of understanding and intention to use/ease of use 

of the proposed process. 

1.5 Research Methodology 

The philosophical stance concerns how researchers understand the relation of their 

research with the world. It affects which methods you believe lead to acceptable evidence 

in response to your research question(s). Creswell (2002) characterises four philosophical 

stances: Positivism, Constructivism, Critical Theory and Pragmatism. 

Positivists believe that all knowledge must be based on logical inference from a set 

of basic observable facts; they aim to establish facts about the world. Constructivists 

consider the context of the research and concentrate less on verifying theories and more 

on understanding how different people make sense of the world, and how they assign 

meaning to actions. Critical theorists argue that research is a political act, because 

knowledge empowers different groups within society, or entrenches existing power 

structures. Finally, for pragmatists, knowledge is judged by how useful it is for solving 

practical problems. Therefore, our philosophical stance is a pragmatist, once we believe 

that an iStar extensions proposal can be improved by an approach to guide them. 

Research in Software Engineering (SE) was classified into four different methods 

by Basili (1993) and Adrion (1993). Other authors have been accepting this classification 

including Glass (1995) and Travassos; Gurov; Amaral (2002). These methods are 

Scientific, Engineering, Experimental and Analytical.  
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 The Scientific method: Observe the world, propose a model or a theory of 

behaviour, measure and analyse, validate hypotheses of the model or theory, 

and if possible, repeat the procedure. This paradigm is used in SE to 

understand the software process, product, people and environment. It attempts 

to extract from the world some form of a model that tries to explain the 

underlying phenomena; 

 The Engineering method: Observe existing solutions, propose better 

solutions, build/develop, measure and analyse, and repeat the process until 

more improvements appear possible. It assumes one already has models of the 

software process, product, people and environment and modifies the model or 

aspects of the model to improve the thing being studied; 

 The Empirical method: Propose a model, develop statistical/qualitative 

methods, apply to case studies, measure and analyse, validate the model and 

repeat the procedure. It is interested in analysing if a new model, process or 

tool is an advance over current models, processes or tools. 

 The Mathematical method: Propose a formal theory or set of axioms to 

provide an analytic framework for developing mathematical models and 

understand boundaries based upon manipulation of the model itself.   

We based our proposal on the Engineering method because we are proposing a 

process to support the proposal of iStar extensions with quality. Thus, we followed the 

phases defined by Glass (1995): 

 Informational Phase: gathering or aggregating information via reflection, 

literature survey, people/organisation survey, or poll. We performed a 

bibliographical study involving modelling languages (creation, extension and 

quality) and iStar. We also performed a Systematic Literature Review (SLR) 

to identify and analyse iStar extensions according to the guidelines defined by 

Kitchenham; Charters (2007) and their updated version by Kitchenham; 

Brereton (2013). A catalogue of iStar extensions was created to aggregate the 

information of the SRL and make it available to a search; 

 Analytical phase: analysing and exploring a proposition leading to a 

demonstration and/or formulation of a principle or theory. We used mixed 

methods (CRESWELL, 2014) to investigate how the iStar extensions have 

been performed and what can be done to improve future extensions. Thus, we 

performed a qualitative study based on interviews with experienced 

researchers in iStar extensions to investigate that and followed the guidelines 

provided by Strauss; Corbin (2007) and Merriam (2009). Also, we based our 

study on the principles of survey research proposed by Kitchenham; Pfleeger 

(2002) to apply a survey to confirm our findings of the qualitative study. The 
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final results of this study were presented as guidelines which summarise the 

recommendations of experienced researchers about iStar extension proposals; 

 Propositional phase: proposing and/or formulating a hypothesis, method or 

algorithm, model, theory, or solution. During this phase, we proposed a set of 

extension mechanisms to iStar 2.0. Finally, motivated by the results of the 

mixed-methods study with experienced iStar extenders, based on literature 

and existing iStar extensions, we proposed a process to support iStar 

extensions and a tool to support the process;  

 Evaluative phase: validating/evaluating a proposition or analytic finding 

using experimentation (controlled), interviews, survey or observation 

(uncontrolled, such as a case study or protocol analysis), perhaps leading to a 

substantiated model, principle or theory. The process was validated by 

creation of a new iStar extension. Wohlin et al. (2012) define two ways to 

evaluate: static, which the participants study and present their opinions about 

the proposed solution, and dynamic, in which the participants use the proposed 

solution. The evaluation of the process was made in a static way by performing 

a qualitative study based on interviews with experts in iStar extensions 

according to the principles presented by Strauss; Corbin (2007) and Merriam 

(2009) and a survey with experienced iStar extenders based on the principles 

of proposed by Kitchenham; Pfleeger (2002). Finally, we performed a 

dynamic evaluation based on a case study with a qualitative analysis based on 

interview (MERRIAM 2009) with a novice who used PRISE to create a new 

iStar extension. 

Figure 1 shows an overview of the methodology followed in this thesis. The 

methodology of each study of this thesis is well described in the chapters 3, 4, 5, 6 and 7. 
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Figure 1 – Methodology of this thesis with philosophical stance, phases and studies. 

1.6 Overview of Solution 

This thesis proposes PRISE, a PRocess to support iStar Extensions. Extenders with 

experience or novices can use it, as proposed or by making a customisation, to create new 

iStar extensions. This process is based on the background of the literature of modelling 

languages and quality of models as well as on results of an SLR of iStar extensions and 

mixed-methods study with experienced extenders. The tasks and artefacts of this process 

are well described to clarify what the extender is required to do, supporting the creation 

of the extensions to be complete, consistent and without conflicts.  

The process uses a catalogue of iStar extensions to identify the existing iStar 

extensions and their constructs, thus objectifying easier their reuse. Prioritisation and new 
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representations were proposed to mitigate the problems with existing constructs and 

added to the catalogue. A set of guidelines of experienced researchers which joins the 

knowledge of iStar community about the theme is also used by the process to share this 

knowledge with future extenders. An artefact for verification of problems is used to verify 

the completeness, consistency and problems. The participation of experts in iStar 

extensions and experts in domain/application area is not mandatory during the proposal 

but necessary when the extenders have issues that they cannot mitigate. The extenders 

may use the PRISE Tool during the proposals to manage their extensions and keep the 

generated artefacts.  

We validated PRISE by proposing a new iStar extension and observing the proposal 

of a new iStar extension guided by PRISE by a novice. In all of these cases, PRISE was 

efficient at avoiding problems. The evaluation of PRISE regarding the usefulness, ease 

of understanding and intention to use/ease of use was performed by interviews and survey 

with experienced extenders and a case study with a novice. 

1.7 Published Work 

In this section, we list the publications directly related to this thesis. We present the 

list of accepted and published papers. 

Journals 

 Gonçalves, E., Heineck, T., Castro, J., Araujo, J (2018) A systematic literature 

review of iStar extensions, Journal of Systems and Software, Elsevier, v. 137, 

p 1-33, DOI 10.1016/j.jss.2017.11.023. This work presents the identification 

and analysis of iStar extensions where we also tried to identify a process to 

support iStar extensions. The results of this publication are presented as part 

of Chapter 3; 

 Gonçalves, E., Heineck, T., Araujo, J., Castro, J. (2018) CATIE: A Catalogue 

of iStar Extensions. Cadernos do IME. Série Informática, v. 48, p. 23-37. This 

work presents a tool proposed to support the creation of iStar extensions using 

PRISE. The results of this publication are presented as part of Chapter 5; 

 Gonçalves, E., De Oliveira, M., Monteiro, I., Castro, J., Araujo, J. (2019) 

Understanding what is important in iStar extension proposals: the viewpoint 

of researchers. Requirements Engineering Journal, Springer, v. 24, p. 55-84, 

DOI 10.1007/s00766-018-0302-5. This work presents a study to identify how 

the iStar extensions have been proposed and what can be done to improve the 

proposal of next extensions. The results of this publication are presented in 

the Chapter 4; 

 Gonçalves, E., Almendra, C., Castro, J., Araujo, J., Goulão, M. (2020) Using 

Empirical Studies to Resolve Symbol Overload in iStar Extensions, 
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International Journal on Software and Systems Modeling. This work proposes 

new graphical representations to the symbols with symbol overload. The 

results of this publication are used by the catalogue of iStar extensions 

presented as part of Chapter 3. 

Conferences and Workshops 

 Gonçalves, E., Castro, J., Araujo, J. (2017) An Approach to Guide iStar 

Extensions, Workshop de Teses e Dissertações do CBSOFT (WTDSOFT), p 

100-108, Fortaleza, Brazil. This work presents the main ideas of this thesis 

and description of current results; 

 Gonçalves, E., Heineck, T., Araujo, J., Castro, J. (2018) A Catalogue of iStar 

Extensions. 21st Workshop on Requirements Engineering, Rio de Janeiro, 

Brazil, DOI: 10.17771/PUCRio.wer.inf2018-5. This work presents a 

catalogue of iStar extensions which can be used to easy the identification of 

iStar extensions. The results of this publication are presented in Chapter 3; 

 Gonçalves, E., Araujo, J., Castro, J. (2018) Towards Extension Mechanisms 

in iStar 2.0. 11th International i* Workshop co-located with the 30th 

International Conference on Advanced Information Systems Engineering, 

Tallin, Estonia (iStar@CAiSE 2018). This work presents a proposal of 

extension mechanisms to be included by iStar 2.0; 

 Gonçalves, E., Almendra, C., Araujo, J., Castro, J., Goulão, M. (2019) 

Addressing Symbol Redundancy Representations in iStar Extensions. 12nd 

International iStar Workshop on 38th International Conference on Conceptual 

Modelling. This work create a priority to the symbols with symbol 

redundancy. The results of this publication are used by the catalogue of iStar 

extensions presented as part of Chapter 3; 

 Gonçalves, E., De Oliveira, L., Heineck, T., Araujo, J., Castro, J. (2019) 

PRISE Tool: A tool to support the proposal of iStar extensions based on 

PRISE, 22nd Workshop on Requirements Engineering, Recife, Brazil. This 

work presents a tool proposed to support the creation of iStar extensions using 

PRISE. The results of this publication are presented as part of Chapter 5; 

 Gonçalves, E., Araujo, J., Castro, J. (2019) iStar4RationalAgents: Modelling 

Requirements of Multi-Agent Systems with Rational Agents. 38th 

International Conference on Conceptual Modelling. This work presents the 

proposal of a new iStar extension based on PRISE. The results of this 

publication are presented as part of Chapter 6. 

Paper Under Review 

Gonçalves, E., Araujo, J., Castro, J. (2020) PRISE: A Process to Support iStar 

Extensions, The Journal of Systems and Software. 
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1.8 Thesis Structure 

Besides this introductory chapter, the proposal of this thesis is organised as follows. 

Chapter 2 – Background: this chapter involves the description of concepts about 

iStar and iStar extension, Modelling Languages Development & Extension, Quality of 

Modelling Languages, Multi-Agent Systems and related work;  

Chapter 3 – An SLR of iStar Extensions: this chapter presents the results of an 

SLR that identifies and analyses the iStar extensions. A catalogue of iStar extensions, 

which aggregates the information of the SRL, is also presented in this chapter. 

Chapter 4 – Mixed-methods study about iStar Extensions: this chapter describes 

the main findings of a qualitative study performed by interviews with experienced 

extenders in iStar extensions. Additionally, this chapter shows the results of a quantitative 

study performed by survey with other experienced extenders to triangulate the findings 

of the qualitative study. Guidelines about iStar extensions, which summarise the 

information of this mixed-methods study, are also presented in this chapter. 

Chapter 5 – This chapter presents PRISE, a process to support iStar extensions. 

We describe the sub-processes, tasks, artefacts and decision points of this process in 

detail. The customisation of the process was also presented in this chapter. Finally, the 

PRISE Tool, a tool to manage the proposal of iStar extensions using PRISE is presented 

here.  

Chapter 6 – This chapter presents the illustration of usage and validation of PRISE 

by the creation of a new iStar extension to model rational agents in Multi-Agent Systems.  

Chapter 7 – This chapter shows the results of PRISE’s evaluation. The evaluation 

is presented by the result of a mixed-methods study with experienced extenders and a 

case study with a novice. 

Chapter 8 – This chapter presents a summary of results, a discussion and a 

conclusion to the thesis proposal. Further research is also presented. 
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2 BACKGROUND AND RELATED WORK 

This chapter presents the background and related work. This thesis is concerned 

with iStar extensions. Therefore, we introduced the main concepts of iStar, including the 

version 2.0, and presents one extension. Theory about development and extension of 

modelling languages are relevant to understand the main steps cited by the literature about 

this task. Besides, since this thesis intends to contribute with the proposal of quality 

extensions, we present concepts of quality in modelling languages, including the 

presentation of Physics of Notations (MOODY, 2009), a theory about symbols of ML, 

and the description of visual notation design. The main result of this thesis is a process. 

Thus, concepts about process definition were presented as well. Finally, the related work 

of this thesis is shown.  

2.1 iStar and iStar Extension 

Goal models (DARDENNE; LAMSWEERDE; FICKAS, 1993) have been found to 

be effective at representing large numbers of alternative sets of low-level tasks, 

operations, and configurations that can fulfil high-level stakeholder requirements. The 

capture of a large space of such alternatives has been shown to be useful for evaluating 

alternative designs during the analysis process (MYLOPOULOS et al., 2001) and for 

customizing designs to fit individual user characteristics (HUI; LIASKOS; 

MYLOPOULOS, 2003).  

iStar is a goal-based modelling language proposed in the nineties (YU, 1995). It is 

an ML used to model software at requirements level. It has been used in different domains 

such as enterprise engineering, security, privacy and trust (YU, 2009), and also extended 

to fit several specific application areas such as social and intelligent systems.  

In the iStar framework, stakeholders are represented as actors that depend on each 

other to achieve their goals, perform tasks and provide resources. Each goal is analysed 

from its actor point of view, resulting in a set of dependencies between pairs of actors. 

iStar elements are classified as Intentional Elements (goal, softgoal, task and resource), 

Actors (general actor, role, position and agent) and Links (means-end, decomposition, 

contribution and actor links). These elements are represented in two models: Strategic 

Dependency (SD) and Strategic Rationale (SR). The SD model provides a description of 

the links and external dependencies among organisational actors. The SR model enables 

an analysis of how the goals can be fulfilled through contributions from the several actors.  

An example of iStar presented by Yu (1997) is the Meeting Scheduler. Consider a 

computer-based meeting scheduler for supporting the setting up of meetings. The 

requirements might state that for each meeting request, the meeting scheduler should try 

to determine a meeting date and location so that most of the intended participants will 

participate effectively. The system would find dates and locations that are as convenient 
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as possible. The meeting initiator would ask all potential participants for information 

about their availability to meet during a date range, based on their agendas. This includes 

an exclusion set – dates on which a participant cannot attend the meeting, and a preference 

setting – dates preferred by the participant for the meeting. The meeting scheduler comes 

up with a proposed date. The date must not be one of the exclusion dates, and should 

ideally belong to as many preference sets as possible. Participants would agree to a 

meeting date once an acceptable date has been found. Figure 2 presents an example of an 

iStar SR model for the Meeting Scheduler. 

 

Figure 2 – An example of meeting scheduler in iStar SR model (YU, 1997). 

In June 2016, iStar had evolved to the version 2.0 (DALPIAZ; FRANCH; 

HORKOFF, 2016). Some changes were performed in this new version of the language. 

Some concepts were discontinued and new concepts were introduced. A set of previous 

works contributed to the proposal of this new version, such as the comparison of different 

implementations of iStar (FRANCH et al., 2011), the tabular representation of the 

notation (CARES; FRANCH; PERINI, 2008), ontological guidelines (GOMES et al., 

2015) and lessons learned from the use of the notation in practice (CARVALLO; 

FRANCH, 2014). 

Table 1 presents a comparison between the two iStar versions. It lists nodes and 

links and its representations in these two versions of iStar (iStar 1.0 and iStar 2.0). The 

new version maintained the representation of general actors, roles and agents, but position 

is not part of iStar 2.0. The actor link is-a was maintained, is-part-of, plays, occupies and 

covers were unified in participates-in link, and INS is not used in iStar 2.0. Intentional 
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elements goal, task and resource were not changed and softgoal was named quality. The 

intentional element links means-end and task decomposition were unified in refinement, 

while contribution links were maintained and two new links were proposed in iStar 2.0: 

qualification and neededBy. 

Table 1 – Comparison between iStar 1.0 and iStar 2.0 (Source 

https://sites.google.com/site/istarlanguage/diff). 

Nodes and Links iStar 1.0 iStar 2.0 

Actors General Actors General actors 

Roles, positions, agents Roles, agents 

Actor links is-a is-a 

is-part-of, plays, occupies, covers Participates-in 

INS - 

Intentional elements Goal, task, resource Goal, task, resource 

Softgoal Quality 

Intentional element links Means-end, task decomposition Refinement 

Contribution Contribution 

- Qualification, neededBy 

 

The iStar 2.0 metamodel is presented in Figure 3; it shows nodes and links listed in 

the right-hand column of Table 1. 

 

Figure 3 – Metamodel of iStar 2.0 (DALPIAZ; FRANCH; HORKOFF, 2016). 

A running example of iStar 2.0 is presented by Dalpiaz; Franch; Horkoff (2016) 

concerning University travel reimbursement. Students must organize their travel (e.g., to 

conferences) and have several goals to achieve, and options related to them. To achieve 

their goals, students rely on other parties such as a Travel Agency and the university's trip 

management information system. In Figure 4, we show a final view of the example to 

give readers an idea of the capabilities of iStar 2.0 (DALPIAZ; FRANCH; HORKOFF, 

2016). We highlight the usage of the new link’s qualification link (between Trip parts 

booked and Quick booking and between Request prepared and No errors) and needed by 

between Pay for tickets and Credit card.  
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Figure 4 – A preview of the travel reimbursement scenario as captured in iStar 2.0 SR model 

(DALPIAZ; FRANCH; HORKOFF, 2016). 

We identified 96 iStar extensions during an SLR. The analysis of these extensions 

is presented in Chapter 3. A framework to support the selection of cloud providers based 

on security and privacy requirements (MOURATIDIS et al., 2013) is an example of iStar 

extension.  It supports the elicitation of security and privacy requirements and selection 

of a service provider based on the satisfiability of the cloud provider to the security and 

privacy requirements. The authors introduced 15 constructs in iStar to represent the 

following concepts: Security and Privacy goal, Security and Privacy Measure, Security 

and Privacy Mechanisms, Security and Privacy Constraint, Cloud Actor, Threat, 

Vulnerability, Implements, Satisfies, Restricts and Satisfaction. 

Figure 5 shows the metamodel of this extension. 
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Figure 5 – The metamodel of the iStar extension to support the selection of cloud providers 

based on security and privacy (MOURATIDIS et al., 2013). 

Figure 6 shows the modelling of a cloud-based solution for the domain of 

electronic-point-of-sale (EPOS). We can identify elements that are not part of original 

iStar syntax such as Threat (e.g. Insecure APIs), Constraints (e.g. Ensure data 

confidentiality), Mechanism (e. g. ACID) and Measure (e.g. Data protection). 
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Figure 6 – Modelling of electronic-point-of-sale (MOURATIDIS et al. (2013). 

2.2 Modelling Languages Development and Extension 

According to Brambilla; Cabot; Wimmer (2012), Model-Based Engineering (MBE) 

is a process in which software models play an important role, but they are not necessarily 

key artefacts of the development. A typical example that involves the use of MBE is a 

software development where models are created to document the system; they are a base 

to development, and no automatic code-generation of executable code is involved. In this 

process, models still play an important role but are not the central artefacts of the 

development. 

Model-Driven Engineering (MDE) (BRAMBILLA; CABOT; WIMMER, 2012) is 

a Software Engineering (SE) paradigm that aims at reducing the accidental complexity of 

software systems by promoting the use of models that focus on the essential complexity 

of systems. In this way, models in MDE are first-class artefacts of the software 

development process, from which typically a significant part of the application is derived. 
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Mussbacher et al. (2014) define Modelling Languages (ML) as one major growing 

area in MDE. Figure 7 illustrates the sequence of activities required to define a new ML 

and, consequently, it needs to be followed when an ML is extended.  

 

Figure 7 – Sequence of a modelling language definition or extension – based on (CHO; 

GRAY; SYRIANI, 2012). 

Researchers working in the area of MLs have focused on Abstraction Challenge: 

What kind of modelling constructs and underlying foundation are needed to support the 

development of domain- or problem-level language constructs that are considered first-

class modelling elements in a language (FRANCE; RUMPE, 2007) (Task 1 in Figure 7)?  

An ML is defined by its abstract syntax (metamodel and well-formedness rules) and 

concrete syntax. According to Kelly; Tolvanen (2008), language constructs of an ML 

should be formalised and they are best specified by defining its metamodel. 

Metamodelling simply means modelling your language: mapping your application area 

concepts to various language elements, their properties, and their connections, specified 

as links and the roles that elements play in them (Task 2 in Figure 7). The concrete syntax 

is a set of words (textual) and symbols (graphical), which make it possible to create 

models or diagrams (HE et al., 2007).  

Along with modelling concepts, we also normally identify various domain rules, 

constraints, and consistency needs that a language should follow. These rules obviously 

need to be defined, too. Having rules in the language provides many of the benefits of 

early-error prevention, and is a guide towards preferable design patterns, a check of 

completeness by informing about missing parts, minimises action of modelling work by 

conventions and default values; and keeps specifications consistent (KELLY; 

TOLVANEN, 2008). This is represented by Task 3 of Figure 7. 

For an ML to be usable by software designers, it is necessary to define a set of 

models and its graphical and textual elements. They are used to render the model elements 

and use the abstract syntax as a starting point to concrete syntax definition 

(BRAMBILLA; CABOT; WIMMER, 2012). It is represented by Task 4 of Figure 7. 

According to France; Rumpe (2007), modelling tools can play an important role in 

reducing the accidental complexities associated with understanding and using of MLs. 

The implementation of this kind of software involves the representation of abstract and 
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concrete syntaxes using specific frameworks such as Eclipse GMF (Graphical Modelling 

Framework)5. This step is illustrated by the Task 5 in Figure 7. 

An ML is described by a standard/original syntax which is evolved to new versions 

to introduce adjusts/improvements. New versions of an ML are accepted by the 

community as an update of the standard/original syntax and should be proposed by the 

organisation or committee responsible to evolve it officially. UML was proposed in the 

90s, it has been evolved by OMG and its last version (2.5.1) was proposed in 2017. A 

committee of experienced researchers was created for evolving iStar to its new version 

(2.0).   

The occurrence of variations of the standard/original syntax is another situation not 

too common. iStar had two main variations/dialects of its original syntax (e.g., Toronto 

iStar (YU, 1997) and Trento iStar (YU, 1995)). In this context, the two variations were 

defined by the preferences of the two researchers who created iStar. The syntax of the 

variations presented some differences and they were used as original syntax.  

In addition, extending an ML is to add new constructs, modify or remove the 

existing ones (BRAMBILLA; CABOT; WIMMER, 2012). Extensions are not restricted 

to the organisation/committee which evolves the ML. The main goal of an extension is to 

adjust the language to a specific application area or practical situations in a project, and 

it is not proposed to be a new version of the standard syntax.  

We can classify an extension according to its impact on the original syntax of the 

language as "conservative", which keeps the original syntax without changes, or "non-

conservative", which changes or reduces the original syntax. Besides, an extension can 

be proposed to include representation of a particular domain/application area or to 

improve practical aspects of a language. An extension flow is composed of the same steps 

followed to define an ML. 

The abstraction challenge is addressed by providing a general-purpose language 

that has support for customizing the language to a specific application area. Example 

customizations are profiles (e.g., UML profiles), domain-specific modelling processes, 

and, at a fine-grained level, the use of specialised syntactic forms and constraints on 

specific modelling elements. The formality challenge can be handled by either mapping 

the ML to a formal language, or annotations can be added to the ML at the meta-model 

level to constrain properties that should hold between language elements 

(MUSSBACHER et al., 2014).  

Some General-Purpose Modelling Languages (GPML) have well-defined extension 

mechanisms, such as UML. UML has two ways to realize extensions: light-weight and 

heavy-weight. According to Miles; Hamilton (2006) the light-weight mechanisms of 

UML are a way to propose extensions with a low syntactic impact using textual markers 

                                                
5 http://www.eclipse.org/gmf-tooling/ 
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to represent stereotypes, constraints and tagged values. The heavy-weight extensions 

introduce new graphical representations and change its metamodel, so it has high impact 

in an ML. 

Thus, we consider an extension to be any changes performed in an ML’s abstract 

syntax (Metamodel and well-formedness rules), concrete syntax or both. An extension 

evolving abstract syntax implies introducing new metaclasses, properties or relationships 

in the metamodel or creating new well-formedness rules. While an extension involving 

concrete syntax implies creating a new graphical representation of new nodes or links, it 

can also involve a complementary representation, such as compartments or textual marker 

(as stereotypes). 

2.3 Quality of Modelling Languages 

Quality is an attribute intrinsically related to completeness, satisfaction, user 

comprehension and user experience. It is a subjective concept, so many approaches in the 

SE field targeted quality in software development (KROGSTIE, 1995). Krogstie (2012) 

considers the quality of MLs as an important part of the software development. 

Lindland; Sindre; Solvberg (1994) define an analysis of conceptual models based 

on three quality levels: Semantic Quality, Syntactic Quality and Pragmatic Quality. 

Semantic quality is concerned with the meaning of the models, syntactic quality is related 

to the graphical and textual representation of the models and the pragmatic quality is 

related to the creation of the models.  

These three levels of quality in models have been used in works such as 

(KROGSTIE, 2012) and (MORAIS; DA SILVA, 2015) to analyse the quality of MLs. 

Krogstie (2012) defines the quality of MLs based on Domain appropriateness, 

Comprehensibility appropriateness, Participant appropriateness, Modeller 

appropriateness, Tool appropriateness and Organisational appropriateness. The meaning 

of these six variables of the quality of MLs are presented as follows. 

Domain appropriateness relates the ML and the domain. Ideally, the conceptual 

basis of an ML must be powerful enough to express anything in the domain, not having 

what is termed construct incompleteness. Comprehensibility appropriateness relates the 

language to the social actor interpretation; the goal is that the participants in the modelling 

effort using the language understand all the possible statements of the language. 

Participant appropriateness relates the participant knowledge to the language; it 

corresponds as much as possible to the way individuals perceive reality. Modeller 

appropriateness relates the language to the knowledge of the one doing the modelling; in 

other words, it focuses on how relevant knowledge may be articulated in the ML. Tool 

appropriateness relates the language to the interpretation from the technical audience 

(tools). Finally, Organisational appropriateness focuses on what extent the language used 

is appropriate to reach the organisational goals of the organisation using it, taking into 
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account standardisation on technology, tools and modelling methods within the (relevant 

parts of) organisation now and in the future, potentially also facilitating cross-

organisational usage. 

Morais; Da Silva (2015) proposed a framework to analyse the quality of MLs; it is 

based on a set of general properties of MLs. The eight properties are the following: 

 Comprehension: The language shall be able to precisely specify systems so 

that the developing team and the stakeholders can share their conceptions of 

reality and better comprehend the produced models;  

 Domain: It is related to the description of the domain’s statements using the 

ML;  

 Functionality: It concerns with the capabilities of the ML;  

 Interoperability: It involves the compatibility of the language’s models with 

other tools. The usage of a XML format to represent the models is a form of 

facilitating the interoperability;  

 Maintenance: The language stays updated regarding the domain concepts;  

 Notation: It is related to the concrete syntax representation;  

 Size: This property is about the completeness of the ML;  

 Usability: It is about the easy of use and it is a pragmatic aspect.  

In this thesis we are interested in the quality of iStar extensions. We are considering 

the following factors: The absence of the construct’s meaning or metamodel; 

inconsistencies between the constructs’ meaning, metamodel and concrete syntax; and 

the proposal of new symbols avoiding semiotic clarity problems (see Section 2.3.1). 

These factors impact on Semantic Quality, Syntactic Quality and Pragmatic Quality of 

the iStar extensions, as well as on their comprehension, functionality, maintenance, 

notation, size and usability. 

The next subsection details the work of Moody (2009), which is related to the 

quality of MLs and has also motivated the development of this thesis. The work of Moody 

(2009) has been used by a great number of works of models and requirements 

engineering. Van Der Linden; Hadar (2018) identified a set of 70 articles which uses the 

concepts presented by Moody. Semiotic Clarity is the central principle of the Moody’s 

theory. We identified problems in extensions related to the Moody’s Semiotic Clarity 

principle during the initial study of iStar extensions performed in the first year of the 

development of this thesis. Thus, we used the work of Moody in this research. 

2.3.1 The Physics of Notations (PoN) 

The requirements of a notational system constrain the allowable expressions in a 

language to maximise precision, expressiveness and parsimony, which are desirable 

design goals for SE notations (MOODY, 2009). It is a theory about symbols of ML which 
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has been used by various works as described by Van Der Linden; Hadar (2018) (more 

details in related work). Moody establishes a framework with nine principles to construct 

visual notations in SE. The nine principles are cognitive integration, cognitive fit, 

perceptual discriminability, manageable complexity, semiotic clarity, graphic economy, 

dual coding, visual expressiveness and semantic transparency. Figure 8 represents the 

principles.  

 

Figure 8 – Nine principles of PoN (MOODY, 2009). 

Cognitive integration principle analyses the existence of mechanisms to integrate 

different diagrams of an ML about maintaining the perceptual integration between them. 

Cognitive fit principle recommends considering many levels of users’ skills in the 

representation. The principle of Perceptual discriminability establishes that different 

symbols should be clearly distinguishable from each other. Manageable complexity 

refers to the ability of a visual notation to represent information without overloading the 

human mind, so it is related to the amount of proposed representation and its organisation 

in modules and hierarchy. Graphic economy establishes that the number of different 

graphical symbols should be cognitively manageable. Dual coding defines the use of text 

to complement graphics. Visual expressiveness principle defines the degree of variables 

considered to define the notation, such as shape, texture, brightness, size and colour. 

Finally, the Semantic transparency consists of using visual representations whose 

appearance suggests their meaning.  

Semiotic Clarity maximises expressiveness (by eliminating symbol deficit), 

precision (by eliminating symbol overload), and parsimony (by eliminating symbol 

redundancy and excess) of visual notations (MOODY, 2009). It is commonly found in 

iStar extensions (see Chapter 3). 

The Principle of Semiotic Clarity, based on Goodman’s theory of symbols 

(GOODMAN, 1968), establishes that it should be a 1:1 correspondence between semantic 
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constructs and graphical symbols. This is necessary to satisfy the requirements of a 

notational system, as defined in Goodman’s theory of symbols. When there is not a 1:1 

correspondence, one or more of the following anomalies can occur (Figure 9): 

 Symbol deficit: when a semantic construct is not represented by any symbol. 

 Symbol redundancy: when a semantic construct is represented by multiple 

symbols. 

 Symbol overload: when the same symbol is used to represent multiple 

constructs. 

 Symbol excess: when a symbol does not represent any semantic construct. 

 

Figure 9 – Principle of semiotic clarity: there should be a 1:1 correspondence between 

semantic constructs and graphical symbols (MOODY, 2009). 

2.3.2 Visual Notation Design of Modelling Languages 

This section describes the study of Caire et al. (2013) which presents a way to create 

visual notation of modelling languages. The authors present the results of five related 

empirical studies with novices which generate new symbols to iStar. We highlight that 

the objective of this work is to present a multi-step study to create symbols of default 

syntax of a modelling language. The experimental design of this study is presented in 

Figure 10. The authors proposed a set of new symbols for iStar considering the PoN 

concepts (PoN iStar) and used this symbol set in the two last steps of this study. 

 

Figure 10 – Research Design of Caire’s Study (CAIRE et al., 2013). 
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Each empirical study is described as follows, according to Caire et al. (2013): 

1. Symbolisation experiment: naïve participants received the description of the 

iStar constructs and papers to generate symbols for each iStar concept. Symbols 

proposed for each construct of the language are the result of this step; 

2. Stereotyping analysis (nonreactive study): the authors analysed the results of the 

step 1 and identified the most common symbols produced for each iStar concept. 

This step defined the stereotype symbol set; 

3. Prototyping experiment: naïve participants identified the “best” representations 

for each iStar concept. A multiple-choice survey was applied with 9 screens, one 

for each iStar concept. The name and definition of the concept was displayed at 

the top of the screen with the candidate drawings below: radio buttons were 

provided to select the best representation. The most selected symbol for each 

concept were chosen. This defined the prototype symbol set; 

4. Semantic transparency experiment: the authors evaluated the ability of naïve 

participants to infer the meanings of novice-designed symbols (stereotype and 

prototype symbol set) compared with expert-designed symbols (standard iStar 

and PoN iStar). There were four experimental groups, one for each symbol set. 

A multiple-choice survey was applied with 9 screens, one for the symbol of each 

iStar concept. A symbol was displayed at the top of the screen with the candidate 

drawings below: radio buttons were provided to select the name of the concept; 

5. Recognition experiment: the authors evaluated the ability of naïve participants 

to learn and remember symbols from the 4 symbol sets (standard iStar, PoN 

iStar, stereotype and prototype). A 5-group, post-test only experimental design 

was used. The groups were the same as in Study 4 with one additional group: 

PoN with design rationale (PoN DR). Participants were instructed to study the 

training material (with the symbol set and description of the concept for each 

symbol) until they understood all symbols and their meanings (learning phase). 

They then proceeded to the testing phase, where symbols were presented one per 

page and participants had to identify the corresponding concept.  

A set of statistical analyses were made to compare the results of the symbol sets in 

the studies 4 and 5. The results were used to compare the symbols for each iStar construct. 

The final symbols were not identified from a single technique, but the symbols designed 

by novices increased semantic transparency (their ability to be spontaneously interpreted 

by other novices) by almost 300% compared with the existing iStar notation.  
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2.4 Processes Definition 

There are a great number of different descriptions to conceptualise process. The 

process is presented in (SEI, 2006) as a set of tasks to generate a product, outcome or 

service. This concept is complemented by the description of defined process, which 

documents what is done (product/artefacts), when (steps/tasks/activities), by whom 

(roles), things that are used (inputs) and things produced (results/artefacts) (SEI, 2006). 

Tasks can be grouped by sub-processes. We presented the meaning of these concepts 

based on (SOMMERVILLE, 2007): 

 Steps/tasks/activities: execution of a unit of work which is part of a 

process. The sequence of steps/tasks/activities presents the sequence to 

perform a process; 

 Sub-processes: which are proposed to group tasks in a process; 

 Roles: which reflect the responsibilities of the people involved in the 

process. Examples of roles are project manager, configuration manager, 

programmer, extender, expert in domain application, expert in iStar 

extension; 

 Products/artefacts: they are final or intermediate work products produced 

and used by a process. They are the incomes and/or outcomes of a process 

activity. For example, the outcome of the activity of create a metamodel 

may be a model of the metamodel.  

According to Pfleeger (2003), a process is a series of steps involving activities, 

constraints and resources that produce an intended output of some kind. A process usually 

involves a set of tools and techniques. Processes are important because they impose 

consistency and structure on a set of activities. The process structure guides actions by 

allowing software engineers to examine, understand, control, and improve the activities 

that comprise the software process.  

In software development, it is important to follow a software development process 

in order to understand, control and improve what happens as software products are built 

for customers. Sommerville (2007) defines a software process as a set of related activities 

that leads to the production of a software product. Sommerville (2007) presents a set of 

software processes models such as waterfall and incremental. 

A process can be documented by using a specific notation. Business Process Model 

and Notation (BPMN)6 and Software & Systems Process Engineering Metamodel 

(SPEM)7 are two patterns defined by Object Management Group (OMG) that are 

commonly used to document a process. The modelling using these notations is supported 

                                                
6 http://www.bpmn.org 
7 https://www.omg.org/spec/SPEM/About-SPEM/ 



47 
 
 

by tools such as Bizagi8 that support the modelling of processes with BPMN, and Eclipse 

Process Framework (EPF)9 that support the modelling of processes with SPEM. We chose 

BPMN to model the process defined in this work because it has been used by a great 

number of companies and in a huge number of academic works to document processes; 

it has a simple syntax and is a pattern defined by OMG. 

2.5 Related Work 

We did not find any evidence for the existence of a process to support the proposal 

of iStar extensions. However, many SLR, qualitative studies, empirical studies and 

processes have been proposed involving iStar and goal modelling. This section presents 

these related works. 

2.5.1 Related Work about SLR  

The related work section presented here focuses on literature reviews involving 

iStar and Goal-Oriented Requirements Engineering (GORE). We also included an SLR 

about applications of PoN.  

The papers (CARES; FRANCH, 2011) and (LÓPEZ; FRANCH; MARCO, 2011) 

include iStar analysis for core language identification, while the main goal of paper 

(FRANCH et al., 2011) is to present an approach to merge iStar and other existing MLs. 

These contributions performed a literature review. However the type of review was not 

indicated, whether it was systematic or not, or that it was a mapping study. Their literature 

review considered papers of the period 2006–2010 and from the following databases: ER, 

CAiSE, REJ, DKE, IS Journal, RE, RiGiM, WER, iStar workshop and the book (YU et 

al., 2011). In the paper (CARES; FRANCH, 2011), the authors identified 63 articles 

related to the representation of the standard iStar syntax, then they conducted an analysis 

of how these constructs were represented in these works, aiming to define a core for 

language and interoperability between models of different approaches. In (FRANCH et 

al., 2011), the authors selected 53 articles and performed analysis to identify how iStar 

was merged with other MLs.  

It is worth noting that the works (CARES; FRANCH, 2011) and (LÓPEZ; 

FRANCH; MARCO, 2011) have focused on understanding the changes of iStar related 

to the representation of the standard syntax constructs. The available information does 

not allow us to reproduce their results and to reduce bias the use of analysis in pairs was 

not cited. The study considered a period of five years and the end of this period was 2010, 

that is, almost 10 years ago. Therefore, the purpose of papers (CARES; FRANCH, 2011) 

                                                
8 https://www.bizagi.com/pt/produtos/bpm-suite/modeler 
9 https://www.eclipse.org/epf/ 
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and (LÓPEZ; FRANCH; MARCO, 2011) is very different from ours which is to analyse 

the extensions of iStar. 

In (CARES; FRANCH; PERINI, 2008) the authors conducted an SLR to identify 

variations of the standard syntax of concepts and established a reference model. The 

sources were digital library ACM, IEEE Xplore and ISI Web of Knowledge, Springer 

Link, Elsevier, DPBL (DataBase systems and Logic Programming), BibFinder and some 

conferences. Eight variations of iStar were selected which were compared and used as a 

basis for proposing a reference model. The systematic review was used to compare 

features in a single table and research issues were not presented or answered. Therefore, 

the purpose of that paper is different from ours which is to analyse the extensions of iStar. 

The work of (YU, 2009) is a compilation of the use of iStar in key application areas. 

The author presented iStar in social modelling applied to the fields of Requirements, 

Software Development, Enterprise Engineering, Security, Privacy and Trust. The paper 

presents extensions and iStar usage approaches for each of those areas. It gives an 

overview of the use of iStar in those areas and provides research issues on three fronts: i) 

usage contexts and methodologies; ii) Conceptual Model extensions and limitations, and 

iii) management and tools. The work of (YU, 2009) has some similarities with ours, more 

specifically the characterization of application areas involved in iStar research. However, 

part of the identified works in (YU, 2009) is not iStar extensions, some of them being 

examples of iStar usage without changes in the syntax of the language. In our work, we 

select only items that extend iStar and perform analysis beyond the identification of areas. 

Finally, the work was published in 2009, that is, several years have passed since its 

publication. 

In (HORKOFF et al., 2016), a systematic mapping provided an overview of GORE. 

The search was conducted in the research databases IEEE Xplore, Springer and ACM, 

published until 16 November, 2015. The paper presents the progress of GORE and makes 

an overview of the approach, topics and MLs involved. It presents a graph with the 

evolution of GORE extensions but did not analyse how the extensions were carried out. 

Moreover, there is no differentiation of MLs involved in the extensions, once the article 

covers all MLs that have managed to bring search. 

Van Der Linden; Hadar (2018) present an SLR about applications of PoN. They 

analysed what visual notations have been evaluated and designed using the PoN, for what 

reasons, to what degree applications consider requirements of their notation’s users, and 

how verifiable these applications are. They found seventy PoN applications that were 

analysed. They found major differences between applications evaluating existing 

notations and applications designing new notations.  
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2.5.2 Related Works about Qualitative Study 

We did not find qualitative works related to the analysis of extensions in MLs. 

However, qualitative and exploratory studies have been used to investigate RE and other 

aspects of iStar.  

Next, we present some papers related to requirements engineering studies. In 

(BURNAY; JURETA; FAULKNER, 2014), the authors identified 30 topics in RE 

elicitations based on interviews with five systems engineers, and the importance of these 

topics was evaluated by 40 people in a quantitative survey. The author of paper 

(RITTGEN, 2010) conducted interviews with 37 participants to understand the 

advantages of using business modelling and the results pointed to a model of collaboration 

with ten factors and some lessons learned. The method used in this study is similar to our, 

since the author used mixed methods with interviews and a survey to validate the findings.  

Some works are related to iStar. In (EASTERBROOK et al., 2005), authors 

presented the results of a qualitative analysis to investigate the use of viewpoints using 

iStar to capture requirements for new web-based counselling services for a large 

charitable organisation. They concluded that viewpoint merging improves the 

understanding of the problem domain, but it is very time-consuming.   

Differently from papers discussed in this section, the qualitative works presented in 

this thesis intend to explore the iStar extensions. Thus, we intend to better understand 

how the iStar extensions are created and what is important from the point of view of 

experienced extenders of iStar. In another qualitative work, we analysed the opinions of 

the specialists in iStar extensions about the process that we proposed in this thesis. 

2.5.3 Related Work about Empirical Studies  

Many experiments and surveys studies have been performed involving goal 

modelling and iStar. The paper of Caire et al. (2013) involves a set of experiments about 

improvement of graphical representation of modelling languages, where the authors used 

iStar to illustrate the usage of their principles and propose more representative graphical 

symbols.  PoN was used during the proposal of symbols of a set of domain-specific 

modelling languages that were proposed considering the concepts of PoN such as process 

map design modelling (MALINOVA, 2014), robotic systems (PLAUSKA; 

DAMAŠEVIČIUS, 2013) and security modelling (ALMORSY; GRUNDY, 2014). The 

iStar extension proposed by Basak; Giorgini; Mylopoulos (2016) mentions that it used 

the concepts of PoN during the proposal of the visual notation but the details were not 

presented; it is not clear if an experiment was performed in this context.  

The usage variations of iStar 1.0, as the syntax of University of Toronto and others, 

were investigated by Horkoff et al. (2008). About 15 student assignments and 15 

academic works containing examples of iStar models were surveyed. Through a survey 
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of student assignments and academic work, the authors discovered frequent variations 

from the iStar syntax developed at University of Toronto. Through a qualitative analysis 

of these variations, it was possible to understand the motivations for these variations, and 

these motivations were compared with the original motivations for the original syntax. 

The authors suggested the use of strict and loose versions of iStar syntax, the latter 

containing syntactical shortcuts for configurations in the former.  

None of the studies presented above describes an evaluation of representation used 

in extension, to propose a ranking and be used as a parameter of choice in future 

extensions. The works also do not evaluate the opinions of experienced researchers about 

iStar extensions. 

2.5.4 Related Work about Process 

We did not find any process to support the proposal of iStar extensions. Thus, we 

presented in this subsection two works involving processes in iStar and one work about 

guidelines in UML.  

The work of Franch et al. (2011) defines an approach to join iStar with other MLs. 

Their paper presents results of a search for the references that join iStar with other MLs. 

It also presents guidelines to be followed considering the theoretical, technical, 

methodological and community aspects. However, it is not related to iStar extensions 

when the concepts to be introduced to iStar are not from an existing modelling language. 

It has not considered important concepts such as PoN (MOODY, 2009) and the 

compilation of opinions of iStar experts. It also does not present a catalogue.  

The process proposed in this thesis uses a set of guidelines identified as a result of 

a qualitative study with the experienced extenders of iStar. In this way, the ITU-T Z.119 

(2007) establishes guidelines for UML profile design. These guidelines define a set of 

recommendations about how to create a profile document, how to specify semantics, and 

notation. The ITU-T Z100 (2018) standard mentions definition of textual description in 

extension of modelling languages. However, we did not find any work about guidelines 

about the creation of iStar extensions.  

Many works treated the transformation M2M (Model-to-Model) from iStar models. 

Lucena (2010) created a process to generate architectural models (ACME models) from 

iStar models (GARLAN; MONROE; WILE, 1997). This process includes horizontal and 

vertical transformations rules. The horizontal transformations are applied to the 

requirements models resulting in intermediary requirements models closer to 

architectural models. Vertical transformations map these intermediary models into 

architectural models. The activities related to architectural design involves the selection 

and application of architectural patterns that best satisfy non-functional requirements. In 

(SANTANDER, 2002), the author considers the integration of iStar with UML use case 

model. A set of guidelines was proposed to integrate the modelling of both MLs. In this 
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work, the author uses iStar to create organisational modelling, and the use case models 

are derived from it.  

2.6 Chapter Summary 

This chapter presented the main concepts required for the understanding of our 

thesis. It results from a bibliographical study about modelling languages and iStar. The 

ML study included quality and extension in MLs, and already the iStar study has included 

iStar 2.0 and iStar extension.  

Thus, in this chapter, the iStar, a goal-driven requirements ML, was reviewed. We 

presented the main concepts and an example to illustrate the usage of iStar. Next, we 

showed the iStar 2.0, its metamodel, the differences related to the initial version of the 

language, and an example. We also discussed some iStar extensions and showed an 

example of one of them.  

We also discussed MLs. This involved the development and extension of MLs, 

where we showed the main tasks related to this area. We also described general concepts 

and classification of the quality of MLs. We finished the quality in ML conceptualisation 

with the physics of notations, this consisting of a set of nine principles/theories about 

visual notations of MLs. We highlighted the semiotic clarity principle, the central 

principle of physics of notations.  

We presented concepts about process definition such as the main elements involved 

(task, sub-processes, roles and artefacts). We also presented activities and the MLs 

commonly used to define a process. We highlighted BPMN, the ML used to model 

process proposed by this thesis. 

Finally, we showed the related works of this thesis. It involved the works about 

SLR, qualitative and empirical studies and processes involving iStar and goal modelling. 

All concepts presented here are useful for this thesis. The iStar concepts were the 

starting point, and they were what motivated the development of this work. The modelling 

languages concepts were important for better understanding the phenomenon of iStar 

extensions and for giving a way to improve the next proposals. 
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3 AN SLR OF ISTAR EXTENSIONS AND A CATALOGUE 

iStar has been extended to represent new constructs. The language is currently 

undergoing standardisation, so several studies have focused on the analysis of iStar 

variations to identify the similarities and define a core iStar. However, we believe it will 

continue to be extended. Thus, it is important to identify the existing iStar extensions and 

understand how iStar has been extended.  

This chapter presents the results of an SLR on studies published from 1990 until 

December 31, 2016, conducted following a predefined review protocol. The results point 

to 96 papers and 307 constructs proposed. The extensions and constructs were analysed 

according to well-defined questions in three dimensions: a general analysis; model-based 

analysis (to characterise extensions from the point of view of semantic and syntactic 

definitions); and a third dimension related to semiotic clarity. The target application area 

of the iStar extensions is presented as well as the evolution of iStar extensions’ proposals. 

The results indicate the need for iStar extensions to be more complete, consistent, with 

careful development and without conflicts, pointing to discussion and future directions 

for this research field. The results of this SLR were published in (GONÇALVES et al., 

2018a). 

However, the search for existing extensions and constructs is not supported by a 

tool. Therefore, a catalogue with the iStar extensions identified in the SLR of iStar 

extensions is also presented in this chapter. The catalogue enables the automatic search 

of and facilitate access to access the results of the SLR. The results of this catalogue were 

published in (GONÇALVES et al., 2018b) (GONÇALVES et al., 2018c). 

3.1 SLR Methodology  

In order to conduct this review, we followed the guidelines broadly defined by 

Kitchenham; Charters (2007) and their updated version by Kitchenham; Brereton (2013). 

The research questions of this study are presented in Table 2. 

These research questions of this SLR are based on the following general question: 

What are the iStar extensions? These questions appeared during the bibliographical study 

about modelling languages and iStar mentioned in the methodology of this thesis (Section 

1.5). This context also motivated the identification of the terms and search presented in 

Table 3. 

We performed an automatic and manual search and selection process to obtain the 

primary studies that constituted the basis for obtaining our results. The sources of the 

automatic search were ACM, EI Compendex, IEEE Xplore, Science Direct, SCOPUS, 

ISI Web of Science, Springer. The automatic search also considered all papers in the iStar 

repository in citeulike (http://www.citeulike.org/group/14571). 

 



53 
 
 

Table 2 – SLR Research questions and its descriptions. 

Research Question Description/Motivation 

SLR_RQ_1. What are the application 
areas of the iStar extensions? 

The objective of this question is to classify the extensions and to group 
them so as to make the search of extensions more objective  

SLR_RQ_2. What are the reasoning 
approaches more used? 

The aim of this question is to identify reasoning techniques used 
together with the proposed extensions. Reasoning approaches are 
interesting to generate meta-information from the diagrams and it is a 

way to analyse them 

SLR_RQ_3. Do the papers present a 
definition of the concepts involved in the 
extensions? 

This question intends to detect which extensions presented the 
description of the concepts introduced in extensions. The description of 
the concepts improves the understanding of the proposed extension 

SLR_RQ_4. Which syntax types do the 
extensions address (abstract, concrete or 
both)? 

This question aims to identify the syntaxes (abstract, concrete or both) 
that iStar extensions address. A modelling language is represented in 
two syntaxes (abstract and concrete), so an extension can/should be 

applied in these two levels 

SLR_RQ_5. What is the abstract syntax 
of the extension proposed? 

The purpose of this question is to identify the completeness 
representation of iStar concepts in metamodel of the extensions. We 
also analysed whether the extensions used well-formedness rules in 
abstract syntax definition 

SLR_RQ_6. Is there compatibility 
between the metamodel and the concrete 

syntax of the extensions? 

The aim of this question is to investigate the consistency between the 
metamodel and concrete syntax of iStar extensions 

SLR_RQ_7. How was the concrete 
syntax proposed in the extensions? 

This question aims to analyse the graphical representation of constructs 
introduced in concrete syntax. The constructs are classified according 
to their use. It also analysed extensions that proposed Computer-Aided 
Software Engineering (CASE) tools for modelling the extensions 

SLR_RQ_8. Are there conflicts with the 
constructs in the concrete syntax of the 

extensions? 

This question aims to identify conflicts involving new constructs of the 
extensions. Graphical representations of constructs are compared 

together involving all extensions 

SLR_RQ_9. Is there any process defined 
to support the creation of iStar 
extensions? 

The purpose of this question is to identify existing processes to support 
the creation of iStar extensions 

SLR_RQ_10. Are there standard 
extensibility mechanisms defined in 
iStar? 

The purpose of this question is to identify existing extensibility 
mechanisms in iStar 

Table 3 – Terms of the search. 

Term Classification Related Words 

Population terms T1: “i*” OR “framework i” OR iStar OR i-star OR eye-star OR 
“Goal-oriented Requirement Language (GRL)” OR Tropos  

Intervention terms T2: requirements 
T3: goal modelling OR goal modelling OR goal-oriented  
T4: extension OR extends OR extended OR extensibility 

T5: patterns OR profile 

 

A manual search was realised in seven editions of the international iStar workshop10 

(2008, 2010, 2011, 2013, 2014, 2015 and 2016) and book (YU et al., 2011) (Social 

Modelling for Requirements Engineering). The proceedings of the two first editions of 

the international iStar workshop (2001 and 2005) are not available. We used the selected 

papers to perform the backwards and forwards snowballing. We also asked the authors of 

selected papers about the suggestion of non-selected extensions as a way of snowballing 

directly with the authors.   

The terms of the search are presented in Table 3. A specific string for each search 

source, the steps to search and filtering of the results are available in Table 33 and Table 

34 of APPENDIX A. 

                                                
10 https://dblp.org/db/conf/istar/index 
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The list of inclusion criteria to select studies for answering our research questions 

is described as follows: 

1. We selected only primary studies, i.e., pieces of original research; 

2. Papers written in English were included and already filtered out in our search 

process; 

3. We considered papers that extend iStar, i.e., those who included new concepts 

with impact on one or more levels of language. 

4. Papers that define extensibility mechanisms in iStar were considered. 

The exclusion criteria of papers not related to the research questions were:  

1. Secondary studies, i.e., other SLRs or systematic mapping, were not selected;  

2. Papers not written in English were excluded and already filtered out in our 

search process; 

3. Studies that did not define iStar extensions or extensibility mechanisms, but 

only the use of iStar without changes in its syntax. Papers with contributions 

limited to proposing guidelines or works that presented only a case study of 

iStar are examples of papers excluded by this criterion; 

4. Duplicate works were excluded. 

The selected papers were analysed according to eight Quality Assessment Criteria 

(QAC) (Table 4) The results of this analysis are presented in APPENDIX A. 

Table 4 – Quality assessment criteria. 

Id Criteria 

QAC1 Is it a research paper or a report of learned lessons paper? 

QAC2 Is there a motivation for the study realization? 

QAC3 Are the research goals well defined? QAC4. Is the extension well defined? 

QAC4 Is the extension well defined? 

QAC5 Is the context (Industrial or Academic) described? 

QAC6 Was the study empirically tested? 

QAC7 Were the results discussed? 

QAC8 Were the limitations discussed? 

 

3.2 SLR Results 

The results of the identification, selection and quality assessment are presented in 

Figure 11. The dotted rectangle, on the left side of Figure 11, presents the electronic 

databases and the quantity of papers identified in each one them. Then, results of 

identification, selection and quality evaluation are presented. The rectangles identify the 

steps, and the rectangles with rounded corners represent the number of papers. Step 1 is 

related to Studies identification from electronic databases, Step 2 is related to the removal 

of duplicated papers, and in Step 3 the reviewers reviewed the title, abstract and keywords 

and unrelated papers were removed. Step 4 analyses the complete text of the papers. Step 

5 is related to quality assurance analysis. Step 6 is concerned with the inclusion of papers 
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identified by backwards and forwards snowballing. Step 7 is in charge of the selection of 

papers suggested by experts. The steps 6 and 7 considered the identification, selection 

according title, abstract and keywords, selection according to full reading, and quality 

analysis.   

   

Figure 11 – Paper selection flowchart. 

The SLR identified 1964 papers from eight electronic databases and manually (Step 

1). After the papers’ identification, 347 duplicated papers were removed and 1617 papers 

were maintained (Step 2). Afterwards, the reviewers analysed the paper’s title, abstract 

and keywords and the results pointed to 301 papers maintained and 1316 papers excluded 

(Step 3). The analysis of complete text selected 81 papers and excluded 220 papers (Step 

4). These two selections were based on inclusion and exclusion criteria presented in 

Section 3.1. Quality analysis retained 81 papers (Step 5). Snowballing added 10 papers 

(Step 6) and, finally, five papers suggested by authors were included (Step 7). Data 

extraction was carried out in 96 papers. All extensions of these papers are based on the 

initial version of iStar (i.e. they are not based on iStar 2.0). It was an expected result due 

to the proposal of iStar 2.0 had been published on May 2016. The quality score on each 

criterion and citations of the selected studies are presented in Table 35 of APPENDIX A. 

Figure 12 visualizes the publication frequency by showing the number of 

publications over time. In 2006, the numbers show a growing interest in iStar extensions, 

matching with the period of intensive usage of MDE pointed out in (AMELLER, 2009). 

Figure 12 shows periodical waves over the years. Within these waves, the largest 

gap/decrease is in 2007, 2012 and 2015. A big amplitude can be seen in 2011 and 2014, 

where the number of papers increased by approximately 50% compared with the previous 

year. We selected 11 papers in 2016; this is the third year with more selected papers and 
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shows that the extensions proposal remains an interesting theme for the iStar community. 

Furthermore, Figure 12 shows iStar extensions still being a field of interest: a greater 

number of extensions were carried out in the last six years of the SLR (2010 to 2016) with 

approximately 61%.  

We identified some reuse of construct in extensions. Paper (ALI; DALPIAZ; 

GIORGINI, 2014) reused concepts introduced in paper (ALI; DALPIAZ; GIORGINI, 

2010). Paper (LIASKOS; MCILRAITH; MYLOPOULOS, 2009) used the 

representations introduced by paper (LIASKOS et al., 2006). Paper (MORALES et al., 

2011) reused concepts of paper (ESTRADA et al., 2013). Paper (SANCHEZ et al., 2016) 

was based on paper (MORALES et al., 2015). Paper (MENDONÇA et al., 2016) reused 

the concepts introduced in two other papers: (ALI; DALPIAZ; GIORGINI, 2014) and 

(DALPIAZ et al., 2013). 

 

Figure 12 – Distribution of selected papers per year. 

We identified 28 conferences and 14 journals that published papers of iStar 

extension papers. The four conferences that most published iStar extension papers are 

presented in Table 5. The Conference on Advanced Information Systems Engineering is 

placed first with twelve papers. Requirements Engineering Conference and Conceptual 

modelling had ten papers concerning iStar extensions published in its proceedings over 

the years. Finally, Symposium on Applied Computing published four iStar extensions. 

Table 5 – Top-four conferences that published more extension papers. 

Conference Number of the Papers 

Conference on Advanced Information Systems Engineering (CAISE) 12 

Requirements Engineering Conference (RE) 10 

Conceptual Modelling (ER) 10 

Symposium on Applied Computing (ACM-SAC) 4 
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Likewise, the journals that mostly published (with number of papers >1) the 

extensions are Requirements Engineering Journal (6 papers), Journal of Systems and 

Software (3 papers) and Autonomous Agents and Multi-Agent Systems Journal (2 

papers). Table 6 presents these values and the impact factor of the journals in 2016. 

Table 6 – Top-three journals that published more extension papers. 

Journal Impact Factor Number of the Papers 

Requirements Engineering Journal 1.105 6 

Journal of Systems and Software 1.424 3 

Autonomous Agents and Multi-Agent Systems Journal 1.417 2 

 

We analysed the authors with more selected papers. The list of top authors (with 

the number of selected papers > 3) is presented in Table 7.  

Table 7 – Top authors with more selected papers. 

Placement Author Current University Number of Extensions 

1 Mylopoulos, J. University of Ottawa 22 

2 Giorgini, P. University of Trento 18 

3 Yu, E. University of Toronto 9 

Perini, A. Fondazione Bruno Kessler  9 

4 Dalpiaz, F. University of Trento / Utrecht University  8 

5 Ali, R. Bournemouth University 7 

6 Franch, X. Universitat Politècnica de Catalunya 6 

Siena, A.  Fondazione Bruno Kessler 6 

7 Liaskos, S. York University 5 

Mouratidis, H.    University of Brighton 5 

Susi, A. Fondazione Bruno Kessler 5 

Amyot, D. University of Otawa 5 

8 Castro, J. Universidade Federal de Pernambuco 4 

Cares, C. University of La Frontera 4 

Ghanavati, S. Carnegie Mellon University 4 

Horkoff, J. University of Trento / Chalmers University 4 

Ingolfo, S. University of Trento 4 

Lapouchnian, A. University of Toronto 4 

Mussbacher, G. McGill University 4 

Silva, C. Universidade Federal de Pernambuco 4 

Zannone, N.  Eindhoven University of Technology 4 

 

John Mylopoulos is in first place with 22 selected papers, followed by Paolo 

Giorgini in second place with 17 selected papers. Eric Yu and Ana Perini are in third 

place with nine selected papers. Fabiano Dalpiaz published eight selected papers and 

appears in fourth place. Raian Ali is in fifth place with seven selected papers. Xavier 

Franch and Alberto Siena are in sixth place with six selected papers. Sotirios Liaskos and 

Angelo Susi have each published five selected papers, gaining the seventh place. Next, 

we have a group of ten authors (Daniel Amyot, Jaelson Castro, Carlos Cares, Sepideh 

Ghanavati, Jennifer Horkoff, Silvia Ingolfo, Alexei Lapouchnian, Haralambos 

Mouratidis, Gunter Mussbacher, Carla Silva and Nicola Zanone) in eighth place with four 

selected papers. 

The results of the research questions are described in the next topics.  
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3.2.1 SLR_RQ_1: What are the Application Areas of the iStar Extensions? 

We address the first research question (SLR_RQ_1) by classifying the 96 papers of 

38 different application areas. We considered the application areas presented in paper 

(YU, 2009) and extracted some application areas according to the description given by 

the selected papers. It is important to cite that one paper could be classified in one or more 

application areas. The identification of papers by classification according to the 

application areas is available in Table 36 of APPENDIX A.  

Next, the application areas were grouped by area/similarity. For example, the 

application areas of agents, adaptive systems, autonomic systems and robotic systems are 

related to artificial intelligence, so we created a group called Intelligent to group them. 

We clustered application areas in nine groups. The compositions of the groups are listed 

below: 

• Group 1 (Social): Preferences, Law, Norms, Trust, Commitments, Conflicts and 

Compliance; 

• Group 2 (Intelligent): Agents, Adaptive Systems, Autonomic Systems, 

Intelligent Environments and Robotic Systems; 

• Group 3 (Security): Multi-Objective Risk, Privacy, Vulnerability, Safety, 

Security and Risks; 

• Group 4 (Contextual): Context, Variability and Scenario; 

• Group 5 (Enterprise): Organisational and Business Process; 

• Group 6 (General Development): Collaborative Systems, Derivation of 

Statechart, Evaluation, Gamification, Measurable Requirements, Mobile 

Systems, Web Systems, database and data warehouse, services; 

• Group 7 (SPL): Software Product Lines; 

• Group 8 (Aspects): Aspects (or advanced modularization); 

• Group 9 (Other NFR): Assumptions, Dependability, Desire (Kind of goals), 

Time Features, Performance Features, Quality Requirements and Sustainability.  

Figure 13 summarizes the results in the categories. 
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Figure 13 – Bar graph distribution of application area groups. 

Group 1 and Group 2 were classified in first place with 19 works (19.8% each one). 

Tied in second place with 18 papers (18.7% each one) identified, we have Group 3. 

Groups 4 and 5 each have 17 papers and are classified in third place. Group 6 has 15 

papers published (15.6%). Group 7 has five papers (5.2%), this group is in fifth place, 

and Aspects, in sixth, has three papers (3.1%). The remaining papers were grouped in 

Group 9 – it has 11 papers (11.45%). 

3.2.2 SLR_RQ_2. What are the Reasoning Approaches more Used? 

We analysed the reasoning techniques used in the iStar extensions. Reasoning 

techniques is a term used by the authors of extensions to mention the generation of a more 

formal representation from the models. According to Van Lamsweerde (2008) reasoning 

is an area studied extensively in artificial intelligence to generate conclusions from 

available knowledge. Giorgini et al. (2003) presented a set of reasoning techiniques in 

context of goal models analysis. 

We identified that 53/96 papers (55.3%) use reasoning techniques and 43/96 papers 

(44.7%) do not use reasoning techniques. Moreover, we identified three kinds of 

techniques used in extensions: Logic-based, Mathematical Formula and Algorithm. Some 

papers used a combination of Algorithm and Logic-based. The classification is presented 

in Figure 14. Logic-based is the first place with 32/53 papers (61%). Mathematical 

Formula is the second with 8/53 papers (15%). Algorithm appears with 7/53 papers 

(13%). Algorithm & Logic-Based category has 6/53 papers (11%). The classification of 

papers according to the completeness is available in Table 37 of APPENDIX A. 
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Figure 14 – Classification of papers according to reasoning technique. 

3.2.3 SLR_RQ_3. Do the Papers Present a Definition of the Concepts Involved in 

the Extensions? 

When an extension is proposed, it is important to define the language constructs (or 

new concepts introduced) (FRANCE; RUMPE, 2007). Hence, this question refers to the 

presence of a definition of the concepts introduced by the extensions. We used three 

possible values: Definition Present, Definition Not Present and Definition Partially 

Present. The results presented in Figure 15 point to 55/96 papers (57.3%) that defined all 

concepts involved in extension, 35/96 papers (36.5%) that did not define all concepts 

involved in extension and 6/96 papers (6.2%) that did not define any of the concepts 

involved in extensions. The classification of papers according to the definition of the 

concepts is available in Table 38 of APPENDIX A. 

 

Figure 15 – Results about definition of concepts involved in extensions. 
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3.2.4 SLR_RQ_4. Which Syntax Level Do the Extensions Address (Abstract, 

Concrete or Both)? 

This research question analysed in which level the extension was proposed: abstract 

syntax, concrete syntax or both (concrete and abstract syntaxes). The graphical 

representation in Figure 16 indicates that most of papers (62.5%; 60/96) extended only 

the concrete syntax of iStar. These works added new graphical representation in language 

but did not present their abstract syntax to enrich the structural representation of the 

language. Some of the papers (36.5%; 35/96) extended both syntaxes (Concrete and 

Abstract) and only one paper (1%) extended only the abstract syntax. The classification 

of papers according to the syntax type is available in Table 39 of APPENDIX A. 

 

Figure 16 – iStar extensions representation according to syntax types. 

The next four research questions will use the papers based on the classification of 

SLR_RQ_4. The SLR_RQ_5 analysis refers to abstract syntax, so this analysis used the 

papers that extend only the abstract syntax or extends both syntaxes. SLR_RQ_6 analysed 

the compatibility of the syntaxes, then we considered only papers that extended both 

syntaxes. The SLR_RQ_8 performs an analysis of constructs, so we considered only 

papers that extended concrete syntax or both syntaxes. Table 8 presents the details about 

this analysis. 

Table 8 – Identification of syntax target by the next analysis. 

Research Question Syntax of Papers used Total of Papers  

SLR_RQ_5 Abstract or both 36 

SLR_RQ_6 Both 35 

SLR_RQ_7 Concrete or Both 95 

SLR_RQ_8 Concrete or Both 95 

 

3.2.5 SLR_RQ_5. How Was the Abstract Syntax Extension Proposed? 

This research question intends to analyse the abstract syntax of the extensions. The 

abstract syntax of an ML is composed of its metamodel and well-formedness rules, so to 

answer this question two analyses were realised: first, we considered the completeness of 
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representation of iStar concepts; second, if the well-formedness rules (Rules of 

Validation) were identified. Additionally, an analysis involving compatibility of abstract 

and concrete syntaxes was performed. We analysed only the papers that presented abstract 

syntax representation, that is, 36 papers that extended both syntaxes and one paper that 

extended only the abstract syntax.  

We analysed the presence of intentional elements (goals, softgoals, tasks and 

resources), actors (actor, agent, role and position), beliefs and links (association, 

dependency, means-end, decomposition, and contribution). These concepts were 

proposed in original work (YU, 1997). Figure 17 (left) presents the results of this analysis. 

Of the papers, 22.2% (8/36) created a metamodel with all concepts of iStar definition and 

77.8% (28/36) papers are incomplete. Among the papers whose metamodels are 

incomplete, 20 papers presented absence of nodes and links, only five papers were 

identified with the absence of links and only three papers were identified with the absence 

of nodes. The classification of papers according to the completeness is available in Table 

40 of APPENDIX A. 

We analysed all selected papers (96 papers) to identify the papers that defined well-

formedness rules. Twelve papers were identified with the definition of well-formedness 

rules, four of these papers extended only the concrete syntax, 11 papers extended both 

syntaxes and one extended only abstract syntax. Figure 17 (right) summarizes the results 

about well-formedness rules definition.  

      

Figure 17 – Results of the abstract syntax analysis. 

3.2.6 SLR_RQ_6. Is There Compatibility Between the Metamodel and the Concrete 

Syntax of the Extensions? 

We analysed the compatibility between the metamodel and the concrete syntax in 

papers that extended both syntaxes (35 papers). This analysis classified each paper as 

Compatible or Not Compatible. Each paper classified as Not Compatible was analysed 

and classified according to the kind of incompatibility related to representation in abstract 

syntax: without representation in concrete syntax, representation in concrete syntax 

without representation in abstract syntax, or both. Figure 18 presents the results of this 
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analysis. Approximately 62.86% (22/35 papers) have compatibility between both 

syntaxes and approximately 37.14% (13/35 papers) do not have compatibility between 

both syntaxes. Five papers represent the constructs in the metamodel and do not represent 

them in concrete syntax. Five papers represent the constructs in concrete syntax without 

representing them in the metamodel. Finally, three papers present the problem in both 

ways. The classification of papers according to the compatibility between the syntaxes is 

available in Table 41 of APPENDIX A. 

 

Figure 18 – Compatibility between metamodel and concrete syntax. 

3.2.7 SLR_RQ_7. How Was the Concrete Syntax Proposed in the Extensions? 

We identified 307 new constructs introduced by the extensions. We analysed the 

papers that extended iStar in concrete syntax or in both syntaxes (95 papers, note that one 

paper that extends only the abstract syntax was not considered in this evaluation). This 

analysis has the objective to identify the kind of constructs involved in extensions. 

Initially we checked whether the extended construct was applied to nodes, links or both. 

Thus, we concluded that 54% (167 constructs) of the new constructs are applied to nodes 

and 46% (140 constructs) are about links. Furthermore, we identified 31.6% (30/95) of 

extensions that involve the definition of only new nodes, 13.7% (13/95) of extensions 

involve the definition of only links and 54.7% (52/95) of extensions involve the definition 

of nodes and links. Figure 19 shows this information. The classification of papers 

according to the completeness is available in Table 42 of APPENDIX A. 
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Figure 19 – Distribution of kinds of constructs introduced by the identified extensions. 

We analysed the identified constructs and classified each one. The classification 

was realised according to their objective: node identifier, node status, link qualifier, 

specialised node, cardinality, specialised link, link to external representation, link to 

another part of the diagram, label with syntax, new node construct and new link construct. 

We now describe each objective: 

• Node identifier – The purpose of this extension mechanism is to identify a 

goal/softgoal/task/resource with a short label that is used in a reasoning 

technique or to facilitate the reference to goal/softgoal/task/resource of a 

diagram in a requirements document, for example; 

• Label with syntax – This is an extension mechanism to represent a specific 

syntax logic in a textual label in diagrams; 

• Node status – This extension mechanism represents the status of a goal/softgoal; 

• Link qualifier – This extension mechanism is used to qualify a link. For 

example, this extension mechanism can represent information about a link and 

inform if it is help ( ), break ( ) or hurt ( ); 

• Node specialization – This extension mechanism is used to specialise an 

existing node to represent a new concept; 

• Link specialization – This extension mechanism is used to specialise an existing 

link to represent new a link; 

• Cardinality – It is used to represent the number of elements in an iStar model; 

• Reference to external representation – This extension mechanism is used to 

link external information to the iStar diagram; 

• Reference to other part of the diagram – This extension mechanism is used to 

improve the modularity and scalability of iStar models. It links a part of iStar 

diagram; 

• New node construct – It represents a node not available in iStar with a new 

graphical symbol; 

• New link construct – It represents a link not available in iStar with a new 

graphical symbol; 
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The representation forms emerged from the classification procedure, with some 

forms found to be used for different objectives (see Figure 20). In the sequence, we 

present the representation forms list with its descriptions: 

• Effect in border line (a) is formatting to specialise existing iStar nodes and 

links. The effects used in formatting are dotted, bold and painted in the border.  

• Graphical stereotype (b) is used to specialise existing iStar nodes and links 

with the usage of an image attached to it. 

• Textual without special marker (c). This representation is used as a part of 

construct textual label. Although it does not have any textual highlighter, 

extensions use this feature to specialise or represent information. 

• Textual between brackets (d). This representation is used as a part of construct 

textual label to specialise existing nodes and links and to represent information, 

e.g., entity identification. The special characters “[ ]” are used to highlight the 

textual representation of this information.  

• Textual between parentheses (e) is a textual label to specialise existing nodes. 

The special characters “( )” are used to highlight the textual representation of the 

specialization. 

• Textual before colon (f) is used to represent information about node’s 

identification with the character “:”.  

• Textual before hyphen (g) is used to represent information about node’s 

identification with the character “-”. 

• Using coupled graphically representation (h). It is represented as a circular or 

rectangular representation attached to the form of the construct. It is used to 

specialise and represent information, as identifier and prioritisation of nodes.  

• Using coupled graphically representation without border (i). It is the same 

idea of the Coupled Graphically Representation (h), but only textual, i.e., without 

border of the coupled representation. 

• Textual between double greater than and less than (j). The characters “<<” 

and “>>” are used to represent the specialization of nodes similarly to a UML 

stereotype. 

• Textual representation into the figure of link (k). Some links are represented 

with a figure attached to its line. Therefore, the specializations of these links are 

performed with the inclusion of characters into the figures. 

• Textual between braces (l) is a textual label to represent information about iStar 

nodes in Label with syntax. It represents a representation in formal language 

between the special characters of “{ }”. 

• Textual between double braces (m) is a textual label to represent information 

about iStar nodes in Label with syntax. It represents a representation in formal 

language between the special characters of “{{ }}”. 
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• Textual between greater than and less than (n) is a textual label to represent 

extra information, as in cardinality case. The special characters “<” and “>” are 

used to highlight the textual representation of this information.  

An illustration of all representation forms is presented in Figure 20. 

 

Figure 20 – Example of representation forms. 

One construct could be classified into one or more categories. The papers used a 

different graphical representation of the nodes. Thus, we identified this kind of 

representation for each category. For example, the two graphical representations of a goal 

indicator are represented in Figure 31, on the right-hand side. All identified constructs 

and their papers are saved in a repository of extensions available in 

http://istarextensions.cin.ufpe.br/catalogue/. 

Additionally, we analysed whether the new representation introduced in the 

concrete syntax was supported by a case tool. The results point to 46.4% (44/95 selected 

papers) that have tool support and 53.6% (51/95 selected papers) that are not supported 

by a case tool. Figure 21 shows the results related to the identification of case tool to 

support the extensions. The classification of papers according to the tool definition is 

available in Table 43 of APPENDIX A. 

 

Figure 21 – Case tool definition for the extensions. 

3.2.8 SLR_RQ_8. Are There Conflicts with the Constructs in the Concrete Syntax of 

the Extensions? 

Problems involving constructs in concrete syntax were identified and classified. 

Note that when we had doubts about constructs, we contacted the respective authors by 
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email. We identified 108 conflicts with the concrete syntax definition and grouped these 

problems into five categories (Based on semiotic clarity (MOODY, 2009)): 

• CON1: One concept with two or more representations in concrete syntax; 

• CON2: Two or more concepts with only one construct in concrete syntax; 

• CON3: New Constructs in conflict with the original iStar syntax; 

• CON4: Wrong representation of iStar original construct; 

• CON5: Representation of constructs that is not part of the extension; 

The iStar 1.0 syntax was used in our comparison in categories 4 and 5. This version 

was chosen for analysis because the extensions analysed were proposed using the initial 

version as a basis. 

Category CON1 has 58 conflicts identified and is the most common problem 

identified in the extensions. Category CON2 has 31 conflicts identified and it is the 

second-most frequent error. Category CON3 has eight conflicts and Category CON4 has 

seven conflicts identified and they are in third place. Finally, Category CON5 appears in 

fourth place with four conflicts identified. The total of conflicts is 108. The results are 

presented in Figure 22. The presentation of all conflicts is available in Section 3.3. 

 

Figure 22 – Number of conflicts between constructs per kind of conflict. 

3.2.9 SLR_RQ_9. Is there any process defined to support the creation of iStar 

extensions? 

We analysed the selected papers to identify any papers that propose a process to 

guide the iStar extensions proposals. However, we did not identify any. We found a paper 
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proposed by Franch et al. (2011) which presents an approach to join iStar with other MLs, 

but it is not related to iStar extensions. It was considered a related work and the 

comparison of this work with our process is presented in Section 2.5.4.  

Logically, the existing extensions were created following a set of tasks. As 

discussed in the introduction, the term process is so general that when a person performs 

a set of tasks it can be considered a process. However, we are looking for a defined 

process, which is supposed to be documented to make it possible to guide other extenders 

to reproduce the same steps in the execution of the next projects. We did not find any 

evidence about the existence of a documented process followed by the existing iStar 

extensions. Additionally, we did not find any evidence about documentation/modelling 

of templates, roles, tasks and their inputs and output, elements commonly used in a 

process.  

3.2.10 SLR_RQ_10. Are There Standard Extensibility Mechanisms Defined in iStar?  

In the selected papers, we did not find a description of iStar standard extension 

mechanisms. All selected papers present an iStar extension and introduced new constructs 

in the ML. These selected papers use a set of ML representations, as new graphical 

representations, new properties, new compartments and textual representations to 

increase the textual syntax of iStar. However, it was not based on a standard. The new 

language description (DALPIAZ; FRANCH; HORKOFF, 2016) also did not define 

extension mechanisms.  

3.3 Description of Conflicts  

Initially, in Section 3.3.1, we present problems of Category CON1, where one 

concept has two or more representations in different extensions. Thus, in Section 3.3.2 

we present Category CON2 where there are two or more concepts but one representation. 

Next, in Section 3.3.3 we present inconsistencies with the representation of the original 

syntax. Section 3.3.4 describes the inconsistencies of wrong representation of iStar 

syntax. Finally, Section 3.3.5 presents the problems of constructs that are not part of the 

extension proposed. We included labels with a letter in figures of this section to facilitate 

the identification in the textual description. However, these labels are not part of graphical 

representation as described in the papers. 

3.3.1 Inconsistencies of One Concept with Two or More Representations 

Conflict is represented in paper (CHUNG, 2006) by a bidirectional link with a 

textual label (Figure 23-A) and in paper (HORKOFF; YU, 2010) this concept is 

represented by contribution link with a graphical stereotype (Figure 23-B). Figure 23-C 

presents an additional identification used in paper (AGUILAR et al., 2014) and Figure 
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23-D presents an inclined rectangle used in paper (ESTRADA et al., 2013), both represent 

a service. Commitment is represented in paper (CHOPRA et al., 2010) using a link with 

a rectangle that describes the commitment (Figure 23-E) and this concept is represented 

in paper (SUTCLIFFE, 2011) using a link with an arc (Figure 23-F). 

 

Figure 23 – Two representations of conflict, service and commitment in iStar extensions. 

Figure 24 (left) shows two different representations of threat. A diamond (Figure 24-

A) is used in (DUBOIS; MAYER; RIFAUT, 2011) to represent threat related to 

vulnerability, and a pentagon (Figure 24-B) was proposed in (MOURATIDIS; 

GIORGINI, 2007) and is used in (ISLAN et al., 2012) and (MOURATIDIS et al., 2013) 

to represent a threat as a node related to security. Similarly, in Figure 24 (right) two 

different representations for the plan are represented. The octagon is used in Xipho 

(MURUKANNAIAH; SINGH, 2014), a Tropos extension, to represent a plan (Figure 24-

C) and the construct used to represent task is used in papers (GUIZZARDI; PERINI; 

DIGNUM, 2011) and (MORANDINI et al., 2015) to represent a plan (Figure 24-D).  

 

Figure 24 – Two representations of threat and plan in iStar extensions. 

Vulnerability is represented in three different ways. In paper (ELAHI; YU; 

ZANNONE, 2010) it is represented as a black circle attached to an intentional element 

and the vulnerability has a label outside to inform its description (Figure 25-A). In paper 

(MOURATIDIS et al., 2013), vulnerability is represented by an ellipse (Figure 25-B), 

while in paper (DUBOIS; MAYER; RIFAUT, 2011) a diamond with the upside painted 

in black is used to represent vulnerability. Figure 25 shows the three representations of 

Vulnerabilities. 
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Figure 25 – Vulnerability representations. 

We found six ways to use condition in extensions. In extension (MORANDINI et 

al., 2015), a new waveform construct is used to show preconditions (Figure 26-A). In 

papers (GANS et al., 2001) and (GANS et al., 2006), the preconditions are represented 

by a triangle (Figure 26-B). Papers (MAROSIN; VAN ZEE; GHANAVATI, 2016) and 

(RASHIDI-TABRIZI et al., 2013) use a textual stereotype to represent conditional 

(Figure 26-C and Figure 26-D). The extension (LIU; YU; MYLOPOULOS, 2003) 

presents another representation of the conditional treatment through a label with an 

external identifier (Figure 26-E). In (SIENA et al, 2012), preconditions are represented 

by situations (Figure 26-F). Figure 26 illustrates these six representations following the 

order of description in this paragraph. 

 

Figure 26 – Six representations of condition. 

We identified 10 conflicts referring to concrete syntax notation of and operator and 

or operator in refinement link. In the paper (PIMENTEL et al., 2014), and and or are 

distinguished in refinement link by the filled arrow (and) or unfilled arrow (or) (Figure 

27-A), while in paper (MURUKANNAIAH; SINGH, 2014) the representation is an arch 

with the operator (Figure 27-B). In (ALI; DALPIAZ; GIORGINI, 2010) only the 

connectors are used in decomposition links (Figure 27-C). Paper (BRESCIANI et al., 

2004) uses only the arch to represent the and operator, the absence of the arc is indicative 

of an or operator (Figure 27-D). In (BORBA; SILVA, 2009) and and or operators are 

represented by a label (Figure 27-E). Paper (LIASKOS et al., 2011) gives an option to 

represent and and or through a label near the link (Figure 27-F). In paper (INGOLFO; 

SIENA; MYLOPOULOS, 2014), and is represented as an arc in the decomposition link 

while or is represented as a circle in decomposition (Figure 27-G). Paper (SIENA et al., 

2012), with the same authors of (INGOLFO; SIENA; MYLOPOULOS, 2014), presents 

the operators as a flow (Figure 27-H). Paper (GIORGINI; RIZZI; GARZETTI, 2008) 

shows the operators with textual and or or (Figure 27-I). In extension (LI; HORKOFF; 

MYLOPOULOS, 2014), a circle is used to represent the connective and and or is 

explained with a label (Figure 27-J). Figure 27 presents all drawings cited in this 

paragraph according to the order that they were described.  
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Figure 27 – Ten representations of operators and and or. 

In iStar 2.0 and operator and or operator in refinement links were standardised. iStar 

2.0 (DALPIAZ; FRANCH; HORKOFF, 2016) employs a T-shaped arrowhead to denote 

and-refinement, and a solid arrow directed towards the parent to represent or-refinement 

(the original iStar symbol). Figure 28 shows the representations in iStar 2.0. 

 

Figure 28 – And-refinement (left) and or-refinement (right) in iStar 2.0 (DALPIAZ; FRANCH; 

HORKOFF, 2016). 

Priority/Order of task is represented in the paper (TERUEL et al., 2011) as a part 

of its label (in square brackets) (Figure 29-A), but in work (LIASKOS et al., 2006) the 

priority is represented in a circle with the priority value (Figure 29-B). Fact is represented 

in paper (GIORGINI; RIZZI; GARZETTI, 2008) by an inclined rectangle (Figure 29-C), 

and in paper (ALI; DALPIAZ; GIORGINI, 2009) it is represented by a rectangle (Figure 

29-D). 

 

Figure 29 – Priority/Order of the task constructs and fact representation. 
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Several works defined a construct to introduce context in iStar: (ALI; DALPIAZ; 

GIORGINI, 2009), (ALI; DALPIAZ; GIORGINI, 2010), (ALI; DALPIAZ; GIORGINI, 

2014), (FRANCH et al., 2011), (LEI; BEN; HE, 2015), (LI; HORKOFF; 

MYLOPOULOS, 2014), and (MURUKANNAIAH; SING, 2014). In papers (ALI; 

DALPIAZ; GIORGINI, 2010), (ALI; DALPIAZ; GIORGINI, 2014), and (LI; 

HORKOFF; MYLOPOULOS, 2014), the context identification is using the identifier in 

a square. In the extension (ALI; DALPIAZ; GIORGINI, 2009), the context representation 

is made similarly to (ALI; DALPIAZ; GIORGINI, 2014), but this identification is linked 

to another iStar diagram detailing the associated context. The graphical representation 

used by these four previously cited papers is presented in Figure 30 with the label (A). 

Already, the context identification of (LEI; BEN; HE, 2015) used only textual 

representation (Figure 30-B). In paper (MURUKANNAIAH; SING, 2014), the resource 

context and context objectives are represented using a special notation, showing possible 

variations, and a connection link is used to represent the relation between context (Same 

representation of a goal) and plans (Figure 30-C). In the paper (FRANCH et al., 2011), 

the stereotype <<context>> is used to represent links and node related to context (Figure 

30-D).  

 

Figure 30 – Construct context in extensions. 

Situation is represented in two different ways by the same author in different papers. 

Paper (SIENA et al., 2012) represents situations by a square with an irregular bottom edge 

(Figure 31-A) and in (INGOLFO et al., 2014) situation is shown as a rectangle with a 

marking (Figure 31-B). In paper (MORANDINI et al., 2015), the indication if a goal was 

achieved, maintained or performed is done through an aggregate representation into a 

circle (Figure 31-C) and in paper (LEI; BEN; HE, 2015) this representation is made 

textually without the circle (Figure 31-D). This conflict is shown in Figure 31. 

 

Figure 31 – Two representations of situation (left) and two goal indicators (right). 

In Nòmos papers (INGOLFO et al., 2013), (INGOLFO et al, 2014), (INGOLFO; 

SIENA; MYLOPOULOS, 2014), (SIENA et al, 2009) and (SIENA et al., 2012), the 

consistency in representations was not maintained. In paper (INGOLFO et al., 2013), the 



73 
 
 

identifier of nodes is represented outside and without highlight (Figure 32-A), but the 

works in (INGOLFO et al., 2014) and (INGOLFO; SIENA; MYLOPOULOS, 2014), the 

identification is represented in a grey square on the border of the nodes (Figure 32-B), 

while in paper (SIENA et al., 2012) the identification of the nodes is represented inside 

and its name outside, in (SIENA et al., 2012) (Figure 32-C). However, in (SIENA et al., 

2009), (INGOLFO et al., 2013), (INGOLFO et al., 2014) and (INGOLFO; SIENA; 

MYLOPOULOS, 2014), we have the opposite (Figure 32-D).   

 

Figure 32 – Conflicts of nodes identifier in Nòmos. 

We also analysed the representations of the representations identified in 

SLR_RQ_7. We considered the objective as the concept to be represented. Thus, we have 

the following conflicts in this category: Node identifier has five representation forms, 

Node status has four representation forms, Specialised Node has seven representation 

forms, Cardinality has two representation forms, Specialised Link has five representation 

forms, Reference to external representation has two representation forms and, finally, 

Label with Syntax has two representation forms. We identified a total of 27 

inconsistencies involving the objectives of representation (SLR_RQ_7) related to conflict 

of one concept with two or more representations. The conflicts can be identified in 

objectives of representation (RQSLR_7) and their graphical representation is available in 

Figure 20.  

3.3.2 Inconsistencies of Two or More Concepts with One Representation 

Two or more different concepts have been represented by the same graphical 

symbol in 13 cases. In papers (SIENA et al., 2008) and (SIENA et al., 2012), both 

classified in the same application area in the analysis of SLR_RQ_1, the triangle is used 

to represent Norm and Duty (Figure 33-A, B). In extension (SCHULZ; MEISSNER; 

ROSSAK, 2013), the triangle is used to represent predicates (Figure 33-C) and in (SIENA 

et al., 2009) actions are represented by a triangle (Figure 33-D). We considered four 

conflicts about this situation. Figure 33 shows this situation. 

 

Figure 33 – Uses of triangle to represent norm, duty, predicate and action. 
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Similarly, the octagonal is used for security extensions (such as (MELLADO; 

MOURATIDIS; FERNANDEZ-MEDINA, 2014) and (MOURATIDIS et al., 2013) to 

represent the security and vulnerability restrictions (Figure 34-A), and it is also used by 

the extension (MURUKANNAIAH; SINGH, 2014) to represent plan (Figure 34-B). 

Papers (MURUKANNAIAH; SINGH, 2014) (Figure 34-C) and (ALENCAR et al., 2006) 

(Figure 34-D) used a bold edge in the resource notation as a way to represent a specific 

type of resource and resource-related aspects respectively. 

 

Figure 34 – Octagon and rectangle with bold border used for two different purposes. 

In paper (MORANDINI et al., 2015), a construct with flag shape is presented to 

represent preconditions (Figure 35-A) and in paper (FRANCH et al., 2011) the authors 

used this same construct to represent softgoal (Figure 35-B). In two papers ((MELLADO; 

MOURATIDIS; FERNANDEZ-MEDINA, 2014) and (MOURATIDIS et al., 2013)) 

written by the same author and classified in the same application area (Intelligent 

Systems), a new link notation is introduced in both papers to represent different meanings. 

In (MOURATIDIS et al., 2013) it indicates that an actor has a security/privacy property 

(Figure 35-C) and in paper (MELLADO; MOURATIDIS; FERNANDEZ-MEDINA, 

2014) it indicates a satisfaction link (Figure 35-D). 

 

Figure 35 – Two representations of new constructs in flame form and double-headed arrow. 

Paper (ESTRADA et al., 2013) presents a construct (Figure 36-A) for service, that 

has the same form of the fact representation given in paper (ALI; DALPIAZ; GIORGINI, 

2009) (Figure 36-B). The graphical stereotype V is used in paper (CHOPRA et al., 2010) 

to represent that a goal is a capability (Figure 36-C) and this graphical stereotype is used 

in other papers, such as (HORKOFF; YU, 2010), as a status representation (Figure 36-

D).  

 

Figure 36 – Two different uses of inclined rectangle and graphical stereotype v. 
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The ellipse is used to represent error in (MORANDINI et al., 2015) (Figure 37-A) 

and vulnerability (Figure 37-B) in paper (MOURATIDIS et al., 2013). A rectangle is used 

to represent fact in extension (GIORGINI; RIZZI; GARZETTI, 2008) (Figure 37-C), 

cause and effect in paper (LIASKOS; MYLOPOULOS, 2010) (Figure 37-D) and to show 

how leaf-level goals are implemented in (LAPOUCHNIAN et al., 2006) (Figure 37-E). 

These problems are treated in Section 3.3.3, given that these problems conflict with the 

iStar syntax too. Figure 37 presents the new constructs with the same representation 

(ellipse and rectangle). 

 

Figure 37 – Ellipse and rectangle conflicts of two or more concepts. 
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3.3.3 Inconsistencies of New Constructs in Conflict with the iStar Original Syntax  

When a new concept is introduced in an extension, specialising an existing concept 

of iStar, it is natural that the new construct uses the existing construct as a basis. However, 

some constructs introduced in iStar that do not have a conceptual link with the iStar base 

may use a well-known representation. Often the extensions do not introduce any 

difference of the respective construct of the standard syntax, generating a construct 

redundancy in the concrete syntax. In the following, we summarised these cases. 

The ellipse is one way used by iStar to represent belief but this construct is used to 

represent error in (MORANDINI et al., 2015) (Figure 38-A) and vulnerability in paper 

(MOURATIDIS et al., 2013) (Figure 38-B). Plan is represented by the same graphical 

construct used to represent a task in (MORANDINI et al., 2015), only (the blue) colour 

is used, but it is not a valid form to distinguish different concepts (Figure 38-C). A 

rectangle is used to represent resource in the iStar syntax, but it has also been used to 

represent fact in extension (GIORGINI; RIZZI; GARZETTI, 2008) (Figure 38-D), cause 

and effect in paper (LIASKOS; MYLOPOULOS, 2010) (Figure 38-E), conditional 

constructs (condition formulae, condition elements and effect elements) in (LIASKOS; 

MCILRAITH; MYLOPOULOS, 2009) (Figure 38-F) and indicates how leaf-level goals 

are implemented in (LAPOUCHNIAN; YU; LIASKOS; MYLOPOULOS, 2006) (Figure 

38-G). Paper (GUIMARÃES et al., 2015) represents the quality attributes of a task by a 

rectangle that is used to represent resource. Figure 38 presents several representations of 

new constructs using the same representation of iStar syntax.  

 

Figure 38 – New constructs with the same representation of iStar constructs. 

3.3.4 Inconsistencies Due to Wrong Representation of iStar Syntax  

Paper (FRANCH et al., 2011) presents softgoals by a graphical representation 

similar to a flag. A role is represented in paper (INGOLFO et al., 2014) just as an actor 

(without a line at the bottom). Goals are represented in paper (INGOLFO; SIENA; 

MYLOPOULOS, 2014), like two parallel lines with the label inside. Figure 39 presents 

some wrong representations of original iStar nodes. 
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Figure 39 – Problems with the representation of original iStar nodes in extensions. 

Papers (BRESCIANI et al., 2004), (LIASKOS et al., 2011) and (PIMENTEL et al., 

2014) represent decomposition link incorrectly. The first paper represents it in a similar 

way to an association; the second and third used means-end representation. Paper 

(GIORGINI; RIZZI; GARZETTI, 2005) represents dependency with a pentagon with the 

D value inside. Figure 40 presents the problems with the representation of iStar links in 

the extensions. 

 

Figure 40 – Problems with the representation of original iStar links in extensions. 

3.3.5 Representation of Constructs that are not Part of the Extension  

Some extensions introduced constructs in their examples which are not part of the 

extension. These are unclear and leaves the reader a little confused about what is part of 

the extension and what is not. In identified cases, we contacted the authors by email to 

confirm whether it was or was not part of the extension. 

The authors of the papers (DANESH; YU, 2014) and (LIASKOS et al., 2006) 

explained that it was not part of the extension but was introduced to highlight the 

constructs involved. The authors of work (ALENCAR et al., 2006) explained that this 

representation is an option of the OME modelling tool. Finally, the authors of the paper 

(ESTRADA; MARTÍNEZ; PASTOR, 2003) explained that this representation was used 

because of the modelling tool used. 

A rectangle is used in three papers around the nodes to highlight it. However, it is 

not a new construct included in the extensions (DANESH; YU, 2014) (grey rectangle – 

Figure 41 A), (ALENCAR et al., 2006) (pink rectangle – Figure 41 B) and (LIASKOS et 

al., 2006) (Grey rectangle – Figure 41 C). Figure 41 shows the representation of these 

problems.  
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Figure 41 – Three highlights that are not part of the extension. 

Paper (ESTRADA; MARTÍNEZ; PASTOR, 2003) uses a star construct to represent 

an actor. Initially, our analysis considered that the representation was an extension to 

represent business actors in SR diagrams. However, according to the authors, it happened 

because of a problem with the tool used to model. Since the only change was this actor 

variation, this article was discarded and not considered as an extension to iStar. Figure 42 

shows the actor construct used in the paper (ESTRADA; MARTÍNEZ; PASTOR, 2003). 

 

Figure 42 – Construct used to represent actor. 

3.4 Analysis and Discussion 

We presented an overview of iStar extensions in which the extensions were 

identified. Besides, the study highlighted the main authors, conferences and journals, the 

main application areas involved in extensions, type of validation and reasoning 

techniques supported. We identified many extensions. The number of proposals increased 

from 2006 onwards, which matches the period of intensive usage of MDE pointed to in 

(AMELLER, 2009). 

A set of questions related to Model-Based Engineering (MBE) were answered to 

characterise the extensions on this viewpoint. These questions analysed the extensions 

about concept definition, abstract syntax and concrete syntax. We answered two questions 

related to semiotic clarity (MOODY, 2009). Finally, we searched for extensibility 

mechanisms in iStar. 

Papers extending both syntaxes were 36.5% (35/96), and among these, 22.2% 

(8/35) of the papers have all iStar concepts in the metamodel, 62.8% (22/35 papers) 

provides compatibility between the concrete syntax and abstract syntax and 12.5% 

(12/96) of works define well-formedness rules. 

Extensions making changes involving nodes and links were 54.7% (52/95), and 

31.6% (30/95) underwent changes only involving nodes and 13.7% (13/95) underwent 

changes only involving links. We classified these constructs in 11 options of purpose and 
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according to the form of graphical representation. Moreover, 46.4% (44/95 extensions) 

of the works have a tool support. 

The extensions (BRESCIANI et al., 2004), (ELAHI; YU; ZANNONE, 2010), 

(MATE; TRUJILLO; FRANCH, 2014) and (MORALES et al., 2011) have a definition 

of the concepts presented (SLR_RQ_3), the extensions were defined in both syntaxes 

(RQ4), the metamodel is completely related to iStar metamodel (SLR_RQ_5), and there 

is compatibility between metamodel and its concrete syntax (SLR_RQ_6). Additionally, 

paper (BRESCIANI et al., 2004) also presents a case tool (SLR_RQ_7) and paper 

(ELAHI; YU; ZANNONE, 2010) has a logic-based reasoning method (SLR_RQ_2). 

However, paper (BRESCIANI et al., 2004) has a conflict with the representation of and/or 

refinement link and paper (ELAHI; YU; ZANNONE, 2010) have a conflict of the 

Vulnerability’s representation.  

The existing conflicts of one concept with two or more representations can indicate 

that there is a need to extend these concepts, as Vulnerability that has three representations 

or and/or refinement with ten representations. The proposal of new representation in 

conflict with existing representation can be evidence the difficulty of researchers to 

identify existing extensions that proposed a representation of its target concepts. 

The initiative of iStar standardisation, held by the proposition of the new version of 

the language (iStar 2.0), is for us a demonstration that the community is focusing on the 

creation of a unified version. The results of our SLR are contributing to a better 

understanding of extensions already made to create a consistent foundation for further 

research addressing extensibility in iStar to also make it systematic.  

The iStar extensions have been proposed in an ad hoc form (not systematic); it is 

clear in the data analysis of research questions. Therefore, we believe that the first step to 

systematise the iStar extensions proposals is to create a process to guide this activity. 

Moreover, this process should consider the conceptualisation of the background of MBE 

and semiotic clarity to improve how iStar is extended.  

Therefore, the existence of a standard iStar metamodel on which to base iStar 

extensions could be corroborated to increase the number of extensions in both syntaxes. 

A standard metamodel could help new extensions be complete regarding the iStar 

concepts. A standard metamodel is already present in the definition of a new language 

version (iStar 2.0).  

We created a website with the results of this SLR – the results are available in 

http://istarextensions.cin.ufpe.br/slr_supplement. 

We also created a catalogue to maintain the iStar extensions identified in this SLR 

and it is designed to be updated with new extensions or existing extensions that perhaps 

have not been identified here. This catalogue facilitates the search of extensions and their 

constructs and allows the search by author, title, application area, reasoning approach, 
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tool support, name of construct, objective of representation and figure used. The catalogue 

of iStar extensions is presented in Section 3.6.  

3.5 Threats to Validity of the SLR 

This section describes concerns related to threats to validity that were classified 

using the Construct, Internal, External and conclusion categories proposed in (WOHLIN 

et al., 2012). 

Construct validity: We tried to create a search string as most comprehensive as 

possible. The main concepts in this review are iStar and extension. For the first concept, 

we used the term iStar and its synonyms “i*”, “framework i*”, iStar, i-star, eye-star, 

Tropos and GRL. We used terms related to iStar to specify the search results such as 

Requirements, Requirement, Goal modeling, Goal-modeling, Goal-modelling, Goal 

modelling and Goal-based. For the second concept, the Extension term and its synonyms 

Extends, Extended, Extensibility and Profile were used. However, we cannot guarantee 

that all relevant primary studies were selected during our search because of a constraint 

of “i*” term usage in some electronic databases. The full description of GRL, Goal 

Requirements Language, was not used in the string search because it is a generic term for 

all goal-oriented requirements MLs. The inclusion of this term during the pilot made the 

search strings return a number of papers that would make impracticable the execution of 

this SLR. 

This threat to construct validity was mitigated as follows. The string search was 

tested in the pilot and returned the selected papers after some refinements of the initial 

string. We performed a manual search in book (YU et al., 2011) and in International iStar 

workshop and included 544 papers grouped by iStar researchers in 

http://www.citeulike.org/group/14571. Additionally, snowballing was performed to 

mitigate this threat.  

As a threat to the internal validity, some subjective decisions may have occurred 

during paper selection, quality analysis and data extraction making it difficult for an 

objective use of the inclusion/exclusion criteria or the impartial data extraction. To 

minimise selection, quality analysis and extraction mistakes, the steps of this SLR were 

performed with a peer review approach and any conflicts were discussed and solved. We 

used peer review to try to mitigate the threats because of personal bias in study 

understanding. It is also worth noting that an MSc student in RE participated in this SLR 

and the supervisors of this thesis are experienced researchers with expertise in RE and 

iStar. Finally, we contacted 12 authors by email to answer questions about doubts related 

to extensions and constructs during the analysis to avoid incorrect analysis. 

External validity is concerned with establishing the generalizability of the SLR 

results, which is related to the degree to which the primary studies are representative for 

the review topic. To mitigate external threats, the string search was defined after several 
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trial searches and validated with the consensus of the supervisors who are experts in iStar 

extensions. We tested whether some representativeness were retrieved studies. 

Additionally, we included automatic database search, manual search and snowballing. 

The peer analysis also improves the external validity by incrementally improving the 

quality of the dataset used to draw general conclusions. 

Conclusion validity: The methodology used as presented by Kitchenham; Charters 

(2007) already considers that not all relevant primary studies that exist can be identified. 

It is possible that some studies excluded in this review could have been included. 

Consequently, these papers can have an impact on the conclusion of this SLR. To mitigate 

this threat, the selection process and the inclusion and exclusion criteria were carefully 

designed and discussed by authors to minimise the risk of exclusion of relevant studies. 

Furthermore, in the final round of study selection, the peer review was made in parallel 

and independently, and then harmonised their selection results to mitigate the personal 

bias in study selection caused by individual reviewers. 

3.6 A Catalogue of iStar Extensions 

We developed a catalogue that groups the iStar extensions and facilitates the search 

of iStar extensions and their constructs (GONÇALVES et al., 2018b) (GONÇALVES et 

al., 2018c). This catalogue is used by PRISE to identify existing extensions and 

constructs. The catalogue of iStar extensions is available at 

http://istarextensions.cin.ufpe.br/catalogue/. In this section, we presented the description, 

technologies and architecture, and an overview of the tool. 

3.6.1 Overview of the Catalogue 

The catalogue of iStar extension is a tool proposed to join the existing iStar 

extensions and their constructs (GONÇALVES et al., 2018b) (GONÇALVES et al., 

2018c). The catalogue saves the following information about extensions: the title, name 

of journal/conference, description, year, application area, compatibility between 

metamodel and concrete syntax of extensions, if it presents the concepts definition, if 

there is tool support, kind of constructs proposed, kind of validation, level of extension, 

metamodel completeness, reasoning approach, static semantic and list of constructs. The 

following information about constructs are presented: name of the construct, title of the 

related extension, description, shape, classification, notation, example, priority and 

conflicts related. The information to populate these fields came from the SLR presented 

in Section 3.2.  

It is possible to visualise the list of all iStar extensions in a table or a tree view 

(hierarchical). The catalogue should allow the search of extensions by author or title and 

filter the extensions by application area. It is possible to see the list of all constructs and 
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search by name, application area, form, type (node/link) and by classification. It is 

possible to select and detail an extension or a construct, showing their information 

mentioned in the last paragraph.  

It is required that the catalogue list the conflicts and filter by type and allow it to 

select and detail the kind of conflict. Each conflict has a list of constructs and the priority. 

Priority represents the preference of users about the different constructs with symbol 

redundancy (GONÇALVES et al., 2019c). 

Finally, it is possible to report a new extension informing the title, link to access the 

extension, and the email. The informed extensions can be endorsed by the acceptance of 

experts in iStar extensions. 

3.6.2 Technologies and Architecture 

We used Laravel framework11 for developing the catalogue of iStar extensions. 

Laravel framework is one of the most used frameworks and deploys layered architecture, 

software reuse, agility in development using PHP. 

The layered architecture, according to Sommerville (2007), separates the 

presentation of the interaction of the system data. It is divided into three layers, Model, 

View, Controller. Model is responsible for data manipulation and contains the rules of 

access to the bank and other information, View is the interface with the user interactions 

and sends the user interactions to the Controller that handles these data, decides which 

will be the flow of the application and relates the View and Model layers. This kind of 

architecture isolates the functions, facilitates maintenance and protects the internal 

controls.  

Laravel uses Eloquent ORM, which simplifies operations with the data, 

representing the tables as Model, allowing interactions to be made without having to 

insert pure SQL in the code. We used the MySQL12 database to save the data of the 

catalogue. 

3.6.3 Presenting the Catalogue of iStar Extensions 

A text with the presentation of the catalogue is presented initially with the option 

of analysing extensions, constructs, conflicts and suggested extensions. Therefore, the 

link to the extensions shows the list of all iStar extensions presenting the information of 

Id, Title, Authors, Year and Source. It is possible to search the iStar extensions by author 

and title or filter the extensions by application area, reasoning approach used, kind of 

constructs proposed, kind of validation, the level of extension, tool support, reasoning 

approach used and well-formedness rules definition. It is also possible to search 

                                                
11 https://laravel.com 
12 https://www.mysql.com 
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constructs by the name of the construct, application area, the form used, type of construct 

and objective of representation. It is possible to analyse the iStar extensions in a 

hierarchical tree view (Switch to Tree View button is used to change to this 

representation) which shows the iStar extensions used as the basis for other ones. Figure 

43 presents the representation of the extensions (Figure 43 – part A) and tree view (Figure 

43 – part B) and their search and filter fields. 

  

Figure 43 – Two views of the list of the iStar extensions. 

An iStar extension can be selected by clicking on its name in table or tree view to 

present its details and the list of the constructs introduced by it. Figure 44 presents the 

detailed information of an iStar extension. Each construct can be selected to show details 

of the extensions by using the option Detail (see Figure 44). 



84 
 
 

  

Figure 44 – The information of an iStar extension. 

The link to the constructs shows the list of all constructs of the iStar extensions 

presenting the following information: Application Area, Name of Construct, Form, Type, 

Notation and Prioritisation. Prioritisation is a number which represents order of 

preference based on Gonçalves et al. (2019c). It is possible to search the constructs by 

title or filter the constructs by Application area, Form, Type and Classification of the kind 

of representation. A construct can also be selected by the name of the concept (see Figure 

45 – part A) to present its details. Figure 45 – part B presents the details of a construct. 
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Figure 45 – List of constructs and detailed information of a construct. 

The link to the conflicts shows the list of all conflicts of the iStar extensions 

presenting the information of the description and number of constructs involved. It is 

possible to filter the conflicts by Type (One concept with two or more representations in 

concrete syntax, Two or more concepts with only one construct in concrete syntax, New 

Constructs in conflict with the original iStar syntax, Wrong representation of original 

iStar syntax or Representation of constructs that is not part of the extension). Figure 46 – 

part A shows the list of conflicts and the filter field. A conflict can be selected to present 

its details of the graphical representations of conflict.  
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Figure 46 – List of conflicts and detailed information of a conflict. 

Finally, when a new iStar extension is created, the extender can add it to the 

catalogue by the option Inform extension (Figure 47 – part A). It is required to inform the 

title and link to access the extension and the email of the extender. The extensions present 

in the catalogue have an associated status. The possible values are Submitted, Approved 

or Rejected. Submitted is the default status when the extension is informed in the 

catalogue. The status changes to Approved when an expert approves the extension or to 

Rejected when an expert rejects it. The list of the experts in iStar extensions is presented 

in the Table 7 as a result of the SLR of iStar extensions. The approval/rejection can be 

done by the expert using the option team login (top and right side of the Figure 47). A list 

of extensions to be approved appears in Figure 47 – part B and the expert can 

approve/reject them (Figure 47– part C). 
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Figure 47 – Inform and endorse a new iStar extension. 

These functionalities can be useful for facilitating the identification of an existing 

iStar extension or a set of the constructs. Consequently, the catalogue of iStar extensions 

can be used when the extender needs to search this information during the proposal of a 

new iStar extension. On the other hand, a requirement engineer or a domain expert can 

use the catalogue to identify a suitable extension to model its systems.  

 The catalogue of iStar extensions is used by the process to support iStar extensions 

presented in Chapter 5. It is used in the process to: i) identify if there is an iStar extension 

which has the concepts to be introduced by a new extension; ii) search and select 

constructs to be reused, and iii) to publicise new iStar extensions and receive the 

endorsement of the experts. 

This catalogue was used during the proposal of the new extension presented in this 

thesis, which is presented in the Chapter 6.  
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3.7 Chapter Summary 

In this chapter, we presented the results of a Systematic Literature Review to 

identify iStar extensions. Our goal was to improve the understanding of how iStar has 

been extended through evidence in the literature. The automatic and manual searches 

were used as a search strategy, the snowballing of selected papers was performed, and we 

considered suggestions from experts. We identified 96 works that extend iStar; these 

approaches were grouped into categories and ten research questions were answered based 

on evidence found in selected papers. 

Therefore, we analysed the authors who proposed more extensions and the venues 

that were used to publish. We identified the application area of the extensions (grouping 

them in nine categories) and how the representation of concepts involved in extensions 

was made. We also investigated the kind of syntax addressed by the extensions, how the 

abstract syntax is defined, construct definition and conflicts between constructs.  

Finally, we presented an overview of a catalogue of iStar extensions. This catalogue 

has a set of functionalities which can be used to easily identify iStar extensions and their 

constructs. The extensions can be visualised in a hierarchical view. Furthermore, the 

details of each iStar extension and their constructs can be found in this catalogue as well 

as the problems with the constructs. The extenders can use the catalogue to inform the 

creation of new iStar extensions and receive the acceptance of experts in iStar extensions. 
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4 UNDERSTANDING ISTAR EXTENSIONS PROPOSALS: THE VIEWPOINT 

OF RESEARCHERS 

The SLR presented in Chapter 3 identified the existing extensions and analysed 

them considering the text of the papers. However, it did not analyse the point of view of 

the extenders about the tasks involved during the proposal of a new iStar extension or 

their opinions about what can be done to improve the quality of future iStar extensions 

proposals. Thus, it is important to identify the opinions of the experienced extenders to 

join their knowledge. These results are used during the proposal of a process to support 

the iStar extensions (Chapter 5).  

This chapter presents the results of a mixed-methods study involving a qualitative 

study based on interviews and a quantitative study based on a survey. This mixed-

methods study allowed us to capture valuable evidence about how the iStar extensions 

have been developed and what can be done to improve future extensions. The qualitative 

study based on interviews involved 20 participants (with experience in propose iStar 

extensions); they point to a good understanding of what it means to extend an ML and 

different ways to make extensions in several research groups. Furthermore, we define 

three main categories (Preservation of the original syntax, Motivation to extend iStar and 

Acceptance of the iStar extension) that are used to group a set of categories which affect 

positively or negatively the proposition of extensions and connect them via a “central 

story”. Finally, directions are presented, highlighted by participants of what could be done 

to improve the creation of new extensions to iStar. 

Additionally, we performed a quantitative survey to evaluate the relevance of the 

main ideas of the qualitative study to other iStar researchers. Besides, we realised a 

triangulation of the findings. The survey was performed with 30 participants to evaluate 

the relevance of 18 statements that represent the main ideas of the previous interviews. 

The survey results point to almost all medians of responses as important or very 

important. We joined the statements in guidelines to be used by the extenders during the 

proposals of new extensions. The results presented in this chapter were discussed in 

(GONÇALVES et al., 2019a). 

4.1 Methodology of Mixed-methods Study 

[Research Problem] Often iStar is extended to model a specific application area 

and/or practical situations. Nevertheless, because of the absence of a method to guide 

iStar extensions, the existing iStar extensions have been proposed in an ad hoc fashion, 

which can result in problems of incompleteness, inconsistency and conflicts (see Chapter 

3).  

[Objective] The purpose of this chapter is to contribute to an understanding of how 

iStar extensions are made and to identify what can be done to help to define future 
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extensions. It will contribute to the definition of a systematic approach to guide other 

iStar extensions.  

[Study Design] We choose to use qualitative (interview) and quantitative (survey) 

methods together to gain a more complete understanding of how the iStar extensions have 

been developed and what could be done to propose better extensions. The qualitative 

study (interviews) was performed to analyse the point of view of extenders and the 

quantitative study (survey) was used to realise a triangulation of the findings and to try to 

confirm its importance. Thus, we used mixed methods (CRESWELL, 2014) since this 

research is composed of a qualitative study and a quantitative study.  

[Population] The universe of this research (population) consists of authors of iStar 

extensions. The identification of authors was held in the context of the SLR of iStar 

extensions presented in Chapter 3. As a result, we identified 153 different authors. Thus, 

our universe (Population) consists of 153 authors of papers from 75 different universities 

describing iStar extensions.   

Section 4.1.1 presents the methodology of our qualitative study and Section 4.1.2 

shows the methodology of our survey. 

4.1.1 Methodology of the Qualitative Study 

According to Merriam (2009), a basic qualitative study is concerned with (1) how 

people interpret their experiences, (2) how they construct their worlds, and (3) what 

meaning they attribute to their experiences. We are interested in analysing the opinions 

of the experienced iStar extenders about how they have been creating their extensions and 

their opinions about how to improve the next proposals. Thus, we consider a basic 

qualitative approach as suitable. Therefore, we choose such a research approach 

conducted with a selection of the 153 researchers who have proposed iStar extensions.  

[Sample of Participants] We used a non-probabilistic sample whose purpose was to 

choose richer cases for study (MERRIAM, 2009). The following criteria were used to 

define the sample of participants: i) the number of extensions proposed, and ii) the 

authorship order. We aimed at authors with few extensions (fewer than or equal to 3), 

those who were first authors and authors with many extensions (more than 3) irrespective 

of the authorship order. This selection was considered to obtain points of extenders with 

different levels of experience and obtain different points of view.  

 We invited 33 authors of iStar extensions to be interviewed. Eight of these did not 

answer our contact or answered informing us that they were not available. Consequently, 

25 authors agreed to participate in our research.  

We interviewed them until saturating the findings, that is, when a sequence of 

interviews was made and new findings no longer appeared, given that the findings of 

previous interviews have been repeating themselves. The saturation was achieved with 
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20 interviews, so we had 20 participants and their profile descriptions are available in 

Table 3. 

[Collection Preparation] Clarification and consent terms were sent to participants 

before each interview session. Semi-structured interviews were conducted using an 

interview script with open questions. A short version is presented in Table 9 and the 

complete version is available in APPENDIX B. The interview script was validated by the 

supervisors of this thesis. It was tested previously by eight PhD students in Computer 

Science and through a pilot interview with two experts in iStar extensions who helped to 

improve it. The data of the pilot interviews were not considered in the analysis. 

Table 9 – Interview script. 

Part 1. Profile – pre-survey  
What is your current occupation? How many years of 

experience do you have using iStar? 

Part 2. Experience on iStar and Extensions 
1. What is extending a modelling language? 
2. How would you describe the process followed in the 
creation of your extensions?  
3. How were new extensions’ concepts chosen?  
4. Considering abstract and concrete syntaxes, how 
these were these syntaxes specified in your extensions?  

5. What were the difficulties found when defining the 
abstract and concrete syntaxes for your iStar 
extensions? 
6. What are the advantages of providing a modelling 
tool that supports the extension? 

7. Please cite one iStar extension that you consider well 
done, and another that you consider not so good and 

why. 

Part 3. Inconsistency Analysis 
8. Given two scenarios: Scenario 1: Two extensions 
represent the same concept in two different graphical 
forms. Scenario 2: Two extensions represent two 
different concepts using the same graphical form. 
Comment on the problems described in those scenarios. 

Part 4. Finalization 

9. Which actions could be done to ease the process of 
extending iStar?  
10. Is there something about the extensions that we did 
not mention in the interview and you would like to talk 
about? 

 

Part 1 of the script is related to the profile of the participant. Then, we introduced a 

conceptual question to start the questionnaire (Question 1). The questions 2, 3, 4 and 5 

are related to the SLR_RQ_1 (How have the iStar extensions been developed?). Finally, 

the questions 6, 7, 8, 9 and 10 are related to the SLR_RQ_2 (What could be done to 

propose better extensions?). The questions were based on the results of the SLR presented 

in Chapter 3, where, for example, we needed clarification about how the iStar extensions 

had been proposed (Question 2) and needed to get the opinions of the researchers about 

some problems that had occurred (Question 8).  

[Data Collection] Interviews were conducted in Portuguese (7), Spanish (3) and 

English (10), according to the participants' native languages. The interviews were 

conducted via Skype during September and October 2016. Twenty participants were 

interviewed: nine authors with many extensions (more than 3) and 11 authors with few 

extensions (fewer than or equal to 3). Researchers were interviewed from 10 different 

countries and research groups of 19 different universities (from a total of 75 different 

universities identified), being nine in Europe, five in North America and six in South 

America. Seventeen participants were professors (one of them also mentioned being an 

engineer in a company), two participants were PhD students and one postdoc. The profiles 
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of the participants are shown in Table 10 that presents the data about current occupation 

and experience with iStar (in years). 

Table 10 – Profile of participants. 

Participant Identification 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

Current Occupation (P = Professor, S= PhD Student, `PD = Postdoc, R= Requirements engineer in a company) 

P P P P S S P P, R P P P P P PD P P P P P P 

Experience with iStar (in Years) 

20 15 2 20 5 3 14 4 11 13 11 11 16 5 17 2 12 20 14 23 

 

The mean of participants’ experience is 11.72 years, with values ranging from two 

to 23 years. 

Each interview was conducted by two interviewers, one of them asking the 

questions and the second taking annotations. All interviews were recorded (with 

permission of each participant). They took on average 38 minutes and altogether resulted 

in 12 hours and 40 minutes of audio time. 

[Data Analysis and Synthesis] Qualitative data were then analysed using procedures 

from the Grounded Theory methodology defined in (STRAUSS; CORBIN, 2007). 

Grounded Theory aims at building a new local theory from collected data rather than from 

predefined concepts. The statements presented in (STRAUSS; CORBIN, 2007) were used 

to categorise and synthesise data, to build an evidence-based theory on how iStar is 

extended. The audios of the interviews were transcribed, and the MAX QDA 12 (a tool 

used to perform qualitative analysis) was used to support the analysis. 

We labelled portions of text using text codes (initially opened coding, then closed 

coding). Coding consists of giving a label to important portions of the interview 

transcriptions. The opened coding is used at the beginning of analysis to identify relevant 

portions of the interview transcriptions and create the codes. The closed coding is used to 

identify relevant portions of the interview transcriptions based on codes identified in 

opened coding. We started with opened coding, where several codes were identified. We 

then performed a closed coding step where interview transcripts were re-evaluated to try 

to identify codes not found in the first analysis.  

These codes were then related to each other giving rise to the categories that were 

named according to the constant comparative method (STRAUSS; CORBIN, 2007). 

According to Merrian (2009), data are grouped in a similar dimension. The dimension is 

tentatively given a name; it then becomes a category.  

The relationships between categories were then mapped, leading to propositions 

that support the main topic. Finally, we performed retrospective interviews to clarify the 

information identified in the data analysis. 
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[Credibility, Consistency and Transfer of Results] The information collected was 

analysed during meetings with the supervisors of this thesis and the identified 

inconsistencies discussed. When necessary, further explanations were required from the 

participants. Figure 48 shows an overview of the methodology followed in our qualitative 

research. 

 

Figure 48 – Overview of interview’ methodology. 

Additionally, we applied a survey to evaluate the findings of the qualitative study. 

More details about the methodology of the survey are given in next section. 

4.1.2 Methodology of the Survey 

We followed the principles of the Survey Research proposed in (KITCHENHAM; 

PFLEEGER, 2002). This survey is cross-sectional. The application takes place through a 

self-administered questionnaire via the internet, since the participants were in different 

countries. 

The main goal of this survey was to evaluate the relevance of the findings of the 

previous interviews. Our research question is this: Are the statements about iStar 

extensions extracted from the interviews important for the iStar researchers that extended 

the language?  

[Sample of Participants] The sample is composed of the 133 researchers in iStar 

extensions who did not participate in interviews.  

[Collection Preparation] The survey is composed of quantitative questions to take 

personal data (experience with iStar, country and gender) and the evaluation of eighteen 

statements derived from the identified results in the qualitative study. Clarification and 

consent terms were sent to participants with the invitation to participate in this research. 

The options of the questions were defined in a Likert scale with these values: 

Totally Irrelevant (1), Unimportant (2), Neutral (3), Important (4) and Very Important 

(5). We validated the survey by testing it with eight PhD students in Computer Science. 

We also applied a pilot with five researchers with experience in iStar extensions. We 
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made the changes suggested by participants of the test and the pilot. Their suggestions 

were not used in the data analysis. 

[Data Collect] We applied the survey to respondents between 18th November and 

2nd December 2016. We invited 133 authors of iStar extensions who did not participate 

in the previous interviews.  

The survey is of the cross-sectional type, where participants are requested at a single 

specific time. The application takes place through a self-administered questionnaire via 

the internet, since the participants were from different countries. 

We had responses from 30 of them (22.5%). The average of respondents' experience 

with iStar was 8.6 years, with experience ranging from one year to 23 years. The 

participants were from Spain (5), Mexico (5), Italy (3), Belgium (2), Brazil (4), Chile (3), 

Germany (1), United States (1), Colombia (1), Portugal (1), North Korea (2), Morocco 

(1) and Luxembourg (1). We received responses from twenty-two (22) men and eight (8) 

women. 

[Data Analysis] We calculated the mean, mode and standard deviation of the 

responses. We also performed the hypotheses tests to analyse whether each statement 

could be considered statistically important. Our general hypothesis is that the statements 

are important to the iStar extension researchers. This general hypothesis should be applied 

to each statement (S1 – S18) producing eighteen null hypotheses, one for each statement. 

The description of the statements is presented in Section 4.3.1. 

Finally, we extracted a set of guidelines from the statements which can help in the 

proposal of future extensions. 

4.2 Results of the Qualitative Study (Interviews) 

In our study, we explored categories that may influence the development of iStar 

extensions. This section reports the results and discussion, being organised to present the 

conceptual understanding of the participants about what is necessary to extend a 

modelling language. Then, it describes how iStar extensions have been made, and depicts 

the main categories identified in the analysis together with related categories to each 

other. It also explains how those main categories are related and how categories are 

affected (positive and/or negative). Finally, we present the participants’ views on how to 

improve the iStar extension process. As said before, this analysis was performed based 

on Grounded Theory (STRAUSS; CORBIN, 2007). 

In this section, we present parts of the transcriptions of the interviewees with larger 

indentation and small font or in italic type between double quotation marks. It was not 

possible to comment on a comparison between our results and results of similar studies 

for other modelling languages because, despite searching, we did not find similar studies. 
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4.2.1 The Viewpoint of the Participants on Extending a Modelling Language  

Initially, we addressed an interviewee’s understanding of what it means to extend a 

modelling language. This is covered in the interview script by Question 1. Recall that to 

extend a modelling language means to introduce new constructs or modify existing ones 

(see Section 2.2 for a complete description).  

In general, the participants had no difficulties to describe what it is to extend a 

modelling language. Their answers were succinct and similar. In the following, we show 

some excerpts to illustrate their opinions: 

“It is adding new elements in the language, elements that do not exist yet. This 

addition can be through an extension of existing concepts or add a purely new concept.” 

(P2). 

“It is a way to adapt or improve the model to be able to represent aspects that 

previously could not be represented.” (P5). 

“It proposed new elements, new figures, new graphics that helps to add new 

meanings to be represented with the meanings that already exist.” (P8). 

Despite this understanding, two researchers reported having not developed 

extensions, even when papers of their authorship had included representations that were 

not present in the original version of iStar. When asked, they confirmed that they had 

proposed a new construct with new representation, but this did not represent an extension.  

Next, we showed a dialogue that illustrates this scenario. P14 cited TROPOS 

(BRESCIANI et al., 2004), a methodology for the development of Multi-Agent Systems 

that use iStar as the basis for their representations. Below, we have used the labels C1, 

C2, …Cn as identifiers to the mentioned concepts to maintain the anonymity of 

participants. 

(P14): With this paper, no I did not propose an extension to Tropos. I worked 

only on methodological issues. [Interviewer]: Have you added a graphical 

representation of the C1 concept that did not exist in Tropos/iStar? (P14): Yes, 
I added a new representation of this concept. 

4.2.2 How iStar Extensions Have Been Proposed 

We analysed how the extensions were developed by the participants through the 

questions Q2–Q5. We did not identify a standard way to extend iStar. The steps followed 

by the participants had many differences, and each researcher described a distinct set of 

activities. Maybe this reflects the comment of P7 mentioning that “this is one of the 

serious problems of iStar in general, things are being extended in an ad hoc way” (P7). 

We show two passages that illustrate the differences among the ways of proposing iStar 

extensions: 



96 
 
 

First iStar was compared with KAOS, then we detected, through an 

experiment, the possible weakness of iStar. We found that anyone had already 

proposed some extensions accordingly. And we proved that there was no 

extension. So, we continue creating the new syntax, always trying to keep the 

original philosophy of the language. We create new symbols. (P8) 

Firstly, a literature review was done because there are goal-oriented models. 

So, a study was done to identify what they were. Then, to delve into each of 

these models, for example, iStar and Tropos, which was what we worked with, 

I tried to understand more broadly the elements of the model with, the formal 

definition of each of these elements and how they are used. So, I identified a 
gap and proposed an extension to include the representation of behaviour. (P6) 

Next, we present an overview of interesting aspects of the activities mentioned to 

extend iStar, collected from the interviews. We begin by addressing the need to extend it, 

based on the type of extension that is being proposed, whether for an application area or 

not. These are examples of concepts proposed for an application area: Crosscut 

(ALENCAR et al., 2006), Norms (INGOLFO et al., 2013) and Failure (MORANDINI et 

al., 2015). Participant P1 mentioned that “To extend, we analyse the concepts of iStar, 

and realised that to represent the concepts we wanted, the existing ones were not enough.” 

(P1). 

When the extension is proposed to improve some practical aspect of the language, 

the need emerges when a limitation is detected during the usage of iStar. These are 

examples of concepts proposed to improve practical aspects of the language: Module 

(MATE; TRUJILLO; FRANCH, 2014), Cardinality (BORBA; SILVA, 2009) and timing 

information about a task such as min and max duration, date of completion 

(MORANDINI et al. 2015). 

“In fact, it was something coming from the real world to the model. We had 

difficulty to represent the concept C2. So, we created the model and identified that it was 

a problem of the model itself.” (P5). 

“Basically, we selected from both our own experience and our needs. So first we 

updated the most transversal constructs, such as C3 concept extensions that are not 

dependent on a domain.” (P19). 

The first step of extending iStar as introduced by P12 is this:  

“I guess it typically starts with some problem, some kind of weakness in the 

baseline of the language so there is a problem in the modelling domain. There is 

something you cannot represent with existing modelling languages.” (P12). 

Therefore, there is no single starting point in the case of extensions to a specific 

application area. Another possibility is the need to start from the research interests of the 

group in which the participant belongs, as illustrated from the excerpt of P10's interview: 

“I am looking at what I need to do my reasoning, and then I go and add them. If I cannot 

represent it, I go and add them in my diagrammatic notation.” (P10). 
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Seven participants mentioned a literature review, systematic in three cases. For 

them, that is an important step to check if there is any extension already proposed for that 

domain/application area and to identify the domain/application area concepts which are 

included in iStar. In some cases, iStar is used to model a system of the domain that is 

intended to be extended, to make sure of the needs and that iStar is suitable for modelling 

that domain.   

P8 and P12 cited that the modelling language should be chosen after the definition 

of the need for the extension. P12 mentions that— “So, I don’t take for granted that I have 

to extend one specific language, but I choose which one to extend if none of them satisfies 

my needs.” (P12)  

Four participants (P1, P6, P9 and P16) acknowledged the need to provide a 

complete description of the meaning of constructs to be included by the extension. An 

example is presented below: 

“Several problems were identified later because even though we were trying to 

preserve the semantics, there were new elements that, from the point of view of the 

original language, were not seen. So, it was really necessary to describe them better" (P1). 

Comments such as the one from P1 reiterate that presentation of the concepts 

meaning is something that should be given more attention in future extensions. 

Typically, when the concepts to be introduced by the extension are identified, they 

are represented in the abstract and concrete syntaxes of iStar. In this context, two 

participants said that sometimes they apply the extensions to the concrete syntax and later 

represent them in the abstract syntax.  

Eight participants reported that they included these concepts only at the level of 

concrete syntax. When directly asked about the abstract syntax definition, they mentioned 

that it is very important to an extension. We presented four examples below. 

“In some extensions, I have relied on the abstract and concrete syntaxes, but I 

believe I base myself more on the concrete one because that is the one that I can better 

understand.” (P13). 

“The extension was simple, so I worked only on the concrete syntax, but we should 

work with both depending on the goals of the research.” (P17). 

Well, I would not bother with a metamodel. I would think the basic schema of 

iStar is quite sufficient, no real need to render it in yet another modelling 

formalism like a class diagram. So, what is done is the concrete syntax for 
additions in other words. (P18). 

“Having a metamodel would help clarify and sort out any potential ambiguities.” 

(P20). 
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There was the fact that the metamodels by themselves are not sufficient, so we 

needed to have constraints, so the standard processes them as national language 

constraints, but a lot of them had been formalised in OCL in the tool. (P15) 

P12 commented about the importance of maintaining the high level of modelling in 

iStar extensions: 

So sometimes you have a concept that doesn’t fit at all with the modelling 

language you take as a baseline. So, if you have, for example, a high-level 

modelling language like iStar it doesn’t make sense to consider very low levels 
of detail such as…use for encryption if you talk about security. (P12) 

In this sense, during the interviews, we identified three profiles of participants: i) 

participants who began their research with extensions performing only extensions in the 

concrete syntax and some years later they changed to extend both; ii) participants who 

began their research with extensions only doing them in concrete syntax and even after 

maturing this type of research continued performing some extensions without considering 

abstract syntax; and iii) participants who performed their extensions always considering 

both syntaxes. 

Participants P1 and P7 have also mentioned that sometimes researchers are more 

concerned about showing how the extensions should be used (through statements) so that 

the details of the changes made in the modelling language are somewhat neglected in 

research. 

The need for a more careful choice of graphical representations of the constructs 

was highlighted by participants P1, P2, P4, P7, P8, P9, P10, P12, P15, P17, P19 and P20. 

Next, we present two reports. 

“We are not user-driven in our selection of symbols. So, things like the physics of 

notation and other frameworks essentially try to raise awareness about this problem.” 

(P15). 

It is true that [we need] to define the concrete syntax, the more satisfactory as 

possible. We need concepts that modelling groups do not have and we need 

search how the graphical representation should be. Our group never made it, 
we know it's important to do, but we never did. (P19) 

Thus, the quotes presented above are evidence of problems related to the principle 

of semiotic clarity presented in (MOODY, 2009) and emphasised the importance to better 

address this problem. Maintaining consistency between the representations of the 

metamodel and the concrete syntax is considered important by participants. Nonetheless, 

all participants said that they do not perform this check or do it informally. 

“We had a concern, but it was not a formal concern, such as taking a test if 

everything in the concrete syntax is in the abstract syntax.” (P2). 
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“There was a concern, yes. And it's important, otherwise you generate confusion 

for the modeller, because if you create something in the abstract syntax that it will not be 

found in the concrete syntax and vice versa, then it is unclear.” (P7) 

4.2.3 Identifying and Relating Categories in iStar Extensions 

This section presents the categories and how they were identified and related. 

4.2.3.1 How categories were identified and related 

After the analysis of the participants’ views on extensions, their opinions about 

what the meaning is of a modelling language extension as well as what the description of 

their iStar extensions is, the next step is to identify and relate the categories that affect the 

proposal of iStar extensions. In this section, we present the identification of categories, 

showing part of the transcriptions that motivated them, as well as how they are related. 

Initially, we did an intra-participant analysis (i.e., analysis in the transcription of 

each participant) to create labelled portions of text using codes and an inter-participant 

analysis (i.e., analysis between the transcriptions of the participants) to relate these codes 

giving rise to the categories that were named following a constant comparative method 

(STRAUSS; CORBIN, 2007). As mentioned in Section 4.1, we used opened and closed 

encoding. Figure 49 illustrates the category creation. 

  

Figure 49 – Construction of a category using opened coding. 

This step included understanding how the categories identified in the coding related 

to each other and classifying categories under common themes, thus creating hierarchical 

classifications. 

The related categories were grouped into core categories. A core category is the 

main conceptual element through which all other categories and properties are connected. 

In this subsection, we present the identification of categories in transcriptions.  

The related categories were grouped in three core categories (Preservation of iStar 

original syntax, Motivation to extend iStar, and Understanding/acceptance of the iStar 

extension). Below, we present the three core categories and their related categories (see 

Figure 50). We also include a sample of transcriptions that originated the related 

categories. 
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Preservation of iStar original syntax is a core category in iStar extensions. It 

means that the iStar’s original constructs are maintained in the extension, that is, the iStar 

extension is conservative. It is related to some positive (+) or negative (-) categories such 

as creation of extensions in an ad hoc fashion (-); modification of the representation of 

the original constructs (-); use of original graphical representation concept to represent 

new concept without changes (+); understanding iStar (+) and engaging iStar experts (+). 

Some excerpts presented below are related to the preservation of the iStar original syntax.  

“This is one of the serious problems of iStar in general; it is because things are 

being extended in an ad hoc way.” (P7) – Creation of extensions in an ad hoc fashion. 

“With the core of the language, we agree that by extending iStar we should not 

contradict what is in the core. So, I do not consider a good extension one that changes the 

behaviour of the standard language elements.” (P19) – Modification of the representation 

of the original constructs. 

According to P12, this kind of modification may be unclear among the community. 

However, P10 seems to follow the opposite point of view: “[I am] not worried to be 

compliant with the language… I would take the freedom to violate the conventions in 

order to achieve my goals for research.” (P10). 

This discrepancy deserves to be highlighted, and it is an important characteristic to 

be considered. 

P17 comments about the importance of a tool to verify whether the extension is 

compliant with iStar. According to P17, it is good for some researchers, but to others who 

want to have more freedom and do not care about that compliance, it may not be that 

useful. 

P19 and P2 commented about use of original concept graphical representation to 

represent new concept without changes and understand iStar respectively. 

“In our works, we tried to use iStar to model systems of the application area without 

modifying iStar. In some cases, we needed to extend it.” (P19) – Use of original concept 

graphical representation to represent new concept without changes.  

 “Today, what I recommend is to think whether what you want to represent cannot 

be represented with the language the way it is currently.” (P2) – Understand iStar. 

Five participants mentioned the need to involve the iStar experts. An excerpt related 

to this category is presented in next category. 
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Motivation to extend iStar represents actions which can help to identify the need 

to extend iStar. Some related categories that may contribute to this core category are the 

following: participation of domain experts (+); participation of iStar experts (+); literature 

review (+); and try to use iStar according to the goal of the extension (+).  

The following excerpt motivated the creation of this central category: 

So, I keep saying even to collaborators, as we are using the mindset of goals, 

not a specific language to extend, so if the concept is not novel by itself, then 

the contribution to knowledge is extremely small if your aim is to extend 

iStar... I think [we must] ask the question whether the extension is needed in 
the first place. (P9) 

Next, we presented some quotations related to these factors. 

“The need came mainly from the background of my advisor who has been working 

for a long time in this extension area.” (P6) – Participation of domain experts and iStar 

experts. 

“It was performed a non-systematic literature review.” (P7) – the Literature review. 

“It was from the modelling of a scenario with iStar, we modelled a scenario and 

identify the need to extend.” (P5) – try to use iStar according to the goal of extension.  

Acceptance of the iStar extension represents the acceptance of the extension by 

the iStar community. It is a core category related to the following subcategories: creation 

of extensions in an ad hoc fashion (-); unclear definition of the concepts included (-); 

definition of only the concrete syntax/statements of use (-); definition of abstract and 

concrete syntaxes (+); checking consistency between the abstract and concrete syntaxes 

(+); careless choice of graphical representations (-); making the use of iStar harder (-); 

conflicts in the graphical representation (-); creation of modelling tools (+); reuse of 

existing extensions (+). 

The following excerpt motivated the creation of this core category: 

“Any extension that resulted in a paper that never was followed is obviously a bad 

extension because it never led to the evolution of the language itself or acceptance by the 

community.” (P15). 

The fact that extensions are made in an ad hoc fashion has been treated in the first 

core category. However, this factor also affects this category. Below, we present excerpts 

related to other factors of this main category. 

“An extension that I do not consider very good is an extension that is not based on 

a metamodel.” (P19) – Definition of only the concrete syntax/statements of use. 

“We treated this, but it was not a formal concern, kind of taking a test if everything 

in the concrete syntax was in the abstract syntax... It was a concern only when seeing both 

...” (P2) – Check consistency between the abstract and concrete syntaxes. 
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“Concerning the concrete syntax, the biggest difficulty is when you need to add 

new symbols to represent the concepts ... determine which the symbols are. Usually, we 

have done this based on labels, but this is an aspect that should be improved in the future.” 

(P19) – Careless choice of graphical representations. 

If you have a modelling tool people can use your tool in your extension. If you don't 

have a tool, probably people would forget about your extension or not use it. Second, you 

can ensure syntactic well-formedness. Syntactic correctness can be already ensured by 

the tool. Further, you can analyse your models automatically so can add automatic 

reasoning on the models. And fourth, as I was saying earlier, you can actually decide to 

hide some of the extensions like the attributes and use the properties to show those so that 

I can observe a less cluttered kind of image. (P12) – Creation of modelling tools. 

Well, it was based on another extension to modelling concept C4. (P5) – Reuse 

existing extensions. 

You cannot worsen the use of iStar. Making the use more difficult or the model 

more complex. (P2) – Making the use of iStar harder.  

A good extension must not conflict with other existing extensions. (P4) – Conflicts 

in the graphical representation. 

Regarding conflicts in the graphical representation, P14 mentioned that he made 

changes in the representation of one of the concepts. It can be identified in the dialogue 

below: 

[Interviewer] Did you introduce a different graphical representation to 

represent concept C5? (P14) Yes, in this case, we introduced a new notation 

for a concept already existing, but we did not introduce a new concept. We just 
changed the way of representing (represent differently with another figure). 

In the SLR of iStar extensions (Chapter 3), we have identified seven instances of 

extensions that change the original graphical representations of iStar. This dialogue is 

further evidence that this kind of problem has occurred. 

4.2.3.2 Relating categories 

Next, we present the relationship between the categories. In Figure 50 we 

represented the categories and its impacts in iStar extensions. It shows the concepts 

presented in Section 4.2.3, showing the categories and how they impact on iStar 

extensions, if positively or negatively. 
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Figure 50 – Categories and their relationships. 

The non-conservative extensions are related to the impact on the syntax/semantics 

of the original constructs of the language. Therefore, kind of extension happens when an 

extension removes part of the original iStar constructs in its specification.  

Based on analysis of the participants’ interviews, we identified that owing to the 

iStar extensions being performed in an ad hoc manner, there is a greater possibility that 

the extension is non-conservative, that is, does not preserve the iStar standard constructs. 

Furthermore, we identified in transcriptions of interviews of P7, P10, P12 and P13 that 

the fact that the extensions are carried out in an ad hoc fashion has a negative effect on 

the preservation of the original syntax, that is, in the definition of conservative extensions. 

For example, the participant P10 said, “I chose an ad hoc way... So, I was not worried to 

be compliant with the language… I would take the freedom do violate the language 

conventions in other to achieve my goals for research” (P10). 

iStar has some scalability issues that have been focused on in various studies, such 

as the Systematic Literature Review presented in (LIMA et al., 2016). Our work 

discovered that researchers believe that the representation of many new constructs can 

impact scalability, making the use of iStar more difficult and consequently 

mischaracterising the original representation. 

Consequently, to understand the language and to try to use iStar according to the 

extension goal before performing the extension may help preserve the original definition 

of iStar. Also, the participation of iStar experts in proposing a new extension helps the 

preservation of the original definition of iStar. Extensions must be proposed only when 

necessary, that is, for a specific application area or to address a deficiency of the language 

itself. Thus, a literature review (systematic or not) with the participation of domain 

experts is fundamental to understand the targeted application area of the extension and to 

define whether it is necessary or not. At the same time, the participation of iStar specialists 

in the extensions' work and using original iStar to model many projects can be useful for 

identifying the need for extensions. 
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Extension acceptance is related to its understandability by the users. Therefore, 

unclearly describing the concepts included may hinder the understanding of designers 

who want to use the language. Similarly, only defining the concrete syntax and usage 

statements can bring a deficiency in understanding because of the lack of the abstract 

syntax representation, which defines the new constructs and their relationships with the 

new concepts. Consequently, the definition of both, abstract and concrete syntaxes, can 

impact positively on the understanding and acceptance of iStar extensions. 

In general, the graphical representations of the new constructs are made arbitrarily, 

and a careful choice is seen as key by six participants. Two participants cited Daniel 

Moody's work (MOODY, 2009) pointing out a possible way to treat these representations. 

The reuse of existing extensions as the baseline for new extensions is stated by five 

participants as a way of reusing the constructs already proposed and it avoids 

redundancies such as a concept represented in two different ways. Nevertheless, it is still 

a little-used approach.  

Before introducing new concepts in iStar, it is necessary to evaluate the need for 

proposing this extension, since a useful and well-performed extension is likely to be well 

accepted by iStar community. It is also important to highlight the need for preserving the 

original definition of iStar. If the proposed extension degrades the original definition of 

iStar, this will question the need for this extension and will compromise its acceptance. 

And, consequently, for the extension to be well accepted, it is important that it must justify 

how useful for a domain or iStar community it is and must preserve the original iStar 

syntax. 

4.2.4 Using Results to Improve the Way of Extending iStar  

In this section, we present the findings related to improving the way of extending 

iStar. It summarizes the responses to Question 9 of the interview script (Which actions 

could be done to ease the process of extending iStar?). These recommendations define 

strategies derived from the results of this research and provide inputs for the next steps 

towards systematising the extensibility of iStar. 

Scalability is a recurring concern in the iStar community. The limitation on scaling 

iStar is identified as one of its largest barriers to industrial adoption (FRANCH, 2012). If 

iStar could provide mechanisms to allow a high-quality modelling of broad and complex 

cases, there would be a greater adoption of iStar. Therefore, the iStar framework requires 

solutions and means to address its scalability (FRANCH, 2013). P12 said, however, that 

there should have been a balance in scalability to define extensions: 

“Deciding what are the essential elements to include without becoming too trivial 

but at the same time making sure that the extension really captures the domain that you 

want to introduce.” (P12). 
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The opinion of six participants is that to add another graphical representation may 

further accentuate the scalability problem in iStar. Also, the participants pointed out that 

adding many new constructs mischaracterises the original iStar, thus failing to meet the 

purpose of the language. On the other hand, some extensions are proposed to improve the 

pragmatic aspects of the language, and some of them have been proposed to improve 

scalability. These comments are also related to the Moody’s principles of Manageable 

complexity and Graphic economy presented in the Section 2.3.1. 

Therefore, new graphical representations should be proposed to represent new first-

order constructs, which should be at the same abstraction level of goal, quality, resource, 

task, actor and iStar relationships. Extensions to iStar should avoid making iStar harder 

to use. Reuse of existing representations including the original syntax or other extensions 

should be encouraged. P12 emphasised that the extensions should always have very clear 

semantics.  

To facilitate the reuse of existing extensions, six participants suggested creating a 

repository containing the extensions already known. Another suggestion made by P7 and 

P17 was the definition of a process and a set of guidelines to systematise the way 

extensions are proposed. They also drew attention to relevant issues in the former 

extensions that have been neglected such as applying the extension to the abstract and 

concrete syntaxes and checking consistency between them.    

Three participants (P2, P4 and P7) commented that it is necessary to better define 

the relationship between new concepts and iStar existing concepts, to describe how these 

concepts are related. P20 commented about having to know and to provide some guidance 

on the naming of the elements proposed in his extension. 

Non-conservative extensions, which remove iStar constructs or change the 

relationship between existing constructs, are discouraged by five participants.  

Another result from the interviews was the need for a more systematic and rigorous 

way to propose graphical representations of extensions. A way indicated by the 

participants was followed in (MOODY, 2009), which is based on experiments to define 

graphical representations of new constructs. Besides, P20 cited that it would be interesting 

to explain the choice of each new graphical representation introduced. This participant 

also said that it should be simple enough for people to hand draw and do it on the 

whiteboard and scrap it off and make changes to it very quickly. P12 also commented 

about it and mentioned that some aspects of extensions are not so evident when the 

modelling is performed by using paper. Furthermore, P20 suggested an analysis to reduce 

the risk of conflicts in visual notation.  

The need to provide extensions more clearly, with a description of new concepts, is 

also determining task to be performed. One way to validate the understanding of the 

description of the extensions is performing experiments where participants analyse 

descriptions and then discuss their understanding of such descriptions.  
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Furthermore, it is interesting that the iStar extensions need to be mature before their 

publications. This maturity is required owing to the possibility of changes in preliminary 

results, generating inconsistencies in its definition.  

Five participants commented about an important topic of current research, the 

standardisation. P7, P12, P15, P19 and P20 suggested that iStar should have well-defined 

extension mechanisms.  

P20 stated that if one has many application areas, which are specialised, then he 

believes that one should think about extension mechanisms when designing the core. This 

participant mentioned one possible way as something such as stereotypes in UML 

(Unified Modelling Language). P19 also commented about the importance of 

incorporating extension mechanisms into the core similar to UML profiles. 

P7 said that iStar could have a richer textual representation. Therefore, one way to 

improve the textual representation of language terms is adding lightweight extension 

mechanisms, which are those represented via textual notation. That would facilitate the 

proposal of lightweight extensions to iStar and would allow the creation of tools that have 

these mechanisms present. P15 states that it would be interesting to propose extension 

mechanisms aligned to a possible standardisation by an organisation such as the 

International Telecommunications Union ITU. The final contribution is related to a 

deeper reflection from P17:  

“Is it good or bad to make it easier to extend iStar? It can be both. If you extend, 

you can add expressiveness to the language, but you can also add confusion with many 

extensions overlapping.” (P17). 

This passage points to the dilemma of extending, or not, iStar. There is a trend that 

iStar will continue to be extended. We believe that this is not an easy question to answer, 

but it is necessary to raise the level of systematisation, guided by well-defined extension 

mechanisms and processes.  

Finally, we summarise the main suggestions to help the iStar extensions proposal 

of this section in Figure 51. 
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Figure 51 – Main suggestions to help the iStar extensions proposal. 

4.2.5 Relating the Qualitative Study (interviews) with SLR of iStar Extensions 

As it was mentioned in Section 4.1 (Research Methodology), an SLR was 

performed to identify the existing iStar extensions and analyse them. The results of the 

SLR can be found in Chapter 3. In this subsection, we relate the results of the SLR with 

the results of the qualitative research presented in the previous subsections. 

Twelve participants mentioned that they had proposed extensions considering only 

the concrete syntax. This information is consistent with the data found in the SLR. During 

the execution of the SLR, it was identified that part of the extensions was defined in the 

context of the presentation of a method or statement. Participants P1 and P7 mentioned 

that iStar researchers are more concerned with describing how to use their own proposed 

extensions. In the SLR, we also identified the occurrence of problems in the extensions 

owing to the original constructs (shown in Section 3.3.4). This fact was also mentioned 

in the interviews as being a problem. 

The participants also suggested the creation of a repository to facilitate the reuse of 

existing extensions indeed. We created an on-line repository for this purpose as a way to 

make available the iStar extensions found by the SLR presented in Chapter 3. This 

repository can be accessed in http://istarextensions.cin.ufpe.br/catalogue/. It is described 

in detail in Section 3.6. 

The conflicts in graphical representation were mentioned in the last paragraph of 

Section 4.2.3. In the SLR of iStar extensions, seven instances of extensions were 

identified that changed the original graphical representations of iStar. The dialogue 

presented in the last paragraph of Section 4.2.3 provided further evidence that this kind 

of problem has occurred. 
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4.3 Results and Discussion of the Quantitative Study (Survey)  

After the analysis of the qualitative study, we submitted an online survey, with the 

findings of the interviews, to check if the extenders could agree with the findings. The 

methodology followed in the survey was presented in Section 4.1.2. 

In this section, we describe the identification and description of the statements 

(Section 4.3.1) and results of the survey (Section 4.3.2). 

4.3.1 Identification and Description of Statements 

We represented the findings of the interviews as statements, which were identified 

from the categories described in Section 4.2.3 and from the suggestions to improve iStar 

extensions given by the interviewees (Section 4.2.4). 

We wrote the categories as statements such as the category Reuse existing 

extensions which was represented as the statement S15 – Reusing other existing 

extensions to improve the understanding and acceptance of new extensions. We needed 

to change the categories with negative impact to represent it positively; for example, the 

category Careless choice of graphical representations (-) was represented as S13 – 

Performing a careful choice of graphical representations.  

Another set of the statements was inspired by the results presented in Section 4.2.4 

related to improving the iStar extensions. An example, regarding S9 – Relating concepts 

introduced by the extensions with the iStar concepts, was identified in the eighth 

paragraph of Section 4.2.4.  

Therefore, the statements S1, S2, S3, S4, S5, S6, S7, S8, S10, S11, S13, S15 and 

S16 were identified from categories of Figure 50. The statements S9, S12, S14, S17 and 

S18 were identified from Section 4.2.4. 

The statements measured in the survey are listed below: 

 S1 – Preservation of iStar original syntax; 

 S2 – Dealing with the negative impact of extensions that are carried out in 

an ad hoc fashion; 

 S3 – Literature review, participation of domain experts and iStar experts and 

use of iStar to model systems of application area before extending it; 

 S4 – Understanding and acceptance of iStar extensions; 

 S5 – Dealing with the negative impact of proposing extensions with an 

unclear definition of the concepts; 

 S6 – Dealing with the negative impact of defining only concrete syntax; 

 S7 – Proposing concrete and abstract syntaxes; 

 S8 – Checking consistency between abstract and concrete syntaxes;  

 S9 – Relating concepts introduced by the extensions with the iStar concepts; 
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 S10 – Proposing extensions with a smallest possible number of 

modifications and new representations; 

 S11 – Proposal of simple graphical representations, able to be drawn on the 

paper without a tool; 

 S12 – Proposing new graphical representation only to represent constructs 

in same abstraction level of intentional elements, actors and iStar 

relationships; 

 S13 – Performing a careful choice of graphical representations; 

 S14 – Dealing with the negative impact of conflicts and redundancies in the 

graphical representation; 

 S15 – Reusing other existing extensions to improve the understanding and 

acceptance of new extensions; 

 S16 – An iStar extension should not complicate the usage of iStar; 

 S17 – Proposing a process or a methodology to guide the iStar extensions; 

 S18 – Defining extension mechanisms to iStar. 

Next, we describe each statement in detail as follows. The on-line survey only had 

the statements, and the longer descriptions were added only in the manuscript. The 

Preservation of iStar original syntax (S1) suggested that all nodes and links of the original 

iStar syntax should be maintained in the extension. In other words, the non-conservative 

extensions, which remove iStar original constructs, are discouraged. Therefore, 

eliminating the representation of quality, for example, is not considered a good practice. 

Once there is no process to support iStar extensions, they have been proposed in an 

ad hoc fashion. This fact has a negative impact on the proposal and many problems of 

inconsistencies, incompleteness and conflicts have been occurring (see results of SLR in 

Chapter 3). Thus, while a process is not proposed, the extenders of iStar should consider 

Dealing with the negative impact of extensions that are carried out in an ad hoc fashion 

(S2) in order to avoid inconsistency. 

A set of actions were pointed out as a way of helping the definition of an iStar 

extension. Literature review, participation of domain experts and iStar experts and use of 

iStar to model systems of application area (S3) were pointed to, to better understand the 

target of the extension. 

The statement Understanding and acceptance of iStar extensions (S4) is related to 

the acceptance of the iStar extension. Thereby, an unclear iStar extension would not be 

well accepted by the Requirements Engineering community. 

Dealing with the negative impact of proposing extensions with an unclear definition 

of the concepts (S5) is concerned with the clear presentation of all concepts introduced 

by the iStar extension. Concepts which are not described cannot be understood by those 

who intend to use the extension. 
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The metamodel and well-defined rules are important to a modelling language and 

their extensions, once they represent what is allowed and what is forbidden in its usage. 

Thus, the statements S6 (Dealing with the negative impact of defining only concrete 

syntax) and S7 (Proposing concrete and abstract syntaxes) are concerned with this issue.  

It is important to consider the Checking consistency between abstract and concrete 

syntaxes (S8), once the syntaxes can be inconsistent. The inconsistency can be described 

by the representation of a new construct in only one of them, for example, including a 

new graphical representation in concrete syntax, without adding a new metaclass to 

represent it in the extension metamodel. 

The new concepts introduced by the extension can be related to the iStar concepts, 

specialising the iStar constructs or be connected by iStar relationships or other 

relationships. Therefore, the statement S9 (Relating concepts introduced by the 

extensions with the iStar concepts) is related to this task. 

The extension should minimise the number of modifications and new 

representations in iStar as much as possible (S10 – Proposing extensions with a smallest 

possible number of modifications and new representations). 

The iStar constructs are represented in concrete syntax by simple symbols, such as 

circle, rectangle and line with an arrow. Thereby, the new constructs should consider a 

Proposal of simple graphical representations, able to be drawn on the paper without a tool 

(S11).  

iStar has a set of high-level constructs, such as goal, resource, task, actor and 

qualification link. Thus, the extension should also consider including concepts of high 

abstraction level. Constructs to represent functions or classes of programming are not 

suitable. Sometimes, a new symbol is added to denote concepts which can be represented 

by a specialisation of an existing iStar construct. For example, a security goal can be 

represented by a stereotype added to the iStar goal. (S12 – Proposing new graphical 

representation only to represent constructs in same abstraction level of intentional 

elements, actors and iStar relationships). 

The experts participating in the qualitative study suggested that the choice of 

graphical representations could be proposed in a careful way (S13). The participants 

consider the work of Moody (2009) a good way to do this. Conflicts and redundancies 

(see results of SLR in Chapter 3) have a negative impact on the iStar extension proposal. 

Thus, while a process is not proposed, the extenders of iStar should consider Dealing with 

the negative impact of conflicts and redundancies in the graphical representation (S14). 

Many iStar extensions such as Secure Tropos have been well accepted by the iStar 

community. Therefore, when new iStar extensions reuse existing extensions, this can 

improve its understanding and acceptance (S15). 

An iStar extension, which introduces many constructs to iStar, can weaken the iStar 

language, ending up looking like a new language. In these cases, it can be chaotic to use 
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the iStar extension. In other words, An iStar extension should not complicate the usage 

of iStar (S16). 

As mentioned before, in general, the iStar extensions are proposed in an ad hoc 

way, and because of this some problems have been occurring in iStar extensions. 

Therefore, the statement S17 (Proposing a process or a methodology to guide the iStar 

extensions) is related to the proposal of a process or methodology to support new 

extensions. The participants of the interviews suggested that it will be interesting to define 

extension mechanisms to iStar, such as the extension mechanisms present in UML (S18). 

4.3.2 Results of the Quantitative Study (Survey) 

The results reiterated the importance of the interview findings, since a great part of 

the responses was Important or Very Important. We highlight that nine out of the eighteen 

statements obtained the mean of responses between 4 (Important) and 5 (Very Important). 

The results of the descriptive statistics (median, mode and number of Very Important, 

Important, Don’t Know, Unimportant and Totally Irrelevant) of the evaluation survey are 

showed in Table 11. 

The mode gives the information about the most frequent answers. It is possible to 

identify there that the number of responses Very important or Important is greater than 

the responses of Totally Irrelevant or Unimportant for all statements. The mode presented 

in Table 11 shows that Very important and Important are the most frequent responses to 

almost all statements. It is important to highlight that the statements S7, S8, S13, S14 and 

S17 have a great number of Very important responses (>= 15 responses). 
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Table 11 – Descriptive statistics of the survey to evaluate the statements. 

Questions Median Mode Very 

Import. 

Import. Don’t 

Know 

Unimport. Tot. 

Irrelevant 

S1 – Preservation of iStar 

original syntax 

Import. Very 

Import. 

13 9 5 3 0 

S2 – Dealing with the negative 
impact of extensions that are 
carried out in an ad hoc fashion 

Import. Import. 6 15 6 2 1 

S3 – Literature review, 
participation of domain experts 
and iStar experts and use of iStar 

to model systems of application 
area before extending it 

Import. Very 
Import. 

13 13 1 2 1 

S4 – Understanding and 
acceptance of iStar extensions 

Import. Import. 13 15 2 0 0 

S5 – Dealing with the negative 
impact of proposing extensions 
with an unclear definition of the 

concepts 

Very 
Import. 

Very 
Import. 

23 5 0 2 0 

S6 – Dealing with the negative 
impact of defining only concrete 
syntax 

Import. Import. 7 13 9 1 0 

S7 – Proposing concrete and 
abstract syntaxes 

Very 
Import. 

Very 
Import. 

18 10 1 1 0 

S8 – Checking consistency 
between abstract and concrete 
syntaxes 

Import. Very 
Import. 

15 12 2 0 1 

S9 – Relating concepts 

introduced by the extensions 
with the iStar concepts 

Import. Very 

Import. 

14 12 3 1 0 

S10 – Proposing extensions with 
the smallest possible number of 
modifications and new 
representations 

Don’t 
Know 

Don’t 
Know 

8 6 9 7 0 

S11 – Proposal of simple 

graphical representations, able 
to be drawn on the paper without 
a tool 

Import. Import. 10 12 6 1 1 

S12 – Proposing new graphical 
representation only to represent 
constructs in same abstraction 
level of intentional elements, 

actors and iStar relationships 

Don’t 
Know 

Don’t 
Know 

6 7 9 6 2 

S13 – Performing a careful 
choice of graphical 
representations 

Import. Very 
Import. 

15 8 4 2 1 

S14 – Dealing with the negative 
impact of conflicts and 
redundancies in the graphical 

representation 

Very 
Import. 

Very 
Import. 

18 10 2 0 0 

S15 – Reusing other existing 
extensions to improve the 
understanding and acceptance of 
new extensions 

Don’t 
Know 

Don’t 
Know 

4 7 13 5 1 

S16 – An iStar extension should 
not complicate the usage of iStar 

Import. Import. 7 14 7 2 0 

S17 – Proposing a process or a 
methodology to guide the iStar 
extensions 

Import. Very 
Import. 

15 9 3 3 0 

S18 – Defining extension 
mechanisms to iStar 

Import. Very 
Import. 

12 8 9 0 1 
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In Figure 52 we detail the distribution of the responses for each statement. We can 

relate both (Figure 52 and Table 11) to understand the results better. 

 

Figure 52 – Detailed results of evaluation of the statements. 

It is possible to identify in Figure 52 that the number of responses Very important 

or Important is greater than the responses of Totally Irrelevant or Unimportant for all 

statements. The mode presented in Figure 52 shows that 5 (Very important) and 4 

(Important) are the most frequent responses to almost all statements. The standard 

deviation can also be used to understand this fact once these values are low 

(approximately 1). 

It is important to highlight that the statements S7, S8, S13, S14 and S17 have a great 

number of Very important responses (≥ 15 responses). 

It is possible to identify that only three statements (S10 – Proposing extensions with 

a smallest possible number of modifications and new representations, S12 – Proposing 

new graphical representation only to represent constructs in same abstraction level of 

intentional elements, actors and iStar relationships and S15 – Reusing other existing 

extensions to improve the understanding and acceptance of new extensions) have the 

value of neutral in its mode. These statements have a great number of Neutral. Hence, 

they have the lowest value of the mean.  

We performed the hypotheses tests using these data to decide about the selection of 

these statements. The results are presented in Table 45 of APPENDIX B. According to 

the results, S10 (Proposing extensions with the smallest possible number of modifications 
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and new representations) can be considered important. However, according to the results 

of the hypothesis test to S12 (Proposing new graphical representation only to represent 

constructs in the same abstraction level of intentional elements, actors and iStar 

relationships) and S15 (Reusing other existing extensions to improve the understanding 

and acceptance of new extensions), it is not possible conclude with 95% of confidence 

that they are important or not important. Thus, we did not consider the statements S12 

and S15 during the proposal of guidelines of Section 4.4. 

All responses to this survey can be found in Table 44 of APPENDIX B.  

4.4 Defining Guidelines for Future Extensions  

We believe that the statements of the findings can be useful for future iStar 

extensions. Thus, we defined a set of guidelines from the statements extracted from the 

interviews and validated by the survey. The guidelines G1, G3, G4, G6 and G7 were 

defined respectively according to the statements S1, S3, S5, S8 and S9. The guidelines 

G2, G5, G8 and G9 were proposed by the joining of pairs of statements. 

These guidelines were considered during the proposal of PRISE (presented in 

Chapter 5). The guidelines are presented below. 

 G1 – Preserve the language (iStar) original syntax; 

 G2 – Carry out consistent, complete and without-conflicts extensions and 

follow a process/method to do them;  

 G3 – Perform a literature review, include the participation of domain 

experts and iStar experts and model systems of application area before 

extending; 

 G4 – Describe a clear definition of the extension concepts; 

 G5 – Propose concrete and abstract syntax of the extension; 

 G6 – Check consistency between abstract and concrete syntaxes; 

 G7 – Relate concepts introduced by the extensions with the iStar concepts; 

 G8 – Define extensions with the smallest possible number of modifications 

and new representations in order not to complicate the use of the modelling 

language (iStar); 

 G9 – Propose careful and simple graphical representations, able to be drawn 

on paper without a tool. 

We joined a pair of the statements related to each other to create a single guideline. 

Table 12 detailed the guidelines created by the combination of two statements. 
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Table 12 – Details of guidelines created by the combination of statements. 

Guideline Statements 

G2 (Carry out consistent, complete and 
without-conflicts extensions and follow a 
process/method to do them) 

S2 (Dealing with the negative impact of extensions that are carried 
out in an ad hoc fashion) and S14 (Dealing with the negative impact 
of conflicts and redundancies in the graphical representation) 

G5 (Propose concrete and abstract syntax 
of the extension) 

S6 (Dealing with the negative impact of defining only concrete 
syntax) and S7 (Proposing concrete and abstract syntaxes) 

G8 (Define extensions with a smallest 
possible number of modifications and new 
representations in order not to complicate 
the use of the modelling language (iStar)) 

S10 (Proposing extensions with a smallest possible number of 
modifications and new representations) and S16 (An iStar extension 
should not complicate the usage of iStar) 

G9 (Propose careful and simple graphical 
representations, able to be drawn on paper 
without a tool) 

S11 (Proposal of simple graphical representations, able to be drawn 
on the paper without a tool) and S13 (Performing a careful choice of 
graphical representations) 

 

We did not consider the statements S12 and S15 in the guidelines’ definition, once 

their means were not significantly larger than three. The importance of them (S12 and 

S15) was not confirmed in the hypothesis tests (see APPENDIX B). The statement S4 

(Understanding and acceptance of iStar extensions) represents a consequence of 

proposing good iStar extensions. Therefore, it is not a guideline and was not included in 

the list of guidelines. 

Furthermore, the statements S17 (Proposing a process or a methodology to guide 

the iStar extensions) and S18 (Defining extension mechanisms to iStar) are considered as 

other results, not a guideline. 

4.5 Threats to Validity of the Mixed-methods Study  

According to Kitchenham; Pfleeger (2002), there are four aspects that we need to 

consider: Criterion Validity, Construct Validity, Face Validity and Content Validity.  

The Criterion Validity is a measure of how well an instrument compares with 

another predecessor instrument. Construct Validity is the observation of how an 

instrument "behaves" when in use. It can be convergent or divergent. Face Validity is a 

superficial analysis of items by naive people, to test their understanding of it. Finally, the 

Content Validity is an assessment of how appropriate the instrument looks to part of 

participants. 

In this section, we presented the threats to validity of both studies. Section 4.5.1 

presents the threats to validity of the qualitative study and Section 4.5.2 presents the 

threats to validity of the survey. 
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4.5.1 Threats to Validity of the Qualitative Study 

Criterion validity: In (BURNAY; JURETA; FAULKNER, 2014), which is similar 

to ours since it used mixed methods, the authors analysed documents of previous projects. 

They used semi-structured interviews in the qualitative stage and the survey with a Likert-

type scale of five levels in the quantitative part.  

The documental analysis of previous iStar extensions was presented in the SLR 

presented in Chapter 3. The qualitative study of the (BURNAY; JURETA; FAULKNER, 

2014) was made to confirm the findings of the documental analysis and identify aspects 

not identified in the documental analysis. Our interview script, therefore, has a broader 

scope once we have more general questions to confirm and does not bias the responses of 

the participants. 

Construct validity: Questions 2 and 9 use the term “process”. Thus, this term could 

introduce a kind of bias to the interviewed. However, we received suggestions of other 

contributions such as guidelines and repository during the interviews.  

We recorded the audio during the interviews to make feasible their transcription 

and the analysis, so we asked for permission at the beginning of the interview. This 

information could inhibit the responses of the participants. We mitigated this threat 

informing the participants that the audio files and transcriptions would be maintained 

private and they would be anonymous. We also presented a confidentiality and privacy 

term.  

Part of the question 7 of the qualitative study asked about iStar extensions that the 

participants consider not well done and reasons for their opinion. In almost all cases, the 

participants did not mention a specific paper with a bad extension but revealed what they 

considered a bad iStar extension in general. It was sufficient for us.  

Face validity: We tested the interview script with eight PhD students in computer 

science of our research group. They did not propose any iStar extension. We received 

several comments about the interview script, then we corrected the interview script 

accordingly. 

We can consider this previous evaluation a limitation because the number of 

participants is not so large (eight participants) in this previous step. However, we 

mitigated this threat asking them to evaluate again after the corrections of their comments.  

Again, the participants of this test did not propose any iStar extension; however, 

they knew many iStar extensions and had already used some of them, thus mitigating this 

threat. 

Content validity: We performed a pilot involving two experts in iStar extensions 

to validate the interview script in the qualitative study. We can consider this previous 

evaluation a limitation because of the small number of participants.  
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We tried to mitigate this threat to content validity by considering the feedback of 

the two experts in iStar extensions who participated in the pilot. We also mitigated this 

threat to face validity by the validation of the interview script by the supervisors of this 

thesis. 

During the interviews, the participants suggested three adjustments in the interview 

script. We tried to mitigate these threats to content validity with the corrections in 

interview script. 

Conclusion validity: There is a threat to conclusions in the qualitative study if the 

data collection technique is not robust enough. The sample of participants in the 

qualitative study was made considering the different universities from ten different 

countries. This threat, therefore, is primarily due to the remote location of a great part of 

the participants and the mix of languages used in conducting the research. These factors 

may have led to some misunderstandings that might have been relevant. 

We chose participants with few extensions based on which were first authors of 

their papers considering that the first author is the one who worked more in the 

development of work presented in the paper. It could be a threat to conclusions validity. 

However, we checked this information with these participants before the interviews. They 

confirmed that these works were part of their master’s thesis or PhD thesis. 

We believe, however, that these effects are at least partially mitigated by the fact 

that each interview was conducted by two interviewers, one asking the questions while a 

second took notes. We also recorded the audio of interviews for a detailed transcription 

and analysis later. The misunderstandings and inconsistencies identified during the 

analysis of the qualitative study were discussed. When necessary, further explanations 

were sought from the participants to mitigate this threat to conclusion validity. 

Furthermore, we did not do an independent double coding, that is, when two 

researchers do the coding independently of each other and afterwards compare whether 

they obtain the same results. This fact could compromise the results and conclusions. 

Nevertheless, we did a pair coding where the two researchers who conducted the 

interviews analysed the transcriptions and created the codes together. We believe that the 

approach that we followed can mitigate this threat. 

4.5.2 Threats to Validity of the Survey 

We now comment on the threats to the validity of the survey. 

Criterion validity: We did not find a previous survey for this purpose so that we 

could compare it with ours. It can be considered a threat to criterion validity.  

The paper (BURNAY; JURETA; FAULKNER, 2014) is related to ours because it 

consists of a survey used to analyse the importance of a set of statements. The authors 

used the Likert-type scale in five levels.  
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Maybe a higher range of values could contribute to obtaining better results 

concerning the two inconclusive statements. However, we opted for the default scale with 

five values widely used in other surveys.  

Construct validity: When we invited the participants to answer this survey, we 

explained that the statements to be evaluated were identified in a previous study with 

researchers of iStar extensions. This information could have caused apprehension if they 

considered unimportant what other researchers considered important.  

Despite that, we received 42 answers – Totally Irrelevant (1) or Unimportant (2). 

Furthermore, we could not confirm statistically the importance of two statements with the 

hypotheses tests (see Table 45), so this threat was not detected in the overall results.   

Face validity: The Face Validity of the survey is like the Face Validity of the 

interviews. We tested the survey with eight PhD students in computer science of our 

research group. They did not propose any iStar extension. We received several comments 

about the survey, then we corrected it accordingly. 

We can consider this previous evaluation a limitation because of the small number 

of participants (8 participants). We mitigated this threat, however, by asking them to 

evaluate again after the corrections of their comments. 

Despite the re-evaluation, the participants of this test did not propose any iStar 

extension, although they knew many iStar extensions and had already used some of them, 

thus mitigating this threat. 

Content validity: We performed the pilot involving five researchers. It was done 

to test the understanding of participants about the survey. We analysed the feedback sent 

by the participants of the pilot and applied the suggested improvements to the survey.   

During the application of the survey, we received some comments from seven 

participants. We tried to mitigate these threats to content validity with the participation 

of two experts in iStar extensions in the development of this research, which validated 

the survey before the submission to the participants. 

Conclusion validity: In this survey, we did not have a large number of participants. 

We could not then make statistical inferences or reveal a true pattern in the data. This 

threat for the conclusions’ validity can be mitigated by inviting the researchers who will 

propose the next iStar extensions to answer this survey. 
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4.6 Chapter Summary 

In this chapter, we presented the main results of a mixed-methods study with experts 

in iStar extensions to understand the iStar extensions proposal better. This study used 

basic qualitative research based on interviews and a quantitative survey.  

The results of a qualitative study presented how the iStar extensions had been 

proposed, the categories and their impacts. We also analysed how to improve iStar 

extensions and compiled a set of actions (recommendations) suggested by participants. 

The results indicate that extensions are carried out in an ad hoc fashion and that there are 

several different ways to propose extensions. Thus, the participants pointed to the need 

for the proposal of a process to systematise the way extensions are proposed. The reuse 

of existing extensions was mentioned as a practice to be considered. 

We evaluated the findings of the qualitative analysis using a survey (quantitative 

study) with 30 iStar researchers. The survey presented 18 statements that represent the 

main findings of the interviews and analysed the opinions of the respondents about the 

importance of these findings. The results of the survey reiterate the importance of the 

findings of the qualitative analysis. 

Finally, we proposed a set of nine guidelines based on the statements. These 

guidelines represent the point of view of the experienced extenders about the proposal of 

iStar extensions. We considered these guidelines during the proposal of PRISE (see 

Chapter 5) so that extenders can use them in the proposal of iStar extensions. 
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5 PRISE: A PROCESS TO SUPPORT ISTAR EXTENSIONS 

The results presented in chapters 3 and 4 points to the need for better ways of 

supporting the iStar extensions. Thus, the analysis of existing iStar extensions was 

documented in a catalogue which contributes to this. The findings of the qualitative study 

point to guidelines of experts in iStar extensions which are important suggestions about 

how to extend iStar. Therefore, these results shall be joined and used by a process to 

support iStar extensions.  

The objective of this process is to suport iStar extensions systematically and 

produce them as complete, consistent and without conflicts as possible.  

We present in Section 5.1 the methodology followed to propose PRISE. A detailed 

description of this process is presented as well as its customisation and a tool to support 

the proposal of iStar extensions. The results of this chapter were discussed in 

(GONÇALVES; CASTRO; ARAUJO, 2017) and (GONÇALVES; ARAUJO; CASTRO, 

2020). 

5.1 Methodology to Propose PRISE 

The philosophical stance of this work is Pragmatism, so our main result is the 

proposal of this process. We are following the engineering method to propose this process 

as presented in Section 1.5, so we considered our previous results as the SLR, the 

qualitative study, the catalogue and the bibliographical review.  

During the proposal of this process, we involved the extenders of iStar community 

in the steps of this proposal. We developed a set of works to identify how the iStar 

extensions have been performed and what can be done to improve future iStar extensions.  

Initially, we established a set of principles and fundamentals about iStar extensions. 

We identified the existing iStar extensions through an SLR to identify and analyse them 

(Chapter 3). We also performed a study to identify how researchers proposed the iStar 

extensions and their point of view concerning what can be done to improve the proposal 

of future iStar extensions (Chapter 4). PRISE also uses the results of the following works: 

a catalogue of iStar extensions (Section 3.6); guidelines of experts in iStar extensions 

(Section 4.4); proposal of the extension mechanisms in iStar 2.0 (GONÇALVES; 

ARAUJO; CASTRO, 2018); and the adaptation of a method to propose graphical 

representations in modelling languages (GONÇALVES et al., 2020). We also analysed 

the state-of-art of the modelling languages and extensions which we presented in Chapter 

2. 

Therefore, we considered all these results in the proposal of PRISE. Initially, we 

listed what is required for PRISE definition, based on the principles and fundamentals. 

Thus, we modelled an initial version of PRISE using BPMN. Moreover, PRISE was 

analysed by three experts in iStar extensions and five PhD students in computer science 



121 
 
 

from New University of Lisbon and Universidade Federal de Pernambuco with 

knowledge in process modelling (initial analysis). They analysed PRISE and made 

comments in a form composed of open fields for each sub-process. We made the 

refinement of PRISE considering the suggestions. As a result, 71 out of 84 suggestions 

of corrections/improvements to PRISE were implemented.  

We validated and illustrated the usage of PRISE to create a new iStar extension 

(Chapter 6). The corrections identified during this step were made. Finally, we evaluated 

PRISE with the researchers who proposed iStar extensions and a case study with a novice 

(Chapter 7). The final refinement of PRISE included the suggestions of the evaluation.  

Figure 53 shows the steps followed to define this process. 

 

Figure 53 – Methodology for creating PRISE. 

5.2 PRISE Process  

This process is the main result of this thesis; it guides the proposal of iStar extension 

systematically, enforcing the completeness, consistency and absence of conflicts of the 

proposal. An interactive version of this process is available in 

http://www.cin.ufpe.br/~ler/prise. In this link, it is possible to view and iterate in all 

processes and templates for the artefacts. The templates of the artefacts were used in the 

test of the process and can be seen in Chapter 6, where new iStar extensions are proposed 

to illustrate the usage of PRISE.  
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5.2.1 Main Flow 

The process starts when there is the intention to extend iStar. The main process 

consists of five sub-processes, one task and the evolution of the Extension specification 

artefact. In Figure 54 we used BPMN (Business Process Modelling Notation) to depict 

PRISE. We describe this process in detail as follows.  

 

Figure 54 - Main flow of PRISE. 

1 - Analyse the need for extension. This sub-process consists of verifying the need 

for the iStar extension. It is important to analyse the need for proposing the extension and 

to establish the list of the concepts to be introduced (without description of them). It 

generates the Extension specification [Analysed]. This sub-process is detailed in Section 

5.2.2.  

Then, a decision is made based on the conclusions of the analysis of the need for an 

extension proposal. If there is a need for the extension, the process execution continues 

with the proposal. Otherwise, the process ends without proposing an iStar extension as 

there is no need for it. When the process execution continues, three sub-processes (2, 3 

and 4) are executed in sequence and task 5 is executed in parallel to these three sub-

processes.  

2- Describe concepts of the iStar extension. This sub-process describes in detail 

the concepts identified in sub-process 1. It is important to try to identify constructs to be 

reused and to analyse whether it is possible to relate the constructs to be introduced with 

the original iStar constructs. It creates the Extension specification [Concepts described]. 

This sub-process is detailed in Section 5.2.3. 

3- Develop iStar extension. This is the main part of PRISE. The Extender should 

consider the set of guidelines provided by iStar experts for the elaboration of extensions 

before starting this sub-process. This sub-process introduces new concepts in the iStar 

modelling language. It produces the Extension specification [Developed] with the 

description of the iStar extension. This sub-process is detailed in Section 5.2.4. 
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The guidelines used by PRISE are based on the opinions of experienced iStar 

extenders as presented in Section 4.4. The Guidelines of the iStar Community are listed 

as follows: 

 G1 – Preserve the language (iStar) original syntax. It recommends that all 

nodes and links of the original iStar syntax should be maintained in the 

extension. In other words, the non-conservative extensions, which remove 

iStar original constructs, are discouraged. Thus, it is not considered a good 

practice, for example, that the Quality model element be removed during the 

iStar extension proposal. 

 G2 – Carry out consistent, complete and without-conflicts extensions and 

follow a process/method to do them. The iStar extensions have been proposed 

in an ad hoc fashion manner. This fact has a negative impact on the proposal 

and many problems of inconsistencies, incompleteness and conflicts have 

been occurring. Therefore, this guideline highlights the importance of 

following a process (PRISE) to avoid inconsistencies, incompleteness and 

conflicts.  

 G3 – Perform a literature review, consider the participation of domain experts 

and iStar experts, and model systems of application area before extending. The 

literature review can contribute to the understanding of the domain and to set 

clear definitions of the concepts of this domain. The participation of domain 

experts and iStar can contribute to avoiding errors during iStar extensions 

proposal. 

 G4 – Describe a clear definition of the extension concepts. Concepts which 

are not described cannot be understood by those who intend to use the 

extension. 

 G5 – Propose concrete and abstract syntax of the extension. The metamodel 

and well-formedness rules are important to a modelling language and their 

extensions, once they represent what is allowed and what is forbidden in its 

usage. Therefore, both syntaxes (abstract and concrete) should be considered 

during the extension proposition. 

 G6 – Check consistency between abstract and concrete syntaxes. It is 

important to consider checking consistency between abstract and concrete 

syntaxes, once the syntaxes can be inconsistent. The inconsistency can be 

described by the representation of a new construct in only one of them, for 

example, including a new graphical representation in concrete syntax, without 

adding a new metaclass to represent it in the extension metamodel; 

 G7 – Relate concepts introduced by the extensions with the iStar concepts. 

The new concepts introduced by the extension can be related to the iStar 
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concepts, specialising the iStar constructs or be connected by iStar 

relationships or other relationships. 

 G8 – Define extensions with the smallest possible number of modifications 

and new representations in order to not complicate the use of the modelling 

language (iStar). The extension should minimise the number of modifications 

and new representations in iStar as much as possible. It is important that the 

iStar extension does not introduce a great number of constructs, making the 

usage of the iStar extension hard. Otherwise, it can mischaracterise iStar and 

worsen its scalability. 

 G9 – Propose careful and simple graphical representations, able to be drawn 

on paper without a tool. The proposal of new constructs should be simple 

enough for people to hand draw and do it on the whiteboard and scrap it off 

and make changes to it very quickly. They should maintain the principle of 

the symbols of iStar, which are simple and easy to draw. If possible, in order 

to choose an appropriate graphical representation, try to perform an 

experiment such as the one suggested by Caire et al. (2013).  

Part of these guidelines can be related to Moody’s principles presented in Section 

2.3.1. G2 and G6 are related to the Semiotic clarity since they recommend avoiding 

inconsistencies and conflicts. G7 concerns to the Cognitive integration because it 

recommends relating the introduced constructs with the existing constructs. G8 is related 

to the Manageable complexity and Graphic economy owing to it recommending the 

proposal of the smallest possible number of modifications and new representations.  

4- Validate and evaluate the iStar extension. This sub-process illustrates the 

usage, validates the extension with experts, refines and evaluates the iStar extension 

developed in sub-process 3. It generates the Extension specification 

[Validated/evaluated]. It is detailed in Section 5.2.5. 

5- Check other new constructs to be introduced. PRISE is an iterative process. 

Thus, new constructs (different from the set identified in sub-process 1) can be identified 

during sub-processes 2, 3 and 4 by this task. Thus, this task is performed in parallel during 

their execution of these three sub-processes. When new constructs are identified during 

an iteration of sub-processes 2, 3 and 4, they are listed by this task to be considered in the 

next iteration of them. This task generates the List of concepts to be introduced [New]. 

When new constructs are identified in task 5, the execution of PRISE returns to task 

2 to include them in the iStar extension. Otherwise, the execution continues to the sub-

process 6 - Publicise the iStar extension. 

6- Publicise the iStar extension. This sub-process details how to make the iStar 

extension accessible to the community. It is detailed in Section 5.2.6. Finally, the proposal 

of the iStar extension is considered finished.  
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We describe the sub-processes of PRISE in the next sections. PRISE involves three 

roles in their sub-processes: Extender (represents the researcher who develops the 

extension); Expert in iStar extensions (represents the experienced researchers in proposals 

of previous iStar extensions, which are external to the process); and Experts in domain/ 

application area (represents the experienced researchers in the domain/application area, 

which are external to the process). When the experts in iStar or domain/application area 

propose the iStar extension, they play the role of Extender. The sub-processes will be 

described in the next sections.  

We now describe the first sub-process. 

5.2.2 Analyse the Need for Extension Proposal (Sub-process 1) 

This sub-process is needed to analyse whether the extension should be proposed. It 

introduces a set of tasks to avoid the proposal of unnecessary extensions such as study 

the domain, model an example with iStar and consult experts in iStar extensions. It is also 

important to the Extender to better understand the context of the extension to be proposed. 

This sub-process is composed of eleven tasks and five artefacts. Figure 55 relies on 

BPMN to depict sub-process 1. We detailed this sub-process in the next paragraphs. 

 

Figure 55 – Sub-process 1 Analyse the need for extension proposal. 

Initially, this sub-process tests if the proposed iStar extension is related to an 

application area (such as security or robotics) or if it is related to practical aspects of iStar 

(such as modularization, cardinality or duration of tasks). It is also possible that an iStar 

extension involves both. 
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When the iStar extension involves an application area, the Extender should 

study/review the domain/application area (task 1.1). This can be done through a literature 

review (systematic, or not). This task generates a set of references (Books, Book chapters 

and papers) identified in the study and, if applicable, use a list of the contacted researchers 

(see this artefact in Section 6.2). 

The execution of the process continues with task 1.2 - Identify the concepts to be 

introduced by the extension. This task consists of identifying the list of concepts to be 

introduced. These concepts can be related to a domain/application area or practical 

aspects. Task 1.2 considers the references listed in the previous task and generates a List 

of concepts to be introduced (see Table 48 in APPENDIX C). 

PRISE has a sequence of six tests (gateways) described as follows. The first test 

(What is the purpose of the extension?) verifies the need to analyse a domain/application 

area.  

The second test (Is there any issue about domain/application area?) verifies if there 

is any issue about the domain/application area. An iStar extension can be done by a 

researcher without experience in a particular domain. In this case, uncertainties can 

appear about the meaning of a concept, the need to include part of the concepts, or the 

relationship between them. When there is any issue, the Extender contacts experts in 

domain/application area (task 1.3), the experts in the domain/application area receive and 

mitigate the issues (task 1.4). The contact can be done by email or personally. The 

Extender should identify researchers on the extension field in the studies identified in task 

1.1 and send emails to them. The Extender can meet an expert personally in a university 

(scheduling a meeting or participating in courses/classes), at work or in 

conferences/workshops. Finally, if it is not possible to get an answer in these ways, the 

Extender can submit the main ideas to conferences that analyse works in progress of the 

area such as RE NEXT (Requirements engineering conference) or master/doctoral 

consortium (for example, the doctoral symposium of the International Conference on 

Autonomous Agents and Multi-Agent Systems). Finally, the Extender may receive a 

response about the issues (task 1.5). 

We believe these alternatives are enough to obtain an answer. However, if the 

Extender did not receive an answer, he/she should continue to the next task of PRISE and 

try to mitigate the questions in other tasks of the process such as the validation and 

evaluation (sub-process 4, during sub-process 4.3 which is contacting experts, modelling 

of an example, evaluating the extension by the participants) and publicising the iStar 

extension (sub-process 6, during the submission of the extension). 

The third test (Is there any issue about whether it is possible to model with the iStar 

default?) is about the possibility of using the default iStar to model the new concept. 

Sometimes, it is possible to model the systems of a targeted domain without extending 

iStar. When there are hesitations about it, the Extender should use the current version of 
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iStar to try to model the concept targeted by the extension (List of the concepts to be 

introduced) (task 1.6). It is interesting to use a complete (real) example, not a “toy” one. 

When the Extender identifies new concepts to be introduced by the extension, these 

concepts should be included in the List of concepts. This task generates an artefact with 

the modelling and observations (see Figure 92 in APPENDIX C). 

An iStar extension can be proposed by inexperienced researchers, so in this case 

hesitations can appear. These may be related to the possibility, or not, to model the 

domain concepts with iStar (or other concern about the modelling) with iStar original 

syntax.  

The fourth test (Is there any issue about modelling with iStar?) checks if there are 

any issues about modelling with iStar; the questions can be related to the modelling of 

new concepts with iStar (task 1.6). When there is any issue, the Extender contacts Experts 

in iStar extensions (task 1.7), the Expert in iStar extensions receives and mitigates the 

issues (task 1.8). The contact can be done by email or personally. The Extender should 

send emails to the experts in iStar extensions. We have created a List of experts in iStar 

extensions (identified in the SLR of the Chapter 3) to facilitate the identification of these 

experts. There is the possibility that the extension needs a lengthy wait for an answer from 

the expert or does not receive any response. Thus, we recommend that the Extender 

contact more than one expert initially and if the expert(s) is(are) slow to respond, the 

Extender should contact other experts on the list. If the experts contacted by email did not 

answer, the Extender can contact the extenders with less experience (it is possible to 

dentify their emails in the papers selected by the SLR of the Chapter 3) and the specialists 

in iStar without experience in extensions. The Extender also can meet an expert 

personally in a university (scheduling a meeting or participating in courses/classes), at 

work or in conferences/workshops. Finally, if it is not possible to get an answer in these 

ways, the Extender can submit the main ideas to conferences which analyse works in 

progress of the area like RE NEXT (Requirements engineering conference) or a 

master/doctoral consortium. Finally, the Extender should receive a response about the 

issues (task 1.9).  

We believe these alternatives are enough to obtain an answer. However, if the 

Extender did not receive an answer, he/she should continue to the next task of PRISE and 

try to mitigate the questions in other tasks of the process such as tasks 2.4, 2.5 and 2.6, 

which try to contact the experts in iStar extensions one more time; the validation and 

evaluation (sub-process 4, during sub-process 4.3 which is contacting experts, modelling 

of an example, evaluating the extension by the participants); and publicising the iStar 

extension (sub-process 6, during the submission of the extension). 

The fifth test (Was it possible to design with iStar default syntax?) analyses whether 

it is possible to use the iStar original syntax. If it is the case, there is no need for the 

extension. Otherwise, the Extender should identify if there are extensions related to the 
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current proposal (task 1.10), which generates the List of iStar extensions related to the 

new proposal (see Table 49 in APPENDIX C). The existing iStar extension is considered 

suitable when introducing the concepts identified in the List of concepts to be introduced.  

This action can be performed with the help of iStar extensions’ catalogue of iStar 

extensions13 (presented in Section 3.6). The Extender should search the catalogue by 

application area and after that search by the name of the constructs to be introduced.  

If the Extender did not find the extension in the catalogue, he/she can examine the 

search sources, as presented in Chapter 3, to analyse the period between the last update 

and the current date. 

The sixth test (Is there an extension suitable to your need?) analyses if there is an 

extension suitable for the extender’s need. If there is a suitable extension, there is no need 

to propose a new extension.  

Otherwise, the proposal continues with task 1.11 - Generate extension specification 

[Analysed], which joins the artefacts generated in this flow in the Extension specification 

[Analysed]. Finally, this sub-process finishes with the extension identified. 

The next section details the sub-process 2 - Describe concepts of the iStar 

extensions. 

5.2.3 Describe Concepts of the iStar Extension (Sub-process 2) 

This sub-process is concerned with the reuse of existing constructs, the description 

of the concepts’meaning and integration of the extension constructs. The reuse of the 

existing constructs is important to avoid the occurrence of symbol redundancy. The 

description of the concepts' meaning is important to the Extender to know their purpose 

and to the users of the extension to better understand the new constructs introduced by 

the extension. Extensions defined without the meaning of the constructs introduced are 

incomplete and could be difficult to use by other users. Finally, it is important to integrate 

the new constructs into the iStar constructs since they will be used together in the same 

model. 

This sub-process starts when the need for extending iStar is confirmed in sub-

process 1 (Section 5.2.2). It has seven tasks, six artefacts and involves the Extender and 

the Expert in iStar extensions. Extension specification [Concepts described] is the main 

artefact generated by this sub-process and adds the results of this sub-process to the 

Extension specification. Figure 56 depicts sub-process 2 - Describe concepts of the iStar 

extension. We detail each element of this sub-process in the next paragraphs. 

                                                
13 http://istarextensions.cin.ufpe.br/catalogue/ 

http://istarextensions.cin.ufpe.br/catalogue/
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Figure 56 – Sub-process 2 Describe concepts of the iStar extension. 

The first task of this sub-process is Search and select constructs to be reused (task 

2.1). The Extender accesses the catalogue¹ to search and select the constructs identified 

in Extension specification [Analysed]. 

The Extender can choose not to reuse some construct, because it may be considered 

unsuitable. For example, the Extender may not consider reusing constructs that have the 

same name and different meanings from the intended one. It is also possible that the 

graphical representation is considered inadequate. When the catalogue shows conflict 

involving the construct to be reused, the Extender can consider the prioritisation or the 

new graphical representation of the construct in conflict with the ones present in the 

catalogue. This task produces the List of constructs to be reused (see Section 6.3). 

If the Extender did not find the constructs in the catalogue, he/she can examine the 

search sources, as presented in Chapter 3, to analyse the period between the last update 

and the current date. 

The execution of this sub-process continues with the task 2.2 Describe extension's 

concepts. This task is concerned with describing in detail the list of constructs to be 

introduced and/or reused by the iStar extension. It uses the list of the concepts to be 

introduced in Extension specification [Analysed] and the List of constructs to be reused, 

generating the List of concepts to be introduced [with concepts description], with the 

meaning of constructs to be introduced (see Section 6.3). 

Next, the Extender should analyse how to integrate the extension constructs with 

the iStar constructs (task 2.3). This task is related to the identification of the relation 

between the extension constructs and the iStar constructs. 

The first level of integration is specialising an existing construct of iStar, for 

example, textual markers as stereotypes can be used to do it (see our proposal of the iStar 

extension mechanisms in (GONÇALVES; ARAUJO; CASTRO, 2018)). When this is not 

possible, new graphical representations should be proposed. iStar has two diagrams, SD 

and SR. Thus, it is important to identify the impact of constructs in each diagram. This 
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task produces the List of the relations between the extension and iStar constructs (see 

Section 6.3). 

Sometimes the Extender can have issues about the execution of the extension, for 

example, if it is suitable to specialise the task metaclass to represent a specific domain 

concept. If there is any issue on how to integrate, the Extender contacts experts in iStar 

extensions (task 2.4) in the same way presented in the tasks 1.7, 1.8 and 1.9, and the 

Expert in iStar extensions receives and mitigates the issues (task 2.5). Finally, the 

Extender receives a response about the issues (task 2.6).  

We believe these alternatives are enough to obtain an answer. However, if the 

Extender did not receive an answer, he/she should continue to the next task of PRISE and 

try to mitigate the questions in other tasks of the process such as the validation and 

evaluation (sub-process 4, during the sub-process 4.3 which contacts experts, the 

modelling of an example, evaluating the extension by the participants), and publicising 

the iStar extension (sub-process 6, during the submission of the extension). 

Finally, task 2.7 - Generate Extension specification [Concepts described] joins 

Extension specification [Analysed] with the artefacts proposed in this sub-process (List 

of constructs to be reused [with concepts definition] and List of the relation between 

extension and iStar constructs). This sub-process finishes with the iStar extension 

conceptualised. 

The next section details sub-process 3 - Develop iStar extension. 

5.2.4 Develop iStar Extension (Sub-process 3) 

This sub-process is concerned with the definition of the metamodel, validation rules 

and concrete syntax. Extensions defined without a metamodel or the concrete syntax are 

incomplete and difficult to understand and use. The check and correction of problems are 

important for avoiding the occurrence of incompleteness, inconsistency and conflicts 

which cause misunderstanding in the extensions. The proposal of tools is focused on this 

process, which is important to make feasible the usage of the extension. 

This sub-process starts when the iStar extension has its concepts defined in sub-

process 2 (Section 5.2.3). It has five tasks, one sub-process, six artefacts, and only 

involves the Extender. Extension specification [Developed] is the main artefact generated 

by this sub-process; it adds the results of this sub-process to the extension specification. 

Figure 57 depicts the sub-process 3 - Develop iStar extension in BPMN. We describe 

each element of this sub-process in the next paragraphs. 
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Figure 57 – Sub-process 3 Develop iStar extension. 

The first step of this sub-process is to define metamodel for extension (task 3.1). 

The Extender should consider the concepts to be introduced and the relationship of the 

extension's constructs and iStar constructs, both are present in the Extension specification 

[Concepts described]. These concepts should be introduced in the metamodel of iStar 2.0. 

The guidelines of the iStar community G1 (Preserve the language (iStar) original 

syntax) and G7 (Relate concepts introduced by the extensions with the iStar concepts) are 

related to this task.  

Some specific recommendations about the extension of the iStar metamodel are 

presented as follows:  

 When there are concepts which are specific kinds of iStar nodes and links, the 

Extender may specialise it. If the construct is a specialisation of the iStar nodes 

– actor, agent, role, goal, task, resource, quality (for example, a safety goal 

which specialises goal and simple reflex agent which specialises agent) – or a 

specialisation of the iStar links – refinement, qualification, contribution, 

neededby, dependency and association (for example, restriction in 

contribution link). This representation can be done by the creation of 

stereotypes or by a new metaclass that specialises it;  

 The metaclass intentional element is a kind of classifier that groups related 

constructs that are desired to the system. The metaclasses refinement and 

goal/task element also are used to group related constructs in the iStar 

metamodel. Therefore, when a new construct is not a sub-type of iStar nodes 

and links, the Extender has to try to specialise one of these metaclasses to 

group the new constructs with the existing ones;  

 When a metaclass of an iStar node (or a metaclass that groups nodes) is 

specialised, the links of which that node is a target or source are also applied 

to the new one;  
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 Similarly, when a metaclass of an iStar link (or a metaclass that groups links) 

is specialised, the target or source nodes are also applied to the new one. It is 

possible to restrict the target and source by constraints. 

The following references can help the Extender to perform this task. A tutorial about 

the metamodelling creation and representation is presented in (PAIGE et al., 2014). A 

standard about metamodelling is presented in ISO/IEC, ISO/IEC 24744 (2007). There is 

a section related to the extension of the metamodels which presents guidelines related to 

it. Papers (HENDERSON-SELLERS et al., 2013) and (ATKINSON; KÜHNE, 2001) 

describe some problems that can occur and practical solutions to avoid them. 

Also, validation rules should express the constraints which are not possible to 

represent directly in the metamodel. Thus, the task 3.2 - Define validation rules for 

extension) is performed when there are validation rules which cannot be represented with 

the metamodel. The tasks 3.1 and 3.2 create the artefact Metamodel & validation rules of 

the extension (see Section 6.4). 

The task 3.3 - Define concrete syntax for extension runs in parallel to tasks 3.1 and 

3.2. In this task (3.3), the Extender defines the graphical representation of the constructs 

and presents how to use it.  

The recommendation of the task 2.3 should also be considered here. It suggests that 

the first level of integration is specialising an existing construct of iStar, for example, 

textual markers as stereotypes can be used to do it. The proposal of extension mechanisms 

(GONÇALVES; ARAUJO; CASTRO, 2018) can be used in this moment. Textual 

markers have a low impact since they introduce new representations in the metamodel 

without the need to create new metaclasses. When this is not possible, new graphical 

representations should be proposed. iStar has two diagrams, SD and SR. Therefore, it is 

important to identify the impact of constructs on each diagram. 

Another possibility to achieve this is to conduct an experiment similar to (CAIRE 

et al., 2013). The paper of Caire et al. (2013) presents an experiment to propose new 

graphical representations to a modelling language. We think it is a good way to propose 

new graphical representations to extensions as well, but it is necessary adapt and test the 

experimental design to this new context. 

We have two observations related to this task: 

 The Extender should propose graphical representations different from existing 

iStar extensions;  

 The Extender should try to reuse a construct of an existing iStar extension. 

However, he/she can choose not to reuse it when the graphical representation 

is considered unsuitable for representing the concept.   

Finally, the Extender should describe how to use the iStar extension, describing the 

steps to create the models using the new constructs introduced by the extension. The 
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artefact List of concrete syntax representation of the extension is the result of this task 

(see Section 6.4). 

Task 3.4. (Check and correct problems of completeness, consistency and conflicts) 

is performed when the proposal of both syntaxes is finished. This task consists of 

analysing the following items:  

 Completeness of the extension regarding the definition of its concepts, 

abstract and concrete syntaxes; 

 Consistency between its concepts, abstract and concrete syntaxes; 

 Absence of nodes and links of the iStar standard syntax;  

 The occurrence of conflicts with existing iStar extensions.  

The Extender should consider the concepts listed in the Extension specification 

[Conceptualised], Metamodel & validation rules of the extension and List of concrete 

syntax representation. Thus, we have some indicators to be considered for each concept 

in this analysis: 

 List of the concepts: present / not present; 

 Description of the concepts: present / not present; 

 Abstract syntax definition: present / not present; 

 Concrete syntax definition: present / not present; 

 Number of inconsistencies between the concepts’ description, abstract and 

concrete syntax: Integer; 

 Number of absences of nodes and links of standard syntax of iStar: Integer; 

 Number of changes in well-formedness rules of iStar: Integer;  

 Number of conflicts of one concept with two or more representations in 

concrete syntax: Integer; 

 Number of conflicts of two or more concepts with only one construct in 

concrete syntax: Integer; 

 Number of conflicts of new constructs in conflict with the iStar original 

syntax: Integer; 

 Number of conflicts of wrong representation of iStar original construct: 

Integer; 

 Number of conflicts of representation of constructs that are not part of the 

extension: Integer. 

These indicators are used to verify the quality of the extensions. The Checklist for 

verification of problems (see Section 6.4) is used to verify the occurrence of the problems 

according to the indicators listed above. Additionally, the Extender request other person 

(as a collegue of the same research group) to analyse the extension using the checklist. 
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The Extender should correct the problems of incompleteness, inconsistency and conflicts 

identified. 

Next, when it is feasible, the iStar extension is supported by a modelling tool (Sub-

process 3.5). The feasibility analysis should be done by the Extender considering the 

criteria of the availability of the selected base-tool and the schedule of the research. The 

support of the iStar extension with a modelling tool is detailed in sub-process 3.5 (Support 

the extension with a modelling tool). 

Finally, the Extender should generate Extension specification [Developed] (task 

3.6). This task consists of adding the artefacts generated. 

Next, we present sub-process 3.5 - Support the Extension with a Modelling Tool.  

 

5.2.4.1 Support the Extension with a Modelling Tool (Sub-process 3.5) 

Figure 58 details sub-process 3.5 - Support the extension with a modelling tool 

which is concerned with the implementation, testing and modification of a modelling tool 

to support the extension. 

 

Figure 58 – Sub-process 3.5 Support the extension with a modelling tool. 

The task 3.5.1 - Implement the extension in a modelling tool is concerned with the 

implementation of a case tool to support the iStar extension. A list of existing iStar tools 

can be found on this site14. We suggest piStar15, a web-based tool to model iStar which 

presents some insights into how to extend the tool including lightweight or heavyweight 

representations. The Extender can create one’s own tool without considering the existing 

ones as a starting point. In this case, the Eclipse Epsilon16 and Eugenia language17 can be 

used. The Eclipse Sirius18 is another option to create the modelling tool. Additionally, it 

is possible to create a tool using HTML or use tools like MetaEdit +19. 

                                                
14 istar.rwth-aachen.de/tiki-index.php 
15 http://www.cin.ufpe.br/~ler/pistar/ 
16 www.eclipse.org/epsilon 
17 www.eclipse.org/epsilon/doc/eugenia 
18 www.eclipse.org/sirius 
19 www.metacase.com/mep 
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The Extender should test the modelling tool (task 3.5.2). Thus, the modelling tool 

should be tested to check what is allowed and forbidden in the extension. This involves 

the following steps:  

 Create a list containing what is possible to model (for example, task, resource, 

neededby from a task to a resource); 

 Create a list containing what is forbidden to model (for example, neededby 

from a quality to an actor); 

 Try to use the modelling with the lists of what is possible and forbidden to do; 

 Create a list containing the problems identified. 

The Extender should Correct the modelling tool for the extension (task 3.5.3), when 

there is any correction that has been identified in the test. Finally, when there is no 

correction identified, the Extender should Make the tool available (task 3.5.4). It is 

suggested that the Extender uses a repository such as github (github.com) or similar to 

make the tool available. 

Next section presents sub-process 4 - Validate and Evaluate the iStar Extensions. 

5.2.5 Validate and Evaluate the iStar Extension (Sub-process 4) 

The validation identifies whether the extension is valid to model systems and it is 

also useful to show the users how to use the extension by an example of use. The 

evaluation of an extension is important for receiving the opinion, corrections and 

improvements from other researchers. 

This sub-process starts after the iStar extension is developed in sub-process 3. It has 

six tasks, one sub-process, four artefacts. Extension specification [Validated/evaluated] 

is the main artefact generated by this sub-process and adds the results of this sub-process 

to the extension specification. Figure 59 depicts the sub-process 4 - Validate and evaluate 

the iStar extension sub-process in BPMN. We detail each element of this sub-process in 

next paragraphs. 

 

Figure 59 – Sub-process 4 Validate and evaluate the iStar extension. 
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This sub-process is composed of three pairs of analysis and the related corrections 

of the iStar extension, with the validation being performed by two pairs and the evaluation 

by one pair. 

The first pair of the analysis (validation)/correction is performed by the Extender – 

Use the iStar extension proposed to model a system (task 4.1). This task represents the 

usage of the iStar extension proposed to try to identify corrections and improvements in 

the extension. This can be done by selecting one or more case studies, modelling the 

scenarios and identifying and documenting limitations. The Extender should select non-

trivial and real examples to use the iStar extension. The Extender should describe how to 

use the iStar extension, that is, the required steps to use the proposed iStar extension. 

When the Extender identified correction/improvements, such as a relation between 

concepts which was not considered in the initial version, the respective corrections are 

performed (task 4.2). 

The second pair of the analysis (validation/correction) is performed by the sub-

process 4.3 - Consult experts. It concerns the submission of the iStar extension for the 

analysis of the experts (in iStar extensions and domain/application area), reception and 

analysis of the feedback.  

The Extender may Apply the corrections/improvements from the experts (sub-

process 4.4) to the iStar extension. It is necessary to check whether the changes do not 

introduce further inconsistency, incompleteness or conflict problems. 

The third pair of the analysis, evaluation/correction, consists of the pair of the tasks 

4.5 - Evaluate the iStar extension and 4.6 - Apply the improvements from the evaluation.  

This pair is performed if it is feasible to evaluate the iStar extension. The feasibility 

analysis should be done by the Extender considering the criteria of the availability of 

participants to the selected kind of evaluation and the chronogram of the research. 

The evaluation (task 4.5) can be done by an experiment, qualitative study or survey. 

An experiment can be based on (WOHLIN et al., 2012) or (JURISTO; MORENO, 2001).  

The Extender can plan a qualitative study based on (MERRIAM, 2009). Finally, a survey 

can be performed following the steps suggested by Kitchenham; Pfleeger (2002). 

When the evaluation identifies improvements, these should be applied (task 4.6). 

Finally, the Extension specification [Validated/evaluated] is generated by the Extender.  

The 4.3. Consult experts sub-process is detailed in the next paragraphs. 

5.2.5.1 Consult Experts (Sub-process 4.3)  

This sub-process details the consultation of the Expert in iStar extension and the 

Expert in domain/application area regarding their feedback about the proposed iStar 

extension. Both consultations are made in parallel. They are detailed in next paragraphs 

of this section. Figure 60 shows the sub-process 4.3 in BPMN. 
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The Extender Consults experts in iStar extensions (task 4.3.1) to identify 

corrections in the approach. This task involves the following steps:  

 Identify the experts to be contacted and their emails in the List of experts of 

iStar extensions;  

 Send an email asking about corrections with the extension specification 

attached. Or contact personally, showing the extension specification and 

talking about corrections. 

For example, the Extender can ask the experts if the iStar extension is useful for 

modelling requirements, about the relationship with the existing concepts, about how the 

concepts were included in iStar (Stereotypes, new graphical representation) and the 

graphical representation used.  

 

Figure 60 – Sub-process 4.3 Consult experts. 

The Expert in iStar extensions receives the description, analyses, and gives the 

feedback about the iStar extension proposed (task 4.3.3). As mentioned in the tasks 1.7, 

1.8 and 1.9, if the experts contacted by email did not answer, the Extender can contact the 

extenders with less experience (it is possible identify their emails in the papers selected 

by the SLR of the Chapter 3) and the specialists in iStar without experience in extensions. 

If the Extender did not receive an answer, he/she should try meet an expert personally in 

a university (scheduling a meeting or participating in courses/classes), at work or in 

conferences/workshops. Finally, if it is not possible to get an answer in these ways, the 

Extender can submit the main ideas to conferences which analyses works in progress of 

the areas such as RE NEXT (Requirements engineering conference) or a master/doctoral 

consortium. Finally, the Extender receives the feedback and corrects the iStar extension 

(task 4.3.5) considering the feedback of an Expert in iStar extensions. 
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In parallel, when the iStar extension is proposed to a domain/application area (as 

security or robotics, for example), the Extender consults Experts in domain/application 

area (task 4.3.2). This involves the following steps:  

 Identify the experts to be contacted and their emails. It is possible to consider 

the List of references and researchers contacted, available in Extension 

specification [Developed]; 

 Contact experts asking about corrections and with the extension specification 

attached. 

The Expert in domain/application area analyses and gives the feedback about the 

iStar extension proposed (task 4.3.4). As mentioned in tasks 1.3, 1.4 and 1.5, If the experts 

were contacted by email and did not answer, the Extender should try to meet an expert 

personally in a university (scheduling a meeting or participating in courses/classes), at 

work or in conferences/workshops and submit the main ideas to conferences which 

analyses works in progress or master/doctoral consortium. Finally, the feedback of the 

experts in application area is received (task 4.3.6). When the Extender does not receive 

any response, he/she should contact other Expert in domain/application area. 

We believe these alternatives are enough to obtain an answer about questions 

related to iStar or the domain/application area. However, if the Extender did not receive 

an answer, he/she should continue to the next task of PRISE and try to mitigate the 

questions in other task of the process such as the evaluation and publicising the iStar 

extension (sub-process 6, during the submission of the extension). 

The next section details sub-process 6 - Publicise the iStar Extension. 

5.2.6 Publicise the iStar Extension (Sub-process 6) 

iStar extensions should be publicised to be used by others or allow their reuse. 

Unavailable iStar extensions cannot be used.  

This sub-process starts after the iStar extension is evaluated and validated in sub-

process 4. It has four tasks, two artefacts and involves the Extender and the Expert in iStar 

extensions. The extension is accessible to the community and endorsed by experts at the 

end of this sub-process. Figure 61 depicts sub-process 6 - Publicise the iStar extension, 

in BPMN. We detail each element of this sub-process in the next paragraphs. 
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Figure 61 – Sub-process 6 Publicise the iStar extension. 

This sub-process starts with task 6.1 - Add the new iStar extension to the Catalogue. 

It consists of updating iStar extension catalogue already referred to in Section 5.2.2 with 

the insertion of the new iStar extension. The Extender may inform the link to the related 

paper or update the Extension Specification. It is also required to inform data about title, 

abstract, application area, extension base, level of extension, compatibility between 

metamodel and concrete syntax of extensions, metamodel completeness, concepts 

definition, kind of construction proposed, reasoning approach used, tool support, kind of 

validation, validation rules and constructs added. 

If there are Experts in the iStar extensions participating in the proposal of the new 

iStar extension, they Endorse the iStar extension (task 6.2). Otherwise, the iStar 

extensions experts are notified about the extension (task 6.2) by the Extender. The 

Extender should contact at least one Expert in iStar extensions to inform the insertion of 

a new iStar extension in the catalogue. The contacted experts in iStar extensions can 

Endorse the iStar extension (task 6.3) if they consider it well defined. The experts can use 

the PRISE Tool (Section 5.4) to endorse the extension. 

In parallel, the Extender performs a task to Publish the iStar extension (task 6.4). 

For example, the extension can be published in a conference, journal, blog or discussion 

list. Whether the extension is accepted in a conference or a journal, it is considered 

endorsed.  

Finally, this sub-process ends with the iStar extension publicised and endorsed. 

Consequently, PRISE ends with the extension proposed. 

The next section presents additional considerations about PRISE. 
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5.2.7 Additional Considerations about PRISE 

PRISE is a reference process and can be customised by the Extender before it is 

used. We illustrated this customisation in Section 5.3. 

We created the PRISE Tool (GONÇALVES et al., 2019b), which the extenders can 

use to manage the proposal of their extensions. It is possible to create new projects of the 

extensions, register the advance in their proposals and update the generated artefacts. The 

repository is available in https://istarextensions.cin.ufpe.br/prisetool.  

The BPMN diagram of PRISE is available in https://github.com/enyo-

goncalves/prise. 

The next section presents the customisation of PRISE. 

5.3 Customisation of PRISE 

PRISE is a reference process to support iStar extensions. Thus, it can be adjusted 

for the needs of removing some steps that do not make sense in a particular situation. In 

this section, we will illustrate a customisation of PRISE to the usage of an extender that 

is an expert in iStar extensions and the application area. We kept in this customisation 

only the parts that cannot be removed (the core of PRISE). 

In this case, it is not necessary to consult an expert in iStar extensions once the 

Extender is just one and knows very well the modelling language. Thus, the steps 1.7, 

1.8, 1.9, 2.4, 2.5, 2.6, 4.3.1, 4.3.3, 4.3.5, 4.4, 6.3 and 6.4 which are related to consulting 

experts in iStar extensions should not be performed. Task 1.6 is required for analysing 

whether it is possible to model the extension concepts with iStar. Thus, it is possible for 

an expert in iStar extensions to identify this without creating a new iStar model owing to 

his/her previous experiences. Additionally, task 2.3 related to analysing how to integrate 

the extension concepts and the iStar concepts can be omitted as a task and be introduced 

in the description of the tasks to define the metamodel (3.1) and concrete syntax (3.2). 

Since we considered the Extender also an expert in the application area, it is not 

necessary to consult an expert in the application area once the Extender is just one and 

knows very well this field. Thus, the tasks 1.3, 1.4, 1.5, 4.3.2, 4.3.4 and 4.3.6 which are 

related to consulting experts in the application area should be not performed. Task 1.1 

related to studying an application area is not required because the Extender simply knows 

the application area very well and can easily identify the concepts to be introduced (next 

task which was maintained) without needing to start a literature review about the theme. 

In this customisation we maintained relevant tasks that are the core of PRISE, that 

is, we maintained the following principles:  

 Search to existing extensions and their constructs to promote the reuse and 

avoid conflicts;  
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 Completeness by the description of the meaning of the concepts to be 

introduced, the metamodel and the concrete syntax of the extension.  

 Verification of completeness, consistency and conflicts.  

 Extension support with a tool;  

 Extension validation and evaluation by an empirical evaluation;  

 Make the extension public. 

Figure 62 presents the sub-processes 1, 2, 4 and 6. The main process of PRISE and 

the sub-processes 3 and 3.5 were not changed in this customisation and the sub-process 

4.3 was removed. The project of this customisation can be accessed in 

www.cin.ufpe.br/~ler/prise/customisation downloaded in https://github.com/enyo-

goncalves/prise. 

 

Figure 62 – A customised version of PRISE. 
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5.4 The PRISE Tool 

This section describes the PRISE Tool (GONÇALVES et al., 2019b), a tool to guide 

the proposal of iStar extensions using PRISE. The PRISE Tool can be used by extenders 

who are using PRISE to create new iStar extensions. This tool can be accessed at 

https://istarextensions.cin.ufpe.br/prisetool.  

The technologies and architecture of the PRISE Tool are the same as those in the 

catalogue of iStar extensions presented in Section 3.6.2. Next, we present the description 

of the functionalities and illustration of the PRISE Tool.   

This section describes the PRISE Tool, which guides the proposal of iStar 

extensions using PRISE. Our new tool can be used by extenders who are using PRISE to 

create new iStar extensions. The PRISE Tool can be accessed at 

https://istarextensions.cin.ufpe.br/prisetool. 

The login in the PRISE Tool can be done with a Google, GitHub, Facebook account 

or by the creation of a new account which requires the name of the new user, a valid email 

and a password. Figure 63 shows the options to log in to the PRISE Tool and the screen 

of the creation of a new account. 

 

 

Figure 63 – Login and registering. 

It is possible to create a new project to a previous extension or to list the projects. 

A new project requires name and description and generate a structure similar to PRISE 
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process available at www.cin.ufpe.br/~ler/prise. A project identified by the title and 

description of the list of existing extensions of the current user is presented and it is 

possible to see the details for each project to visualise the current progress of the extension 

proposal, to fill the artefacts related to the extension. The projects can be deleted or edited 

(name and description) as well. Figure 64 presents the list of extensions related to the 

current user. 

 

Figure 64 – List of extensions. 

 

The details of the extension present the main process of PRISE and five web forms, 

one for each sub-process: Analyse the need for extension proposal, Describe concepts of 

the iStar extension, Develop iStar extension, Validate and evaluate the iStar extension, 

Consult experts and Publicise the iStar extension. Each screen is composed of the figure 

of the process on top and a grid with their sub-process/processes. For each activity (sub-

process/task) there is a related template to be used by it and the input of the task, when 

applicable.  

Figure 65 shows, as an example, the first screen of details of the project of an 

extension to model rational agents. The checkboxes on the left side control the tasks/sub-

processes performed. The list of the table is a set of links to the sub-processes’ details 

(the exception is the sub-process Check other new constructs to be introduced). 
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Figure 65 – Main process of PRISE in the PRISE Tool. 

The tool shows the artefacts related to the input, the template and the output, when 

applicable. The templates are files which can be downloaded to be filled as an alternative 

way to continue developing the extension off-line. The outputs are the artefacts in an 

online and integrated way with the tool. Figure 66 presents the details of the sub-process 

Describe Concepts of the iStar Extension, its inputs, templates and outputs. 
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Figure 66 – Details of the sub-process Describe Concepts of the iStar Extension. 

The outputs are links to forms which are open to be filled. Thus, a form is shown 

when the Extender selects this option clicking on the link exhibited in the output column. 

Figure 67 presents a form of the List of concepts to be introduced.  

 

 

Figure 67 – A form of an output artefact of the PRISE Tool. 

Additionally, there is a tip associated with the name of the sub-process/task 

containing its description to clarify the extenders. Each sub-process is a link which can 

be selected to access their sub-processes/tasks. Each screen is a checklist of sub-

processes/tasks, where the Extender selects the sub-processes that was performed. Thus, 
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it is possible to control the status of sub-processes/tasks. Figure 68 shows the functionality 

of the checklist of the main process with a tip in evidence.  

 

Figure 68 – Showing a ToolTip in the PRISE Tool. 

This tool was used for the proposal of two extensions. We used the extension to 

model rational agents with different internal architectures, presented in Chapter 6, to test 

the PRISE Tool. We created the extension using the artefacts available in PRISE process 

and when the tool was finished, we filled the extensions in the PRISE Tool to try 

identifying problems. We identified problems related to data not saved during the 

progress of performed tasks (marked checklists), some forms of the artefacts not opening, 

and an absence of navigation buttons. The problems were corrected, the tool was tested 

one more time using the same extension, and the problems did not occur. The second one 

was the proposal of an iStar extension to model safety concepts in critical systems 

presented in Section 7.2. The tool was considered useful by the user.  

The results of this tool were presented in (GONÇALVES et al., 2019b). 

5.5 Chapter Summary 

In this chapter, we presented the main results of a process to support iStar 

extensions, how to customise the process, and a tool was created to manage the proposal 

of iStar extensions using PRISE.  

PRISE process is based on a set of previous studies to understand how the iStar 

extensions are performed and what can be done to improve them. It is also based on the 

background of modelling languages which establishes what is required to create or extend 

a modelling language and about the quality of the graphical representations of the 

modelling languages. We presented the modelling of the process in BPMN with the 

explanation of each task and artefact. This process joins the points of view of the iStar 

extenders and makes it possible to create iStar extensions systematically, avoiding the 
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mistakes, such as the absence of nodes and links of original iStar syntax. We consider the 

strongest points of PRISE as a set of tasks to analyse whether the extension proposal is 

really necessary, a set of tasks to support the creation of a complete extension, the reuse 

of existing iStar extensions by a catalogue of iStar extensions, a checklist to verify the 

completeness, consistency and conflicts, and as an empirical way to evaluate the proposed 

extensions and consult of the experts during the development of the extension. We 

modelled the process in a very detailed way so that it can be used by extenders without 

experience or can be adapted by experienced ones. We showed how to customise the 

process to the specific needs of an extender expert. Finally, the PRISE Tool was presented 

as a way to manage the proposals of iStar extensions. 
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6 USING PRISE TO PROPOSE A NEW ISTAR EXTENSION TO MODEL 

RATIONAL AGENTS  

In this chapter, we present an illustration and validation of PRISE. We illustrate the 

usage of PRISE creating a new iStar extension to model Multi-Agent Systems with 

rational agents. This work is an evidence that PRISE is a valid way to propose iStar 

extensions avoiding problems. The results of this chapter were discussed in 

(GONÇALVES; ARAUJO; CASTRO, 2019). We also fixed an existing iStar extension 

to validate the usage of PRISE (see APPENDIX C). 

The specification of the iStar extension to model rational agents is presented in this 

chapter. This extension includes the representation Multi-Agent Systems with the 

Rational Agents in iStar, that is, the representation of environment, organisation, four 

types of rational agents and their roles: simple reflex agent, model-based reflex agent, 

goal-based agent and utility-based agent. Additionally, we represented the agent defined 

in the work of Silva (2004). The concepts of MAS are presented in Section 6.1. Sections 

6.2 to 6.6 present the results of the extension using PRISE. 

The creation of this extension is evidence that the process is valid for supporting 

the proposal of iStar extensions avoiding the problems of incompleteness, inconsistencies 

and conflicts. 

6.1 Multi-Agent Systems with Rational Agents 

Nowadays, agent technology has been widely applied to solve a vast set of problems 

such as those in healthcare (ISERN; MORENO, 2016), in the Internet of the Things 

(PICO-VALENCIA; HOLGADO-TERRIZA, 2018) and in robotics (ANJOMSHOAE et 

al., 2019). 

Russell; Norvig (2003) define an agent as an entity that can perceive its 

environment through sensors and act in the environment through actuators. Unlike 

objects, agents are more complex entities with behavioural properties, such as (i) 

autonomy (i.e., they are able to execute without interacting with humans), and (ii) 

interaction (i.e., they are able to interact by sending and receiving messages and not by 

explicit task invocation) (WAGNER, 2003).  

As stated in (WOOLDRIDGE, 2009), intelligent agents possess the following 

characteristics: 

 Autonomy: agents operate without the direct intervention of humans or 

others and have some kind of control over their actions and internal state; 

 Sociability: agents interact with other agents (and possibly humans) via 

some type of agent communication language; 

 Reactivity: agents perceive their environment and respond in a timely 

fashion to changes that occur in it; 
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 Proactivity: agents do not simply act in response to their environment, they 

are able to exhibit goal-directed behaviour by taking the initiative. 

Multi-Agent System (MAS) is the subarea of artificial intelligence that investigates 

the behaviour of a set of autonomous agents, aiming to resolve a problem that is beyond 

the capacity of a single agent (JENNINGS, 1996). 

The agent-oriented development paradigm requires adequate techniques to explore 

its benefits and features in order to support the construction and maintenance of this type 

of software (ZAMBONELLI; JENNINGS; WOOLDRIDGE, 2000). As it is the case with 

any new software engineering paradigm, the successful and widespread deployment of 

MASs requires modelling languages that explore the use of agent-related abstractions and 

promote the traceability from the design models to code. To reduce the risk when adopting 

a new technology, it is convenient to present it as an incremental extension of known and 

trusted methods, and to provide explicit engineering tools that support industry-accepted 

methods of technology deployment (CASTRO; ALENCAR; SILVA, 2006).  

A simple agent can act based on reflex or proactive behaviour. Reflex agents are 

more suitable to sub-problems that require quick responses. When acting together, reflex 

agents can achieve good results, as in the case of ant colonies (DORIGO; STÜTZLE, 

2004). On the other hand, goal-based agents are more suitable for complex problems 

which involve the use of complex algorithms and require more time to solve. 

Agents can be classified according to their internal architecture that determines 

distinct agency properties, attributes and mental components (RUSSELL; NORVIG, 

2003). Russell; Norvig (2003) define four types of agents according to their internal 

architectures: simple reflex agent, model-based reflex agent, goal-based agent and utility-

based agent. The internal architecture of an agent is selected according to the subproblem 

that the agent will resolve. MAS may encompass multiple types of agents with different 

internal architectures (WEISS, 1999). 

The agent internal architectures can be categorised based on proactive and reactive 

foundations. In this context, four types of internal agent architectures were defined by 

Russell; Norvig (2003). These architectures are detailed in the next sections. 

6.1.1 Simple Reflex Agent 

A Simple reflex (or reactive) agent (RUSSELL; NORVIG, 2003) is considered the 

simplest internal architecture. Condition-action rules are used to select the actions based 

on the current perception. These rules follow the form “if condition then action” and 

determine the action to be executed if the perception occurs. This architecture assumes 

that at any time the agent receives information from the environment through sensors. 

These perceptions consist of the representation of state aspects that are used by the agent 

for making decisions. A subsystem is responsible for the decision-making, that is, 
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responsible for processing the perception sequence and selecting a sequence of actions 

from the set of possible actions for the agent. The agent performs the selected action upon 

an environment through actuators. 

6.1.2 Model-based Reflex Agent 

The structure of this type of agent is similar to the simple reflex agent presented 

before since it deals with the information by using condition-action rules. In order to 

handle partially observable environments and to reach a more rational performance, the 

agent is also able to store its current state in an internal model. 

According to Weiss (1999), model-based reflex agents select actions by using the 

information in their internal states. A function called next function is introduced to map 

the perceptions and the current internal state into a new internal state used to select the 

next action. Such a state describes aspects of the world (called model) that cannot be seen 

in the current moment but were perceived earlier or have come out by inferences 

(RUSSELL; NORVIG, 2003). 

6.1.3 Goal-based Agent 

Sometimes the knowledge about the current state of the environment is not enough 

to determine the next action and additional information about desirable situations is 

required. Goal-based agents are Model-Based Agents that set a specific goal and select 

the actions that lead to that goal. This allows the agent to choose a goal state among 

multiple possibilities. 

Planning activity is devoted to finding the sequence of actions that are able to 

achieve the agent’s goals (RUSSELL; NORVIG, 2003). Goal-based agent with planning 

involves the next function component and also includes the following elements: 

 Formulate goal function, which receives the state and returns the formulated 

goal; 

 Formulate problem function, which receives the state and the goal and 

returns the problem; 

 Planning, which receives the problem and uses search and/or logic 

approaches to find a sequence of actions to achieve a goal; and 

 Action, which is represented with its preconditions and postconditions. 

6.1.4 Utility-based Agent 

Considering the existence of multiple goal states, it is possible to define a measure 

of how desirable a particular state is. In this case, aiming to optimize the agent 

performance, the utility function is responsible for mapping a possible state (or group of 

states) to that measure, according to the current goals (RUSSELL; NORVIG, 2003). 
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Thus, the utility function is incorporated into the architecture. In addition, the utility-

based agent preserves the same elements as those of a Goal-based agent: next function, 

formulate goal function, formulate problem function, planning and action. 

6.2 Analyse the Need for Extension Proposal (Sub-process 1) 

We presented the results of the sub-process 1 - Analyse the need for extension 

proposal in this subsection.  

6.2.1 Study/Review a Domain/Application Area (Task 1.1) 

We contacted three experts in agents when we were studying this application area. 

Additionally, we did a literature review (not systematic) to identify the agents’ 

architecture and select a subset of them. The list of references is shown in Table 47 and 

the list of contacted researchers is shown in Table 14. 

Table 13 – List of references. 

ID_reference Reference 

REF_RA_01 Russell, S.; Norvig, P. (2004). Inteligência Artificial: uma abordagem moderna. 2 Ed. São 
Paulo: Prentice-Hall 

REF_RA_02 Weiss, G. (1999). Multiagent Systems: A Modern Approach to Distributed Artificial 
Intelligence. MIT Press, Massachusetts 

REF_RA_03 Wooldridge, M.; Jennings, N. (1994). Agent Theories, Architectures, and Languages: A 
Survey. In: European conference on Artificial Intelligence, 11, Netherlands, Proceedings of 

the Workshop on Agent Theories, Architectures and Languages, p. 1-39 

REF_RA_04 Wooldridge, M. (2002). An Introduction to Multiagent Systems. John Wiley and Sons Ltd, 
February 

REF_RA_05 Silva, V. T. da (2004) From a Conceptual Framework for Agents and Objects to a Multi-
Agent System Modeling Language, PhD Thesis in Informatics. Rio de Janeiro: PUC 

REF_RA_06 Gonçalves, E., Cortés, M. I., Campos, G. A. L., Lopes, Y. S., Freire, E. S. S., Silva, V. T., 

Oliveira, K. S. F., Oliveira, M. A. MAS-ML 2.0: Supporting the modelling of Multi-Agent 
Systems with different agent architectures. The Journal of Systems and Software, p. 77-109, 
2015. 

 

Table 14 – Researchers contacted. 

ID_researcher Researcher email 

RES_RA_01 Gustavo Augusto Lima Campos gustavo@larces.uece.br 

RES_RA_P2 Mariela Inés Cortés mariela@larces.uece.br 

RES_RA_03 Viviane Torres da Silva vivianet@br.ibm.com   

 

6.2.2 Identify the Concepts to be Introduced by the Extension (Task 1.2) 

We identified four kinds of rational agents and their roles, environment and 

organisation beyond their internal element to be introduced by the extension, being 19 

nodes and four links. A great part of these concepts is part of iStar or can be presented by 

the specialisation of the iStar concepts. The concepts to be introduced are presented in 

Table 15. 
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Table 15 – List of concepts to be introduced. 

ID_concept Name of the Concept Reference 

Nodes 

CON_RA_01 Simple reflex agent REF_RA_01 

CON_RA_02 Model-based reflex agent REF_RA_01 

CON_RA_03 Goal-based agent REF_RA_01 

CON_RA_04 Utility-based agent REF_RA_01 

CON_RA_05 Simple reflex agent role REF_RA_06 

CON_RA_06 Model-based reflex agent role REF_RA_06 

CON_RA_07 Goal-based agent role REF_RA_06 

CON_RA_08 Utility-based agent role REF_RA_06 

CON_RA_09 Goal REF_RA_01, REF_RA_05 

CON_RA_10 Belief REF_RA_01, REF_RA_05 

CON_RA_11 Perception REF_RA_01 

CON_RA_12 Planning REF_RA_01 

CON_RA_13 Plan REF_RA_05 

CON_RA_14 Next function REF_RA_01 

CON_RA_15 Formulate goal function REF_RA_01 

CON_RA_16 Formulate problem function REF_RA_01 

CON_RA_17 Utility function REF_RA_01 

CON_RA_18 Action REF_RA_01, REF_RA_05 

CON_RA_18_1 Duty REF_RA_05 

CON_RA_18_2 Right REF_RA_05 

CON_RA_19 Organisation REF_RA_05 

CON_RA_20 Environment REF_RA_05 

Links 

CON_RA_21 Cause-effect REF_RA_01 

 

6.2.3 Contact Experts in Domain/Application Area (Tasks 1.3, 1.4 and 1.5) 

It was not necessary to validate the extension with the experts in domain/application 

area at this moment because there was no doubt about them. 

6.2.4 Model an Example with the Identified Concepts Using iStar (Task 1.6) 

The main goal of this task is to try to identify the domain concepts which is possible 

to represent with iStar constructs. Thus, we believe that it is possible to represent a set of 

concepts targeted by the extension using iStar. In order to analyse the usage of these 

concepts, we modelled a Multi-Agent System (MAS) related to an environment of 

distance education named MOODLE.  

MOODLE (Modular Object-Oriented Dynamic Learning Environment) is widely 

used in distance education courses. MOODLE is free software available for download at 

https://www.moodle.org. It can be used without costs and has enabled the development 

of courses in distance education around the world. This software is available in a standard 

distribution which can be customised. This environment is used in courses of the 

Universidade Aberta do Brasil (UAB), a university of the Brazilian government that 

offers courses in distance education. Thus, we modelled a MAS to courses of UAB 

offered in partnership with the Universidade Estadual do Ceará (UAB/UECE). 

Five agents were considered in the modelling: 
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Helper Agent: This agent is a simple reflex type and has a list of several insights 

into the difficulties the user has, and before this, it chooses the appropriate action. This 

agent realises at what point the user is and at the same time independently offers tips on 

how to make the best use of a particular functionality, specifically, the action for a 

particular job; 

Companion Learning Agent: This type of agent should be able to choose 

independently among a predetermined range of affective interaction strategies such as 

messages of support. It presents encouraging messages (positive reinforcement) when the 

user, through the manifested interactions, gives evidence that is straightforward to follow 

discussion and/or the proposed tasks and/or content, and even when the student poses 

scores and iteration higher than the average in your class or workgroup. Because of the 

need to keep class notes for comparison and send messages quickly, this agent is 

characterised as a model-based reflex agent; 

Pedagogical Agent: This agent should be able to accompany the student in the 

different disciplines that participate to contribute to the user through tips, suggestions and 

messages related to the topic ongoing and not only affective nature of messages (support). 

It is a goal-based agent because it needs to create a study strategy, suggesting disciplines 

for the student based on the disciplines that the student is doing. This agent is modelled 

as a goal-based agent;  

Group Agent: This agent is an utility-based agent. It should be able to 

autonomously assist users, students and educators, the composition of working groups 

taking into account affinity themes or learning profiles. For this, it must consider certain 

criteria established by a trainer of one or more classes, or by the user interested in 

integrating the working groups; 

Searcher Agent: This agent finds extra material (pages, projects, and other digital 

objects) related to the courses in the MOODLE and sent to the students. This agent is 

modelled as a MAS-ML default agent. 

The iStar SD and SR models of this MAS are in Figure 69 and Figure 70. A report 

of the experience of how to model the system then follows. 
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Figure 69 – Modelling of iStar SD model to MOODLE using iStar without extension. 
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Figure 70 – Modelling of iStar SR model to MOODLE using iStar without extension. 
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Observations: When modelling a MAS, the type of modelling agent is not very 

clear in the models. It is also not possible to differentiate when a task is an action, 

perception, or planning. It is not appropriate to model belief as a resource. The 

organisation and environment are represented in the same way, using an actor, thus it is 

not possible to identify which of them is the organisation and which is the environment. 

The meanings of these concepts are presented in Table 18. 

Besides the visual and conceptual gap, this proposal is being made in a model-

driven approach context. It is being proposed to model rational agents to fill the gap of 

our approach that just model the architecture of these kinds of software (GONÇALVES 

et al., 2015), generate code automatically (LOPES et al., 2018) and make testing possible 

(SILVEIRA et al., 2014). Therefore, a modelling proposal in requirements level is 

necessary for makeing feasible the model-to-model transformation from iStar to MAS-

ML 2.0. The iStar extension is necessary for this context. 

Tasks 1.7, 1.8 and 1.9, which are related to consulting experts in iStar extensions, 

were not performed since we have experts in iStar extension participating as extenders. 

The extension creation continued to Task 1.10. 

6.2.5 Identify if There are Extensions Related to the Current Proposal (Task 1.10) 

The repository was searched for agent term and eight papers were found. Two of 

them are related to our extension (Towards Augmenting Requirements Models with 

Preferences and Using Empirical Studies to Resolve Symbol overload in iStar 

Extensions). Table 16 lists these extensions. 

Table 16 – List of extensions related to the current proposal. 

Search Term Extensions Year 

Agent SNet: A Modelling and Simulation 
Environment for Agent Networks 
Based on i* and ConGolog 

2006 

Tropos: An Agent-Oriented Software 
Development Methodology 

2004 

Action Designing Law-Compliant Software 
Requirements 

2009 

Filter the results by links and 
identified the effect 

Towards Augmenting Requirements 
Models with Preferences 

2009 

Plan Tropos: An Agent-Oriented Software 
Development Methodology 

2004 

Using Empirical Studies to Resolve 
Symbol overload in iStar Extensions  

2019 

  

For the next process gateways, the flow is as follows: Is there an extension suitable 

for your need? – Is not the extension related to a domain / application area? – No, none 

of these extensions can model MAS with rational agents.  Thus, activity 1.2. Study a 

domain / application area is started. 
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6.3 Conceptualise the iStar Extension (Sub-process 2) 

In this subsection we presented the results of sub-process 2 - Conceptualise the iStar 

extension.  

6.3.1 Search and Select Constructs to be Reused (Task 2.1) 

We found three nodes and one link to be reused in existing iStar extensions. Table 

17 shows the list of these constructs to be reused. 

Table 17 – List of constructs to be reused. 

ID_concept Name of the Concept Reference of Extension to be reused 

Nodes 

CON_RA_10 Belief From the previous version of iStar (http://istar.rwth-

aachen.de/tiki-index.php?page=iStarQuickGuide) 

CON_RA_13 Plan A new representation from Using Empirical Studies 

to Resolve Symbol overload in iStar Extensions 

(GONÇALVES et al., 2020) 

CON_RA_18 Action A new representation from Using Empirical Studies 

to Resolve Symbol overload in iStar Extensions 

(GONÇALVES et al., 2020) 

Links 

CON_RA_21 Cause-effect Towards Augmenting Requirements Models with 

Preferences (LIASKOS, MCILRAITH AND 

MYLOPOULOS, 2009) 

 

6.3.2 Describe Extension's Concepts (Task 2.2) 

The definition of the meaning of the extension’s concepts is presented in Table 18. 

Table 18 – List of concepts to be introduced [with concept meanings]. 

ID_concept Name of the Concept Definition Reference 

Nodes 

CON_RA_01 Simple reflex agent It is considered the simplest internal architecture. 
Condition-action rules are used to select the actions 

based on the current perception. These rules follow 
the form “if condition then action” and determine 
the action to be executed if the perception occurs. 
This architecture assumes that at any time the agent 
receives information from the environment 
through sensors 

REF_RA_01 

CON_RA_02 Model-based reflex 

agent 

The structure of this type of agent is similar to the 

simple reflex agent since it deals with the 
information by using condition-action rules. To 
reach a more rational performance, the agent is 
also able to store its current state in an internal 
model. select actions by using the information in 
their internal states 

REF_RA_01 

REF_RA_02 

CON_RA_03 Goal-based agent Sometimes, the knowledge about the current state 
of the environment is not enough to determine the 

next action and additional information about 

REF_RA_01 
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desirable situations is required. Goal-based agents 
have explicit goals and select the actions that lead 
to their goals. This allows the agent to choose a 
goal state among multiple possibilities 

CON_RA_04 Utility-based agent Considering the existence of multiple goal states, 
it is possible to define a measure of how desirable 

a particular state is. In this case, aiming to 
optimize the agent performance, the utility 
function is responsible for mapping a possible 
state (or group of states) to that measure, 
according to the current goals 

REF_RA_01 

CON_RA_05 Simple reflex agent 
role 

A role related to a simple reflex agent REF_RA_06 

CON_RA_06 Model-based reflex 
agent role 

A role related to a model-based reflex agent REF_RA_06 

CON_RA_07 Goal-based agent role A role related to a goal-based agent REF_RA_06 

CON_RA_08 Utility-based agent 
role 

A role related to a utility-based agent REF_RA_06 

CON_RA_09 Goal A targeted state of the world. When goals are 

associated with roles, they can be of two types: 
right (optional) or duty (obligation) 

REF_RA_01, 

REF_RA_05 

CON_RA_10 Belief it is an internal model to storage of the history of 
the current states of the environment 

REF_RA_01, 
REF_RA_05 

CON_RA_11 Perception It consists of the representation of state aspects 
that are used by the agent for making decisions 

REF_RA_01 

CON_RA_12 Planning It is the activity devoted to finding the sequence 
of actions that can achieve the agent’s goals 

REF_RA_01 

CON_RA_13 Plan Plan is a sequence of pre-established actions 
which make the agent to reach a goal 

REF_RA_05 

CON_RA_14 Next function The next function is introduced to map 
perceptions and status current internal state to a 
new internal state, which will be used to select the 

next action 

REF_RA_01 

CON_RA_15 Formulate goal 
function 

Receive status and return goal formulated, i.e., a 
subset of states of the world that meet the goal 

REF_RA_01 

CON_RA_16 Formulate problem 
function 

It is a function that represents the problem to be 
solved in a formal way 

REF_RA_01 

CON_RA_17 Utility function Returns the utility degree according to the current 

goals of the agent 

REF_RA_01 

CON_RA_18 Action An action that is performed by an agent. When 
represented in roles there is extra information if 
the action is mandatory (duty) or optional (right) 

REF_RA_01, 
REF_RA_05 

CON_RA_18_1 Duty Duty is a kind of action which the agent should 
perform (Mandatory) when playing a role 

REF_RA_05 

CON_RA_18_2 Right Right is a kind of action which the agent can 
perform or not (Optional) when playing a role 

REF_RA_05 

CON_RA_19 Organisation It is an element that groups agents REF_RA_05 

CON_RA_20 Environment It is an element that is the habitat for agents and 
organisations 

REF_RA_05 

Links 

CON_RA_21 Cause-effect It links the actions related to perceptions and 
represents the condition-action rules 

REF_RA_01 
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6.3.3 Analyse How to Integrate the Extension Constructs with the iStar Constructs 

(Task 2.3) 

We related the concepts to be introduced with the iStar standard concepts. Thus, we 

concluded that we could specialise eleven iStar constructs. Simple reflex agent, model-

based reflex agent, goal-based agent and utility-based agent specialise istar agent. Next 

function, formulate goal function, formulate problem function, utility function and action 

specialise istar task. Organisation and environment specialise actor. Agent goals are 

represented by iStar goals without changes, agent beliefs are represented by beliefs in the 

iStar initial version without changes. The list of the relations between extensions and iStar 

constructs is given in Table 19. The concepts which specialise the iStar constructs inherit 

the same characteristics of the base, so the specific types of agents have a boundary, for 

example. 

Table 19 – List of the relations between extensions and iStar constructs.  

ID_concept Name of the Concept Relation with iStar constructs 

Nodes 

CON_RA_01 Simple reflex agent Specialise iStar agent 

CON_RA_02 Model-based reflex 
agent Specialise iStar agent 

CON_RA_03 Goal-based agent It specialises iStar agent 

CON_RA_04 Utility-based agent It specialises iStar agent 

CON_RA_05 Simple reflex agent role It specialises iStar agent role 

CON_RA_06 Model-based reflex 
agent role It specialises iStar agent role 

CON_RA_07 Goal-based agent role It specialises iStar agent role 

CON_RA_08 Utility-based agent role It specialises iStar agent role 

CON_RA_09 Goal It is represented by iStar goal  

CON_RA_10 Belief It is represented by iStar belief (from the first version 
of iStar). It can be related to belief by neededby 
relationship 

CON_RA_11 Perception It can be used as a source of a refinement link. 

CON_RA_12 Planning It specialises iStar task. It can be decomposed in 
actions and utility-function. It relates to goal by 

refinement. 

CON_RA_13 Plan It specialises iStar task. It can be refined in actions.  

CON_RA_14 Next function It specialises iStar task. It can be related to belief by 
neededby  

CON_RA_15 Formulate goal function Specialise iStar task 

CON_RA_16 Formulate problem 
function 

Specialise iStar task 

CON_RA_17 Utility function Specialise iStar task 

CON_RA_18 Action Specialise iStar task 

CON_RA_18_1 Duty It is a property related to Task 

CON_RA_18_2 Right It is a property related to Task 

CON_RA_19 Organisation Specialise iStar actor 

CON_RA_20 Environment Specialise iStar actor 

Links 

CON_RA_21 Cause-Effect Connect perceptions to actions 

 

Participates-in is a link of iStar 2.0 which is used to represent that an agent is part 

of a company (represented by another agent) and when an agent plays a role. In this way, 

we used this link in three more situations: i) connect an organisation and the roles that 

can be played in its context (representing ownership); ii) represent that an agent, 
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organisation or role inhabit an environment (representing inhabit); and iii) link an agent 

and the roles that can be played by him in the context of an organisation (representing 

play). 

Tasks 2.4, 2.5 and 2.6, which are related to consulting experts in iStar extensions, 

were not performed since we have experts in iStar extension participating as extenders. 

The extension specification was created and the next sub-process was performed. 

6.4 Develop iStar Extension (Sub-process 3) 

We presented the results of the sub-process 3 - Develop iStar extension in this 

subsection. 

6.4.1 Define Metamodel of Extension (Task 3.1) 

We included the concepts identified in the List of concepts to be introduced in the 

iStar metamodel. We considered the relationship of extension's constructs and iStar 

constructs in this step. The result is presented in Figure 71. New metaclasses are 

represented in grey and dotted relationships connect metaclasses to the list of stereotypes. 

 

Figure 71 – Metamodel of the iStar extension to model MAS with rational agents. 

We represented each kind of rational agent and their roles by a stereotype associated 

with Agent metaclass. Thus, we created four new stereotypes: simple-reflex, model-

based-reflex, goal-based and utility-based – they are represented by the Agent/AgentRole 

Type. These stereotypes were applied to agent role, too. We did not create a stereotype to 

represent the agents of the MAS-ML work because this type of agent will be represented 

by an agent without any additional stereotype. 
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Organisation and environment are represented by new metaclasses which specialise 

Actor metaclass. Planning and plan are represented by new metaclasses which specialise 

task. Perception is a new metaclass that specialises intentional element. Therefore, belief, 

a metaclass that was removed in iStar 2.0, was added as an intentional element again. 

Finally, we represented the stereotypes of next-function, formulate-problem, formulate-

goal and utility-function and action by the function types and action, duty and right related 

to task metaclass. The relationship neededby was extended to link beliefs and next-

function tasks. The cause/effect was included to connect perception and action 

(represented by task metaclass) and to connect next-function and action. 

6.4.2 Define Validation Rules of Extension (Task 3.2) 

We created a set of validation rules to analyse the well-formedness of the four types 

of agents. We represented these rules using Object Constraint Language (OCL). Table 20 

shows the validation rules applied to Agent metaclass. 

Table 20 – Validation rules of the agents of the new iStar extension. 

Rule OCL rule 

Rule 01 – if it is a 
Simple reflex agent, 
it should have 
perception and task 
and should not have 
goal, belief, plan or 

planning  

self.ownedAgentSemantics->value() = ‘simple-reflex’ implies  

self.ownedperception -> isEmpty() = false and 

self.ownedtask -> isEmpty() = false and 

self.ownedgoal -> isEmpty() = true and  

self.ownedbelief -> isEmpty() = true and  

self.ownedplanning -> isEmpty() = true and  

self.ownedplan -> isEmpty() = true  

Rule 02 – if it is a 
Model-based reflex 
agent, it should have 
tasks, perceptions and 
belief and should not 
have goal, plan or 
planning 

self.ownedAgentSemantics->value()=‘model-based-reflex’ implies  

self.ownedtask -> isEmpty() = false and  

self.ownedbelief -> isEmpty() = false 

self.ownedgoal -> isEmpty() = true and  

self.ownedplanning -> isEmpty() = true and  

self.ownedplan -> isEmpty() = true and  

self.ownedperception -> isEmpty() = true 

Rule 03 – if it is a 
Goal-based agent, it 
should have goal, 
planning, perception, 
task and belief 

self.ownedAgentSemantics->value() = ‘goal-based’ implies  

self.ownedgoal -> isEmpty() = false and  

self.ownedtask -> isEmpty() = false and  

self.ownedbelief -> isEmpty() = false and 
self.ownedplanning -> isEmpty() = false and  

self.ownedperception -> isEmpty() = false and  

self.ownedplan -> isEmpty() = true  

Rule 04 – if it is a 
Utility-based agent, it 
should have goal, 

planning, perception, 
task and belief 

self.ownedAgentSemantics->value() = ‘utility-based’ implies  

self.ownedtask -> isEmpty() = false and  

self.ownedbelief -> isEmpty() = false and  

self.ownedgoal -> isEmpty() = false and  

self.ownedplanning -> isEmpty() = false and  

self.ownedperception -> isEmpty() = false and  

self.ownedplan -> isEmpty() = true 
Rule 05 – if it is a 
MAS-ML agent, it 
should have goal, 
plan, task and belief 

self.ownedAgentSemantics->isEmpty() = true implies  

self.ownedgoal -> isEmpty() = false and  

self.ownedtask -> isEmpty() = false and  

self.ownedbelief -> isEmpty() = false and  

self.ownedplan -> isEmpty() = false and  

self.ownedplanning -> isEmpty() = true and  

self.ownedperception -> isEmpty() = true 
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These rules stablish the internal elements allowed for each type of agent role. Rule 

01 defines a simple reflex agent has having perception and task, but should not have goal, 

belief, planning or plan. Rule 02 defines a model-based reflex agent has having belief, 

perception and task, but should not have goal, planning or plan. Rule 03 and 04 defines a 

goal-based agent and a utility agent as having belief, goal, planning, perception and task, 

but should not have plan. Finally, Rule 05 stablishes MAS-ML agent has having goal, 

plan, task and belief and should not have planning or perception. 

We also created a set of validation rules to analyse the well-formedness of the four 

types of agent roles. We represented these rules using Object Constraint Language (OCL). 

Table 21 shows the validation rules applied to agent role metaclass. 

Table 21 – Validation rules of the agent roles of the new iStar extension. 

Rule OCL rule 

Rule 01 – if it is a 
simple reflex agent 

role, it should have 
task and should not 
have goal, belief, 
perception, plan or 
planning  

self.ownedAgentSemantics->value() = ‘simple-reflex’ implies  

self.ownedtask -> isEmpty() = false and 

self.ownedgoal -> isEmpty() = true and  

self.ownedbelief -> isEmpty() = true and  

self.ownedplanning -> isEmpty() = true and  

self.ownedplan -> isEmpty() = true and  

self.ownedperception -> isEmpty() = true 

Rule 02 – if it is a 
model-based reflex 
agent role, it should 

have task or belief 
and should not have 
goal, perception or 
planning 

self.ownedAgentRoleSemantics->value() = ‘model-based-

reflex’ implies  

self.ownedtask -> isEmpty() = false and  

self.ownedbelief -> isEmpty() = false 

self.ownedgoal -> isEmpty() = true and  

self.ownedplanning -> isEmpty() = true and  

self.ownedplan -> isEmpty() = true and  

self.ownedperception -> isEmpty() = true 

Rule 03 – if it is a 
goal-based agent role, 
it should have goal, 

task and belief and 
should not have 
planning, plan or 
perception 

self.ownedAgentSemantics->value() = ‘goal-based’ implies  

self.ownedgoal -> isEmpty() = false and  

self.ownedtask -> isEmpty() = false and  

self.ownedbelief -> isEmpty() = false and 
self.ownedplanning -> isEmpty() = true and  

self.ownedperception -> isEmpty() = true and  

self.ownedplan -> isEmpty() = true  

Rule 04 – if it is a 
utility-based agent 
role, it should have 
goal, task and belief 

and should not have 
planning, plan or 
perception 

self.ownedAgentSemantics->value() = ‘utility-based’ implies  

self.ownedtask -> isEmpty() = false and  

self.ownedbelief -> isEmpty() = false and  

self.ownedgoal -> isEmpty() = false and  

self.ownedplanning -> isEmpty() = true and  

self.ownedperception -> isEmpty() = true and  

self.ownedplan -> isEmpty() = true 

Rule 05 – if it is a 
mas-ml agent role, it 
should have goal, task 
and belief and should 

not have planning, 
plan or perception 

self.ownedAgentSemantics->isEmpty() = true implies  

self.ownedgoal -> isEmpty() = false and  

self.ownedtask -> isEmpty() = false and  

self.ownedbelief -> isEmpty() = false and  

self.ownedplanning -> isEmpty() = true and  

self.ownedplan -> isEmpty() = true and  

self.ownedperception -> isEmpty() = true 

  

These rules establish the internal elements allowed for each type of agent role. Rule 

01 defines a simple-reflex agent role as having task, but should not have goal, belief, 

perception, planning or plan. Rule 02 defines a model-based reflex agent as having belief 

and task, but should not have goal, perception, planning or plan. Rule 03 and 04 defines 

a goal-based agent and a utility-based agent as having belief, goal and task, but should 
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not have planning, perception or plan. Finally, Rule 05 establishes that MAS-ML agent 

role has goal, belief and task and should not have plan, planning or perception. 

The restrictions of internal elements of environment and organisation were made in 

the metamodel and it was not necessary to propose validation rules to these entities. 

6.4.3 Define Concrete Syntax of Extension (Task 3.3) 

This section presents the list of the constructs of this extension, how the new 

graphical representations were chosen, and how to model a system using the extension.  

6.4.3.1 List of the Graphical Representation of the Constructs 

The representations of extension’s constructs are presented in the next table. We 

used the iStar extensions catalogue to identify the representation of reused constructs and 

reused the representations of action and cause-effect. We also used the iStar original 

constructs to represent some domain concepts.  

We classified the representations of the extension concepts into three groups:  

1. Constructs represented by iStar constructs as proposed: two domain 

concepts are represented by the iStar constructs. They are used by the extension but have 

no impact on the graphical representations; 

2. Constructs represented by iStar constructs added with textual markers: 

seventeen domain concepts are represented by textual representations added to iStar 

constructs. These constructs have a similar meaning of the iStar constructs and specialise 

them by textual markers. The impact of this representations is not high since we are using 

the original representations, not creating new ones.  

3. Constructs represented by iStar new graphical representation: five domain 

concepts are not represented by textual markers of the iStar concepts since they are 

conceptually different. We found the plan in previous extensions and reused it. Thus, we 

proposed new graphical representations for the other four constructs.  

Furthermore, we extended the neededby relationship to connect next-function and 

beliefs establishing that beliefs are needed by the next-function. When an action is 

represented inside the agent roles, it can be defined as a right (a task that can be executed) 

using the property type=’right’ or a duty (a task that should be executed) using the 

property type=’duty’. The results are presented in Table 22.  

Table 22 – List of the concrete syntax representation of the new iStar extension. 

ID_concept Name of the 

Concept 

Representation Explanation about the graphical 

representation 

Reused? 

Constructs represented by iStar constructs as proposed 

Nodes 

CON_RA_09 Goal 

 

The same construct used in the 
iStar 2.0 

Yes 
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CON_RA_10 Belief 

 

From the initial version of iStar Yes 

Links 

Constructs represented by iStar constructs added with textual markers 

CON_RA_01 Simple 

reflex agent 

 

The types of agents were proposed 

in this extension as an agent 
stereotype. This type of agent must 
have perceptions and actions into 
his boundary 

No 

CON_RA_02 Model-based 
reflex agent 

 

The types of agents were proposed 
in this extension as an agent 
stereotype. This type of agent must 
have perceptions, next function, 

beliefs and actions into his 
boundary 

No 

CON_RA_03 Goal-based 
agent 

 

The types of agents were proposed 
in this extension as an agent 
stereotype. This type of agent must 
have goals, perceptions, next 
function, belief, formulate goal 

function, formulate problem-
function and actions into his 
boundary 

No 

CON_RA_04 Utility-based 
agent 

 

The types of agents were proposed 
in this extension as an agent 
stereotype. This type of agent must 
have goals, perceptions, next 
function, belief, formulate goal 

function, formulate problem-
function, utility function and 
actions into his boundary 

No 

CON_RA_05 Simple 
reflex agent 
role 

 

The type of agent role related to 
simple-reflex agent 

No 

CON_RA_06 Model-based 
reflex agent 

role 

 

The type of agent role related to 
model-based reflex agent 

No 

CON_RA_07 Goal-based 
agent role 

 

The type of agent role related to 
goal-based agent 

No 

CON_RA_08 Utility-based 
agent role 

 

The type of agent role related to 
utility-based agent 

No 

CON_RA_14 Next 
function 

 
 

Next-function is represented as a 
stereotype related to a task 

No 

CON_RA_15 Formulate 
goal 

function  

Formulate goal function is 
represented as a stereotype related 

to a task 

No 
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CON_RA_16 Formulate 
problem 
function  

 

Formulate problem function is 
represented as a stereotype related 
to a task 

No 

CON_RA_17 Utility 
function 

 

Utility function is represented as a 
stereotype related to a task 

No 

CON_RA_18 Action 

 

The action is represented as a 
stereotype related to a task 

Yes 

CON_RA_18_1 Duty 

 

It is used when an action is 
represented in agent roles to give 
extra information that it is 
mandatory by the property 

{type=duty} 

No 

CON_RA_18_2 Right 

 

It is used when an action is 
represented in agent roles to give 
extra information that it is optional 
by the property {type=Right} 

No 

CON_RA_21 Cause-effect 
 

It uses the contribution link and 
adds a textual marker eff. Used to 

link perceptions/next-function to 
actions in reactive agents 

Yes 

Constructs represented by iStar new graphical representation 

CON_RA_11 Perception 

 

It is based on a magnifying glass, 
which is used to perceive things of 
the environment 

No 

CON_RA_12 Planning 

 

It is like a task, but there is an 
arrow on the right edge 

No 

CON_RA_19 Organisation 

 

Organisations are actors that join 
agents. Thus, this representation is 
a specialisation of the actor with 
an analogy for a group of agents at 
the top 

No 

CON_RA_20 Environment 

 

It is like a window from which it is 

possible to see the environment 

No 

CON_RA_13 Plan 

 

It is like a task, but there is no 
arrow on the left edge 

Yes 

 

The details about how these graphical representations were chosen are presented in 

the next section. 

6.4.3.2 Choosing new Graphical Representations of this Extension 

The new symbols proposed by this extension for organisation, environment, 

perception and planning were created using an experiment based on the work of Caire et 

al. (2013) (see Section 2.3.2). We performed this five-step experiment with 152 

participants. We created graphical representations for these concepts to be used in studies 

4 and 5 of this experiment. Seventy participants made drawings for these four concepts 

(Step1). Also, we analysed the drawings, grouped them and identified the stereotype of 

the population (the most significate drawing from the most frequent group) (Study 2). 

Then, we submitted questionnaires to identify the prototype (Study 3) to 29 participants, 
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the semantic transparency (Study 4) to 48 participants and the recognition (Study 5) to 45 

participants. The graphical representations of the subsets are presented in Figure 72. 

 

Figure 72 – Graphical representation of the constructs by the subsets. 

We presented the results of the Hit rate of study 4 (Semantic transparency 

experiment) in the Table 23. Bolded values indicate the best hit rate of a concept among 

all factors. 

Table 23 – Hit rate (in %) means per concept per factor in semantic transparency experiment. 

Concepts Factors 

 Researchers Stereotype Prototype 

Environment 26.67 22.22 46.67 

Organisation  33.33 61.11 60.00 

Perception 53.33 27.78 60.00 

Planning 53.33 33.33 46.67 

Mean 41.66 36.11 53.33 

Group size 15 18 15 

 

We presented the results of the Hit rate of study 5 (Recognition experiment) in 

Table 24. Bolded values indicate the best hit rate of a concept among all factors. 

Table 24 – Hit rate (in %) means per concept per factor in recognition experiment. 

Concepts Factors 

 Researchers Stereotype Prototype 

Environment 81.25 94.12 83.33 

Organisation  87.5 88.24 91.67 

Perception 87.5 82.35 91.67 

Planning 68.75 82.35 100 

Mean 81.25 86.76 91.66 

Group size 16 17 12 
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Finally, we selected symbols based on results of studies 4 and 5. These symbols are 

used in this extension to represent the new concepts. Figure 73 shows the selected 

symbols. 

 

Figure 73 – Final representations. 

6.4.3.3 How to Use the Extension 

The SD model should be created to represent the agents, roles, organisations and 

environments involved in the MAS and representing the relationship between them. An 

agent can play a role, inhabit an environment and be part of an organisation. They are 

represented by the iStar link participates-in as presented in the table above. The 

dependencies between agents, roles, organisations and environments can be expressed 

too. The main objective of this modelling is representing the MAS to be developed in the 

early phase when the MAS is starting to be proposed and the decisions about the agents’ 

intentional elements like goal, task, planning, perception and internal details of the 

agents’ intentional elements are not clear yet. Figure 74 shows an agent playing a role (i), 

an agent being part of an organisation (ii), an Agent inhabiting an environment (iii), an 

organisation inhabiting an environment (iv), an agent playing a role in an organisation 

which inhabits an environment (v) and a dependency between an agent and an 

environment. We used only simple-reflex agents and roles but these links can be used 

with all types of agent. 

 

Figure 74 – Generic representations of new constructs in SD model. 
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Moreover, the SR model should be created to represent the internal details of the 

agents, roles, organisations and environments involved in the MAS, and representing the 

relationship between them. The SD model is the starting point to the creation of this 

model.  

In our approach, we consider the modelling of the agents’ intentional elements as a 

refinement of their internal elements, modelled in a similar approach to that used by 

(MOURATIDIS; GIORGINI, 2007) and (LAPOUCHNIAN; LESPÉRANCE, 2006). 

The boundaries of the agents should be detailed regarding their intentional elements 

according to the validation rules presented in the Table 20. The type of agent defined by 

MAS-ML is represented by an agent without any stereotype and its boundary is composed 

by goals, beliefs, plans and actions (i). In the reflex agents (simple reflex (ii) and model-

based simple reflex (iii)), the perceptions and actions (and next-function in case of model-

based reflex agent) should be related by the refinement link with the action as the source. 

Goals of the goal-based (iv) agents are decomposed on perceptions (which are 

decomposed on next-function) and planning (which are decomposed in actions). The 

same applies to utility-agents (v), but these ones have a utility-function related to the 

planning by an and-refinement. The beliefs are represented by a neededby link connecting 

beliefs and next-function. Figure 75 presents the boundary components for each type of 

agent on SR diagram. 

 

 

Figure 75 – Generic representations of agents in SR model. 

The boundaries of roles related to goal-based and utility agents and type of agent 

defined by MAS-ML should represent goals, beliefs and actions related to the role. The 
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boundary of roles of model-based-reflex agents should contain beliefs and actions related 

to the role and the roles of simple-reflex agents should contain actions related to the role. 

The actions in roles related to agents should have the information about which of them 

are mandatory (duty) and which are optional (right). Figure 76 presents the boundary 

components for each type of agent role on SR diagram. 

 

Figure 76 – Generic representations of agent roles in SR model. 

Additionally, the environment and organisation can be composed of the original 

iStar nodes and links such as goal, quality, resource and task nodes and refinement, 

qualification, neededby and contribution.  

Note 1: Organisations are represented in MAS-ML with the all internal elements of 

the agents that are part of the organisation. However, iStar has scalability problems, and 

the creation of a node with all elements can be a problem. Therefore, the organisation 

should represent additional intentional elements not present on the agents. Figure 77 

shows the generic representation of environment and organisation.  

 

Figure 77 – Generic representations of environment and organisation in SR model. 
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Note 2: As mentioned in this section, we are proposing this extension in the context 

of a Model-driven approach which will consider MAS-ML as architectural models. MAS-

ML presents more nodes to represent object and object roles, and these will be represented 

in iStar by Actors and roles without the need to include new stereotypes. The iStar original 

nodes and links are simply used in MDD approach to represent objects and roles in works 

such as (MELO et al., 2015). 

Section 6.5 presents an example of the usage of this iStar extension to model a MAS 

to Moodle. 

6.4.4 Check Completeness, Consistency and Conflicts (Task 3.4) 

This section presents the analysis about 1) the completeness (i.e., analysis about the 

levels that the extension was defined: conceptualisation, abstract syntax and concrete 

syntax); 2) consistency, that is, the analysis about whether each one of these new concepts 

was represented in these three levels; and 3) conflicts, that is, analysis about the 

occurrence of conflicts with other constructs of the existing iStar extensions. These results 

are presented in Table 25. 

Table 25 – Checklist of verification of problems of the new extension. 

Completeness 

Which level the iStar extension was applied 
[X] Concept’s definition [X] Metamodel [X] Well-formedness rules (optional) [X] Concrete syntax 

Consistency 

List the presence of the concepts for each level (meaning, metamodel and concrete syntax)  

Concept    Concept’s meaning Metamodel   Concrete syntax 

Simple reflex agent [ X ] [ X ] [ X ] 

Model-based reflex agent [ X ] [ X ] [ X ] 

Goal-based agent [ X ] [ X ] [ X ] 

Utility-based agent [ X ] [ X ] [ X ] 

Simple reflex agent role [ X ] [ X ] [ X ] 

Model-based reflex agent role [ X ] [ X ] [ X ] 

Goal-based agent role [ X ] [ X ] [ X ] 

Utility-based agent role [ X ] [ X ] [ X ] 

Goal [ X ] [ X ] [ X ] 

Belief [ X ] [ X ] [ X ] 

Perception [ X ] [ X ] [ X ] 

Planning [ X ] [ X ] [ X ] 

Plan [ X ] [ X ] [ X ] 

Next function [ X ] [ X ] [ X ] 

Formulate goal function [ X ] [ X ] [ X ] 

Formulate problem function [ X ] [ X ] [ X ] 

Utility function [ X ] [ X ] [ X ] 

Action [ X ] [ X ] [ X ] 

Duty [ X ] [ X ] [ X ] 

Right [ X ] [ X ] [ X ] 

Organisation [ X ] [ X ] [ X ] 

Environment [ X ] [ X ] [ X ] 

Cause-effect [ X ] [ X ] [ X ] 

Presence of nodes and links of iStar syntax 

Construct Metamodel Concrete syntax 

Goal [ X ] [ X ] 

Quality [ X ] [ X ] 

Resource [ X ] [ X ] 

Task [ X ] [ X ] 
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Actor [ X ] [ X ] 

Agent [ X ] [ X ] 

Role [ X ] [ X ] 

Refinement [ X ] [ X ] 

Qualification [ X ] [ X ] 

Contribution (make, help, break, hurt) [ X ] [ X ] 

NeededBy [ X ] [ X ] 

Dependency [ X ] [ X ] 

Association 

links 

is-a [ X ] [ X ] 

Participates-in [ X ] [ X ] 

Conflicts 

List the concepts and verify the occurrence of conflicts between the constructs of the extension and the 
existing extensions. 

Concept    Conflicts 

One construct with two 
or more Symbols 

Two or more 
constructs with only 
one Symbol 

Wrong representation 
of iStar constructs 

Construct 
which is 
not part of 
the 
extension 

Simple reflex 
agent 

[  0 ] [  0 ] [  0 ] [  0 ] 

Model-based 
reflex agent 

[  0 ] [  0 ] [  0 ] [  0 ] 

Goal-based 
agent 

[  0 ] [  0 ] [  0 ] [  0 ] 

Utility-based 
agent 

[  0 ] [  0 ] [  0 ] [  0 ] 

Simple reflex 
agent role 

[  0 ] [  0 ] [  0 ] [  0 ] 

Model-based 
reflex agent role 

[  0 ] [  0 ] [  0 ] [  0 ] 

Goal-based 
agent role 

[  0 ] [  0 ] [  0 ] [  0 ] 

Utility-based 

agent role 

[  0 ] [  0 ] [  0 ] [  0 ] 

Belief [  0 ] [  0 ] [  0 ] [  0 ] 

Perception [  0 ] [  0 ] [  0 ] [  0 ] 

Planning [  0 ] [  0 ] [  0 ] [  0 ] 

Plan [  0 ] [  0 ] [  0 ] [  0 ] 

Next function [  0 ] [  0 ] [  0 ] [  0 ] 

Formulate goal 
function 

[  0 ] [  0 ] [  0 ] [  0 ] 

Formulate 
problem 
function 

[  0 ] [  0 ] [  0 ] [  0 ] 

Utility function [  0 ] [  0 ] [  0 ] [  0 ] 

Action [  0 ] [  0 ] [  0 ] [  0 ] 

Duty [  0 ] [  0 ] [  0 ] [  0 ] 

Right [  0 ] [  0 ] [  0 ] [  0 ] 

Organisation [  0 ] [  0 ] [  0 ] [  0 ] 

Environment [  0 ] [  0 ] [  0 ] [  0 ] 

Cause-effect [  0 ] [  0 ] [  0 ] [  0 ] 

Details about the problem(s): Problems were not identified. 

 

6.4.5 Apply the Extension to a Modelling Tool (Sub-process 3.5) 

We applied the extension in the piStar modelling tool. The extended tool was tested 

by the modelling of the illustration presented in Section 6.5. We did not found corrections 

to be made. The tool is available at www.cin.ufpe.br/~ler/piStar4rationalagents. The 



172 
 
 

extension specification was created, and the process continued to the sub-process 4. 

Figure 78 shows an overview of the piStar4rationalagents. 

 

Figure 78 – Overview of piStar4rationalagents. 

6.5 Evaluate and Validate iStar Extension (Sub-process 4) 

In this subsection we present the results of the sub-process 4 - Evaluate and validate 

iStar extension. 

6.5.1 Use the iStar Extension Proposed to Model a System (Task 4.1) 

We modelled the MAS to MOODLE presented in Section 7.2.1 with our extension 

proposed here. Initially, the requirements engineer should model the SD-extended 

diagram with the representation of the type of agents with the specific stereotype. Their 

roles should be represented and also the organisation and environment. Finally, the 

participates-in link should be used to represent the roles played by the agents and the 

environment that they inhabit. The participates-in is also used to represent the ownership 

of the agents by their organisations. The SD diagram for the MOODLE MAS represents 

MOODLE as the environment where the agents can perceive and act. We modelled one 

organisation to coordinate the agents’ behaviours. Finally, the diagram represents four 

agents and two roles performed by two of them. Figure 79 shows the SD diagram for the 

MOODLE MAS. 
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Figure 79 – Modelling of iStar SD model to MOODLE using the new iStar extension. 

The SR diagram shows the internal elements of the agents. The set of related 

elements depends on the type of agent. The possible combinations are defined by the rules 

presented in Section 6.4. The perceptions of the agents are related to the environment by 

a dependency relationship. Figure 80 shows the SR diagram to MOODLE MAS. 
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Figure 80 – Modelling of iStar SR model to MOODLE using the new iStar extension. 
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Additionally, the MASs presented in these models were designed at architectural 

level, coded, tested and implanted in two courses in distance education. The first is for 

the Universidade Aberta do Brasil, a federal university that offers courses in distance 

education, in association with Universidade Estadual do Ceará (http://www.uece.br/sate/) 

and the second one is the distance education in software development to people with 

disabilities (http://projetolead.com.br). It shows that this iStar extension is valid to be 

included during the development of MASs. 

It was not necessary to perform tasks 4.2, 4.3 and 4.4. Task 4.5 was performed and 

it is presented in the next subsection. 

6.5.2 Evaluate the iStar Extension (Task 4.5) 

[Objective] The purpose of this evaluation is to identify the point of view of the 

researchers in MAS extensions about this extension. It will contribute to improving the 

extension. 

[Study Design] We used a study based on a survey with multiple-choice and open 

questions to analyse the opinions of the researchers in MAS about this extension. We 

followed the steps suggested by Kitchenham; Pfleeger (2002). 

[Population] The universe of this research (population) consists of researchers of 

MAS from Brazil. We considered the authors of papers of Brazilian events as WESAAC, 

AUTOSOFT, BRACIS and CBSOFT.  

[Sample of Participants] We selected authors of the last five editions of these events. 

Thus, we contacted 164 researchers from 37 different universities/companies. 

We received a total of 22 responses from 13 universities and three companies. Their 

profile is summarised as follows: Regarding the degree, four (4) are PhDs, nine (9) are 

PhD students, five (5) masters, three (3) master students and one (1) bachelor.  

Regarding current work/research position, eleven (11) are professors, one (1) is a 

postdoc student, three (3) are system analysts/software architects, six (6) are PhD 

students, one (1) is a developer and a master’s student, and one (1) is a master’s student. 

Regarding the expertise level in MAS, nine (9) stated having advanced knowledge about 

MAS, nine (9) had an intermediate knowledge and four (4) were emerging. Figure 81 

synthetizes the level of experience in MAS of the participants.  
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Figure 81 – Level of experience in MAS of the iStar4rational agents’ evaluation participants. 

Regarding the kind of expertise with MAS (the participants could choose more than 

one option), five (5) created textual requirements, six (6) modelled requirements (using 

iStar, Kaos, TROPOS or others), twelve (12) modelled the architecture (using MAS-ML, 

AML, ANOTE or others), twelve (12) studied an existing model, nineteen (19) coded 

MAS and eleven (11) tested MAS. Figure 82 presents the kind of expertise of the 

participants.  

 

Figure 82 – Expertise of the participants of the iStar4rational agents’ evaluation. 

 [Collection Preparation] A survey was submitted with a set of multiple-choice 

questions and open questions. The complete structure of this survey is available at 

https://www.cin.ufpe.br/~ler/iStar4rationalagents/evaluationsurvey. 

Initially, we analysed the profile, background and demographics. The initial form 

required the following fields:  

 Email, Degree (PhD, PhD student, MSc, MSc student, BSc, Current 

Work/Research Position (Students fill in with "student");  

 Current work/research institution;  
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 How experienced are you with Multi-Agent Systems? (Advanced, 

Intermediate, Emerging, No expertise);  

 Which kind of experience do you have with Multi-Agent Systems? (Creating 

textual requirements specification, Modelling requirements (using iStar, 

Kaos, TROPOS or others), Modelling the architecture (using MAS-ML, 

AML, ANOTE or others), Studying an existing model, Coding, Testing, 

Other). 

The first section of the survey presents a conceptualisation about rational agents 

(According to Section 6.3) and iStar (According to Section 2.1), shows the modelling of 

an MAS to TAC-SCM using iStar without the extension and asks some questions 

regarding the identification of entities in the diagrams and about the difficulty level to 

identify these entities.  

The following questions are related to this first part.  Question 1.1 asks the participant 

to select the correct concept related to each entity/node. We selected one construct per kind 

of construct in the model, presented their names and asked them to select the correct kind 

of concept that it represents. We used a multiple-choice grid to relate the values of the lines 

(Buyer agent, Production agent, Delivery agent, Manager Agent, Seller Agent, Buyer 

Agent, TAC-SCM, TAC-SCM Main) with columns (simple reflex agent, model-based 

reflex agent, goal-based agent, utility-based agent, default agent, organisation, 

environment, agent role). 

Question 1.2 asks to select the difficulty level to identify the entities/nodes (Scale 

from 1-Very easy to 10-Very hard).  

Question 1.3. is related to selecting the correct concept related to each Internal 

element (Use the scroll bar to see all options). We used a multiple-choice grid to relate the 

values of the lines (Offer Product (in Seller Agent), Identify Supplier Quotation (in Buyer 

Agent), Infer Business Similarities (in Manager Agent), Stock of parts and pcs (in 

Production Agent), Delivery Products (in Delivery Agent), Represent Demand (in 

Production Agent), Represent Maximization (in Manager Agent), Estimate Selling Price (in 

Manager Agent), Produce Computers (in Production Agent), Offer Bid (in Buyer), Pay (in 

Buyer)) with columns (action, belief, perception, plan, planning, next-function, formulate 

goal function, formulate problem function, utility function, duty, right). 

In question 1.4, the participant should select the difficulty level to identify the agent's 

internal elements (Scale from 1-Easy to 10-Hard). Question 1.5 asks about the participant’s 

opinion about the representation of MAS with rational agents using the original iStar syntax. 

The following options are presented: It is expressive enough to represent this kind of 

systems and an extension is not necessary, It is not expressive enough to represent this kind 

of systems and an extension is necessary or I don't know. 



178 
 
 

The second part of the survey presents the extension (According to the previous 

sections of this chapter), shows the modelling of an MAS to MOODLE using the iStar 

extension and asks some questions regarding identifying entities in the diagrams and 

about the difficulty level to identify these entities (questions similar to the first part). We 

highlight that the systems modelled in these two parts have similar complexity and 

number of nodes and links. Finally, the third and last part asks the opinion of the 

participants about the strongest and weakest points, about the need to propose the 

extension, the existence of problems in the extension, the usefulness, the opinion about 

the representation of the introduced concepts, difficulty to understand, the feasibility and 

intention in use, and finally, if it is useful for the iStar community and if it will be 

recommended to other researchers.   

The survey was validated by two experts in iStar extensions (one of them has 

experience with MAS). We tested the survey with a computer science professor from 

Universidade Federal do Ceará with experience in MAS. The pilot data were not used 

during the analysis. [Data Collection] The survey was written in English and submitted 

by Google Forms between December 2018 and February 2019. [Data Analysis] We 

represented the results of the survey’s questions by graphics and tables which present an 

analysis in descriptive statistics. Data of this survey is available at 

www.cin.ufpe.br/~ler/iStar4rationalagents/data. 

6.5.2.1 Results and Discussion  

In this section, we describe the results of the survey. We could not compare the data 

of our results and data of similar studies because this is the first study to evaluate this 

extension. We start our analysis comparing the perception of the participants about the 

modelling of the MAS using iStar and the iStar extension. 

The results of the identification of MAS entities point to the following percentage 

of correct responses without the extension (first part): simple reflex agent – 27.3% (6/22), 

model-based reflex agent – 50% (11/22), goal-based agent – 59% (13/22), utility-based 

agent – 68.1% (15/22), MAS-ML default agent – 9% (2/22), agent role – 63.6% (14/22), 

environment – 63.6% (14/22) and organisation – 36.4% (8/22). 

The results of the identification of MAS entities point to the following percentage 

of correct responses with the iStar extension (third part): simple reflex agent – 77.3% 

(17/22), model-based reflex agent – 72.7% (16/22), goal-based agent – 90% (20/22), 

utility-based agent – 72.7% (16/22), MAS-ML default agent – 72.7% (16/22), agent role 

– 68.2% % (15/22), environment – 90.9% (20/22), organisation – 95.4% (21/22). 

The comparison between the two representations of MAS entities is summarised in 

Figure 83. It is possible identify that all representations with the extension had a higher 

number of correct responses than the representations without the extension.   
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Figure 83 – Comparison between the two representations of MAS entities (with and without the 

extension). 

We also analysed the internal elements of the agents. The results of the 

identification of MAS internal elements point to the following percentage of correct 

responses without the extension (first part): action – 54.5% (12/22), belief – 27.3% 

(6/22), perception - 31.8% (7/22), next function – 27.3% (6/22), formulate goal function 

– 18.2% (4/22), formulate problem function – 0 % (0/22), utility function – 9.1% (2/22), 

plan – 22.7% (5/22), planning – 18.2% (4/22), duty – 9.1% (2/22), right – 9.1% (2/22).  

The results of the identification of MAS internal elements point to the following 

percentage of correct responses with the extension (third part): action – 90.9% (20/22), 

belief – 72.3% (17/22), perception – 72.7% (16/22), next function – 63.6% (14/22), 

formulate goal function – 63.6% (14/22), formulate problem function – 59.1% (13/22), 

utility function – 59.1% (13/22), plan – 68.2% (15/22), planning – 59.1% (13/22), duty – 

40.9% (9/22), right – 27.3% (6/22).  

The comparison between the two representations of MAS internal elements is 

summarised in Figure 84. It is possible identify that all representations with the extension 

had a greater number of correct responses than the representations without the extension.   

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

Organisation

Environment

Agent role

MAS-ML default agent

Utility-based agent

Goal-based agent

Model-based reflex agent

Simple reflex agent

With Extension Without Extension



180 
 
 

 

Figure 84 – Comparison between the two representations of MAS internal elements (with and without the 

extension). 

The extension improved the perception of the MAS constructs introduced by the 

extension. Table 26 shows the general results about the correct identification of the 

entities to iStar without extension and with extension.  

Table 26 – Comparison of correct identification. 

Criteria iStar without extension iStar extension 

1. Correct identification of MAS entities (agents, agent role, 

environment and organisation) 

47.12% 80.1% 

2. Correct identification of MAS internal nodes and links (plan, 

planning, action, belief, next-function…) 

20.7% 62% 

 

We also analysed the difficult level perceived by the participants to identify the 

MAS entities and internal nodes and links. The extension reduced the difficulty level to 

identify the MAS entities and internal nodes and links by about 50%. Table 27 shows the 

results of the difficulty level without extension and with extension.  

Table 27 – Comparative of the difficulty level. 

Criteria iStar without extension iStar extension 

1. Difficulty level to identify MAS entities (mean – scale 0–10) 6.3 2.9 

2. Difficulty level to identify MAS internal nodes and links 

(mean – scale 0–10) 

7.5 3.8 

 

The last question of the first part of the survey concerned the opinion about the 

representation of the rational agents with the iStar default syntax (without the extension). 

Of the participants, 72.8% (16/22) responded that It is not expressive enough to represent 
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this kind of systems and an extension is necessary and 13.6% (3/22) consider It is 

expressive enough to represent this kind of systems and an extension is not necessary and 

13.6% (3/22) answered don’t know.  

The second part consists of the presentation of the extension. Consequently, there 

are no responses to this part.  

The third part is composed of three initial open questions to reveal the strong points 

and weaknesses, improvements and identification of problems. They recognised that the 

extension facilitates the identification of MAS entities and their internal elements; this is 

a common strong point mentioned by 13/22 participants. The weakness mentioned by two 

participants is that with the extension, new concepts are represented in iStar and there is 

the need to learn and represent these elements in the models. We believe that it is not 

something related to this extension, but it is a general consequence of all extensions. One 

participant questioned us about the representation of the protocol of communication 

between different MAS. We understand that it is part of the representation of a MAS, but 

this representation is considered only at the architectural level in our approach. The 

participants did not identify any problem in the extension.  

The extension received a good evaluation of the experts who participated in the 

survey. Table 28 shows the results for questions 3.4 – 3.6, 3.8, 3.10 and 3.11. Median, 

mode and number of responses received for each option (Strongly Agree, Agree, Don’t 

Know, Disagree and Strongly Disagree) were presented for each question. 

Table 28 – Results of the validation survey of the questions 3.4 to 3.6, 3.8, 3.10 and 3.11. 

Questions Median Mode Strongly 

Agree 

Agree Don’t 

Know 

Disagree Strongly 

Disagree 

3.4. There is a lack of an iStar 
extension to model rational 

agents. 

Agree Agree 5 9 7 0 1 

3.5. The proposal of an iStar 
extension to model rational 
agents is useful. 

Agree Agree 10 10 2 0 0 

3.6. The representations of the 
new constructs are suitable. 

Agree Agree 7 15 0 0 0 

3.8. The use of this extension 
is feasible for modelling 
Multi-Agent Systems with 
rational agents. 

Agree Agree 8 13 1 0 0 

3.10. The Multi-Agent 
Systems community can 
benefit from the usage of this 
extension in the modelling of 

their next systems. 

Agree Agree 7 13 2 0 0 

3.11. This iStar extension can 
be useful to model my next 
MAS. 

Agree Agree 5 13 4 0 0 

 

The participants answered about how suitable the proposed extension is to be used 

to model the next MAS, with the results that five (5) participants consider Very Suitable, 

sixteen (16) consider Suitable and one (1) Don’t know. Also, the difficulty level to 
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understand this extension (question 3.7) was mentioned by the participants: two (2) very 

easy, twelve (12) easy, six (6) medium, two (2) hard and none answering very hard. 

Finally, 86.4% (20/22) of the participants mentioned the intention to recommend this iStar 

extension to other researchers (question 3.12), while 13.6% (3/22) of the participants 

mentioned maybe recommending it.  

6.5.2.2 Threats to validity 

According to Kitchenham; Pfleeger (2002), there are four aspects that we need to 

consider: Criterion Validity, Construct Validity, Face Validity and Content Validity. 

The Criterion Validity is a measure of how well an instrument compares with 

another predecessor instrument. Construct Validity is the observation of how an 

instrument “behaves” when in use. It can be convergent or divergent. Face Validity is a 

superficial analysis of items by naive people, to test their understanding of it. Finally, 

Content Validity is an assessment of how appropriate the instrument looks to the 

participants. In this section, we presented threats to the validity of the survey. 

Criterion validity. We did not find a previous qualitative study for this purpose. 

Thus, we could not compare this evaluation with earlier studies.   

Construct validity. We created the survey with different kinds of questions: Likert 

Scale questions (3.4 – 3.11), Measure effort or contribution questions (1.2 and 2.2), 

Yes/no/maybe question (3.12), Open questions (3.1, 3.2 and 3.3), Specific options (1.5) 

and multiple-choice relation questions to analyse the understanding of the models (1.1, 

1.3, 2.1, 2.3). Thus, it could make the execution confusing. We mitigated this threat to 

construct validity by presenting an explanation of the kind of questions at the beginning 

of the survey to clarify the structure of the survey to the participants. Furthermore, there 

were invited participants whose first language is English. Consequently, we created the 

questions of the survey in English. It could cause misunderstandings for other participants 

whose first language is Portuguese. However, we did not receive any comments about 

these threats to construct validity during the pilot or the execution. 

Face validity. We tested the survey with a computer science professor of the 

Universidade Federal do Ceará with experience in MAS. We can consider this previous 

evaluation a limitation because of the small number of participants (1 participant). We 

mitigated this threat, however, by asking him to evaluate again after the corrections the 

participant’s comments. 

Content validity. We performed the pilot involving one researcher. It was done to 

test the understanding of the participant in the survey. We analysed the feedback sent by 

the participant of the pilot and applied the suggested improvements to the survey. 

During the application of the survey, we received some comments from two 

participants. We tried to mitigate these threats to Content Validity by the participation of 
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two experts in iStar extensions in the development of this research, which validated the 

survey before the submission to the participants. 

We consider the profile of the participants suitable for this evaluation since a great 

number of the participants (18/22) mentioned have advanced/intermediate expertise in 

MAS and none answered they did not know MAS. However, the answers about the kind 

of knowledge in MAS pointing to the creation of textual requirements / model 

requirements were mentioned by eleven (11) participants and twelve (12) mentioned that 

they had studied models. Thus, there was not a high number of participants with expertise 

in modelling (about half); this result could be viewed as a threat to content validity. We 

tried to mitigate this threat presenting iStar in part of the survey. 

Conclusion validity. In this survey, we did not have a large number of participants. 

We could not then make statistical inferences or reveal a true pattern in the data. 

Furthermore, we restricted the responses to the Brazilian community. These threats to the 

conclusion validity can be mitigated by invitation of researchers from other countries as 

a next step. 

We did not identify new constructs to be introduced (Task 5-Main process). 

Therefore, the last sub-process was performed (sub-process 6 – Publicise the iStar 

extension).  

6.6 Publicise the iStar Extension (Sub-process 6) 

We added the extension to the catalogue of iStar extensions (Task 6.1), and it was 

endorsed by an expert in iStar extensions who participated in the proposal of this 

extension (Task 6.2). This extension was published in a conference (GONÇALVES; 

ARAUJO; CASTRO, 2019) (Task 6.5).  

6.7 Chapter Summary 

This chapter presents the illustration and validation of PRISE by the creation of a 

new iStar extension. The creation of a new iStar extension using PRISE was presented in 

detail in this chapter. It illustrates the usage of PRISE to create a new iStar extension. The 

new extension is presented showing the artefacts generated during its usage. We did not 

identify the problems identified originally in the new proposals.  

Additionally, we used PRISE to correct the problems identified in one existing iStar 

extension (see APPENDIX C). It illustrates the usage of PRISE to correct problems of 

existing iStar extensions. The results of this correction were presented showing the 

artefacts generated during its usage. We did not identify the problems identified originally 

in the new proposals. 
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7 EVALUATION 

In this chapter, we present the evaluation of PRISE. Wohlin et al. (2012) define two 

main categories of validation, that is, dynamic and static validations. Static validation 

does not require that the new solution is used, rather it may be done through a presentation 

of the candidate solution followed by the analysis. On the other hand, the dynamic 

validation is an approach in which the new solution is used in a project and the results are 

analysed using a case study, for example. 

The evaluation of PRISE is based on two approaches. The first one is a static 

approach with experts in iStar extensions who analysed PRISE and presented their 

opinions by interviews and survey. The second one is a dynamic evaluation with a novice 

who proposed a new iStar extension and we analysed this case study by interviews. 

7.1 Evaluation by the Experts 

[Objective] The purpose of this evaluation is to identify the point of view of the 

experts in iStar extensions about PRISE. It will contribute to the evaluation of a reference 

process to guide other iStar extensions. 

[Study Design] We used mixed-methods research (CRESWELL, 2014) to analyse 

the opinions of the experienced iStar extenders about PRISE using a qualitative study 

based on interviews and a study based on a survey with quantitative (multiple choice) and 

qualitative (open field) questions. We chose to use qualitative and quantitative methods 

together to gain a more complete understanding of their opinions. 

Our qualitative study allowed us to capture valuable evidence about the opinions of 

the experts about PRISE. Additionally, we performed a survey, different from the ones 

who participated in the qualitative study, to evaluate their opinions about PRISE. 

[Population] The universe of this research (population) consists of authors of iStar 

extensions. We considered the list of authors of iStar extensions presented in Chapter 3. 

Thus, our universe (population) consists of 153 authors of papers from 75 different 

universities describing iStar extensions.  

[Sample of Participants] In the qualitative study (interviews), we used a non-

probabilistic sample whose purpose was to choose richer cases for study (MERRIAM, 

2009). We selected a sample of the researchers with more experience with iStar and iStar 

extensions. Therefore, we invited five authors from the list of authors of iStar extensions 

(see this list in Chapter 3) from which three accepted to participate in the interviews. The 

three participants are professors from two universities of Europe and one university of 

North America. Regarding the number of years of experience with iStar, P1 has 14 years, 

P2 has 13 years and P3 has 24 years. Consequently, we invited the other 148 authors to 

participate in the survey. 
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We received a total of 20 responses in the survey, of which eight were from Brazil, 

one from Germany, three from Italy, two from Mexico, one each from Portugal, Canada, 

Chile, and the USA, and two from the United Kingdom. Concerning the educational 

degree of the participants, we have 17 PhDs, one PhD student, one with a master’s degree 

and one master’s student. Concerning their current work/research positions, we have 14 

professors, two consultants, one requirements engineer and three students. They are from 

18 different universities.  

The experiences of the participants are presented in Figure 85. Their experience 

with the usage of iStar is summarised as follows: five experts, eight advanced, five 

intermediate and two emerging. Their experience with the creation and extension of 

modelling languages consists of five experts, nine advanced, four intermediate and two 

emerging. Finally, concerning their experience with the creation of iStar extensions: three 

experts, eight advanced, six intermediate and threee emerging. 

 

Figure 85 – Experience of the participants of PRISE’s evaluation survey. 

 [Collection Preparation] Clarification and consent terms were sent to participants 

before each interview session. Semi-structured interviews were conducted using an 

interview script with open questions. The complete version of the script of the interviews 

is available in Table 29. A survey was submitted with a set of multiple-choice questions 

and open questions. The survey is presented in Table 30.    

Table 29 – Interview script of the qualitative study with experts (interviews). 

1. What is lacking for researchers to create iStar extensions more systematically? What do you miss? 
2. What do you and other researchers do to develop extensions more systematically? 
3. Do you know another process for creating iStar extensions? 
4. Is it necessary/useful the proposal of a process for supporting iStar extensions? Why? 

5. What is your opinion about PRISE? 
6. What are the strongest points of PRISE? 
7. What are the weaknesses of PRISE? 
8. What do you think about the guidelines, catalogue and the verification of completeness, consistency and 
conflicts proposed in PRISE? 
9. What is the effort/difficulty level to understand PRISE? Which are the most difficult and the easiest parts of 
PRISE? 
10. Is PRISE suitable/important to support the proposal of iStar extensions by the iStar community? Why? To 

whom? 
11 Would PRISE (or part of it) be useful to create your next extensions? How? What about other researchers? 
12. How do you think the process would be used to create extensions? As proposed or with changes/part of it?  
13. Do you have any changes/improvements/comments related to PRISE? 
14. Is there something about PRISE that we did not mention in the interview and you would like to talk about? 
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Table 30 – Items of PRISE Evaluation survey. 

1. There is a lack of process to guide the creation of new iStar extensions.  
2. The proposal of a process for supporting iStar extensions is necessary. 
3. It is relevant following the guidelines of the iStar community. 
4. It is important to try to reuse the constructs of existing iStar extensions. 
5. The catalogue of iStar extensions can help to identify the constructs to be reused.  
6. It is important to verify the completeness of the iStar extension proposed². 
7. Which value of the scale below represents the level of contribution that PRISE can have to avoid the occurrence 

of incompleteness in iStar extensions? 
8. It is important to verify the consistency between the meaning of constructs, abstract and concrete syntaxes. 
9. Which value of the scale below represents the level of contribution that PRISE can have to avoid the occurrence 
of inconsistencies in iStar extensions? 
10. It is important to verify the occurrence of conflicts in the iStar extension.11. Which value represents the level 
of contribution of PRISE to avoid the occurrence of conflicts in iStar extensions? 
11. Which value represents the level of contribution of PRISE to avoid the occurrence of conflicts in iStar 
extensions? 
12. What is the difficulty level to understand PRISE? 

13. The use of PRISE is feasible for creating iStar extensions. 
14. How suitable is PRISE to be used in the definition of the future iStar extensions? 
15. PRISE is important to create future iStar extensions. 
16. The iStar community can benefit from the usage of PRISE in the definition of their next extensions. 
17. PRISE can be useful to create my next extensions. 
18. How will you use PRISE to propose your next extensions? 
19. To whom can PRISE be useful? 
20. Would you recommend PRISE to other researchers? 

21. What are the strongest points of PRISE? 
22. What are the weaknesses of PRISE? 
23. Do you have any changes/improvements/comments related to PRISE? 

The survey is composed of the following kind of questions:  
Likert Scale (Strongly agree, agree, don’t know, disagree, strongly disagree) -> 1, 2, 3, 4, 5, 6, 8, 10, 13, 15, 16, 17 
Measure the contribution (0 to 5) -> 7, 9, 11 
Likert Scale (Very suitable, suitable, don’t know, unsuitable, very unsuitable) 14 

Yes/no/maybe question ->20 
Open questions -> 21, 22, 23 
Specific options -> 12, 18, 19 
Question 12’s options: Very easy, easy, medium, hard, very hard  
Question 18’s options: I will use PRISE as it was proposed, I will use a great part of the tasks and artefacts of 
PRISE to create an instance of this process, I will use a few tasks and artefacts of PRISE to create an instance of 
this process, I won't use anything of PRISE, Other 
Question 19’s options: To extenders without experience, To expert extenders, Both, Nobody, Other 

 

The interview script and survey were validated by the supervisors of this thesis. We 

tested the interview script and the survey with a computer science professor from 

Universidade Federal do Ceará. This professor did not propose any iStar extension but 

has experience in requirements engineering and empirical research. They were also tested 

previously by a pilot with another expert in iStar extensions who helped to improve it. 

The pilot data were not used during the analysis. 

The participants of the qualitative study watched a video about PRISE before the 

interviews. This video was used in the first step of the survey. This video is available in 

https://youtu.be/_LF4u-MOsD0.  

[Data Collection] The interviews were conducted via Skype individually with each 

participant and the Survey was submitted by Google Forms during June and August 2018. 

Interviews and Survey were conducted in English. Each interview was conducted by two 

interviewers, one of them asking the questions and the second taking annotations. All 
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interviews were recorded (with permission of each participant). They took on average 23 

minutes and altogether resulted in 70 hours and 54 minutes of audio time. 

After the interviews, we contacted two participants to clarify some issues that 

emerged during the analysis. 

[Data Analysis and Synthesis] Qualitative data from the interviews were then 

analysed using procedures from the Grounded Theory methodology defined by Strauss; 

Corbin (2007). Grounded Theory aims at building a new local theory from collected data 

rather than from predefined concepts. We categorised and synthesised data according to 

Strauss; Corbin (2007), to build an evidence-based theory. The audios of the interviews 

were transcribed, and the MAX QDA 12 (a tool used to perform qualitative analysis) was 

used to support the analysis. 

Initially, we did an intra-participant analysis (i.e., analysis in the transcription of 

each participant) to create labelled portions of text using codes and an inter-participant 

analysis (i.e., analysis between the transcriptions of the participants) to relate these codes 

giving rise to the categories that were named following a constant comparative method 

(STRAUSS; CORBIN, 2007). Finally, we created a summary of the results of this study 

with the main findings. 

Regarding the survey, we represented the results of the survey’s questions by 

graphics which present the number of responses for each possible option. In general, the 

results of both studies indicate the agreement of the participants about the usefulness of 

PRISE and its acceptance as a way to support the proposal of their next iStar extensions. 

7.1.1 Results and Discussion of the Interviews with Experts 

This section reports the results and discussion of the qualitative study, being 

organised to present the understanding of the three participants about PRISE. In this 

section, we present parts of the transcriptions of the interviewees with larger indentation 

and small font or in italic type between double quotation marks.  

Initially, we addressed the interviewee’s understanding of what is lacking for 

researchers to create extensions more systematically. This is covered by question 1 in the 

interview script. 

Participants P1 and P3 cited some parts of PRISE as necessary for this, such as the 

guidelines, and to verify problems of incompleteness, inconsistencies and conflicts. On 

the other hand, P2 mentioned in a general way that it is necessary for the proposal of a 

process that systematises the way in which they are proposed. 

All participants mentioned conducting a literature review, and to do so defines the 

concrete syntax of the extension. P1 cited that he generally performs the literature review 

in a systematic way. P1 and P2 said they have been changing the way they propose an 

extension. P1 said that sometimes the researchers propose the abstract syntax and 

sometimes do not propose it. 
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The three participants of this study were unanimously affirmed that, excluding 

PRISE, they do not know any process proposed to support iStar extensions. P1 affirmed 

that the iStar community had not yet proposed any process, method or other work to 

systematise how to extend iStar.  

P1 and P2 mentioned that it is useful to propose a process or another kind of 

approach, such as a method or guidelines. Participant P3 was more emphatic about the 

definition of a process: “I think it would be great such a process defined and can be more 

systematic and help to pay attention to all the different aspects that would not be 

necessarily have considered without it.” (P3). 

When asked their opinion about PRISE, all of them cited it as useful. P1 cites that 

the tasks are suitable and contribute to the extenders do not forget any step of the proposal 

such as defining the metamodel or checking inconsistencies. P1, P2 and P3 mentioned 

that the process is too detailed. P1 also commented about this aspect: “I think this is not 

really surprising, but I can understand that it is easy to forget to do certain things without 

the process.” (P1). 

We argued directly about the strongest points of PRISE (question 6). P1 cited some 

highlights of PRISE such as the checklist of verification of incompleteness, 

inconsistencies and conflicts and the reuse of the existing iStar extensions by the 

catalogue. P2 mentioned that principles and fundamentals behind it are very solid. As 

presented in Section 1.5 (Methodology) our process is based on a set of the empirical 

studies that joined the observation about what is done in previous works, the opinions of 

the experts and the literature background. P2 also commented that PRISE contributes to 

avoiding errors that commonly happen such as incompleteness, inconsistencies and 

conflicts. P3 said that the description is very clear and detailed and there is no such 

process defined. Consequently, it comes to fill an existing gap. 

The size (number of tasks) of PRISE was mentioned as a weakness by all 

participants. P3 commented that although the size is considerable, he would not remove 

any task of the original version of PRISE. P1 and P2 cited that the repository is a very 

nice thing, but the chances of it being kept up to date are not great. We agree with them, 

but the tasks of 1.10 (Identify if there are extensions related to the current proposal) and 

2.1 (Search and select constructs to be reused) mention that the catalogue can help but it 

is necessary to do a search considering the last date the catalogue was updated. Therefore, 

we included a complementary step to the catalogue during these tasks, that is, the 

Extender can do a search in the databases of the main venues of publications and try to 

identify new extensions between the last update of the catalogue and the current date. We 

also will perform periodic mapping studies to update the catalogue.  

Participants P1 and P2 mentioned that consulting experts in iStar extensions could 

halt the process if the contacted expert does not respond. We clarified it in the process 

description by mentioning that the extender should contact more than one expert and if 
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they delay responding to identify others and contact them. There is a list of 30 iStar 

extensions experts. 

The participants consider PRISE easy to understand and that the number of steps 

may imply it is difficult to follow. In particular, P3 said that “someone who has not gone 

through it may be intimidated by the apparent complexity” (P3) and P1 commented that 

“PRISE is not difficult, it's very detailed which is again not necessarily a bad thing. Thus, 

it takes some time” (P1). Thus, this response complements the weakness presented in the 

previous paragraph when the participants said that the size is a weakness of PRISE. This 

explanation implies that this weakness is related to time. P2 corroborated with this point 

of view: “You have deadlines, then the problem may be a time problem” (P2). 

Also, we asked about the most difficult and the easiest parts of PRISE. Only P1 

commented that some of the terminologies are a bit difficult. Therefore, we created a 

glossary and made it available here: www.cin.ufpe.br/~ler/prise/glossary. 

The authors agree that PRISE is suitable to support the proposal of iStar extensions 

by the iStar community (question 10). In this sense, P1 said:  

I think so. Nothing in it that [is] really extraordinary but it may be the ordering 

of some of the processes. They don't… otherwise, there's nothing that's not 

sensible. I mean you could always add more things, but it seems consistent 
with related work and yeah, it seems like it would be helpful. (P1).  

P2 also added that de did not see any reasons why to say that it is not suitable. 

According to P2, it can definitely improve the way that people can avoid common 

mistakes.  

Regarding to whom it is suitable, they said it is suitable to both experienced and 

novices, but mainly for novices. We highlighted part of the response of P1 who justified 

this point of view: “Particularly new researchers. I mean the people who usually do this 

kind of work tend to be students. This is a PhD or master's common type of work. 

However, it can also be useful for more senior researchers” (P1). 

We received different kinds of responses regarding whether PRISE is useful to 

create their next extensions. P1 commented that is not focused on proposing new iStar 

extensions at the moment, P2 said that it will definitely consider using PRISE in the next 

extensions, and P3 will try to use it.  

Regarding the usage by the other researchers, they think there are no reasons for 

not using it. P2 highlighted three topics regarding this: i) “it's a bit too ambitious for the 

community to say we can establish it as a partner now, but I keep the line of that you 

should continuously collect evidence about the suitability, generality, availability.” (P2); 

ii) “No matter what, some people still use other methods even when improving mental 

work. For example, after refining iStar 2.0, many people still do not use it.” (P2); and iii) 

“Recreate an existing extension and correct the mistakes can help to convince the experts 
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to use” (P2). We highlighted these parts because we considered them a realistic point of 

view. 

An interesting discussion was made around question 12 (How do you think the 

process would be used to create extensions? As proposed or with changes/part of it?). All 

participants commented as something natural that the users of PRISE did not consider 

some tasks. P3 explained that it would be expected that when people use any process, 

they might adapt it to some degree. And P2 added that the experts certainly would adjust 

it when using it. P2 and P3 also commented that we should maintain all elements (tasks 

and artefact) of PRISE and let people customise it when needed. P1 gave a very 

interesting explanation about the usage in the industry context, as follows: 

I'm doing this with industry I would probably just do whatever I need to do in 

the short term to make it work but then I would go back afterwards and try and 

make sure that we actually covered the related the related work and that we... 

you know... make sure to define things systematically in the concrete syntax 

and abstract syntax. So, I can imagine if I was to actually use this in practice 
and I would probably apply it afterwards. (P1) 

Regarding question 13 (Do you have any changes/improvements/comments related 

to PRISE?), the participant P2 suggested maintaining the tools developed in more robust 

repositories such as GitHub (github.com/) or others similar because sometimes the 

researcher makes it available in a link in places that are not permanently accessible such 

as the GitHub. We introduced this suggestion in the description of the task 3.5.4. Make 

the tool available in a link.  

Finally, they did not comment on the last question (14. Is there something about 

PRISE that we did not mention in the interview and you would like to talk about?). 

7.1.2 Results and Discussion of the Survey with Experts 

In this section, we describe the results of the survey. We could not compare the data 

of our results and data of similar studies for other modelling languages despite searching 

and not finding similar studies. 

PRISE received a good evaluation from the 20 experts who participated in the 

survey. This reiterates the findings of the qualitative study. Table 31 shows the results for 

the questions 1, 2, 3, 4, 5, 6, 8, 10, 13, 15, 16 and 17. Median, mode and number of 

responses received for each option (Strongly Agree, Agree, Don’t Know, Disagree and 

Strongly Disagree) were presented for each question. 

We can identify that responses Strongly Agree and Agree are the most frequent of 

the responses, as consequence medians and modes are Strongly Agree or Agree. These 

kinds of responses received an average of 16.91 responses for each question, representing 

84.58% of the responses. The number of these responses varies between 14 and 20 

responses. 
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Table 31 – Results of the validation survey of the questions 1 to 8, 10, 13 and 15 to 17. 

Questions Median Mode Strongly 

Agree 

Agree Don’t 

Know 

Disagree Strongly 

Disagree 

1. There is a lack of 

process to guide the 
creation of new iStar 
extensions.  

Agree Strongly 

Agree/ Agree 

7 7 4 2 0 

2. The proposal of a 
process for supporting 
iStar extensions is 
necessary. 

Strongly 
Agree 

Strongly 
Agree/ Agree 

8 8 3 1 0 

3. It is relevant following 
the guidelines of the iStar 
community. 

Strongly 
Agree 

Strongly 
Agree 

9 7 4 0 0 

4. It is important to try to 
reuse the constructs of 
existing iStar extensions. 

Strongly 
Agree 

Strongly 
Agree 

12 7 1 0 0 

5. The catalogue of iStar 

extensions can help to 
identify the constructs to 
be reused.  

Strongly 

Agree 

Strongly 

Agree 

14 5 1 0 0 

6. It is important to verify 
the completeness of the 
iStar extension proposed. 

Strongly 
Agree 

Strongly 
Agree 

11 7 2 0 0 

8. It is important to verify 

the consistency between 
the meaning of constructs, 
abstract and concrete 
syntaxes 

Strongly 

Agree 

Strongly 

Agree 

12 7 1 0 0 

10. It is important to verify 
the occurrence of conflicts 
in the iStar extension. 

Strongly 
Agree 

Strongly 
Agree 

11 9 0 0 0 

13. The use of PRISE is 
feasible for creating iStar 
extensions. 

Agree Agree 3 12 5 0 0 

15. PRISE is important to 
create future iStar 
extensions. 

Agree Agree 5 10 5 0 0 

16. The iStar community 

can benefit from the usage 
of PRISE in the definition 
of their next extensions. 

Agree Agree 8 10 2 0 0 

17. PRISE can be useful 
to create my next 
extensions. 

Agree Agree 6 8 4 2 0 

 

We highlight the responses to the questions 3, 4, 5, 6, 8, 10, 13, 15 and 16 did not 

receive any disagree or strongly disagree response. We received two responses of disagree 

in Question 1 (There is a lack of process to guide the creation of new iStar extensions), 

one response in Question 2 (The proposal of a process for supporting iStar extensions is 

necessary) and two in Question 17 (PRISE can be useful to create my next extensions).  

Question 1 (There is a lack of process to guide the creation of new iStar extensions) 

has a related field to indicate the existence of the process and the participant mentioned 

that there is not a process, but the books and papers of Domain-Specific Modelling 

languages can help to propose iStar extensions. However, this participant did not point to 

an existing process. Furthermore, another participant described that each author makes 
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his/her extensions in an ad hoc way and follow some steps. However, we cannot consider 

it a process. 

Questions 7, 9 and 11 are about measuring the importance level to avoid 

inconsistencies, incompleteness and conflicts. We used a scale from 0 to 5 in these 

questions. The results of these three questions are shown in Figure 86. Question 7 (Which 

value of the scale below represents the level of contribution that PRISE can have to avoid 

the occurrence of incompleteness in iStar extensions); we received only responses 

between 3 and 5 with median 4. In Question 8 (Which value of the scale below represents 

the level of contribution that PRISE can have to avoid the occurrence of inconsistencies 

in iStar extensions), we received one response 0, one response 2, and the other 18 

responses between 3 and 5 with a median of 4. Finally, in Question 11 (Which value 

represents the level of contribution of PRISE to avoid the occurrence of conflicts in iStar 

extensions), we received one response, 2, and the other 18 responses between 3 and 5 

with a median of 4.  

 

Figure 86 – Results of PRISE validation survey of the questions 7, 9 and 11. 

Questions 12, 14 and 18 are about the difficulty level to understand, the suitableness 

of PRISE to propose future extensions and the intention in use PRISE in the next iStar 

extensions. Figure 87 shows the results of questions 12, 14 and 18. 

In Question 12 (What is the difficulty level to understand PRISE?), most of the 

participants (90%) considered the difficulty level to understand PRISE medium or easy, 

only one response pointed it is hard, and none very hard. 

In Question 14 (How suitable is PRISE to be used in the definition of the future 

iStar extensions?), most of the participants (70%) considered PRISE Very Suitable or 

Suitable. No responses pointed to it as Unsuitable or Very Unsuitable.  

In Question 18 (How will you use PRISE to propose your next extensions?), one 

(1) participant indicated the intention to use PRISE as it was proposed and nine (9) 

participants pointed out that they would use a great proportion of the tasks and artefacts 

to create their next extensions. Four (4) participants indicated that they would use few 

tasks and artefacts of PRISE, one (1) participant pointed out that nothing of PRISE would 

be used and two (2) gave other responses. The participant who selected the option would 
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not use anything of PRISE as the answer to this question explained in the open field to 

observations that the reason for selecting this option is that he/she is not planning to 

propose any new iStar extension. This response is similar to participant P2 of the 

interviews (Section 7.1.1).  

 

Figure 87 – Results of PRISE validation survey of the questions 12, 14 and 18. 

Questions 19 and 20 are about to whom PRISE can be useful and if the participants 

recommend PRISE to other researchers. The results of Questions 19 and 20 are shown in 

Figure 88. 

In Question 19 (To whom can PRISE be useful?), two (2) participants pointed out 

that PRISE is useful for experts, one (1) participant pointed it out as useful to extenders 

without experience and eleven (11) pointed to it as useful for both (experts and without 

experience).   

In Question 20, we asked the participants if they would recommend PRISE to other 

researchers. Seventy per cent of the participants answered yes and 30% answered maybe. 

We had not any No response.  
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Figure 88 – Results of PRISE validation survey of the questions 19 and 20. 

Questions 21, 22 and 23 were open. They are about the strongest points, weaknesses 

and changes/improvements/comments about PRISE.  

We synthesised the responses to Question 21 (What are the strongest points of 

PRISE?) in the following terms used by the participants: standardisation/systematic/well 

structured; pedagogical/good description of the activities; based on facts/expert feedback; 

Guidelines; Checklist; Catalogue; Concrete examples; Avoid unnecessary extensions; 

Maintain the list of extensions; Create extensions more correctly. Participant 3 pointed 

out that "The strength of PRISE is in detailing the steps and careful with the checks that 

must be performed, to maintain the integrity of the original language" (P3). 

There was a consensus in the responses of all participants pointing to the high level 

of detail/size of the process as its weakness (Question 22 – What are the weaknesses of 

PRISE?). Participant 6 made an interesting comment about the process: "The weakness 

of PRISE, on the other hand, lies in its own strength. That is, the more details it proposes, 

the more charged it gets" (P6). 

The main suggestions for changes/improvements in PRISE (Question 22 – Do you 

have any changes/improvements/comments related to PRISE?) were to create a tool to 

support/manage the usage of the process and the illustration of the instantiation of the 

process in a soft version. We considered these comments and proposed the PRISE Tool 

(see Section 5.4) and the customisation of PRISE (see Section 5.3). 

7.1.3 Final Considerations 

The two analyses of PRISE confirms the need to propose a process to support iStar 

extensions and point to the good acceptance of PRISE by the experts. Guidelines for the 

iStar community, reuse of the constructs of existing iStar extensions, the catalogue of 

iStar extensions and verification of the completeness, consistency and conflicts were 

considered important. The results point to the intention to use and recommend PRISE to 
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other researchers. It was not considered hard to use, but it was considered too detailed. 

The participants mentioned that because of this level of detail, PRISE could require more 

time to create a new extension than an extension created without the process. They 

mentioned that PRISE could benefit mainly the creation of new iStar extensions by 

novices, but the experienced researchers could gain benefit as well. 

7.1.4 Threats to Validity 

According to Kitchenham; Pfleeger (2002), there are four aspects that we need to 

consider: Criterion Validity, Construct Validity, Face Validity and Content Validity. 

The Criterion Validity is a measure of how well an instrument compares with 

another predecessor instrument. Construct Validity is the observation of how an 

instrument “behaves” when in use. It can be convergent or divergent. Face Validity is a 

superficial analysis of items by naive people, to test their understanding of it. Finally, 

Content Validity is an assessment of how appropriate the instrument looks to part of the 

participants.  

In this section, we presented the threats to validity of both studies with the experts. 

7.1.4.1 Threats to validity of the qualitative study with experts 

Criterion validity. We did not find a previous qualitative study for this purpose so 

that we could compare it with ours. It can be considered a threat to Criterion Validity. In 

the paper (BURNAY; JURETA; FAULKNER, 2014), which uses a similar method based 

on mixed methods, the authors analysed documents from previous projects. They used 

semi-structured interviews in the qualitative stage and a survey with a Likert-type scale 

of five levels.  

The documental analysis of previous iStar extensions was presented in an SLR 

presented in Chapter 3. The qualitative study of the paper (BURNAY; JURETA; 

FAULKNER, 2014) was made to confirm the findings of the documental analysis and 

identify aspects not identified in the documental analysis. Our interview script, therefore, 

has a broader scope once we have more general questions to confirm and does not bias 

the responses of the participants. 

In (GONÇALVES et al., 2019a), the authors used mixed methods to analyse the 

opinions of the researchers who proposed the existing iStar extensions about how they 

have done their extensions and what can be done to improve the next iStar extensions. 

The results of this study were presented in Section 4.2 and based on the proposal of 

PRISE, but its goal is different from ours in the study presented in this section because 

here we performed a qualitative method to validate a process, not to analyse what to do.   

Construct validity. We recorded the audio during the interviews to make feasible 

their transcription and the analysis, so we asked for permission at the beginning of the 
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interview. This information (to record the audio) could inhibit the responses of the 

participants. We mitigated this threat by informing the participants that the audio files 

and transcriptions would be maintained private and that they would be anonymous. We 

also presented a confidentiality and privacy term. 

A great number of the questions (questions 4–14) of the qualitative study asked the 

participants’ opinions about PRISE. We asked about weaknesses and the effort/difficulty 

level, for example. Thus, it would be a threat if the participants would omit their opinions 

about weakness/difficulty level. However, we received comments on these questions. 

Face validity. We tested the interview script with a computer science professor of 

the Universidade Federal do Ceará. However, he/she did not propose any iStar extension. 

We received several comments about the interview script; then, we corrected the 

interview script accordingly. 

We can consider this previous evaluation as a limitation because only one pilot 

participant performed this step. However, we mitigated this threat by asking him/her to 

evaluate again after the corrections of their comments. Again, the participant of this test 

did not propose any iStar extension but knew of and used part of the existing iStar 

extensions.  

Content validity. We performed a pilot involving one expert in iStar extensions to 

validate the interview script in the qualitative study. We also can consider this previous 

evaluation a limitation because of the small number of participants. 

We mitigated this threat to Face Validity by the validation of the interview script 

by the supervisors of this thesis. 

These factors may have led to some misunderstandings that might have been 

relevant. However, we believe that these effects are at least partially mitigated by the fact 

that each interview was conducted by two interviewers, one asking the questions while a 

second took notes. We also recorded the audio of interviews for a detailed transcription 

and analysis later. The misunderstandings and inconsistencies identified during the 

analysis of the qualitative study were discussed. When necessary, further explanations 

were sought from the participants to mitigate this threat to conclusion validity. 

We believe that the approach that we followed did mitigate this threat. 

7.1.4.2 Threats to validity of the survey with experts 

We now comment on the threats to the validity of the survey. 

Criterion validity. We did not find a previous survey for this purpose so that we 

could compare it with ours. It can be considered a threat to Criterion Validity. 

The survey of the paper (GONÇALVES et al., 2019a) aims to analyse the opinions 

of the researchers who proposed the existing iStar extensions about the main findings of 

a qualitative study. These results were presented in Section 4.3 and based on the proposal 
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of PRISE, but its goal is different from ours in this section because here we performed a 

qualitative study to validate a process, not to analyse statements of a qualitative study.   

Construct validity. We created the survey with different kinds of questions: Likert-

scale questions (1, 2, 3, 4, 5, 6, 8, 10, 13, 14, 15, 16, 17), Measure the contribution 

questions (7, 9, 11), Yes/no/maybe question (20), Open questions (21, 22, 23) and 

Specific options (12, 18, 19). Therefore, it could confuse the participants while they were 

answering. We mitigated this threat to construct validity by presenting an explanation 

about the kinds of questions at the beginning of the survey to clarify the structure of the 

survey to the participants. We did not receive any comments about it during the pilot or 

the execution.  

Face validity. The Face Validity of the survey is like the Face Validity of the 

interviews. We tested the survey with a computer science professor of the Universidade 

Federal do Ceará. However, he/she did not propose any iStar extension. We received 

several comments about the survey; then, we corrected it accordingly. 

We can consider this previous evaluation a limitation because of the small number 

of participants (1 participant). We mitigated this threat, however, by asking him/her to 

evaluate again after the corrections of their comments. 

Despite the re-evaluation, the participant of this test did not propose any iStar 

extension, although he/she knew many iStar extensions and had already used some of 

them, thus mitigating this threat. 

Content validity. We performed the pilot involving one researcher. It was done to 

test the understanding of the participant about the survey. We analysed the feedback sent 

by the participant of the pilot and applied the suggested improvements in the survey. 

During the application of the survey, we received some comments from two 

participants. We tried to mitigate these threats to Content Validity by the participation of 

two experts in iStar extensions in the development of this research, which validated the 

survey before its submission to the participants. 

7.2 Evaluation with a Novice 

We performed a case study to analyse the usage of PRISE to propose a new iStar 

extension to model safety requirements of critical systems. The purpose of the 

iStar4Safety extension is to enable the identification and insertion of safety-related 

features since the early stages of system, in particular for the integration of the preliminary 

hazard analysis – PHA – with initial modelling of system objectives using the iStar GORE 

language and the new constructs inserted by the extension: SafetyGoal, Hazard, 

SafetyTask, SafetyResource and link Obstructs. The extenders used textual stereotypes 

to represent these concepts in the iStar models, which were represented in the metamodel, 

and their meanings were presented. They illustrated the extension by modelling the 

requirements of critical software to an insulin pump and evaluated the extension by a 
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survey that pointed out that the extension is suitable and simple to use. The verification 

of inconsistencies, completeness and conflicts were performed and did not find any 

problem. The extension specification with the complete description of this extension 

proposed using PRISE is available at 

https://istarextensions.cin.ufpe.br/catalogue/publication/view/112. 

It is an important way to evaluate PRISE by the point of view of a researcher who 

used this process to create a new iStar extension. We present the characterisation of this 

qualitative study in the next paragraphs.  

[Objective] The purpose of this evaluation is to identify the point of view of a 

novice extender about PRISE. It will contribute to the evaluation of a reference process 

to guide other iStar extensions. 

[Study Design] We performed an interview to analyse the opinion of a novice in 

iStar extensions about PRISE. This study allowed us to capture valuable evidence about 

the novice’s opinion on the usage of PRISE.  

[Participant] The extension was performed by a master’s student in computer 

science from Brazil under the supervision of an expert in iStar extensions, an expert who 

proposed several extensions and has more than ten years of experience. The master’s 

student had no previous experience with iStar extensions, extensions of other modelling 

languages or with the domain concepts. She had basic knowledge about the usage of iStar, 

BPMN and UML. We interviewed the master’s student. 

[Collection Preparation] Clarification and consent terms were sent to participants 

before each interview session. Semi-structured interviews were conducted using an 

interview script with open questions. The complete version of the script of the interviews 

is available in Table 32.  

Table 32 – Interview script of the qualitative study with the novice. 

1. Why did you use PRISE? 
2. How difficult is it to understand/learn/follow PRISE? 
3. How was your experience of using PRISE? Did you use the process as it was proposed or did you make any 
changes? 
4. What do you think about the guidelines, catalogue and checklist for completeness verification and consistency 
proposed in PRISE? 
5. Imagine that PRISE did not exist or you did not use it to create this current extension and answer the following 
questions: What would be different about creating the extension? What is the impact of using / not using PRISE in 
the quality of extensions, completeness, consistency, conflicts and reuse of existing extensions? 

6. If you have to propose another extension in the future, would you use / not use PRISE? Why? 
7. If you knew someone interested in proposing a new iStar extension, what would you tell him/her about PRISE? 
8. Do you have any changes / corrections / changes related to PRISE? 
9. Is there anything else you would like to comment on your experience using PRISE? 

 

The interview script was validated by the two supervisors of this thesis. We tested 

the interview script with a computer science professor from Universidade Federal do 

Ceará. This professor did not propose any iStar extensions but has experience in 

requirements engineering and empirical research. The pilot data were not used during the 

analysis. 
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[Data Collection] The interview was conducted in Portuguese via Skype in 

November 2018. After the interview, we contacted the participant twice to clarify some 

issues that emerged during the analysis. 

[Data Analysis and Synthesis] The audio of the interview was transcribed, and the 

MAX QDA 12 (a tool used to perform qualitative analysis) was used to support the 

analysis. 

Initially, we did an intra-participant analysis (i.e., analysis in the transcription of 

the participant) to create labelled portions of text using codes. Finally, we created a 

summary of the results of this study with the main findings. 

7.2.1 Results and Discussion of the Interviews with the Novice 

This section reports the results and discussion of the interview with the proponent 

of the new iStar extension, to present the point of view about the usage of PRISE. In this 

section, we present parts of the transcriptions of the interviewees with larger indentation 

and small font or in italic type between double quotation marks.  

Initially, we asked why PRISE was used to support their new iStar extension 

proposal. The master’s student answered that her supervisor suggested it. He is an expert 

in iStar extensions and knows the existence of a stable version of PRISE process. Thus, 

her supervisor suggested the usage of PRISE as a systematic way to create the extension 

systematically and reach a high quality. The extender studied the process and concluded 

that it could help the creation of the new iStar extension. Also, we asked her about the 

difficulty level of understanding and following PRISE.  

It was not difficult to understand it, I accessed PRISE modelling available at 

the website and read the description of the tasks, gateways and artefacts. The 

diagram is well presented and well described. The video of the presentation of 

the process also contributed to the understanding. The artefacts guided the 
execution. (Novice extender). 

The mentioned video is available at https://youtu.be/_LF4u-MOsD0 (It is the same 

video cited at Section 7.1.1).   

The experience about the usage of iStar is described as follows: the process was 

used as proposed, without changes. The master’s student had no previous experience with 

the proposal of extensions or knowledge about the creation of modelling languages. 

Therefore, she did not know the steps involved in the creation of an extension. Thus, 

PRISE was cited as fundamental to supporting and arranging the step-by-step of the work 

to be done and the artefacts to be generated as a result. The PRISE tool (GONÇALVES 

et al., 2019b) was not available to be used when the extender started the extension. 

Consequently, the extender gradually filled the results the artefacts on her computer. The 

generated artefacts help to clarify the final result and to understand how the extension 
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representation was reached. Specific parts of PRISE were mentioned such as the creation 

of the metamodel, something that was unknown by her.  

The participation of an expert in iStar extensions (her supervisor) was relevant to 

avoiding the creation of an iStar extension with unnecessary constructs. Also, an expert 

in safety was contacted six times to mitigate issues about the concepts to be introduced. 

And there was no need to consult other experts on iStar extensions, given her supervisor 

is an expert in iStar extensions and that he was involved in the extension proposal. 

Modelling a system of the domain during the execution of the first sub-process helped to 

better identify the constructs involved and the relationship between them and see the need 

to create the extension (without the process, it would not performed). The catalogue of 

iStar extensions was used to better understand the existing iStar extensions and to search 

for constructs to be reused. However, there was no construct in iStar extensions to 

represent the safety concepts targeted by the new iStar extension.  

Consequently, her supervisor suggested a light-weight representation using the 

textual stereotypes and specific colours to represent the domain concepts. The checklist 

of the verification of completeness, consistency and conflicts was used, but no problem 

was identified. Thus, it was mentioned as evidence that the process is effective at avoiding 

these problems. The BPMN modelling with well-described tasks, gateways and artefacts 

were highlighted as other strong points of PRISE.  

We asked directly her opinion about the guidelines. She commented that:  

The guidelines were something important to consolidate the knowledge of the 

specialists and to facilitate the transfer of this knowledge to the beginners. It 

was impossible to have access to the information provided by the guidelines 
without them. (Novice extender). 

The master’s student tells us that she would do a lower quality extension if she had 

not used PRISE because she would not have done a great part of the tasks. According to 

her: “I would concentrate on representing the concepts graphically and show the example 

of a system modelled with the extension” (Novice extender). We can highlight an 

additional phrase cited by her: “The big number of tasks is not a problem, once they make 

possible to reach a more complete extension and with high quality” (Novice extender).  

This phrase can be related to the comment of the experts about the number of the 

tasks (see Section 7.1.1); it is evidence that the detailed specification of PRISE can help 

the inexperienced extenders to create well-done extensions. She has also mentioned that 

now she was able to give real importance to activities that she did not know at the 

beginning of the extension proposal (such as the creation of a metamodel or to do 

conservative extensions). 

She also mentioned that if PRISE did not exist she would depend on the availability 

of her supervisor to point to the steps to be followed and spend more time studying how 

to do an extension. Therefore, the process also contributed to her autonomy concerning 
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her supervisor. Additionally, the extender commented that, without PRISE, she would 

have to search constructs in the databases such as ACM, Springer, Scopus and IEE xplore. 

This task would take more time and there would be a greater chance of being unsuccessful 

than with the usage of the catalogue.  

Regarding the usage of PRISE to propose her following iStar extensions, she 

affirmed that certainly she would use it because there was a considerable gain in 

organising the work to be done while using the process to create this current extension. 

She added by saying that she could use the expertise gained during the usage of PRISE 

to create the current extension. Thus, the activities and artefacts of PRISE would be more 

familiar with the creation of a second extension. Regarding what she would say to a 

researcher interested in an opinion about the process, she commented that she would 

strongly recommend its usage:  

PRISE will point you in the right direction, to be careful to document 

everything. At the moment of defining the metamodel, you have to understand 

the concepts to be introduced. Make interactions to include the concepts 

incrementally. Do not worry initially with the graphic representations of the 

constructs. The modelling tool is very important to easier the usage of the 
extension and makes the validation viable. (Novice extender) 

Finally, we asked her about corrections or improvements to PRISE. The extender 

had some difficulties with representing the extension in the iStar metamodel, and the 

description of this task was cited as a weakness of PRISE. Therefore, we improved the 

description of this task by highlighting the guidelines of experts in iStar extensions related 

to them, made some recommendations about the iStar metamodel and pointed to some 

references about metamodelling and extension. The participant considered this new 

information enough to clarify the execution of this task.  

7.2.2 Threats to Validity  

We followed the same aspects presented in Section 7.1.4 according to Kitchenham; 

Pfleeger (2002): Criterion Validity, Construct Validity, Face Validity and Content 

Validity. 

Criterion validity. We did not find a previous qualitative study for this purpose so 

that we could compare it with ours. It can be considered a threat to Criterion Validity. We 

believe that the study has similarities with the study presented in Section 7.1.1. Thus, the 

instruments of these works have similarities and obtained satisfactory results. 

Construct validity. The novice contacted the author of this thesis during the 

creation of her extension to clarify some issues about PRISE. It could be a threat to 

construct validity if I contributed with the proposal of her extension. Thus, I tried only to 

clarify her issues about PRISE.  
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We recorded the audio during the interviews to make feasible their transcription 

and the analysis, so we asked for permission at the beginning of the interview. This 

information could inhibit the responses of the participants. We mitigated this threat 

informing the participants that the audio files and transcriptions would be maintained 

private and they would be anonymous. We also presented a confidentiality and privacy 

term. 

We translated the analysis of the interview from Portuguese to English. We could 

have chosen inaccurate terms accidentally during the translation and introduced a kind of 

bias then, i.e., during the translation, or in the analysis.  We mitigated this threat asking 

the novice extender about the text with the final results of this study. 

Face validity. We tested the interview script with one, a computer science professor 

of the Universidade Federal do Ceará. However, he/she did not propose any iStar 

extension. We received several comments about the interview script; then, we corrected 

the interview script accordingly. 

We can consider this previous evaluation as a limitation because one unique pilot 

participant performed this step. However, we mitigated this threat by asking him/her to 

evaluate again after the corrections of their comments. 

Content validity. PRISE was not yet published, and as a consequence, few 

researchers knew about it. We did not identify other novices using PRISE at this moment. 

Consequently, we were not able to test it with another novice extender. We believe that 

in the future, after the publication of a paper which presents PRISE, more researchers will 

use it and we can replicate this analysis. 

7.3 Chapter Summary 

This chapter presents the evaluation of PRISE. The evaluation of the process 

followed a static approach to collect the opinions of the experienced extenders about this 

process and a dynamic approach to collect the opinions of a novice about the usage of 

this process.  

We presented the results of mixed methods based on interview and survey which 

aimed to analyse the point of view of the experienced extenders about PRISE process. 

The participants of the interviews pointed out to the lack of a process and the need to 

propose something capable of systematising the proposal of the next iStar extensions. 

They indicated some strong points of PRISE such as the reuse of iStar extensions and the 

verifications to avoid common mistakes. They also showed some weaknesses, such as the 

need to keep the catalogue up to date. In general, PRISE was well evaluated by the 

participants. The survey also gives a positive evaluation of PRISE process, although we 

have received some neutral and negative answers, which are expected.  
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The results of the interview of the case study with the novice point to PRISE being 

easy to understand and useful in many moments during the proposal of this new iStar 

extension.  
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8 DISCUSSION, CONCLUSIONS AND FURTHER RESEARCH 

Goal-oriented modelling is one of the most important research developments in the 

RE field (FRANCH et al., 2011). iStar is an important goal-based ML proposed in 1995 

by Eric Yu. The increasing usage of this ML made it necessary to adjust the language for 

specific needs, so the first iStar extension was created in 2001, six years after its proposal.   

The proposal of iStar extensions has been steadily increasing (GONÇALVES et at., 

2017). However, many problems were identified which impact on their quality, according 

to the definitions of Lindland; Sindre; Solvberg (1994) and semiotic clarity principle 

(MOODY, 2009). The analysis of existing iStar extensions and interviews with 

experienced extenders points to the fact that a process for supporting the proposal of iStar 

extensions can increase their quality. 

Thus, we are interested in understanding how iStar extensions were proposed, 

which has been occurring since 2001. We identified the mean of 10 iStar extensions 

published by year during period from 2010 to 2016. It shows the interest of the iStar 

community in this theme. Initially, an informational phase was developed by a literature 

investigation about iStar and ML development and quality. Next, an SLR was performed 

to identify the existing iStar extensions, how they have been performed as well as to 

explore the problems in their proposals. The SLR revealed an increasing interest of the 

iStar community in proposing iStar extensions. However, we identified that many 

problems have been occurring in the iStar extensions proposal, such as incompleteness, 

inconsistencies and conflicts. Motivated by the results of this SLR, we contacted 

experienced extenders of iStar to clarify some questions and identify their point of view 

of iStar extensions proposition.  

Furthermore, we started the analytical phase of this thesis by a qualitative study 

with experts to understand how the iStar extensions are proposed and how to improve the 

next proposals. The results of these steps show that iStar extensions have been proposed 

in an ad hoc fashion. We identified that the researchers created iStar extensions in 

different ways, and frequently some important aspects are neglected such as the definition 

of abstract syntax, checks on consistency and search of existing extensions. We identified 

a set of factors and categories that contribute to the iStar extensions’ development. We 

summarised the main findings as statements which were submitted to another set of 

extenders to evaluate their importance by a survey. The statements considered important 

were merged and some guidelines were proposed.  

Finally, we created a PRocess to support IStar Extensions (PRISE). It is based on 

concepts of ML development, quality of models (LINDLAND; SINDRE; SOLVBERG, 

1994) and semiotic clarity principle (MOODY, 2009), works such as Franch et al. (2011), 

the opinions of iStar experts in iStar extensions (Qualitative study) and the analysis of 

existing iStar extensions (SLR of iStar extensions). This process intends to support the 
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proposal of iStar extensions in accordance with the recommendation of the iStar 

community, considering the reuse of existing iStar extensions and taking care with the 

completeness, consistency and absence of conflicts. It is also based on a catalogue of iStar 

extensions to ease the identification of existing iStar extensions and their constructs.  

We proposed a new iStar extension to validate PRISE. The evaluation of PRISE 

involved a qualitative and quantitative study based on interviews and survey with experts 

in iStar extensions. Also, we performed a case study with a novice who used PRISE to 

propose a new iStar extension. The results of the validation and evaluation consider the 

process useful to propose iStar extensions and avoid the problems. 

Therefore, we think that our PRISE could be used in the proposal of next iStar 

extensions. This process may be useful for beginners who are having difficulty creating 

an extension, useful for facilitating the exchange of expertise and for good practices 

between the research groups. We consider that PRISE can help to reduce the occurrence 

of problems in iStar extension proposals, thus increasing the quality of them.  

In the next sections, we presented the answers to the research questions presented 

in Section 1.3. We also discussed the contributions, limitations and further research of 

this thesis by reflecting on the results. 

8.1 Answering the Research Questions 

The following subsections present the discussion about the research questions 

presented in Section 1.3. 

RQ1: What are the existing iStar extensions? The initial work of this thesis is an 

SLR that answers this question. We identified 96 iStar extensions. The analysis of these 

extensions identified the main application areas targeted, the top authors of the papers 

(experts), the hierarchy of these extensions, and the evolution of the proposals. These 

results present a general overview of the existing extensions.  

RQ2: How have the iStar extensions been proposed? We analysed how the 

abstract and concrete syntax of the identified extensions were performed. We have found 

a set of problems of consistency, completeness and conflicts which motivated us to 

propose a way to support the proposal of the iStar extensions. The experienced extenders 

were interviewed and revealed that they perform the extensions without guidance. 

RQ3: What can be done to improve the quality of future iStar extensions 

proposals? The experienced extenders pointed out a set of actions that can contribute to 

the proposal of iStar extensions such as engagement of iStar experts, participation of 

domain experts, reuse of existing extensions, literature reviews, and trying to use the 

original iStar to model a system before the extension proposal to avoid the proposal of 

unnecessary extensions. 

Also, they pointed out as relevant contributions the creation repository of iStar 

extensions to facilitate their identification, the proposal of extension mechanisms, and a 
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way to check the consistency between the abstract and concrete syntaxes. The final result 

is a set of guidelines which can be used to facilitate the proposal of the next iStar 

extensions.   

RQ4: How can a process be designed to support the proposal of iStar 

extensions more completely, consistently and without conflicts? We proposed PRISE, 

a process to support iStar extensions completely, consistently and without conflicts. We 

modelled this process in a detailed way, presenting the description of each task and 

artefact to be used to give guidance of the proposal of iStar extensions.  

PRISE has the following main highlights which are based on previous studies of 

this thesis: the use of a catalogue of iStar extensions, guidelines of the experts in iStar 

extensions, consulting experts in iStar extensions when necessary, the use of extension 

mechanism, and a quality assurance task with a checklist of verification of completeness, 

consistency and conflicts. 

RQ5: What is the effect of using this process to propose iStar extensions? 

PRISE was used to propose a new iStar extension to model rational agents. It was also 

used by a novice to propose a new iStar extension to model safety requirements. PRISE 

can be considered valid to support new iStar extensions avoiding problems. The effect of 

using the process to create new extensions is the high quality of the extensions proposed.   

RQ6: What is the perceived usefulness, ease of understanding and intention to 

use/ease of use of the proposed process? This process was evaluated by experienced 

users and by a novice and was considered useful to support the proposal of iStar 

extensions. 

8.2 Contributions 

We hope that PRISE represents a way to create iStar extensions in a systematic way 

to propose quality extensions, thus avoiding problems of incompleteness, inconsistencies 

and conflicts. We present the main contributions of this thesis. 

Identification of the iStar extensions. The identification of papers that present 

iStar extensions was made by an SLR. It is useful to give a general overview of the iStar 

extensions and can be a starting point to the next analysis of these works. The compilation 

of these papers allowed the identification of a ranking of researchers with more iStar 

extensions, classification of the extensions and identification of their hierarchy. 

Guidelines about iStar extensions which join the knowledge of the experienced 

extenders. The knowledge of the experienced extenders in iStar extensions about this 

theme is used by their groups but there was not a compilation to join them in a unified 

document. Thus, we created a set of nine guidelines which join the recommendations of 

experienced extenders to be shared with the scientific community and to be followed in 

the proposal for the next iStar extensions.  
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Creation of quality extensions. PRISE is the main contribution of this thesis. It is 

a well-documented and detailed process to support extension with quality which joins the 

other results such as the list of experts, catalogue of iStar extensions, guidelines of the 

experts, the use of extension mechanism and the usage of the support tool. This process 

was evaluated and validated, and we concluded that it can be used to propose extensions 

without incompleteness, inconsistencies and conflicts. Two iStar extensions were created 

using PRISE (to model rational agents and iStar4safety) and the quality of these 

extensions was identified in the final verification.  

Tool support. We created two software tools to support the usage of PRISE: A 

catalogue of iStar extensions (GONÇALVES et al., 2018b) (GONÇALVES et al., 2018c) 

available at istarextensions.cin.ufpe.br/catalogue and the PRISE Tool (GONÇALVES et 

al., 2019b) available at istarextensions.cin.ufpe.br/prisetool. The main features of these 

tools were discussed in sections 3.6 and 5.4. These tools help the identification of iStar 

extensions and their constructs and the management of the proposal of next iStar 

extensions based on PRISE. The catalogue can be used not only in the context of an 

extension proposal but also to identify extensions to be used to model requirements of a 

specific application area. 

An iStar extension to model Multi-Agent Systems. We used PRISE to propose a 

new iStar extension to support the modelling of requirements of MAS with rational 

agents. We illustrated the use of this extension with the modelling of an MAS to distance 

education, an MAS developed and implemented in a university and a company offering 

distance education courses. 

8.3 Limitations 

Our approach, presented in this thesis, has a set of limitations. The scope of this 

work does not involve variations of iStar joined with another existing modelling 

language, URN (User Requirements Notation) (AMYOT; MUSSBACHER, 2011). This 

kind of work is part of the scope of the work of Franch et al. (2011). 

Additional steps can be performed after an extension proposal such as the 

transformation model-to-model (to transform the models of the extension to models in 

another level), code generation (from the models to a programming language) and use of 

reasoning techniques to identify extra information from the models. Reasoning 

techniques about models are additional contributions frequently found in papers that 

extend iStar. Reasoning approaches are independent of extension creation and have been 

used to analyse and extract information from models created with the original iStar as 

well. Therefore, our research focuses on the creation of the iStar extension. This 

complementary contribution is part of further research.  

One recommendation of the experts (Guideline G9) is to propose graphical 

representations that are easy to draw and would keep the look and feel with the iStar 
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default symbols, that is, abstract and simple geometric drawings. This is a relevant 

recommendation and has been occurring in existing iStar extensions but has an impact on 

the application of the Cognitive fit, Perceptual discriminability, Visual expressiveness 

and Semantic transparency (MOODY, 2009). It reduces the expressiveness in comparison 

with the proposal of symbols in a free way without restrictions. However, we think this 

guideline is necessary since its context is the proposal of symbols to iStar extensions, not 

the proposal of symbols to the default syntax of a modelling language. Furthermore, we 

believe that it is possible to produce graphical representation according to this 

recommendation and with good evaluation by the users (see Section 6.4). 

8.4 Further Research 

There are some directions that can be explored in the future, including these five: 

Keep the catalogue updated: this is a challenge because it is a collaborative work 

and sometimes the proposed extensions can be proposed without being added to the 

catalogue. We described in the tasks of PRISE that using the catalogue should be 

complemented by a search in databases between the last update of the catalogue and the 

current date. It can help the extenders to consider the new extensions not available in the 

catalogue. We consider that performing an update of the of the SLR and the catalogue 

periodically (every five years) can help the extenders to identify these new extensions. 

Thus, we will perform an update of the SLR and catalogue periodically. 

Analysis of the iStar extensions considering others of MOODY’s principles. 

We intend to analyse the existing iStar extensions considering the other principles of 

Moody’s theory and compare these with the extensions proposed with PRISE.  

Creation of new iStar extensions based on PRISE: we presented the evolution of 

the proposals of iStar extensions in Section 3.2. This result points out that the proposals 

have been increasing in recent years. Thus, further research involves the proposal of new 

iStar extensions to support the modelling of various domains/application areas or 

practical aspects. 

Analyse the usage of PRISE considering more works: We believe that the 

adoption of PRISE by the community is a great challenge of this work. We performed 

presentations about this research at some conferences and to research groups and involved 

the iStar community during all the development of this thesis. Thus, we intend to contact 

these groups and map the proposal of next extensions, suggest the usage of PRISE and be 

available to contribute during proposals. We intend to analyse the usage of PRISE to 

propose extensions in a couple of years and make improvements to PRISE based on the 

usage. 

Supporting the reasoning approaches in iStar extension models: This thesis 

focused on the proposal of a process to support iStar extensions. As mentioned in a 

limitation, this process does not focus on supporting the creation of reasoning approaches 
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related to the iStar extensions. We believe that works to support the proposal of reasoning 

approaches in iStar models can be useful to support this complementary approach related 

to iStar models.  

Generalisation of the results to other modelling languages: It seems that the 

guidelines of iStar extensions and PRISE could be used by extenders of other modelling 

languages such as KAOS, NFR or UML because part of their tasks and artefacts, such as 

the idea of to create a metamodel the concrete syntax among others, are generic enough.  

However, the analyses of the previous extensions and the interviews and surveys, 

on which was based the proposal of the guidelines and PRISE, considered the opinion of 

the iStar extenders, that is, we considered the context of iStar extensions. We validated 

and evaluated the usage of PRISE in the context of iStar. Therefore, we do not have any 

evidence that the guidelines and the process are suitable for other modelling languages. 

We did not investigate if there are other guidelines that make sense in communities of 

extenders of other modelling languages and if all of these guidelines make sense to the 

extenders of the other communities. Furthermore, it is necessary to perform some 

adjustment to specificities of each other’s modelling language such as a specific catalogue 

for each one, the verification of their specific nodes and links and the list of the experts 

on their extensions. 

We recognise that this is a great challenge and a huge scope that we will target as 

further research. We intend to make SLRs about the extensions of these other modelling 

languages and conduct a mixed-methods study with extenders of these modelling 

languages. The results of these studies will be used to adapt PRISE to them and 

evaluate/validate it in these new contexts.  

 

 

 



210 
 
 

REFERENCES 

ADRION, W. R. Research Methodology in Software Engineering. Summary of the 

Dagstuhl Workshop on Future Directions in Software Engineering Ed. Tichy, 

Habermann, and Prechelt, ACM Software Engineering Notes, SIGSoft. v 18, n 1. 1993. 
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APPENDIX A - COMPLEMENTARY MATERIAL OF SLR OF ISTAR 

EXTENSIONS 

In this appendix, we present the complementary material of the SLR (Chapter 3). 

We present the string search (Table 33) and data collection procedures (Table 34).  

Table 33 – List of database and string search.  

Database String Search 

ACM 

acmdlTitle:((TROPOS OR "i*" OR istar OR i-star OR eye-star OR "Goal-oriented Requirement 

Language (GRL)" OR "Goal-oriented Requirements Language (GRL)") AND (requirements OR 
modeling OR modelling) AND ("Goal modeling" OR "Goal modelling" OR goal-oriented) AND 
(extension OR extended OR extends OR extensibility OR patterns OR profile)) OR 
keywords.author.keyword:((TROPOS OR "i*" OR istar OR i-star OR eye-star OR "Goal-
oriented Requirement Language (GRL)" OR "Goal-oriented Requirements Language (GRL)") 
AND (requirements OR modeling OR modelling) AND ("Goal modeling" OR "Goal modelling" 
OR goal-oriented) AND (extension OR extended OR extends OR extensibility OR patterns OR 
profile)) OR recordAbstract:((TROPOS OR "i*" OR istar OR i-star OR eye-star OR "Goal-

oriented Requirement Language (GRL)" OR "Goal-oriented Requirements Language (GRL)") 
AND (requirements OR modeling OR modelling) AND ("Goal modeling" OR "Goal modelling" 
OR goal-oriented) AND (extension OR extended OR extends OR extensibility OR patterns OR 
profile)) 

EI 

Compendex 

(((Tropos OR "i*" OR istar OR i-star OR eye-star OR "Goal-oriented Requirement Language 
(GRL)" OR "Goal-oriented Requirements Language (GRL)") AND (requirements OR modeling 
OR modelling) AND ("Goal modeling" OR "Goal modelling" OR goal-oriented) AND 
(extension OR extends OR extended OR extensibility OR patterns OR profile)) WN KY) 

IEEE Xplore 

((Tropos OR istar OR "Framework i" OR i-star OR eye-star OR "Goal-oriented Requirement 
Language (GRL)") AND (requirements OR modeling OR modelling) AND ("Goal modeling" 
OR "Goal Modelling" OR goal-oriented) AND (extension OR extends OR extended OR 
extensibility OR patterns OR profile)) 

Science 

Direct 

tak((Tropos OR “i*” OR istar OR i-star OR eye-star OR "Goal-oriented Requirement Language 
(GRL)") AND (requirements OR modelling OR modeling) AND (“goal modeling” OR “goal 
modelling” OR goal-oriented) AND (extension OR extends OR extended OR extensibility OR 

patterns OR profile)) 

SCOPUS 

TITLE-ABS-KEY ((Tropos OR "i*" OR istar OR i-star OR eye-star OR "Goal-oriented 
Requirement Language (GRL)" OR "Goal-oriented Requirements Language (GRL)") AND 
(requirements OR modelling OR modeling) AND ("Goal modeling" OR "Goal modelling" OR 
goal-oriented) AND (extension OR extends OR extended OR extensibility OR patterns OR 
profile)) 

ISI Web of 

Science 

TS=(((Tropos OR "framework i*" OR istar OR i-star OR eye-star OR "Goal-oriented 
Requirement Language (GRL)") AND (requirements OR modelling OR modeling) AND ("Goal 
modeling" OR "Goal modelling" OR goal-oriented) AND (extension OR extends OR extended 
OR extensibility OR patterns OR guidelines OR profile))) 

Springer 

((Tropos OR "framework i" OR istar OR i-star OR eye-star OR "Goal-oriented Requirement 
Language (GRL)" OR "Goal-oriented Requirements Language (GRL)") AND (requirements OR 
modelling OR modeling) AND ("Goal modeling" OR "Goal modelling" OR goal-oriented) AND 
(extension OR extends OR extended OR extensibility OR patterns OR profile)) 
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Table 34 – List of database and steps to filter. 

Database Steps to Filter 

ACM 

1. In main page, paste the string search into search field and click in search button; 

2. In page of search results, Refine by publication year and change the field Set the 

published since to 1990. 

EI Compendex 

1. In main page, select Expert Search and paste the string search into search field. Change 

the initial date to 1990 in Limit to field and click in search button; 

2. In page of search results, refine results by Language (select English) and Document 

type (select Conference article e Journal article). Click in Limit to button. 

IEEE Xplore 

1. In main page, select Advanced search and in next page select Command search.  

2. Paste de string seach; 

3. Click in search button. 

Science Direct 

1. In main page, select Advanced search and in next page select Expert search; 

2. Paste de string seach; 

3. Select the Computer Science and Engineering and limit the inicial year to 1990;  

4. Click in search button. 

SCOPUS 

1. In main page, select Advanced Search and paste the string search into search field; 

2. Click in search button; 

3. In page of search results, refine results by Year (Select years >= 1990) Subject area 

(Select Computer Science and Engineering), Document type (Select Conference paper, 

Article and Book chapter) and Language (Select English); 

4. Click in Limit to button. 

ISI Web of 

Science 

1. In main page, select Advanced search in arrow up to string search field; 

2. In next page, paste the string search into search field; 

3. Select English option in Languages, select Article and Book chapter in Document 

type and set the initial date to 1990 in Timespan; 

4. Click in search button. 

Springer 

1. In main page, paste the string search into search field and click in search button; 

2. In page of search results, set the fields of Date published (initial date to 1990) and click 

in related button. In Language, select English. In Content type, select Article and 

chapter. In Discipine, select Computer science (Engineering is not showed after select 

Article in Content type). 

 

We have a comment about the search process: The search was done in three steps. 

Initially, a search was made on January 30, 2016. One second search was performed on 

September 14, 2016, to update the SLR with the papers published in the period between 

two searches. The third search was performed in February 2017 to analyse other papers 

published in 2016 and include some terms to String search. 

Next, the results of quality assessment are shown in Table 35. 
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Table 35 – List of selected papers with quality scores and citations.  

Id QAC1 QAC2 QAC3 QAC4 QAC5 QAC6 QAC7 QAC8 Total 

Score 
Qual. Cit. 

1 1 1 1 1 1 0 1 1 7 87.5% 2 

2 1 1 1 0.5 0.5 0 0.5 0.5 5 62.5% 10 

3 1 0.5 1 0.5 0.5 0 0.5 0.5 4.5 56.25% 23 

4 1 1 1 0.5 0.5 0 1 0.5 5.5 68.75% 25 

5 1 0.5 1 0.5 1 0 0.5 0 4.5 56.25% 6 

6 1 1 1 1 1 0 1 0.5 6.5 81.25% 37 

7 1 1 1 0.5 0.5 1 1 0.5 6.5 81.25% 132 

8 1 1 1 1 1 1 1 1 8 100% 1 

9 1 1 1 1 1 0 1 0.5 6.5 81.25% 130 

10 1 1 1 0.5 1 1 0.5 0 6 75% 20 

11 1 1 1 1 1 1 1 1 8 100% 67 

12 1 1 1 0.5 0.5 0 1 0.5 5.5 68.75% 0 

13 1 1 1 0.5 0.5 1 1 0.5 6.5 81.25% 23 

14 1 1 1 0.5 0.5 0 1 1 6 75% 13 

15 1 1 1 0.5 0.5 1 1 0.5 6.5 81.25% 1674 

16 1 0.5 1 0.5 0.5 0 0.5 0 4 50% 6 

17 1 1 1 1 1 1 1 0.5 7.5 93.75% 4 

18 1 1 1 1 0.5 0 1 1 6.5 81.25% 10 

19 1 1 1 0.5 0.5 1 1 0.5 6.5 81.25% 52 

20 1 0.5 0.5 0.5 1 0 0.5 0 4 50% 0 

21 1 1 1 0.5 1 0 0.5 0.5 5.5 68.75% 1 

22 1 1 1 0.5 1 0 1 0.5 6 75% 26 

23 1 1 1 0 1 0 0.5 0.5 5 62.5% 11 

24 1 1 1 1 0 0 1 1 6 75% 2 

25 1 1 1 0.5 1 0 0 0 4.5 56.25% 0 

26 1 1 1 1 1 0 0.5 0.5 6 75% 2 

27 1 1 1 1 1 0 1 0.5 6.5 81.25% 75 

28 1 0.5 1 1 1 1 0.5 0.5 6.5 81.25% 1 

29 0 1 1 0 1 0 0.5 0.5 4 50% 11 

30 1 0.5 1 1 0.5 0 0.5 0.5 5 62.5% 9 

31 1 1 1 0.5 1 0 0.5 0.5 5.5 68.75% 38 

32 1 1 1 0 1 0 0.5 0.5 5 62.5% 27 

33 1 0.5 1 0.5 0.5 0 0.5 0.5 4.5 56.25% 11 

34 1 1 1 1 1 1 0.5 0 6.5 81.25% 1 

35 1 1 1 0.5 0.5 0 1 1 6 75% 10 

36 1 1 1 1 1 1 0.5 0.5 7 87.5% 0 

37 1 1 1 1 0 0 1 0.5 5 62.5% 0 

38 1 1 1 0.5 1 0 0.5 0 5 62.5% 202 

39 1 1 1 1 0.5 1 0.5 0.5 6.5 81.25% 75 

40 1 1 1 1 1 0 1 05 6.5 81.25% 123 

41 1 1 1 0.5 0.5 1 1 0.5 6 75% 0 

42 1 1 1 0.5 1 0 1 0.5 6 75% 0 

43 1 1 1 0.5 0.5 0 1 1 6 75% 0 

44 1 1 0.5 0.5 0.5 1 1 1 6.5 81.25% 0 

45 1 0.5 1 0.5 1 0 1 1 6 75% 36 

46 1 1 1 1 1 1 1 0.5 7.5 93.75% 13 

47 1 1 1 1 1 0 0.5 0.5 6 75% 11 

48 1 0.5 1 1 1 0 0.5 0 5 62.5% 2 

49 1 1 1 1 1 1 1 0.5 7.5 93.75% 8 

50 1 0.5 0.5 1 1 0 1 0.5 5.5 68.75% 103 

51 1 1 1 0.5 0.5 0 0.5 0.5 5 62.5% 14 

52 1 1 1 1 1 0 0.5 0 5.5 68.75% 45 

53 1 1 1 1 0.5 0 0.5 0 5 62.5% 0 

54 1 1 1 1 0.5 1 1 1 7.5 93.75% 1 

55 1 1 1 0.5 1 1 1 0.5 7 87.5% 5 

56 1 1 1 0.5 0.5 1 0.5 0.5 6 75% 149 

57 1 1 1 1 1 1 0.5 0.5 7 87.5% 8 

58 0 1 1 0.5 1 0 0.5 0 4 50% 5 

59 1 1 0.5 1 1 1 1 0.5 7 87.5% 44 

60 1 1 1 0.5 0.5 0 1 0 5 62.5% 385 
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61 1 1 1 1 1 1 1 1 8 100% 7 

62 1 0.5 1 0.5 0 0 0.5 0.5 4 50% 1 

63 1 0.5 1 1 0.5 0 0.5 0 4.5 56.25% 2 

64 1 1 1 0.5 1 0 1 0.5 5.5 68.75% 0 

65 1 1 1 1 1 1 1 0.5 7.5 93.75% 6 

66 1 1 1 1 0.5 1 0.5 0 6 75% 3 

67 1 1 1 1 0.5 1 1 1 7.5 93.75% 0 

68 1 1 1 1 1 0 1 0.5 6.5 81.25% 8 

69 1 1 1 1 1 0 1 0.5 6.5 81.25% 0 

70 1 1 1 0.5 1 0 0.5 0.5 5 62.5% 7 

71 1 1 1 0.5 1 0 0.5 0.5 5.5 68.75% 2 

72 1 1 1 1 1 1 1 1 8 100% 0 

73 1 1 1 1 1 1 0.5 0.5 7 87.5% 219 

74 1 1 0.5 1 1 1 0.5 0.5 6.5 81.25% 45 

75 1 1 0.5 1 0.5 0 1 1 6 75% 2 

76 1 1 1 1 0.5 1 1 1 7.5 93.75% 13 

77 1 1 1  0.5 0 0.5 0.5 4.5 56.25% 0 

78 1 0.5 1 0 0.5 1 0.5 0 4.5 56.25% 9 

79 1 1 1 0.5 0.5 0 1 1 6 75% 27 

80 1 1 1 0.5 0.5 0 0.5 0.5 5 62.5% 0 

81 1 0.5 0.5 1 0.5 0 0.5 0.5 4.5 56.25% 2 

82 1 1 1 1 0.5 0 1 1 6.5 81.25% 0 

83 1 1 1 0.5 0.5 0 1 1 6 75% 0 

84 1 0.5 1 1 0.5 0 0.5 0.5 5 62.5% 3 

85 1 1 1 0.5 0.5 0 0.5 0.5 5 62.5% 6 

86 1 1 1 1 1 1 1 0.5 7.5 93.75% 22 

87 1 1 1 1 0 0 0.5 0.5 5 62.5% 44 

88 1 1 1 0.5 1 0 0.5 0.5 5.5 68.75% 35 

89 1 1 1 1 1 0 0.5 0.5 6 75% 19 

90 1 1 0.5 0.5 0.5 1 0.5 0 5 62.5% 30 

91 1 1 1 1 1 0 0 0 5 62.5% 0 

92 1 1 1 0.5 1 0 1 0.5 6 75% 22 

93 1 1 1 0.5 1 1 1 1 7.5 93.75% 38 

94 1 1 1 0.5 0.5 0 1 0.5 5.5 68.75% 5 

95 1 1 1 0.5 0.5 0 1 1 6 75% 0 

96 1 1 1 0.5 0.5 0 0.5 0.5 5 62.5% 34 

Average                                                                                                                                 5.90         73.83%       44.79 
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Following, we present a set of eight tables (Table 36, Table 37, Table 38, Table 39, 

Table 40, Table 41, Table 42 and Table 43) with the classification of the papers of the 

SLR for each research question. The references to the selected papers in SLR are shown 

in sequence. 

Table 36 – Application areas and paper classification. 

Application area Papers 

Adaptive Systems 53 and 72 

Agents 14, 15, 17, 18,  19, 32, 36, 39, 42, 45, 51, 73 and 76 

Aspects 2, 3 and 13 

Assumptions 95 

Autonomic Systems 50 

Conflicts 20 

Collaborative Systems 92 

Context 4, 6, 7, 8, 41, 52, 55, 56, 67, 76 and 84 

Commitments 19 and 22 

Compliance 46 and 48   

Database/ Data warehouse 29, 40 and 65  

Dependability 67 and 70 

Derivation of Statechart  78 

Desiree 54 

Evaluation 9, 24 and 44 

Gamification 80 

Intelligent Environments 43 

Law 33, 46, 47, 81, 87 and 88  

Measurable Requirements 37 and 68 

Mobile Systems 5 

Multi-Objective Risk 12 

Norms 86 

Organisational/Business Process 20, 21, 23, 25, 28, 30, 31, 61, 62, 63, 64, 69, 70, 84, 79, 94 and 96  

Performance Features 16 and 85 

Preferences 57 and 59  

Quality Requirements 36, 37 and 41  

Robotic Systems 71 and 83 

Risks 11 

Safety 34 

Scenario 16 

Security/Privacy/Vulnerability  19, 22, 25, 27, 35, 36, 38, 39, 49, 55, 60, 66, 73, 74, 75 and 82 

Services 41 and 70  

Software Product Lines 10, 26, 66, 85 and 89  

Sustainability 77 

Time Features 58 

Trust 31, 35, 82, 90 and 91 

Variability 5, 52, 56, 57 and 85  

Web Systems 1 and 93 
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Table 37 – Identification of papers by reasoning techniques. 

Classification Papers 

Logic-based 5, 6, 11, 19, 21, 22, 24, 27, 29, 31, 32, 34, 35, 36, 37, 38, 39, 40, 44, 47, 

49, 50,  54, 56, 57, 67, 69, 72, 73, 76, 82 and 87  
Mathematical Function/Formula 9, 12, 37, 74, 77, 79, 85 and 96  

Algorithm 8, 26, 41, 46, 48, 66 and 94 

Algorithm and Logic-based 7, 45, 51, 52, 53 and 88  

 

Table 38 – Identification of papers by presentation of concepts involved in extensions. 

Classification Papers 

Definition Present 4, 5, 6, 7, 8, 10, 11, 12, 15, 19, 20, 21, 26, 27, 28, 29, 34, 36, 38, 40, 41, 44, 45, 49, 

51, 52, 54, 55, 56, 57, 59, 61, 62, 64, 65, 66, 68, 71, 70, 72, 73, 75, 76, 77, 81, 83, 

84, 85, 86, 88, 90, 91, 93, 94 and 95 

Definition Partially Present 2, 3, 13, 14, 16, 17, 18, 22, 23, 24, 25, 30, 31, 33, 39, 42, 43, 46, 47, 48, 50, 53, 

58, 63, 67, 69, 74, 78, 79, 80, 82, 87, 89, 92 and 96 

Definition Not Present  1, 9, 32, 35 37 and 60 

 

Table 39 – Identification of papers by level of extension. 

Level Papers 

Concrete 
Syntax 

2, 3, 5, 6, 7, 8, 10, 13, 14, 16, 17, 18, 20, 22, 25, 28, 31, 32, 34, 35, 38, 39, 40, 42, 43, 44, 45, 

48, 50, 51, 52, 55,  56, 57, 58, 59,  60, 62, 63, 64, 69, 71, 73, 76, 77, 78, 79, 80, 81,82, 83, 85, 
86, 90, 91, 92, 93, 94, 95 and 96  

Abstract 
Syntax 

4 

Both 1, 9, 11, 12, 15, 19, 21, 23, 24, 26, 27, 29, 30, 33, 36, 37, 41, 46, 47, 49, 53, 54, 61, 65, 66, 67, 
68, 70, 72, 74, 75, 84, 87, 88 and 89  

 

Table 40 – Identification of selected papers by completeness in metamodels related to iStar concepts. 

Classification Papers 

Complete 9, 11, 15, 27, 29, 33, 65 and 70 

Incomplete Absence of Nodes 66, 72 and 84  

Absence of Links 24, 53, 61, 68 and 89,  

Absence of Nodes and 
Links 

1, 4, 12, 19, 21, 23, 26, 30, 36, 37, 41, 46, 47, 49, 54, 67, 74, 
75, 87 and 88 

 

Table 41 – Identification of selected papers by compatibility between metamodel and concrete syntax. 

Classification Papers 

Compatible 1, 9, 12, 15, 19, 21, 24, 26, 27, 30, 33, 36, 37, 
41, 54, 65, 66, 67, 70, 75, 87 and 89  

Incompatible Representation in Abstract Syntax 
without Representation in Concrete 

Syntax 

11, 29, 49, 72 and 74 

Representation in Concrete Syntax 
without Representation in Abstract 
Syntax 

47, 61, 68, 84 and 88 

Both 23, 46 and 53  
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Table 42 – Identification of selected papers by kind of construct proposed. 

Kind of Construct Proposed Papers 

Only Nodes 1, 8, 10, 11, 12, 16, 24, 30, 33, 37, 41, 44, 64, 54, 60, 61, 62, 63, 68, 

72, 75, 77, 79, 80, 84, 85, 86, 91, 93 and 95 

Only Links 5, 13, 14, 15, 17, 21, 34, 35, 36, 38, 39, 54 and 96  

Nodes and Links 2, 3, 6, 7, 9, 18, 19, 20, 22, 23, 25, 26, 27, 28, 29, 31, 32, 40, 42, 43, 
45, 46, 47, 48, 49, 50, 51, 52, 53, 55, 56, 57, 58, 59, 65, 66, 67, 69, 71, 

73, 74, 76, 78, 81, 82, 83, 87, 88, 89, 90, 92 and 94 

 

Table 43 – Papers classification of tool definition. 

Result Papers 

Works With Tool 
Support 

1, 2, 3, 8, 9, 10, 11, 12, 14, 15, 24, 26, 30, 31, 32, 33, 36, 37, 38, 39, 40, 49, 51, 52, 54, 

55, 57, 61, 64, 67, 68, 71, 72, 73, 74, 78, 81, 82, 83, 85, 86, 89, 92 and 94 

Works Without Tool 
Support 

5, 6, 7, 13, 16, 17, 18, 19, 20, 21, 22, 23, 25, 27, 28, 29, 34, 35, 41, 42, 43, 44, 45, 46, 
47, 48, 50, 53, 56, 58, 59, 60, 62, 63, 65, 66, 69, 70, 75, 76, 77, 79, 80, 84, 87, 88, 90, 

91, 93, 95 and 96  

 

References to iStar Extensions 

1. Aguilar, J. A., Zaldíva, A., Tripp, C., Misra, S., Sánchez, S., Martínez, M., Garcia, 
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Framework. 14th International Conference on Computacional Science and Its 
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APPENDIX B - INTERVIEW SCRIPT, DATA AND SCRIPT OF STATISTIC 

ANALYSIS 

In this appendix, we present the complete version of the interview script used to 

perform the qualitative study presented in Section 4.2. We also show the data and script 

of the survey presented in Section 4.2.5. 

 

Interview Script 

This is the complete interview script used to conduct the interviews. It is composed 

of 11 questions structured in four parts.  

Part 1. Profile – pre-survey  

 What is your current occupation (Professor/Researcher/Developer)? 

 How many years of experience do you have using iStar? 

 We identified the following iStar extensions proposed by you. (Show the list of 

iStar extensions of author identified). Are there any extensions to IStar done by 

you that we have not mentioned? 

Part 2. Experience on iStar and Extensions 

1. Based on your experience, what is extending a modelling language? 

2. How would you describe the process followed in the creation of your extension(s)? In 

other words, what were the tasks/activities performed since the moment of 

identification of the necessity of extending, up to the moment when the extension was 

done? 

3. Contextualization: With your extension(s), new concepts were introduced in iStar 

through new forms of representation/modification of existing representations. How 

were these new concepts selected/chosen?  

- The identification was made based on the bibliography/references in the field? 

Systematic Literature Review? Others, studies?  

4. Contextualization: Generally, a modelling language creation/extension involves the 

proposal of its abstract syntax and concrete syntax. The abstract syntax is a way to 

represent the concepts involved in the modelling language in a structured way. This is 

done through a metamodel and well-formedness rules that are used to verify the 

correctness of the models to be created. The figure below shows an iStar metamodel. 
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Figure 89 – iStar 2.0 metamodel. 

The concrete syntax is a graphical representation of a modelling language. The 

figure below shows an example of a model that uses the concrete syntax of iStar. 

 

Figure 90 – Illustration of usage of concrete syntax of iStar. 

Considering the concepts presented above, how were these syntaxes specified in your 

extensions (abstract/concrete/both)?  

- In case the abstract syntax has not been considered: Have you considered the 

representation of the extension in the abstract syntax? Why? 

- In case the abstract syntax had been considered: How do you evaluate the 

importance of using the abstract syntax in your extension? 

- Was there some concern in maintaining consistency between the concrete and 

abstract syntaxes? In the case the response is yes, how? If the interviewed has 
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difficulty: Through traceability between metaclasses of the metamodel and related 

graphical representation, for example. 

- Do you feel that it is important to maintain the consistency between them? 

- Do you think that it is important to maintain the consistency between the extension 

and iStar syntaxes? In other words, is it important to represent the abstract and 

concrete syntaxes completely in the way we have defined?  

5. What were the difficulties when defining the abstract and concrete syntaxes for your 

iStar extension(s)? 

- Have you reused some graphical representations of an existing extension? 

Why/why not? 

- How was the graphical representation chosen for the new constructs?  

- Do you consider it important to carefully choose the graphical representation? 

6. What are the advantages of providing a modelling tool that supports the extension? 

- What can be done to help researchers to implement its modelling tools? 

7. Cite one iStar extension that you consider that was well done and why. Cite an example 

of an extension that you consider not so good and tell us why. 

Part 3. Inconsistency Analysis 

8. Given the following two hypothetical scenarios related to iStar extensions to model 

Multi-Agent Systems: 

Hypothetical Scenario 1: Suppose there are two extensions that represent the same 

concept in two different graphical forms. For example:  

- The Extension A add a diamond to represent Commitment; 

- The Extension B uses a pentagon to represent Commitment. 

Hypothetical Scenario 2: Suppose that there are two extensions that represent two 

different concepts using the same graphical form. For example: 

The Extension A adds a triangle to represent Norm; 

The Extension B uses a triangle to represent Predicate.  
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Figure 91 – Problems in hypothetical situations of iStar extensions. 

Comment on the problems described in those sceneries in the following situations: 

- A user that receives an iStar diagram with norms and predicate. 

- A researcher that wants to reuse the notation of commitment in new extensions. 

Part 4. Finalization 

9. Which actions could be done to ease the process of extending iStar?  

10. Is there something about the extensions that we did not mention in the interview and 

you would like to talk about? 

11. Do you have some questions about the interview? 
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Data and Script of Statistic Analysis of Survey 

The responses of the evaluation survey of the Section 4.2.5 are shown in Table 44.  

Table 44 – Responses of evaluation survey of the statements. 

  S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15 S16 S17 S18 

R1 4 5 5 4 5 4 5 5 5 3 4 4 5 5 4 5 5 5 

R2 5 3 5 5 2 3 5 5 5 4 4 3 3 5 3 3 3 5 

R3 5 5 4 4 5 5 5 4 4 3 3 3 3 4 2 3 5 4 

R4 5 5 1 5 5 4 4 4 4 2 4 4 5 5 5 4 5 5 

R5 5 4 5 3 5 3 4 4 5 5 5 3 5 5 2 4 5 1 

R6 5 5 5 4 5 5 5 5 5 4 1 1 2 4 3 3 4 5 

R7 4 4 4 4 4 5 5 4 5 3 3 3 5 5 5 5 5 5 

R8 5 4 5 4 5 3 5 5 4 3 5 4 5 5 5 5 5 4 

R9 5 3 3 5 5 4 5 5 5 2 4 3 5 5 2 4 5 3 

R10 3 4 4 4 5 4 5 4 4 3 4 3 3 5 3 5 2 3 

R11 5 4 4 4 5 5 5 5 5 4 4 5 4 5 4 4 5 5 

R12 3 5 4 5 5 2 2 5 4 3 4 2 4 5 3 5 2 3 

R13 4 4 5 4 5 3 4 5 5 4 5 5 5 5 5 2 5 5 

R14 5 4 4 5 5 3 5 5 4 2 3 2 4 5 4 3 4 5 

R15 5 4 5 5 5 5 5 5 5 5 5 5 5 5 4 4 5 4 

R16 4 4 5 4 5 4 4 5 5 5 5 3 5 5 3 4 4 3 

R17 2 4 2 4 5 4 4 3 3 5 2 2 4 4 3 4 4 3 

R18 2 4 4 4 5 4 3 3 3 4 4 2 4 4 2 5 4 4 

R19 4 3 4 4 4 4 4 4 4 5 5 4 4 5 3 4 5 4 

R20 4 5 5 3 5 3 5 4 4 5 5 5 5 5 3 4 4 4 

R21 3 3 5 5 4 4 4 4 5 5 4 3 4 3 3 3 4 4 

R22 5 2 4 5 5 4 5 4 5 2 5 5 5 4 2 4 4 4 

R23 5 4 2 4 5 5 5 5 5 3 4 4 3 4 3 4 2 3 

R23 5 2 4 5 5 5 5 5 5 2 3 3 5 5 3 4 5 5 

R25 4 4 4 5 4 3 4 4 4 3 4 4 4 5 4 4 3 3 

R26 3 3 5 5 4 4 4 1 3 3 5 5 5 3 1 3 5 3 

R27 2 1 4 5 5 3 5 4 4 2 5 1 5 4 3 3 3 3 

R28 4 4 4 5 5 4 4 4 4 5 3 4 2 4 4 5 5 5 

R29 3 4 5 4 2 4 5 5 4 2 3 2 1 4 3 2 4 5 

R30 4 3 5 4 5 3 5 5 2 4 4 2 5 4 4 4 5 5 

Evaluation Survey Data 

 We are interested in investigating if it is possible to consider the statements 

important to the iStar extensions researchers, so we considered the following hypotheses 

for each statement:  

• H0: The statement is important to experienced iStar extenders 

• H1: The statement is not important to experienced iStar extenders 
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We chose the Wilcoxon test to test the hypotheses. The results of hypotheses tests 

are presented in Table 45. We tested H0, that is, if the statement is important (greater than 

three). Following that, we tested H1, that is, if the statement is not important (less than 

three).  

When the p-value is lower than 0.05 it means that hypotheses tested is true at a 

confidence level of 95%. The results of the hypotheses tests confirmed that S1, S2, S3, 

S4, S5, S6, S7, S8, S9, S10, S11, S13, S14, S16 and S17 are important (H0) with 95% of 

confidence.  

According to the results of S12 (Proposing new graphical representation only to 

represent constructs in the same abstraction level of intentional elements, actors and iStar 

relationships) and S15 (Reusing other existing extensions to improve the understanding 

and acceptance of new extensions), it is not possible to conclude with 95% of confidence 

that they are important (H0) or not important (H1). 

Table 45 – Results of hypotheses tests of the statements. 

Statement Hypotheses v p-value 

S1 – Preservation of iStar original syntax H0 305.5 3.871e-05 
H1 305.5 1 

S2 – Dealing with the negative impact of extensions that are carried 
out in an ad hoc fashion 

H0 261 0.0004703 
H1 261 0.9996 

S3 – Literature review, participation of domain experts and use of iStar 
to model systems of application area before extending it 

H0 396.5 3.452e-05 
H1 396.5 1 

S4 – Understanding and acceptance of iStar extensions H0 406 9.882e-07 
H1 406 1 

S5 – Dealing with the negative impact of proposing extensions with an 
unclear definition of the concepts 

H0 457 5.205e-07 
H1 457 1 

S6 – Dealing with the negative impact of defining only concrete 
syntax 

H0 223.5 5.022e-05 
H1 223.5 1 

S7 – Proposing concrete and abstract syntaxes H0 429 1.124e-06 
H1 429 1 

S8 – Checking consistency between abstract and concrete syntaxes H0 385.5 9.321e-06 
H1 385.5 1 

S9 – Relating concepts introduced by the extensions with the iStar 

concepts 
H0 371 3.472e-06 
H1 371 1 

S10 – Proposing extensions with the smallest possible number of 
modifications and new representations 

H0 182 0.008756 
H1 182 0.9921 

S11 – Proposal of simple graphical representations, able to be drawn 
on the paper without a tool 

H0 274 0.000137 
H1 274 0.9999 

S12 – Proposing new graphical representation only to represent 
constructs in same abstraction level of intentional elements, actors and 
iStar relationships 

H0 154 0.08568 
H1 154 0.9198 

S13 – Performing a careful choice of graphical representations H0 321.5 6.456e-05 
H1 321.5 0.9999 

S14 – Dealing with the negative impact of conflicts and redundancies 
in the graphical representation 

H0 406 8.313e-07 
H1 406 1 

S15 – Reusing other existing extensions to improve the understanding 
and acceptance of new extensions 

H0 105.5 0.07913 
H1 105.5 0.9279 

S16 – An iStar extension should not complicate the usage of iStar H0 259 6.364e-05 
H1 259 0.9999 

S17 – Proposing a process or a methodology to guide the iStar 
extensions 

H0 358.5 1.394e-05 
H1 358.5 1 

S18 – Defining extension mechanisms to iStar H0 216 0.0001593 
H1 216 0.9999 
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The results of the hypotheses tests of S12 was not conclusive for the H0 and H1. In 

extensions related to practical aspects, sometimes a different abstraction level is necessary 

for the constructs, such as modules, information about time and cardinality. These 

representations are useful to iStar, but they can be considered at a different abstraction 

level of intentional elements, actors and iStar relationships. 

The results of the hypotheses tests of S15 were also not conclusive for the H0 and 

H1. We can understand the divergence of responses to this statement by the example 

given in the following. Consider two existing iStar extension E1 and E2, where E1 was 

well defined and E2 was not well defined. On one hand, E1 is clear, complete, without 

inconsistencies and conflicts. On the other hand, E2 is unclear, incomplete and with 

inconsistencies and conflicts. Therefore, when E1 is reused, it can improve the acceptance 

and understanding of new extensions. When E2 is reused, however, probably it will not 

contribute to improving the acceptance and understanding of new extensions. 

The scripts used to perform these tests using RStudio20 are presented in Table 46. 

Table 46 – Script of RStudio to evaluate data of survey of the statements. 

Kind of Test Script 

Adherence test (Shapiro-Wilk) cc<-c(*)  
shapiro.test(cc) 

Hypothesis test (Wilcoxon) cc<-c(*)  
wilcox.test(cc, mu=3, conf.int = TRUE, alternative="two.sided") 
wilcox.test(cc, mu=3, conf.int = TRUE, alternative="less") 
wilcox.test(cc, mu=3, conf.int = TRUE, alternative="greater") 

* Here the values of responses for each statement should be inserted between commas.  

 

 

 

 

 

 

 

                                                
20 RStudio is a tool to perform statistical analysis based on commands in R. It is available to download at 

www.rstudio.com 
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APPENDIX C - USING PRISE TO RECREATE AN EXISTING ISTAR 

EXTENSION 

We recreated five existing extensions with problems to validate PRISE. In the paper 

(MOURATIDIS et al., 2013), an extension is presented to model security and privacy 

requirements in a cloud provider modelling. An extension to model goal models in a 

holonic way is presented by Louaqad; Mohaijir (2014). The modelling of information like 

preconditions and effect was explored in (LIASKOS; MYLOPOULOS, 2010). Morales 

et al. (2015) presented an iStar extension to model tele-reactive robots. Finally, the paper 

(MURUKANNAIAH; SINGH, 2014) presents an iStar extension to model contextual 

intentional elements (such as belief and resource). The results are available in 

www.cin.ufpe.br/~ler/validation&illustration and show evidence that the process is valid 

to create iStar extensions avoiding common mistakes of the existing proposals. We used 

the complete version of PRISE presented in Chapter 5. 

The recreation of these extensions is the first evidence that the process is 

appropriate to support the proposal of iStar extensions avoiding the problems of 

incompleteness, inconsistencies and conflicts. The intention to recreate these extensions 

was to identify if the process was efficient to eliminate the existing problems. Thus, it is 

necessary to clarify that we did not create tools or performed validation for these 

extensions. 

In this section, we illustrate the usage of PRISE by the recreation of the iStar 

extension proposed by H. Mouratidis, S. Islam, C. Kalloniatis, S. Gritzalis in the 

following paper: A framework to support the selection of cloud providers based on 

security and privacy requirements, which was published in the Journal of Systems and 

Software in 2013 (MOURATIDIS et al., 2013). We selected it because of the number of 

problems of incompleteness, inconsistencies and conflicts (28 in total) identified during 

the execution of an SLR of iStar extensions (Chapter 3).  

The original paper concerns the elicitation of security and privacy requirements and 

the selection of a cloud provider based on the satisfiability of the service provider to the 

relevant security and privacy requirements. The authors introduced 15 constructs in iStar 

to represent Security and Privacy goal, Security and Privacy Measure, Security and 

Privacy Mechanism, Security and Privacy Constraint, Cloud Actor, Threat, Vulnerability, 

Implements, Satisfies, Restricts and Satisfaction. 

Thus, in the next sections, we present the results according to the Extension 

specification template artefact of PRISE process. Additionally, we show a comparison 

between the original and recreated version of the selected iStar extension. 
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Analyse the Need for Extension Proposal – Study/Review A Domain/Application 

Area (Task 1.1) 

We studied the papers referenced in the selected iStar extension, which are probably 

what the author used to extract the concepts added by the extension. We did not have any 

issues about the domain/application area, so we did not contact these experts. The list of 

references is presented in Table 47. 

Table 47 – List of references in the recreated iStar extension. 

ID_reference Reference 

REF_SPCP1 Bruening, P.J., Treacy, B.C., 2009. Cloud computing: privacy, security challenges, 
Bureau of Nat’l Affairs, www.hunton.com 

REF_SPCP2 Cloud Threat. 2010. Top Threats to Cloud Computing Vr. 1.0, Cloud Security Alliance, 
https://cloudsecurityalliance.org/research/top-threats/ 

REF_SPCP3 Erdogmus, H., 2009. Cloud computing: does nirvana hide behind the nebula? IEEE 
Software 26 (2), 4–6. 

REF_SPCP4 Grobauer, B., Walloschek, T., Stocker, E., 2011. Understanding cloud computing 
vulnerabilities. IEEE Security & Privacy Magazine 9 (2), 50–57. 

REF_SPCP5 Islam, S., Mouratidis, H., Wagner, S., 2010. Toward a framework to elicit and manage 
security and privacy requirements from laws and regulation. In: Proceeding of 
Requirements Engineering: Foundation for Software Quality (REFSQ), Lecture Notes in 
Computer Science, vol. 6182/2010, pp. 255–261. 

REF_SPCP6 Islam, S., Mouratidis, H., Weippl, E., 2012b. A goal-driven risk management approach to 
support security and privacy analysis of cloud-based system. In: Security Engineering for 
Cloud Computing: Approaches and Tools. IGI Global Publication, United States of 

America by (an imprint of IGI Global) 701 E. Chocolate Avenue, Hershey, PA 17033. 

REF_SPCP7 Islam, S., Mouratidis, H., Jürjens, J., 2011. A framework to support alignment of secure 
software engineering with legal regulations. Journal of Software and Systems Modelling 
(SoSyM) 10 (3), 369–394. 

REF_SPCP8 Rosado, D.G., Fernández-Medina, E., López, J., Piattini, M., 2010. Analysis of secure 
mobile grid systems: a systematic approach. Information & Software Technology 52 (5), 
517–536. 

REF_SPCP9 Rosado, D.G., Gomez, R., Mellado, D., Fernández-Medina, E., 2012. Security analysis in 
the migration to cloud environments. Future Internet 4 (2). 

REF_SPCP10 Sriram, I., Khajeh-Hosseini, A., 2010. Research Agenda in Cloud Technologies, CoRR, 
CoRR abs/1001.3259:(2010) 

REF_SPCP11 Takabi, H., Joshi, J., Ahn, G., 2010. Security and privacy challenges in cloud computing 
environments. In: IEEE Computer and Reliability Societies, November/December, IEEE 

Computer Society 

REF_SPCP12 Mouratidis, Haralambos, and Paolo Giorgini. Secure tropos: a security-oriented extension 
of the tropos methodology. International Journal of Software Engineering and 
Knowledge Engineering 17.02 (2007): 285-309. 

 

Identify the Concepts to be Introduced by the Extension (Task 1.2) 

We identified fifteen concepts to be introduced by the extension, being eleven nodes 

and four links. Some concepts are entities' specialisations for security and privacy such 

as security measure and privacy measure. Table 48 shows these results. 
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Table 48 – List of concepts to be introduced in the recreated iStar extension. 

ID_concept Name of the concept Reference 

Nodes 

CON_DEC_01 Security goal REF_SPCP5 

CON_DEC_02 Privacy goal REF_SPCP5 

CON_DEC_03 Security Measure REF_SPCP5, REF_SPCP10 

CON_DEC_04 Privacy Measure REF_SPCP5, REF_SPCP10 

CON_DEC_05 Security Mechanism REF_SPCP9, REF_SPCP10 

CON_DEC_06 Privacy Mechanism REF_SPCP9, REF_SPCP10 

CON_DEC_07 Security Constraint REF_SPCP5, REF_SPCP12 

CON_DEC_08 Privacy Constraint REF_SPCP5, REF_SPCP12 

CON_DEC_09 Cloud Provider Actor REF_SPCP5, REF_SPCP9 

CON_DEC_10 Threat REF_SPCP2, REF_SPCP10 

CON_DEC_11 Vulnerability REF_SPCP2, REF_SPCP4, 
REF_SPCP10 

Links 

CON_DEC_12 Implements REF_SPCP9 

CON_DEC_13 Satisfies REF_SPCP9 

CON_DEC_14 Restricts REF_SPCP9 

CON_DEC_15 Satisfaction REF_SPCP9 

 

Model an Example with the Identified Concepts Using iStar (Task 1.6) 

We did not have any issues about the domain/application area, so we did not contact 

these experts. However, we were uncertain if it was possible to model some concepts, 

such as security goals and privacy goals, with the iStar without doing the extension. 

Consequently, we tried to model part of the example presented in the original proposal of 

this extension (MOURATIDIS et al., 2013) and wrote some observations.  

The main goal of this task is to try to identify the domain concepts that can be 

represented with iStar without creating new representations and what is not possible to 

do so. 

EPOS is the acronym for the company Electronic Point Of Sales. We have identified 

three actors that are relevant to this example: EPOS Ltd, EPOS Software and Cashier. 

EPOS Ltd depends on the cloud services provided and EPOS software licencing 

management. The Cashier actor depends on the EPOS software being available.  

In doing so, the Cloud actor has the goal to Provide EPOS Software as a Service 

and ensure the Data confidentiality, Data residence and Availability of Software. 

Furthermore, the security and privacy properties of Availability, Confidentiality, 

Identification, Integrity, Residence, Unobservability and Unlikability are required for this 

actor. The model is presented in Figure 92 and the observations are described next. 
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Figure 92 – Modelling with the concepts of the recreated iStar extension. 

Observations: The Security and Privacy goals should be specialisations of Quality. 

Quality restrictions were modelled when trying to use iStar without the extension as 

Quality, since they were linked to characteristics such as confidentiality and availability, 

for example. Representing threats, measure and relationships were difficult. The 

modelling of direct dependency linking EPOS Ltd to the Provide EPOS as Service 

objective is not possible in iStar, as it lacks a dependum. Also, we felt the need to 

specialise the actors that represent the cloud actor and believe that the representation 

indicated by the researcher is sufficient. We consider that the Security/Privacy 

Mechanism should not specialise the task, since the descriptions of these mechanisms are 

not similar to tasks (see the example of ACID mechanisms, Log data and checkPoint; we 

do not see them as being a type of task). Modelling relationships is necessary as a 

specialisation of the contribution relationship. The modelling of security and privacy 

objectives needs to be done through a textual mark, but these should be Qualities.  

There is no need to create a relationship between these entities and the cloud actor. 

We consider that only adding these entities inside the boundary makes it part of the cloud. 

Finally, we consider that there is a need to extend the iStar to represent the list of domain 

concepts. 
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Search if There is an Extension that Considers Your Proposal (Task 1.10) 

We searched the repository for some terms and some extensions were found. As we 

are correcting an existing iStar extension, we added the year of publication to identify the 

papers published after the extension selected. The list of the all extensions found is 

presented in Table 49. Extensions proposed after the publication of selected extension are 

highlighted by an asterisk (*). We have not considered the article itself and articles after 

2013 at this stage. Thus, we can conclude that there was no extension proposed for this 

purpose. 

Table 49 – List of the search results of the recreated iStar extension. 

Term Extensions Year 

Cloud A framework to support selection of cloud providers based on security and privacy 
requirements (*) 

2013 

Security Requirements Engineering for Cloud Computing: The Secure Tropos 

Approach (*) 

2016 

Security A framework to support selection of cloud providers based on security and privacy 
requirements (*) 

2013 

A vulnerability-centric requirements engineering framework: analysing security 
attacks, countermeasures, and requirements based on vulnerabilities 

2010 

Improving Risk-Based Security Analysis with i* 2011 

Integrating Security Patterns with Security Requirements Analysis Using Contextual 
Goal Models (*) 

2014 

Model Based Process to Support Security and Privacy Requirements Engineering 2012 

Modelling security requirements through ownership, permission and delegation 2005 

Secure Tropos: A Security-Oriented Extension of the Tropos Methodology 2007 

Security and privacy requirements analysis within a social setting 2003 

Security and Trust Requirements Engineering 2005 

Security Requirements Engineering for Cloud Computing: The Secure Tropos 
Approach (*) 

2016 

Security requirements engineering via commitments 2011 

Privacy A framework to support selection of cloud providers based on security and privacy 
requirements (*) 

2013 

Model Based Process to Support Security and Privacy Requirements Engineering 2012 

Privacy-Aware Trust Negotiation (*) 2016 

Security and privacy requirements analysis within a social setting 2003 

Service A new service-based approach for enterprise modelling 2013 

Considering Technology Representation in Service-Oriented Business Models 2011 

Exploring Web Services from a Business Value Perspective 2005 

Modelling and Reasoning about Service-Oriented Applications via Goals and 
Commitments 

2010 

 

The next step of the flow is the gateway: Is there an extension suitable for your 

need? We did not find an appropriate existing extension. Thus, the extension specification 

[Analysed] is generated with the join of tables 1, 2 and 3, Figure 92 and Observations. 

 

Search and Select Constructs to be Reused (Task 2.1) 

We searched the repository of iStar extensions by the name of the concepts to be 

introduced in Table 48. The list of the constructs found is shown in Table 50. We found 

some constructs with the name Measure, but they are not conceptually equivalent to this 
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entity to be added by the extension. We believe the authors reused the existing threat 

representation as a basis, however, withdrew the textual markup(s). 

Table 50 – List of concepts to be reused. 

ID_concept Name of the concept Reference of the extension to be reused 

Nodes 

CON_DEC_01 Security goal Li, T., Horkoff, J., Mylopoulos, J., 2014. Integrating security 
patterns with security requirements analysis using contextual goal 
models. In: The Practice of Enterprise Modeling Working 
Conference 

CON_DEC_07 Security Constraints Mellado, D., Mouratidis, H., Fernandez-Medina, E., 2014. Secure 
Tropos framework for software product lines requirements 
engineering. Comput. Stand. Interfaces 

CON_DEC_10 Threat Islam, S., Mouratidis, H., Kalloniatis, C., Hudic, A., Zechner, L., 
2012. Model based process to support security and privacy 
requirements engineering. International Journal of Secure Software 
Engineering 

CON_DEC_11 Vulnerability Two extensions:  
Elahi, G., Yu, E., Zannone, N., 2010. A vulnerability-centric 
requirements engineering framework: analyzing security attacks, 

countermeasures, and requirements based on vulnerabilities. 
Requirements Engineering Journal 
Dubois, E., Mayer, N., Rifaut, A., 2011. Improving risk-based 

security analysis with i∗. Social Modelling for Requirements 
Engineering Book. 

 

Describe Extension’s Concepts (Task 2.2) 

We identified the description of each concept identified in Table 48. The list of the 

concepts with their descriptions and the references where the descriptions were identified 

is shown in Table 51. 

Table 51 – List of concepts to be introduced with the concept’s description. 

ID_concept Name of the concept Description Reference 

Nodes 

CON_DEC_01 Security goal The main focus of security goals is to ensure 

critical security properties such as confidentiality, 
integrity, availability, authenticity, and non-
repudiation as well as the privacy goals within the 
overall system environment. They are classified 
based on a privacy taxonomy.  

REF_SPCP

5 

CON_DEC_02 Privacy goal It defines the goals of the privacy legislation.  REF_SPCP
5 

CON_DEC_03 Security Measure It is a measure to ensure security protection. REF_SPCP
5, 
REF_SPCP
10 

CON_DEC_04 Privacy Measure It is a measure to ensure privacy protection and to 
protect from any accidental and unlawful activities. 

REF_SPCP
5, 
REF_SPCP

10 

CON_DEC_05 Security Mechanism They are the most appropriate mechanisms used to 
implement certain security services for the Cloud. 

REF_SPCP
9, 
REF_SPCP
10 

CON_DEC_06 Privacy Mechanism They are the most appropriate mechanisms used to 
implement certain privacy services for the Cloud. 

REF_SPCP
9, 

REF_SPCP
10 
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CON_DEC_07 Security Constraint Constraints can represent a set of restrictions that 
do not permit specific actions to be taken or prevent 
certain objectives from being achieved and more 
often are integrated into the specification of 
existing textual descriptions. This concept is related 
to constraints of security. 

REF_SPCP
5, 
REF_SPCP
12 

CON_DEC_08 Privacy Constraint Constraints can represent a set of restrictions that 
do not permit specific actions to be taken or prevent 
certain objectives from being achieved and more 
often are integrated into the specification of 
existing textual descriptions. This concept is related 
to constraints of security. 

REF_SPCP
5, 
REF_SPCP
12 

CON_DEC_09 Cloud Provider Actor It is a concept to represent the providers of cloud 
services. 

REF_SPCP
5, 

REF_SPCP
9 

CON_DEC_10 Threat A loss event occurs when a vulnerability is 
successfully exploited. 

REF_SPCP
2, 
REF_SPCP
10 

CON_DEC_11 Vulnerability The Vulnerability is a prominent risk factor. ISO 
27005 (ISO/IEC, 2008) defines risk as “the 
potential that a given threat will exploit 
vulnerabilities of an asset or group of assets and 
thereby cause harm to the organisation,” measuring 
it. 

REF_SPCP
2, 
REF_SPCP
4, 
REF_SPCP
10 

Links 

CON_DEC_12 Implements Relationships between mechanism and measure, 
where a mechanism implements a measure. 

REF_SPCP
9 

CON_DEC_13 Satisfies Relationships between measures and constraints, 
where a measure satisfies a constraint. 

REF_SPCP
9 

CON_DEC_14 Restricts A constraint restricts a goal. REF_SPCP
9 

CON_DEC_15 Satisfaction Relationships between security goals or privacy 

goals and cloud providers, where a goal satisfies 
cloud provider. 

REF_SPCP

9 

 

 

Analyse How to Integrate the Extension Constructs with the iStar Constructs (Task 

2.3) 

We tried to relate the concepts to be introduced with the iStar standard concepts. 

Thus, we concluded that we could specialise six iStar constructs. Cloud Actor represents 

companies which provide cloud services, so it is a kind of actor. Security and privacy 

goals are kinds of goal. Finally, Satisfies, Restricts and Implements are similar to values 

help, make, break and hurt which add information about the kind of contribution is 

established between two intentional elements. The list of the relations between the 

extension and iStar constructs is given in Table 52. 

Measure and Constraint can be represented as a kind of intentional element. The 

Other constructs to be introduced by this extension (Threat, Vulnerability and 

Satisfaction) are represented with new metaclasses without specialising iStar nodes or 

links and they are not intentional elements. 
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Table 52 – List of concepts to be reused. 

ID_concept Name of the concept Relation with iStar constructs 

Nodes 

CON_DEC_09 Cloud Provider Specialises actor 

CON_DEC_05 
and 

CON_DEC_06 

Mechanism Specialises task 

CON_DEC_07 Security goal Specialises quality 

CON_DEC_08 Privacy goal Specialises quality 

Links 

CON_DEC_12 Implements Specialises contribution link 

CON_DEC_13 Satisfies Specialises contribution link 

CON_DEC_14 Restricts Specialises contribution link 

 

 

Generate Extension Specification [Concepts Described] (Task 2.7) 

As described in the last paragraph of Section 5.2.1, when the experts in iStar 

participate in the iStar extension, they play the role of Extender. Thus, we have two 

experts in iStar extensions participating as Extenders. Consequently, we did not need to 

contact external experts in iStar extensions to mitigate issues about how to integrate (tasks 

2.4, 2.5 and 2.6). Finally, the Extension specification [Concepts described] was generated 

with the integration of the Extension specification [Analysed] and the results of Table 50, 

Table 51 and Table 52. 

 

Define Metamodel of Extension (Task 3.1) 

We included the concepts identified in the List of Concepts to be introduced in the 

iStar metamodel. We considered the relationship of extension's constructs and iStar 

constructs in this step. The result is presented in Figure 93. 

 

Figure 93 – iStar extended metamodel. 
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The new metaclasses Threat, Vulnerability, Measure, Constraint were created 

without specialising the existing iStar constructs. They were grouped as intentional 

elements. Cloud provider is a new metaclass that specialises Actor. Mechanism is a new 

metaclass which specialises Task. The relationship of satisfaction is represented by a new 

link between Quality and Cloud provider. We created the Security/privacy values which 

are applied to the Quality, Measure, Constraint and Mechanism to represent the variations 

of them to Security and privacy. Implements, Satisfies and Restricts are new values added 

to the Contribution type. 

Contribution Type and Security/Privacy Values represent Enumerators with values 

which are related to contribution links and Quality, Constraint and Mechanism, 

respectively. In an Ecore notation, for example, the relation between this kind of element 

with its related entities is not visual. However, to illustrate this relation we used dotted 

lines between these two enumerators and its related entities. It was not necessary to add 

validation rules in this extension (task 3.2). 

 

 Define Concrete Syntax of Extension (Task 3.3) 

The graphical representations of the extension’s constructs are presented in Table 

53. We used the iStar extensions catalogue to identify the representation of reused 

constructs. We reused four graphical representations of existing iStar extensions. We 

maintained the symbols proposed in the original version of this extension to represent 

mechanisms, Measure, Mechanism, Cloud actor and the Implements, Satisfies and 

Restricts links. The security and privacy goals were represented by qualities added of 

textual marker to security or privacy representations. Textual markers were also applied 

to Measure, Mechanism and Constraint.  

Table 53 – List of concrete syntax representation of the extension. 

ID_concept Name of 

the concept 

Graphical representation Explanation about the 

graphical representation 

Reused

? 

Nodes 

CON_DEC_01 Security 
goal 

 

The Quality was specialised to 
represent security goals. 

Yes  

CON_DEC_02 Privacy goal 

 

The Quality was specialised to 
represent privacy goals. 

No 

CON_DEC_03 Security 
Measure 

 

The Figure was proposed as a 
polygon with many concavities to 
represent the measurement. The 
security is represented with (S) to 
differentiate it from privacy. 

No 
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CON_DEC_04 Privacy 
Measure 

 

The figure was proposed as a 
polygon with many concavities to 
represent the measurement. The 
privacy is represented with (P) to 
differentiate it from security. 

No 

CON_DEC_05 Security 

Mechanism 

 

Task was specialised to represent 

Security Mechanism. 

No 

CON_DEC_06 Privacy 
Mechanism 

 

Task was specialised to represent 
Privacy Mechanism 

No 

CON_DEC_07 Security 
Constraint 

 

Constraint of secure Tropos was 
reused 

Yes  

CON_DEC_08 Privacy 
Constraint 

 

Constraint of secure Tropos was 
reused 

Yes 

CON_DEC_09 Cloud Actor 

 

Actor was specialised to represent 
Cloud Actor. PR represents 
provider. 

No 

CON_DEC_10 Threat 

 

It is a pentagon that represents the 
tip of a spear. The colour purple 
was used also to represent the 

Threat.  

Yes 

CON_DEC_11 Vulnerabilit
y 

 

It was represented as square with 
an arch (such as a padlock opened) 
to represent the Vulnerability.  

No 

Links 

CON_DEC_12 Implements  
 

 

We added a label to Contribution 
link to represent Implements 
relationship 

No 

CON_DEC_13 Satisfies 

 

We added a label to Contribution 
link to represent Satisfies 
relationship 

No 

CON_DEC_14 Restricts 

 

We added a label to Contribution 

link to represent Restricts 
relationship 

No 

CON_DEC_15 Satisfaction 

 

It represents the satisfaction 
relationship by the representation 
of the text ok from the Quality 
satisfied to the Cloud Actor.  

No 

 

Check and Correct Problems of Completeness, Consistency and Conflicts (Task 3.4) 

The problems of the original version of the iStar extension (MOURATIDIS et al., 

2013) are illustrated in Figure 94 and described in next paragraphs. 
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Figure 94 – Graphical representations in conflict with the recreated iStar extension. 

A diamond (Figure 94-A) is used in (DUBOIS; MAYER; RIFAUT, 2001) to 

represent Threat related to vulnerability and a pentagon (Figure 94-B) is used in 

(MOURATIDIS et al., 2013) to represent a threat as a node related to security.  

Vulnerability is represented in three different ways in iStar extensions. In the paper 

(ELAHI; YU; ZANNONE, 2010) it is represented as a black circle attached to an 

intentional element and the vulnerability has a label outside to inform its description 

(Figure 94-C). In the paper (MOURATIDIS et al., 2013), vulnerability is represented by 

an ellipse (Figure 94-D), while in the paper (DUBOIS; MAYER; RIFAUT, 2011) a 

diamond with the upper part painted in black (Figure 94-E) is used to represent 

vulnerability. 

The octagon is used for security extensions (such as (MELLADO; MOURATIDI; 

FERNANDEZ-MEDINA, 2014) and (MOURATIDIS et al., 2013)) to represent the 

security and vulnerability restrictions (Figure 94-G) and it is also used by the extension 

(MURUKANNAIAH; SINGH, 2014) to represent plan (Figure 94-H). The ellipse is used 

to represent error (Figure 94-D) and vulnerability in paper (MORANDINI et al., 2015) 

(Figure 94-F). 

In papers (MELLADO; MOURATIDIS; FERNANDEZ-MEDINA, 2014) and 

MOURATIDIS et al., 2013), a new link notation is introduced with different meanings. 

In (MOURATIDIS et al., 2013) it indicates a Satisfaction link (Figure 94-I) while in paper 

(MELLADO; MOURATIDIS; FERNANDEZ-MEDINA, 2014) it indicates that an actor 

has a security/privacy property (Figure 94-J). 

The ellipse is used to represent error in (MORANDINI et al., 2015) (Figure 94-F) 

and vulnerability (Figure 94-D) in paper (MOURATIDIS et al., 2013). The ellipse is one 

way used by iStar to represent belief, but this construct is used to represent vulnerability 

in (MOURATIDIS et al., 2013) (Figure 94-D). 

We analysed the recreated iStar extension according to the Checklist for verification 

of problems. We identified no problem. The checklist is presented in Table 54. 
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Table 54 – Checklist of completeness, consistency and conflicts. 

Completeness 

Which level the iStar extension was applied 
[X] Concept’s definition   [X] Metamodel      [] Well-formedness rules (optional)      [X] Concrete 
syntax 

Consistency 

Concept Concept’s definition Metamodel Concrete syntax 

Security goal [ X ] [ X ] [ X ] 

Privacy goal [ X ] [ X ] [ X ] 

Security Measure [ X ] [ X ] [ X ] 

Privacy Measure [ X ] [ X ] [ X ] 

Security Mechanism [ X ] [ X ] [ X ] 

Privacy Mechanism [ X ] [ X ] [ X ] 

Security Constraint [ X ] [ X ] [ X ] 

Privacy Constraint [ X ] [ X ] [ X ] 

Cloud Provider Actor  [ X ] [ X ] [ X ] 

Threat [ X ] [ X ] [ X ] 

Implements [ X ] [ X ] [ X ] 

Satisfies [ X ] [ X ] [ X ] 

Restricts [ X ] [ X ] [ X ] 

Implements [ X ] [ X ] [ X ] 

Presence of nodes and links of iStar original syntax 

Construct Metamodel Concrete syntax 

Goal [ X ] [ X ] 

Quality [ X ] [ X ] 

Resource [ X ] [ X ] 

Task [ X ] [ X ] 

Actor [ X ] [ X ] 

Agent [ X ] [ X ] 

Role [ X ] [ X ] 

Refinement [ X ] [ X ] 

Qualification [ X ] [ X ] 

Contribution (make, help, break, hurt) [ X ] [ X ] 

NeededBy [ X ] [ X ] 

Dependency [ X ] [ X ] 

Association links is-a [ X ] [ X ] 

Participates-in [ X ] [ X ] 

Conflicts 

Concept Conflicts 

One construct 
with two or 
more Symbols 

Two or more 
constructs 
with only one 
Symbol 

Wrong 
representation 
of iStar 
constructs 

Construct which is 
not part of the 
extension 

Security goal [  0 ] [  0 ] [  0 ] [  0 ] 

Privacy goal [  0 ] [  0 ] [  0 ] [  0 ] 

Security Measure [  0 ] [  0 ] [  0 ] [  0 ] 

Privacy Measure [  0 ] [  0 ] [  0 ] [  0 ] 

Security Mechanism [  0 ] [  0 ] [  0 ] [  0 ] 

Privacy Mechanism [  0 ] [  0 ] [  0 ] [  0 ] 

Security Constraint [  0 ] [  0 ] [  0 ] [  0 ] 

Privacy Constraint [  0 ] [  0 ] [  0 ] [  0 ] 

Cloud Provider Actor  [  0 ] [  0 ] [  0 ] [  0 ] 

Threat [  0 ] [  0 ] [  0 ] [  0 ] 

Implements [  0 ] [  0 ] [  0 ] [  0 ] 

Satisfies [  0 ] [  0 ] [  0 ] [  0 ] 

Restricts [  0 ] [  0 ] [  0 ] [  0 ] 

Implements [  0 ] [  0 ] [  0 ] [  0 ] 

Details about the problem(s): Problems were not identified. 

 

We summarised the results and compared the two versions (original and recreated) 

of the selected iStar extension (MOURATIDIS et al., 2013) according to Problems of 
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Incompleteness (IMP), Problems of Inconsistencies (INS) and Problems of Conflicts 

(CON). The nine criteria used are listed below: 

 IMP1: Non-definition of the meaning of the constructs introduced; 

 IMP2: Non-representation of the extension in the abstract syntax; 

 INS1: Inconsistencies with iStar original syntax because of absence of nodes 

and links; 

 INS2: Inconsistencies between the abstract syntax and concrete syntax; 

 CON1: One concept with two or more representations in concrete syntax; 

 CON2: Two or more concepts with only one construct in concrete syntax; 

 CON3: New constructs in conflict with the iStar original syntax; 

 CON4: Wrong representation of iStar original syntax construct; 

 CON5: Representation of constructs that are not part of the extension. 

Table 55 presents the results of the comparative analysis between the two versions, 

the one proposed by (MOURATIDIS et al., 2013) and the other following PRISE process. 

We can identify that the original version has five IMP1, thirteen INS1, four INS2, two 

CON1, three CON2 and one CON3. The version of the selected iStar extension recreated 

with PRISE did not present these problems. 

Table 55 – Comparative of problems in the original and recreated versions. 

Evaluation Criteria Original Recreated 

IMP1 5 0 

IMP2 0 0 

INS1 13 0 

INS2 4 0 

CON1 2 0 

CON2 3 0 

CON3 1 0 

CON4 0 0 

CON5 0 0 

 

Generate Extension Specification [Developed] (Task 3.6) 

We only recreated an existing iStar extension to illustrate the use of PRISE process. 

Therefore, we did not apply the iStar extension to a modelling tool (task 3.5). 

Consequently, we generated the Extension specification [Developed], adding the 

metamodel, concrete syntax representation and Checklist verification to the Extension 

specification [Concepts described]. 

 

Use the iStar Extension Proposed to Model a System (Task 4.1)  

We described how to use the iStar extension: it is necessary to relate the security 

and privacy qualities with the cloud providers by the satisfaction relationship. The threats 

and vulnerabilities should be represented and related to the goals. Next, the constraints of 

security and privacy should be represented in the model and related to the existing goals 
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by restriction. Privacy and security measure should be represented and related to the 

existing constraints. Finally, security and privacy mechanisms should be represented and 

related to the measures. 

A summarised description of the system in (MOURATIDIS et al., 2013) is given 

as follows: the aim of the project was to develop a cloud-based solution that will enable 

the company to distribute its EPOS software over the cloud and also manage remotely 

issues such as licensing and maintenance. EPOS Ltd anticipates that a cloud-based 

solution will reduce its costs (especially maintenance costs), and that it will attract more 

customers because of the flexibility that can be applied on licensing agreements 

(MOURATIDIS et al., 2013). 

The model of the recreated iStar extension is presented in Figure 95. The difference 

in graphical representation between the original and recreated iStar extension is 

highlighted next. We have added the textual marker cp to the representation of the Cloud 

Provider. We also have added security and privacy goals to the model and represented 

their satisfaction by the Cloud Provider (we used the new representation for satisfaction). 

We added textual markers applied to Measure and Mechanism to represent their kind 

(security or privacy). We represented the Vulnerability Insecure APIs with the symbol of 

a rectangle with an arc like an open padlock. 
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Figure 95 – Modelling of EPOS system with the recreated iStar extension (MOURATIDIS et al., 2013) 

adapted. 

 

Execution of Other Steps of PRISE 

We did not identify corrections needed during the application of the extension. We 

consulted an external Expert in iStar extension and an Expert in domain/application area, 

but they did not request changes.   

We onaly recreated an existing iStar extension to illustrate PRISE. Thus, we did not 

Evaluate the iStar extension (task 4.5). Consequently, we generated the Extension 

specification [Validated/evaluated], adding Modelling of EPOS system to the Extension 

specification [Developed]. 

The recreated iStar extension was endorsed by two experts in iStar extensions and 

a paper was written to be submitted to conferences. This is the final step of PRISE 

(Publish the iStar extension). 
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