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Abstract. Conceptual modeling notations are often designed without the benefit of empirical input. Reflective analysis of modeling languages can help find the gap between the intended design of the language and its use in practice. In this paper, we study instances of the i* goal and agent-oriented Framework to analyze differences between the core i* syntax developed at the University of Toronto and existing variations. We have surveyed 15 student assignments and 15 academic papers and presentations in order to capture and analyze the most common i* syntax variations. Through this analysis we offer insights into i* syntax and suggestions to improve the framework and increase consistency between models. 
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1 Introduction

In system development, modeling languages are introduced to serve various purposes, such as facilitating communication, making implicit information explicit, or acting as a repository for knowledge. As a modeling language is adopted and used, it is useful to actively reflect on the syntax and semantics of the language, including the original intention of the language and how it is actually used in practice, in order to inform the community of users and make refinements to the language. 
In this study, we focus on the i* Conceptual Modeling Framework, a goal and agent-oriented framework introduced in [1]. The Framework is intended to capture the desires which motivate system development from an agent-oriented point of view, capturing the goals of and interactions amongst system stakeholders and the system. It is directed towards the discovery and comparison of alternative system designs at a high level of abstraction, including the assignment of alternative responsibilities and the exploration of different goal operationalizations. 
Although suggestions and potential directions for use of the modeling notation have been provided [1] [2], the description of the Framework was left open to a certain degree of interpretation and adaptation. Consequently, the framework has been applied to many different areas, including requirements engineering [2], system design methodologies [3] [4], and security analysis [13] [14]. 
In existing work using i*, the core syntax of the i* framework has often been modified, or has evolved in different directions. Furthermore, experiences teaching the i* Framework to students has shown that they often modify the syntax presented to them, either intentionally or unintentionally. In this study, we survey various instantiations of i* models and compare these instances to the version of i* currently used at the University of Toronto (U of T) [2].  A reflective analysis of the i* Framework is performed, looking critically at our own use of the framework, and questioning the assumptions underlying syntactic choices.
In this work, we call differences between this and other styles of modeling variations. We are interested in discovering the most commonly occurred variations for both students, learning i*, and researchers, applying i* in their work. To this end, 15 student assignments and 15 academic works containing examples of i* models have been surveyed. A qualitative analysis has been performed in order to understand the motivations behind the syntax variations. In our analysis, we compare the perceived motivations behind these variations to the original motivations behind the U of T syntax. As a result of our analysis, we clarify the meaning of several commonly occurring syntactical structures, make recommendations for the use of i* syntax, and provide some suggestions for potential language modifications. 
2 Related Work
Although use of graphical models and modeling processes have been widely studied in software engineering research, the design of modeling notations is largely unscientific [5]. For example, the decisions about how to graphically represent constructs are made based on personal taste and intuition rather than scientific evidence [5]. In addition, Gurr and Tourlas [6] assert that many formal accounts of diagrammatic languages confuse or destroy any natural reading of the diagrams. Moody [5] argues that most diagrams do not communicate effectively and act as a barrier rather than an aid. 

State of the art research in modeling languages raises the question of how modeling languages should be designed systematically, and how the existing modeling notation should evolve methodologically? The contribution in [6] expresses the need to define intuitive and natural models to move toward principled design of modeling notations. Gurr and Tourlas assert that an “intuitive” representation is one which is well matched to what it represents. Furthermore, whether a representation is “natural” concerns how it achieves its intuitive matching. 

A few research studies address common mistakes specifically in using modeling notations. Among them, Lange and Chaudron [7] report results from observations in industry that show the amount of violations of completeness and consistency rules among UML models developed in practice is very high. They also conducted an empirical study to investigate to what extent implementers detect defects and to what extent defects cause different interpretations by different readers [8]. 

Although defect detection is not a concern of our work, we are nevertheless interested in the effect of syntax variances on understandability and comprehension of the models. We also differ from [8] in our approach to the study. In [8], UML models with deliberate defects were presented to the subjects of the experiment; while in our approach, we overviewed students’ course assignments and academic papers to discover common mistakes. 

Finally, Webster et al. [9] survey several published papers to collect both good practices and misuses of the i* Framework, to help requirements engineers to use the i* Framework in its full capacity. The misuses of i* mentioned in [9] overlap with the common variations we discover in this work. However, we further analyze the mistakes to discover why users make the variations and how the modeling language could be refined according to the current practice.

To our current knowledge, no studies exist which gather common syntactical variations of a modeling notation and suggests refinements to the modeling language based on patterns of mistakes that users make in practice.

3 The i* Framework

Here, we present the i* syntax initially developed at University of Toronto [1], and evolved in work such as [2], as the baseline for the comparison of surveyed models. Focusing on this syntax does not imply that it is the default or primary syntax, in fact we aim to analyze the common variations of this syntax in order to understand its weaknesses and improve its use. The i* modeling notation includes elements such as goals, softgoals, tasks, resources, and relationship links such as decomposition, dependencies, means-ends, and contributions. The Framework consists of two main modeling components: the Strategic Dependency (SD) model and the Strategic Rationale (SR) model. 

In an SD model, actors in an organizational setting are defined in terms of positions, roles, and agents. The i* modeling notation provides association links to relate actors. In addition, actors can depend on each other to achieve a goals or softgoal, perform a task, or furnish a resource. An SR model extends an SD by providing task decomposition, goal refinement, and goals contributions inside the boundaries of actors. Task-decomposition links provide a hierarchical description of intentional elements which accomplish a task. The means-ends links break down a goal into alternative tasks that achieve the goal. Contribution links such as help, make, hurt, and break are used to express the impact of an element on softgoals. According to this syntax, tasks can be decomposed to any element. Goals can be refined using means-end relationship, and all the elements can contribute to softgoals.  

Models in i* provide a basis for goal model evaluation. Procedures such as the one described in [10] propagate the level of satisfaction and denial of elements, based on a selection of alternatives, to ensure that actors’ top level goals are satisfied. 
4 Survey Method and Results
In order to enhance the consistency and effectiveness of the modeling process, and provide a resource for students, a set of guidelines based on the U of T i* syntax was developed and added to the i* Guide on the i* Wiki [11].  Guidelines were inspired by finding common variations via a survey of previous assignments in graduate systems analysis courses, as well as a set of available publications, all using i*. Inspired by the findings of this unofficial survey, 15 essay-type student assignments from 2006 and 2007 and 15 academic papers and presentations were surveyed again, this time taking counts of specific variations to discover the most frequent variations. The assignments were taken from three semesters of graduate courses taught by one of the authors.  All assignments were surveyed, unless the students expressed an unwillingness to participate. The papers and presentations were drawn from an introductory roadmap of i* publications selected by Yu, work appearing in the i* Workshops, and work listed in the i* Wiki (see the list of Surveyed Work in the Reference Section). The survey covered all constructs of all models in each paper and assignment. The domains covered by the surveyed models were diverse, including health care, banking, and education systems. The inclusion of both academic works and student assignments, allowed for a comparison of the types of variations made by students and newcomers to the variations made in research. 
In the surveyed assignments, papers, and presentations, when a model was developed using a convention contrary to the i* guidelines, it was recorded as a variation. If a variation occurred several times in one source, it was only counted once, thus the totals represent the number of assignments or academic works in which the variation occurred. Some variations, such as the use of certain links with certain elements, were clear-cut to identify, while other variations involved a certain degree of subjective judgment in their identification, for example, deciding that a softgoal should be a goal. In addition to analyzing the variations in 30 sources, we performed a qualitative analysis of the motivations behind the variations, asking questions such as: What did the modeler mean to model with this variation? Is the underlying meaning clear?  Was the variation deliberate? Why was the modeler driven to make this variation? 
Table 1 lists common variations in the surveyed assignments and papers. It provides total number of variations for each category of variations for student assignments and academic papers or presentations. Although we analyzed both SD and SR models, we detected variations only in SR models. Several of the variations are explained in more detail in Section 5.

5 Analysis

By performing a qualitative analysis of the motivations behind each variation, we can analyze whether the variation represents a potential source of confusion in a model, whether the convention can be seen as a shortcut for more complex syntax, or whether it indicates issues in the i* notation used at U of T. We have grouped variations together when we believe they stem from similar motivations. The counts for each variation within a particular category are provided. Due to space restrictions, we pick out only the most prominent variations to discuss. 
Table 1. Summary of common variations.
	Category
	Variations and grouping categories
	Total # of instances for Assignments
	Total # of instances for Papers/ Presentations
	Total # of instances per variations

	Decomposition Links
	Decomposition links are drawn directly from goals to tasks
	5
	4
	9

	
	Decomposition links are used between goals
	4
	2
	6

	
	Decomposition links are drawn from goals to softgoals
	2
	3
	5

	
	Decomposition links extend outside actors' boundaries
	1
	3
	4

	
	Decomposition links are used between Softgoals
	2
	1
	3

	
	Decomposition links drawn from softgoals to tasks
	2
	0
	2

	
	Decomposition links are used between resources
	1
	0
	1

	
	Decomposition links are drawn from goals to resources
	0
	1
	1

	Dependency Links
	Dependency links are used in more than one strategic relationship
	4
	4
	8

	
	Softgoal dependency is met by a goal
	5
	0
	5

	
	Softgoal dependency is met by a task
	1
	1
	2

	
	Dependency links are used inside actors
	0
	1
	1

	
	Dependency links do not have dependums
	0
	1
	1

	
	Dependencies link to actor boundary
	0
	1
	1

	Means-Ends Links
	Means-Ends links are used between tasks
	2
	1
	3

	
	Means-Ends links are used between goals
	1
	2
	3

	
	Means-Ends extend outside actors' boundaries
	0
	3
	3

	
	Means-Ends are drawn from goals to softgoals
	2
	0
	2

	
	Means-Ends are drawn from goals to tasks
	1
	1
	2

	
	Means-Ends are drawn from softgoals to goals
	1
	1
	2

	
	Mean-Ends are used between softgoals
	1
	0
	1

	
	Means-Ends are drawn from resources to goals
	0
	1
	1

	Contribu-tion Links
	Contribution links extend outside actors' boundaries
	1
	5
	6

	
	Contribution links are drawn from softgoals to tasks
	3
	1
	4

	
	Contribution links are drawn from Softgoals to goals
	1
	1
	2

	
	Contribution links are used between goals
	1
	0
	1

	
	Contribution links are drawn from resources to tasks
	1
	0
	1

	Element Types
	Softgoal should be goal
	10
	0
	10

	
	Goal should be softgoal
	11
	4
	15

	
	Task should be softgoal
	7
	1
	8

	
	Softgoal should be task
	7
	0
	7

	Other
	Association links are used between incorrect specialized actors
	5
	0
	5

	
	Softgoals are not decomposed
	2
	0
	2

	
	Actors are included inside another actor
	0
	1
	1

	
	Evaluation Labels are not propagated throughout the model
	0
	1
	1

	
	Totals
	84
	45
	129


The Nature of “Hard” Elements and Softgoals. [Decomposition links are used between Softgoals (3), Decomposition links drawn from softgoals to tasks (2), Means-Ends are drawn from goals to softgoals (2), and Mean-Ends are used between softgoals (1), Softgoal dependency is met by a goal (5), Softgoal dependency is met by a task (2), Contribution links are drawn from softgoals to tasks (4), Contribution links are drawn from Softgoals to goals (2), Contribution links are used between goals (1), Contribution links are drawn from resources to tasks (1), Decomposition links are drawn from goals to softgoals (5), Means-Ends are drawn from softgoals to goals (2), Softgoal should be goal (10), Goal should be softgoal (15), Task should be softgoal (8), Softgoal should be task (7), Total: 70].
Many of the variations can be attributed to a misunderstanding of the nature of hard and softgoals. Generally, users confuse hard and soft elements. Furthermore, several variations involved having a “hard”, non-softgoal element as a recipient of contribution links.  In i*, a goal, task or resource is typically considered similarly to a functional requirement, they are concrete states, actions or entities, respectively. From this point of view, it does not make sense to say that another element can provide a qualitative contribution to these elements (either partial or sufficient). To keep the differences between hard and soft elements clear, we decompose hard elements using only AND/OR type links (Decomposition and Means-Ends) in order to ascribe clearly defined decompositions to concrete elements. We can also see that modelers occasionally use links associated with hard elements with softgoals, and that softgoals depend on hard elements in dependencies. For the first case, as the nature of a softgoal implies qualitative, “good enough” analysis, it is unlikely to be decomposable into strict AND or OR relationships, such as Means-Ends or Decomposition. Although the i* Framework does retain the use of AND and OR contribution links for softgoals, (adopted from the NFR framework [12]), their use is infrequent..  
Similarly, when a softgoal dependency is met by a hard element, this may indicate a problem with the understanding of softgoals. In this situation, if the functional element (hard element) is satisfied, the qualitative aspect will also be satisfied. In some cases, the underlying meaning of this type of syntax may be desirable, similar to the situation where a Make link is used from hard element to a softgoal. However, if the contribution is only partial, or not positive, this syntax should be avoided.  

In several cases, modelers have decomposed goals to softgoals, violating the restrictions that goals should only be decomposed to tasks. The nature of hard goals and softgoals implies that a softgoal should not be a means to a hard goal; sufficiently accomplishing a qualitative goal, should not allow the accomplishment of a concretely defined state of the domain.  However, we can observe that in i* syntax a softgoal is allowed to be a decomposition element of a task. This seems to contradict the notion of a task as a concrete series of actions. In fact, when this type of syntax is used, we interpret the task to represent not only the concrete actions, but also the desired qualities that this particular task should accomplish in order to be satisfied. For example, in the left snippet of Fig. 1, Send Message is only satisfied if the Message is Sent Securely. If the message is sent, but it was not secure, send message is denied. Such a situation can also be created when tasks or goals depend on softgoals.
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Fig. 1. Example Task Decomposition (left), Alternative Syntax Examples (middle, right)
This situation may lead to potential confusion if a modeler or a model reader is not aware of this interpretation, and instead interprets Send Message as the binary, concrete act of sending a message, where, even if the message is not sent securely, it can still be sent. Furthermore, as Send Message becomes a decomposition element of other functional elements, this implied qualitative aspect is passed up the decomposition tree to other elements which could be interpreted as entirely functional. In addition, if a task can be decomposed to a softgoal, why can a goal not also be decomposed in some way?  

Possible Responses. Although a solution to these issues may be to discontinue the decomposition of Tasks to softgoals, there remains a need to explicitly associate non-functional qualities with functional elements. In the NFR Framework [   ], this was done using a type and topic style of naming, where goals were named by the type of softgoal (security, ease of use, etc.) and their domain specific topic, as “Type [Topic]”, see the middle of Fig. 1. Alternatively, a visual way to associate softgoals to functional elements which does not directly affect the evaluation of the functional elements could be devised, allowing the “hard” elements would retain their binary meaning. This alternative is shown on the right of Fig. 1. More investigation into the usability of the last option is required. 
Means-Ends vs. Decomposition. [Decomposition links are drawn directly from goals to tasks (9), Decomposition links are used between goals (6), Means-Ends links are used between tasks (3), Means-Ends links are used between goals (3), Decomposition links are drawn from goals to resources (1), Means-Ends are drawn from goals to tasks (2), Total: 24]
In the U of T style of i* syntax, deliberate restrictions have been placed on the use of Decomposition and Means-Ends links between elements. A Decomposition link (AND Decomposition) is intended to be used only to decompose tasks into a combination of any element types, where as a Means-Ends link (OR Decomposition) is intended to be used only to refine a goal into alternative tasks. The results show that many i* users either chose to ignore or misunderstand these restrictions.
The restrictions concerning Decomposition and Means-Ends links can be justified by the notion of tasks versus goals, and by the desire to prompt for the discovery of alternatives. In [2], a goal, by definition, can be accomplished in different ways, whereas a task specifies one particular way of accomplishing something. Thus, in Fig. 2, modeling Appointment Be Scheduled as a Goal would indicate that there are several different ways to schedule an appointment, while choosing to model Financial Management as a Task indicates that this refers to one particular way of performing financial management.
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Fig. 2. Example of Decomposition Variation Recreated from [15] (left), Redrawn in the U of T Style (right)
In the U of T style, the left side of Fig. 2 would be redrawn as shown on the right. By adding the extra task (Current Operation) between the goal decompositions and the original goal, we emphasize that this set of decompositions composes only a single way to decompose and accomplish the task. There can, in fact, be several ways to decompose the high-level goal, each having potentially different effects on qualitative aspects represented as softgoals. Despite these reasons, for reasons relating to the scalability and simplicity of i* models, users often relax the rules concerning Means-Ends and Decompositions. 
Possible responses. With this in mind, we propose two levels of i* syntax, a strict level which follows the syntax laid out in Section 3 and a looser level which uses syntactical shortcuts. In the strict version of the syntax, restrictions such as those concerning Means-Ends and Decomposition would apply. In the looser level, these restrictions can be relaxed, allowing users to be more concise. Therefore we can consider the left side of Fig. 2 as a “shortcut” for the right side. When a modeler chooses to use this simplified syntax, the underlying meaning, represented by the more detailed syntax, should be clear to the modeler and the model readers. If there is any doubt concerning the clarity of meaning, the stricter syntax should be used. 
Actor Boundaries . [Decomposition links extend outside actors' boundaries (4), Dependency links are used inside actors (1), Means-Ends extend outside actors' boundaries (3), and Contribution links extend outside actors' boundaries (6), Total: 14]  
One frequently observed variation is that a decomposition, means-end, or contribution link extends outside of an actor’s boundary. In the U of T version of i* syntax, all of these instances would be replaced by dependency links. It is important to limit non-dependency links to inside boundary of the actors to emphasize on actors’ autonomy. In this way, externally visible actor relationships are limited to dependency link, and other actors do no have knowledge of the inside motivations of an actor. This situation better reflects the autonomy of actors occurring in the domain.
By only using dependency links across actor boundaries, one can ensure that the SR model is consistent with the SD model, avoid confusion translated between the two. However, practitioners frequently violate these rules, and according to detail analysis of the models, scalability and usability issues lead to these variations. Although these variations are not compatible with the notion of actor autonomy, they communicate the same semantics represented with strict rules with a looser syntax which works as a shortcut. For example, Fig. 3 shows an example of a variation in [14] and its representation using the strict syntax of U of T style. 
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Fig. 3. An example of a variation used in a paper and its representation using the U of T style.
6 Discussion

By analyzing the results in Table 1, we can perceive several differences between the variations found in student assignments and academic work. It appears that students have more difficulty in understanding the nature of softgoals, and the differences between soft and hard elements. Although these notions are likely familiar to researchers, students are likely to be new to these ideas. Similarly, we see that students are more likely to have incomplete models, lacking softgoal decomposition, and are more likely to misuse association links. These issues can be addressed by placing greater emphasis on these concepts when teaching i* to new users.

On the other hand, we can observe that researchers are more likely to use non-dependency links outside of actor boundaries. We can postulate that researchers are more likely to adapt the Framework as they see fit. If they are faced with scalability issues, are more likely to deviate from the syntax laid out in [1] and [2]. No other significant differences between student and research results are found.
We can consider several threats to the validity of this study. First, the selection of academic papers and presentations was not performed in a completely random manner, and the surveyor was less interested in papers which did not have deviations.  Therefore the selection is not necessarily representative of all research applying i*.  However, the presence of a variety of domains in the research papers and assignments indicates that the discovered trends generalize across modeling subject matters.
When analyzing the differences between students and researchers, we see that the student assignments were often longer than the academic works, had more i* examples, and therefore had a higher chance of containing variations. However, as our observations of higher numbers of variations for student assignment is not universal across all counts, the trends observed likely remain valid.

Finally, the qualitative analysis of the variations found in both types of work was performed by the authors of this work, all of whom are very familiar with the U of T style of i* syntax, and who are biased by the flavor of i* which we have learned and used. Therefore, it is possible that the intention behind variations were misinterpreted in some cases. However, if the semantic intention of syntax variations can be misinterpreted, they may be ambiguous and problematic in general. 
7 Future Work and Conclusions

Through a survey of student assignments and academic work, we have discovered frequent variations from the i* syntax developed at U of T. Through a qualitative analysis of these variations, we have attempted to understand the motivations for these variations, and compared these motivations to the original motivations for the syntax introduced by Yu [1] [2]. We suggest the use of strict and loose versions of i* syntax, the latter containing syntactical shortcuts for configurations in the former. The emphasis of this paper is not to avoid the loose syntax, but to be sure that modelers and model readers have a consistent interpretation of syntactical shortcuts. Suggestions for modifications to i* syntax involving a clearer separation of hard and soft elements have been made. Future work should involve empirical assessments of the effect of adopting the loose syntax on the resulting models and model reasoning. 
The understanding facilitated by our analysis can promote consistency in i* modeling styles and model interpretation, and help to avoid ambiguous syntax. We have also pointed out potential areas of confusion for new i* users, allowing for a more effective formulation of curriculum involving i* modeling.
In the future, we would like to expand our survey to include more student assignments and academic papers in an attempt to verify or refute our results. In ongoing work, we have obtained access to i* models developed for industrial purposes in a software maintenance organization and are in the process of incorporating analysis of those models into the current study. We are also interested in examining the relationship between variations and model size, exploring to what degree variations are motivated by scalability issues. In addition, we are initiating a call to collect i* syntax variations from research groups using i* in the i* collaborative wiki. We have an “Open” version of the i* Guide, and invite researchers to contribute their varying i* syntax to the Guide [11]. By inviting others to provide examples and explanations of their syntax, we avoid the bias introduced when one group surveys the conventions of other groups. By collecting and comparing differing i* syntax, we can open a dialog concerning the motivations behind these differences, leading towards a more universal understanding of i* models.
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