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Abstract. As in any other system, an accurate requirements specification is essential to developing 
a collaborative system, which has special kinds of requirements that are hard to specify by means of 
current Requirements Engineering (RE) techniques. The Collaborative Systems Requirement 
Modeling Framework (CSRMF) was developed to address this problem; the original CSRML 
(Collaborative Systems Requirement Modeling Language) was extended and modeled to properly 
deal with collaboration and awareness requirements. The developed CSRMF framework consists of 
three components: an RE modeling language able to represent collaboration among users as well as 
awareness needs, a set of design guidelines that drive CSCW system specification by means of five 
different types of diagrams, and a supporting CASE tool to specify and validate CSCW system 
requirements. CSRMF provides Requirements Engineers with a complete solution to the 
specification of awareness-demanding collaborative systems, as they can now take advantage of a 
language and a set of guidelines supported by a tool to guide them in specifying system 
requirements. 

Keywords: Awareness; CASE tool; CSCW; Goal-Oriented; Requirements Engineering Process. 

1 Introduction 

The way in which services, applications, etc. are provided through the Internet has clearly 
changed in recent years with collaboration everywhere. Collaboration can be defined as working 
with others on a task to achieve shared goals [1]. Nowadays, if we take a look at the most visited 
websites, almost all in the top 100 are collaborative websites [2]. Social networks, collaborative 
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document editors, online games, everything is becoming collaborative and/or cooperative [3]. 
Multiplayer computer games are an excellent example of collaboration between users. Players must 
be aware of their current allies’ status, position and/or capabilities,  in order to cooperate with them 
to win the game [4]. These system are interesting example of CSCW systems (Computer Supported 
Cooperative Work) [5], since they rely on the extensive use of collaborative features. This CSCW 
label, defined as “a shorthand way of referring to a set of concerns about supporting multiple 
individuals working together with computer systems” was coined by Greif and Cashman in 1984 
[6]. In addition to the functionality already provided by classic software applications, CSCW users 
can also perform tasks related to collaboration, communication and coordination (a.k.a. 3C model 
[7]). Examples of this kind of task can currently be found in many CSCW applications. For 
instance, in Google Docs text editor [8], users are able to work together on the same document 
(collaboration), to chat about issues (communication) and to control access to the documents 
(coordination). 

Because of this collaborative trend in modern software, sophisticated methods and tools are really 
needed to build these applications. Although comprehensive methodologies can now be used to 
design CSCW systems [9], [10] these methodologies do not give much attention to Requirements 
Engineering (RE), one of the most important stages of the software development process, and use 
only conventional RE techniques or obviate this stage. One of the big problems in developing 
CSCW systems is specifying their requirements for 3C tasks, because of the inherent complexity of 
this collaboration as well as the users’ awareness needs. 

Figure 1. Relationship between 3C model and awareness [11] 
 This awareness consists of the users’ ability to perceive, feel or be conscious of events in the 

system, shared objects or users with whom to perform 3C tasks [12], [13]. Indeed, the lack of this 
information might make the users’ work inefficient and clumsy, and at worst, infeasible [14]. In the 
literature, one of the most widely accepted awareness interpretations is Workspace Awareness 
(WA), proposed by Gutwin and defined as “the up-to-the-moment understanding of another 
person’s interaction within a shared workspace” [15]. WA means knowing, for example, who is 
available to collaborate with, what the other users are doing (or what they did in the past), where in 
the shared workspace they are working, when an artifact was modified or how a certain operation 
happens. As can be observed, describing these WA elements in the requirements specification is a 
critical issue in building proper collaborative systems. Nevertheless, when dealing with a real 
CSCW system, the complexity of the collaboration tasks [16], the participant’s roles involved [17] 
and the awareness needs [18] make it difficult to specify and understand them using current RE 
techniques, which can produce incomplete and/or imprecise requirements models [19]. According 
to Schmidt [20], this field, like other multidisciplinary ones, lacks the necessary scaffolding for the 
integration of different views from different disciplines, i.e. the need for a common framework that 
includes both the social and technological aspects of CSCW systems.  

In order to address this issue, in this work we propose the CSRMF framework (Collaborative 
Systems Requirements Modeling Framework) for the specification of a whole CSCW system by 
modeling its 3C tasks, as well as WA features and the concept of user groups. This framework uses 
CSRML v2 (Collaborative Systems Requirements Modeling Language) as its specification 
language, an extension of the original CSRML language that supports all the WA requirements 
specified by Gutwin [15], a much stronger support for groups and users, and a new set of elements 
and relationships which make the specification of collaborative tasks much more expressive. 
Thanks to the additional expressive power offered by CSRML v2, not only can classic CSCW 
systems be specified, but also avant-garde collaborative systems, such as multiplayer games or 
Post-WIMP immersive applications. To make this specification easier, the CSRML CASE Tool was 
developed to support analysts when using CSRMF to model and verify CSCW system requirements 
specifications. Finally, in order to lead the specification of a CSCW system with CSRML, a set of 
guidelines were composed to help RE practitioners model an entire CSCW system, from user and 
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group identification  to the definition of the tasks they will perform and the awareness information 
needed for the tasks.  

In order to show the benefits of using CSRMF the CSCW requirements of Age of Empires 
Online™ were modeled. This is a popular multi-user real-time strategy game which is highly 
demanding in terms of WA information. In fact, CSRMF was applied to the specification of several 
applications, such as a conference review system and a collaborative e-learning system. However, 
we opted for this collaborative game because it was the most complex system we had ever modeled 
with this framework due to its wide range of CSCW characteristics: the diversity of collaborative 
tasks to be performed, the huge amount of awareness information to be dealt with in real-time and 
the different relationships among the participants (allies, foes and neutrals). Our research questions 
were thus defined as follows: 

• RQ1. How can a new metamodel-based framework based on the Collaborative Systems 
Requirements Modeling Language deal with CSCW’s 3C model and Workspace Awareness 
features? 

• RQ2. What guidelines can drive the specification of a CSCW system by using the Collaborative 
Systems Requirements Modeling Framework? 

• RQ3. How can tool support be provided for modeling a CSCW requirements specification 
considering Collaborative Systems Requirements Modeling Framework guidelines? 

• RQ4. Is the Collaborative Systems Requirements Modeling Framework expressive enough to 
model the requirements of a real awareness-demanding CSCW scenario like a mainstream game? 
This paper is structured as follows. In Section 2 related work is reviewed. Section 3 summarizes 

the process led by empirical evaluations that resulted in the development of CSRMF and the 
CSRMF metamodel, modeling language and guidelines and how they are integrated into our case 
tool. Section 4 describes a case study using CSRMF to model a real CSCW system. Section 5 
includes our most important conclusions and our intentions for further work. 

2 Related Work 

CSCW systems (Computer Supported Cooperative Work systems) [5], [7] are getting more and 
more attention. CSCW discipline addresses “how collaborative activities and their coordination can 
be supported by means of computer systems” [21]. Thus, we can find CSCW examples ranging 
from traditional everyday collaboration tools, such as e-mail, videoconferences, or newsgroups, to 
the now commonly used social networks [22], on-line games [23], collaborative text editors [24] or 
e-learning systems [25], either in academic or industrial fields [3]. The main purpose of CSCW is to 
enable users able to work collaboratively in a computerized environment as they would in a 
physical environment. This awareness of others’ presence and activities, trivial in a physical 
environment, is not that easy in CSCW, but can be provided by means of Workspace Awareness 
(WA) elements [26]. 

Figure 2. Collaborative application supporting Workspace Awareness 
In order to exemplify the use of Workspace Awareness techniques, Figure 2 shows a 

collaborative code editor called SubEthaEdit [27] featuring 3C (collaboration, communication and 
coordination) and WA element support, which provide the user with awareness of other 
participants. As can be observed in the center of Figure 2, this application has a text editor that 
enables several users to edit the same source code simultaneously (collaboration task). This editor 
provides information on who edited each part of the document by means of a color code 
(implementation of Gutwin’s awareness question “Who is doing that?”), as well as showing the 
position of each user by means of the colored rectangles in the scroll bar (the amount of selected 
code is represented by the rectangle length). This implements Gutwin’s question “Where are they 
looking?” In addition, the User Statistics window provides information on the actions performed by 
the participants (deletions, insertions and selections). It also shows when these actions were 
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performed (implementations of “What has a person been doing?” and “When did that event 
happen?”). Regarding communication tasks, the Connections window makes it possible to 
communicate with other participants either by chat or e-mail, providing awareness of “Who is 
participating? Who is that?” Regarding coordination, the Document Access window shows the 
exact position of the users in the document (Gutwin’s “Where are they working?”) and whether 
they have selected a text (number between parentheses). It also supports the assignment of the 
document’s permissions (read/write, read only or even kick out users). 
Gutwin and Greenberg [28] published an empirical study based on a usability test with several user 
interfaces at different WA levels. They concluded that high-level WA helped improve the 
performance of experimental tasks. Other studies are currently being conducted aimed at the 
systematization of considering WA during the development of CSCW. For instance, Figueroa-
Martinez et al. [29] enriched UsiXML [30], a language for the specification of user interfaces, with 
WA support to integrate WA into a model-driven user interface development process. Similarly, 
CSRML (Collaborative Systems Requirements Modeling Language) [31] has been defined by 
extending the Goal-Oriented (GO) language i* [32] to support the specification of WA as well as to 
model user collaboration. 
A great deal of other work can be found on the development of CSCW systems, such as design 
guidelines [33], implementation techniques [34], empirical evaluations of CSCW systems [35], and 
even specific development methodologies [33]. For instance, related to CSCW systems design, 
particularly for mobile applications, Antunes [36][37] proposed design guidelines to help designers 
to identify places, users, artifacts and geo-referenced knowledge. These guidelines identify what 
information is of interest to designers and how user requirements may be applied. There is also an 
interesting study by Molina et al. [37] focused on modeling CSCW systems which describes a 
graphical language (and the CIAT DSL tool) for the specification of a whole groupware system by 
defining their different views but unfortunately did not consider WA aspects. 
Despite the important amount of work already conducted on CSCW, not much attention has been 
paid to its requirements specification. Currently, CSCW methodologies, such as AMENITIES [33] 
or CIAM [37] are mainly focused on design activities. These authors specified awareness 
requirements by using an extension of the templates developed by Duran et al. [38], which may 
cause linguistic problems due to its text-only-based nature [39]. These templates are based on 
UML’s Use Cases [40] that do not have a specific mechanism to represent either 3C tasks or WA. 
Unlike current techniques such as Use Cases, which focuses on describing what the system 
functionality must be, Goal Oriented (GO) techniques ask “why” this functionality is needed by 
documenting it through goals, which are considered stakeholders’ intentions with regard to the 
objectives, properties or use of the system [41]. The use of GO techniques thus leads analysts to 
specify systems in a way that can be better understood by the stakeholders. They also facilitate the 
identification and analysis of alternative realizations of the system. Within the GO techniques, 
several approaches can be found such as the NFR Framework [42], KAOS [43], i* [32] or even a 
unifying framework that takes advantage of the strengths of several GO methodologies [44]. The 
CSRMF framework described in this work is based on i*, which is a GO approach whose main aim 
is to document and analyze goals and their dependences. Based on the idea that an actor depends on 
other actors to achieve its goals, i* requirements models are divided into two different diagrams, 
namely: the Strategic Dependency Model (documenting the actor and their dependencies) and 
Strategic Rationale Model (detailing the goals, tasks, etc. of each actor). Additionally, i* provides a 
metamodel [45] that can be extended for use in domain-specific scenarios [46]. 

A considerable amount of CASE tools can be found regarding tool support for GO techniques. 
For instance, the Organization Modeling Environment (OME) [47] provides graphical support for 
specifying and analyzing requirements by using several GO approaches like i*. This tool evolved to 
the open-source Eclipse-based OpenOME [48], which was enriched with some new features, such 
as forward and backwards requirements analysis. Directly related to i*, J-PRiM [49] is a tool that 
supports modeling and analysis of requirements by means of a reengineering process. This tool 
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guides the analysis of existing systems and their representation by using several alternative 
hierarchies of i* elements. 

However, when trying to specify a complex CSCW system, i* lacks the required scalability 
features, advanced role management and 3C / awareness representation features [50]  and so 
generates barely understandable requirements specifications when used for this purpose. The 
understandability of the two latter models was empirically evaluated [19], showing that the CSRML 
language, which this framework is based on, has enough expressive power to model these systems, 
obtaining much better results than i*. Nevertheless, it also brought to light several other issues 
inherent in this first version of CSRML, such as an awareness representation mechanism based on a 
little-known proposal or no support for representing groups of users, together with some minor 
understandability issues.  The CSRMF framework was therefore developed to solve these 
shortcomings and make it possible to specify complex CSCW systems, guiding the RE process by 
its guidelines and facilitating the edition and validation of models by means of the CSRML Tool, 
the CASE supporting software. This is a step forward in “covering the gap” between CSCW 
requirements, which are directly related to human activity, and computational entities, in 
Ackerman’s words [51]. 

3 Collaborative Systems Requirements Modeling Framework  

The CSRMF (Collaborative Systems Requirements Modeling Framework) specifies CSCW 
(Computer Supported Cooperative Work) systems, paying special attention to modeling 3C tasks 
and their underlying Workspace Awareness (WA) features. CSRMF aims at establishing a 
framework for the specification of CSCW requirements by the use of a common language, a tool 
and guidelines to reduce the difficulties among the stakeholders involved [52]. It should be noted 
that CSRMF focuses on requirements specification, but not on elicitation / capture stages, for which 
there are other techniques [53]. The framework (see Figure 3) consists of the following elements: 

• CSRML v2 (Collaborative Systems Requirements Modeling Language): uses an improved 
version of CSRML, a Goal-Oriented Requirement Engineering language focused on specifying 
3C tasks and WA features. 

• Design guidelines: a set of guidelines to drive the specification of CSCW systems requirements 
that describe how to specify all 5 kinds of CSRMF diagram necessary for the specification of a 
CSCW system. 

• CSRML Tool: a CASE tool that provides analysts with the necessary support for the specification 
of CSCW systems requirements with CSRML implemented as a Visual Studio extension. 

Figure 3. CSRMF components 
CSCW characteristics can be specified by the CSRMF framework as follows: 

• Group hierarchy: A CSCW system normally has a group of users who work together to achieve 
common goals. In addition to actor2, groupactor was also included in CSRMF so that both users 
and groups of users can be specified. When a groupactor is specified, it is also related to the 
actors that make up the group using participation links. Another interesting feature is that it 
allows analysts to specify the leading actors in the group. 

• Role management: when developing a CSCW system it is crucial to define user capabilities. In 
CSRMF, these capabilities are assigned by means of a playing link, which specifies the condition 
that must be accomplished for an actor to play a role. The framework is able to represent the role 
responsible for a task using the responsibility link. 

• Collaboration among users: the specification of collaboration is a cornerstone of CSRML v2. 
Owing to both the role and task elements, this framework is able to specify collaboration among 

 
2 All the elements are explained in Section 3.1 
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users as 3C tasks (collaboration, communication and coordination, as shown in Figure 2), 
according to the model presented in [7], which is the most widely-used in the CSCW field. 
Therefore, the roles (or role in case of individual tasks) participating in a task are specified by 
means of participation links, which also denote how many instances of each role are involved 
(cardinality). 

• Awareness: although awareness is important, it is somewhat difficult to specify when modeling a 
CSCW system. CSRMF introduces the awareness resource, which specifies the awareness a user 
needs to perform a task. This is done by the elements used in the definition of an awareness 
resource, present and past awareness elements, which denote the specific awareness needs for 
each task, based on Gutwin’s descriptive WA framework [15]. Awareness resources are thus 
related to tasks and roles by means of a 3-ary relationship, the participation link. However, 
Gutwin’s framework elements are not the only ones considered in CSRMF, but the main 
characteristics of Social Awareness [54], like group members, roles and collaborative tasks, can 
also be specified by means of other elements in the framework  

• Goal-Orientation: the CSRMF framework is based on i* [32], to support goal-oriented 
requirements modeling and the specification of goals and their corresponding refinement into 
resources, tasks or softgoals, as well as establishing dependencies among roles and elements. 

• Quality factors management: as for any other software system, quality factors must be taken into 
account for the development to be successful. In CSRMF contribution links are used to specify 
softgoals which represent quality factors that contribute to achieving the software quality, to 
which tasks and softgoals can contribute. 

• Hierarchical organization: the specification of a CSCW system is performed hierarchically, thus 
solving the scalability issue of i* mentioned in Section 2. Actually, the specification is performed 
from high-level system goals to specific user tasks (top-down decomposition), which has been 
shown to improve the understandability of Software Engineering diagrams [55].   
This framework also promotes the specification of the requirements of CSCW systems by means 

of 5 different types of diagram to improve the specification’s readability and understandability. 
These diagrams, depicted in the metamodel in Figure 5, are the following: 

• Group Hierarchy Diagram (GHD) (Figure 5a): this diagram depicts the different stakeholders 
(and their groups) involved in the CSCW system by using actors and groupactors, respectively. 
Examples of this kind of diagram are shown in Figure 9 and Figure 16. 

• Quality factors diagram (QFD) (Figure 5b): these diagrams specify the quality factors that 
contribute to achieving the main softgoals (quality factors) identified in the RD diagram. Several 
examples can be found in Figure 13 and Figure 21. 

• System Goals Diagram (SGD) (Figure 5c): this diagram is used to identify the goals of the 
CSCW system. Each of these goals will be assigned to the actors and groupactors involved in 
their achievement. Figure 10 and Figure 17 show some examples. 

• Responsibility Diagram (RDs) (Figure 5d): each of these diagrams represents one of the goals 
identified in the SGD. The RD diagram specifies the roles played by the actors and the tasks the 
actors are responsible for. Figure 11 and Figure 18 show some examples. 

• Task Refinement Diagrams (TRDs) (Figure 5e): In a TRD diagram, the tasks previously identified 
in RD diagrams are decomposed into individual tasks and 3C tasks that support WA features. 
Figure 12, Figure 19 and Figure 20 give some examples. 
In Section 3.1 the CSRML v2 modeling language of the CSRMF framework will be explained by 

describing both its elements and relationships, corresponding to the graphical representation of the 
metamodel elements (Figure 4 and Figure 5). The design guidelines for the creation of CSCW 
specifications will be presented in Section 3.2 and the CASE Tool of the CSRMF framework is 
described in Section 3.3. 
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3.1 A modeling language: CSRML v2 

Originally based on Yu’s i* [32], the CSRML v1 [31] was designed for the specification of 
CSCW systems by extending i* elements and relationships with new ones that enable the 
specification of the 3C model and WA. It not only has CSRML v2 CSCW awareness modeling 
capabilities, but also solves the understandability issues of both CSRML v1 and i* detected in [19] 
by means of  hierarchical diagrams and the inclusion and redefinition of some of their elements. 
CSRML v2 is based on a metamodel made by extending the elements in v1. Figure 4 shows the 
hierarchy and composition relationships as well as the elements’ attributes and the enumerations 
used (elements and relationships not present in CSRML v1 shown in red dotted lines) and Figure 5 
the relationships among the elements in the diagrams (red represents CSRMF elements, blue 
relationships among elements, yellow represents diagrams and green represents enumerations. The 
color code facilitates understanding how the different elements are related. A filling pattern is also 
used to improve readability in black and white diagrams. Abstract class names are shown in italics.  

Figure 4. CSRML v2 metamodel: detailed classes with hierarchy and aggregation 
relationships 

Figure 5. CSRML v2 metamodel: diagrams containing elements and relationships 
The awareness modeling system of this redesigned version of CSRML is based on Gutwin’s WA 

[15]. The CSRML v2 elements used in this framework are the following: (note that the elements 
that have been added or modified are denoted with an asterisk (*)): 

• Actor*: a user, program, or entity with certain acquired capabilities (skills, category, and so forth) 
that can play a role while it executes, uses devices or is responsible for actions An actor has to 
play a role (specified by means of a playing link) in order to participate in a system. 

• GroupActor*: is a designator for a group composed of one or more actors whose aim is to 
achieve one or several goals to represent groups of users. 

• Role: is a designator for a set of related tasks to be carried out. An actor playing a role can 
participate in individual or collaborative tasks (through participation links) and it can be 
responsible for the achievement of a goal (through responsibility links). 

• Goal: answers “why?” questions. It describes a certain state of the world that an actor would like 
to achieve. However, a goal does not prescribe how it should be achieved. 

• Softgoal: is a condition in the world that the actor would like to achieve, but unlike the concept of 
(hard) goal, the condition for its achievement is not sharply defined. A softgoal is typically a 
quality attribute that constrains another element, such as a goal, task or resource. 

• Task*: specifies a particular way of doing something. As can be seen in the metamodel (see 
Figure 4), this element has an importance level according to the task’s development priority. Two 
types of task are identified: 
─ Abstract task: is an abstraction of a set of concrete tasks and other elements.  
─ Concrete task: refinements of abstract tasks and have roles responsible for their 

accomplishment. There are four types of concrete task: an Individual task that an actor can 
perform without any kind of interaction with other actors. Collaboration / Communication / 
Coordination tasks require two or more actors to be involved in order to perform any kind of 
collaboration / communication / coordination. 

• Resource: is an entity (physical or informational) that the actor needs to achieve a goal or 
perform a task. The main concern about a resource is whether it is available and from whom. 

• Awareness Resource*: This element represents some awareness perceptions that a role needs to 
accomplish a task. As the metamodel shows (Figure 4), this element is composed of several 
Awareness Elements based on the Gamespace Awareness features identified by conducting a 
Thematic Synthesis on the existing awareness interpretations [56]. These elements are specialized 
according to their temporal category and classified according to their importance (nice to have, 
desirable, highly desirable or mandatory). 
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The modeling elements defined can be related to each other according to the CSRML v2 
metamodel (Figure 5) by the following set of relationships: 

• Dependency: is a relationship between a depender and a dependee for a dependum. The depender 
and the dependee are actors and the dependum can be a goal, a task, a resource, or a softgoal. The 
depender depends on the dependee for achieving a goal, performing a task, or using a resource. If 
the dependee fails to provide the depender with the required dependum, it becomes difficult or 
impossible for the depender to achieve the goal, perform the task, or use the resource. Based on 
the type of dependum, there are four types of dependencies: goal dependency, task dependency, 
resource dependency and softgoal dependency. 

• Means-end link*: a means-end link documents which softgoals, tasks, and/or resources contribute 
to achieving a goal. A means-end link also facilitates the documentation and evaluation of 
alternative ways to satisfy a goal [57], i.e., different decompositions of a goal into subgoals, 
tasks, and resources. 

• Task decomposition link: a task decomposition link describes the essential elements of a task. A 
task decomposition link relates the task to its components, which can be any combination of sub-
goals, sub-tasks, resources, and softgoals. The decomposition of a task can thus comprise sub-
tasks that must be performed, sub-goals that must be achieved, resources that are needed, and 
softgoals that typically define quality goals for the task. 

• Contribution link: A contribution link documents an influence from a task or softgoal to other 
softgoal. It is defined by means of the kind attribute of the corresponding metamodel element, 
and can be positive, negative or unknown (Figure 4).   

• Playing link: a playing link is used to represent when an actor plays a role. This link has a guard 
condition attribute (Figure 4) that represents when a role can be played by an actor. 

• Responsibility link*: a responsibility link assigns a role (played by an actor) to a (soft)goal or 
task. This link represents who is the stakeholder responsible for a goal/task accomplishment.  

• Participation link*: can connect different elements according to the context (diagram) in which 
this relationship is used (see Section 3.2 for a complete description of the different CSRMF 
diagrams): 
─ TRD context: A participation link denotes who is involved in a task. This link has an attribute 

to specify its cardinality, i.e., the number of users that can be involved in a task. It can 
optionally have an awareness resource attached to it (examples shown in Figure 19 and Figure 
20). In this way, it shows that the role has a special perception need (specified by means of the 
awareness resource) in order to participate in the task. Without this perception, the 
accomplishment of the task could be negatively affected or the role could even not be able to 
participate in the task. 

─ GHD context: this relationship is used to assign an actor to a groupactor (see Figure 16). Its 
cardinality shows how many actors constitute each groupactor. 

─ SGD context: used to specify which actors are involved in the accomplishment of the main 
goals of the system (see example in Figure 17). The number of occurrences of each actor or 
group actor is denoted by the cardinality field. 

In order to make the specification of CSCW system requirements easier using CSRML, a 
graphical notation was designed to create the CSRML v2 diagrams in a more intuitive manner. The 
graphical elements added to the original i* notation follow Moody’s prescriptive theory principles 
[55] in order to create a cognitively effective visual notation. The graphical definitions for the 
CSRML v2 elements (Figure 6) and relationships (Figure 7) are the following: 

Figure 6. Graphical description of CSRML elements 

Figure 7. Graphical description of CSRML relationships 

• Goal, Resource and Softgoal: these elements keep the original i* notation. 
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• Task: The original i* notation for this element (an irregular hexagon) is complemented with 
several icons representing the kind of task (see Figure 6). The importance of a task is defined by a 
graphical notation [55] based on a color code (green, yellow, orange, red), green being the least 
and red the most important. For color-blind readers or black and white print-outs, importance is 
also denoted by an alternative notation based on exclamation marks (none – normal, [!] – high, 
[!!], very high, [!!!] – highest) to reinforce the meaning of the task’s importance. 

• Awareness Resource: this kind of element can be shown in the diagrams by two different 
graphical notations: expanded or reduced. In its expanded form, the Awareness Resource shows 
all the Workspace Awareness features identified by Gutwin [15], whose importance can be set (if 
a specific WA feature is needed) according to the relevance they have to the accomplishment of a 
task. This importance can be nice to have (N), desirable (D), highly desirable (HD) or mandatory 
(M). These awareness features are categorized into two different sections. One is related to the 
present and the other to the past, as in Gutwin’s work. Note that as awareness is not only related 
to sight, but to hearing, touching, knowing, or any other means that provides users with feedback 
about the people collaborating with them in a shared workspace, the icon of this element is a 
brain containing a question mark. 

• Actor, GroupActor and Role: the new graphical representations for these elements can be seen in 
Figure 6. Note that CSRML does not use the boundary concept from i*. Instead, the relationships 
of actors and roles to tasks and goals are shown by participation links. 

• Dependency, Means-end Link and Task Decomposition Link: these relationships keep the 
original i* notation. 

• Contribution Link: this link has a symbol representing the kind of contribution (see Figure 7). It 
can be either “+” (positive), “-” (negative) or “?” (unknown). 

• Playing Link: this link represents its guard condition my means of a text between brackets 
([guard condition]). 

• Participation Link: this link represents cardinality in a UML-like style. For example: 
─ 1: only one actor / role is participating 
─ 1..3: from one to three actors / roles are participating 
─ 2..*: a minimum of two actors / roles are participating 

• Responsibility Link: the new graphical representation for this relationship can be seen in Figure 
7. 

3.2 CSRMF Design Guidelines 

This section explains the set of guidelines (Gi) that drive the specification of CSCW systems by 
means of CSRML and is divided into five different types of diagram.  

(G0) CSRMF roadmap 
A CSCW system specified by following the CSRMF guidelines must have the diagram structure 

shown in Figure 8. This is the first guideline and leads CSCW analysts through the following steps: 
1. Identification of the actors and groups of actors participating in the system 
2. Definition of system’s main goals 
3. Assigning the responsibilities and specifying the main tasks 
4. Refinement of tasks and definition of collaboration and awareness 
5. Specification of quality factors 

This procedure follows Goal-Oriented recommendations, i.e. it goes from an abstract need to a 
concrete one by refining the system’s main goals into abstract tasks, that in turn, will be refined into 
less abstract ones until reaching concrete tasks that can be assigned to actors (playing the required 
role to participate in that task). This procedure also assumes that the main constituents of CSCW 
systems (actors / groups and system goals) guide the specification. 
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Figure 8. CSRMF model roadmap 
The guidelines required to create each type of diagram are explained in the following subsections 

with practical examples (see Figure 9 to Figure 13). In order to create RDs, TRDs and QFDs we 
must follow the guidelines for these diagrams more than once until we get a diagram structure like 
the one shown in Figure 8.  Note that when an element defined in a diagram is referenced in a 
different diagram, its name is shown in italics. When dealing with complex systems, the 
requirements specification process using the CSRMF guidelines can be performed iteratively in 
order to refine the model until it is properly and fully specified. 

(G1) Group Hierarchy 
The first step in creating a CSRMF model is to identify the participants (and groups of 

participants) that are going to be involved in the system. Then, for each participant / group, a new 
actor / groupactor must be added to the GHD diagram. These actors must then be related to their 
corresponding groupactors by means of participation links, whose cardinality is assigned according 
to the number of participants in each group. If a group has a leader, the leading actor should be 
specified. For example, Figure 9 shows a groupactor that has one or more actors and a group leader 
(represented by the hand icon). An example of a real scenario is shown in Section 4.2.1 (Figure 16), 
related to an online collaborative game. 

Figure 9. Basic Group Hierarchy Diagram 

(G2) Systems Goals 
The tasks and goals of the CSCW system must be specified just after the creation of the GHD. 

The system’s main tasks must be specified in this diagram and decomposed into the main goals 
(related to the tasks by task decomposition links). With the system goals defined, the actors and 
groupactors must be related to the goal they are involved in by means of participation links. The 
number of actors and groupactors that contribute to the accomplishment of each goal must be 
specified by setting the cardinality property of the corresponding participation links. For instance, 
Figure 10 shows a SGD that has two tasks, each decomposed into two main goals. The actors and 
groupactor, previously defined in the GHD (see Figure 9), are related to the goals they are involved 
in. For further details, see Figure 17 in Section 4.2.2.  

Figure 10. Basic System Goals Diagram 

(G3) Responsibilities and Roles 
Once the system main tasks and goals have been defined, an RD diagram must be created for 

each task defined in the SGD decomposed into one or more sub-tasks and optionally into one or 
more softgoals related to quality factors. Each actor’s roles must be defined here and all the sub-
system roles must be added and related to the actors specified in the SGD by means of playing 
links. These links have a guard condition that indicates when the actor can play a role. A role must 
be made responsible for every task and softgoal. This can be done hierarchically by assigning a role 
to the main task (and consequently to all of its sub-tasks and softgoals). However, this responsibility 
assignment can be overridden if a different role is assigned to a sub-task or quality softgoal. For 
example, in Figure 11 one of the tasks of the SGD above is decomposed into two sub-tasks and two 
quality softgoals. In this example, Role 2 is responsible for every sub-task and quality softgoal 
except for Sub-task 2, whose responsibility falls on Role 1. Figure 18 in Section 4.2.3 depicts an 
additional example from a real system. 

Figure 11. Basic Responsibilities Diagram 
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(G4) Task Refinement 
Every sub-task in the RD main task must be refined into several goals, resources, softgoals and 

sub-tasks in a TRD diagram. The tasks will be decomposed by task decomposition links, following 
the same procedure as for goals, but using means-end links instead. This procedure must be 
repeated over and over until the abstract tasks are refined into concrete tasks. For example, in 
Figure 12 one of the sub-tasks from the RD previously specified (see Figure 11) is decomposed into 
two concrete tasks (an individual and a collaborative). The roles specified in the RD must be 
assigned to concrete tasks by means of participation links. These links have a cardinality property to 
indicate the number of actors playing a role necessary for a task to be performed. Note that an 
individual task only needs one role, but a 3C task needs more than one (or only one role with a 
cardinality of 2 or more). The importance of the tasks can be also specified in this diagram. 

Figure 12. Basic Task Refinement Diagram  
Dependencies and awareness resources can also be specified in the TRD (refer to Section 3.1 to 

see how dependencies work). An awareness softgoal is represented in a TRD as a 3-ary 
relationship, because it must be related to a task and to the role that needs awareness about other 
users to participate in the task. Several awareness elements (related to the past and the present) can 
be added to the awareness resources. The importance of every awareness element in the awareness 
resource can also be specified (information on awareness resources can be found in Section 3.1). As 
an example, Figure 12 shows an awareness resource related to Role 2, which participates in the 
Collaboration Task and requires ([M]) to know the history of actions performed by the users 
participating in the task. It has also been specified that it would be nice to have ([N]) information 
about the presence of other users. Two additional examples of this type of diagram can be found in 
Figure 19 and Figure 20 in Section 4.2.4.  

(G5) Quality Factors 
In order to conclude the specification of a CSCW system with CSRMF, optionally, one or more 

QFD diagrams could be created (depending on whether or not the system requires quality factors to 
be specified). Thus, if a softgoal has been added to the RDs, a new QFD must be created to specify 
each of these softgoals. Each softgoal defined in the RD must also be added to a QFD and refined 
into softgoals and tasks that contribute to its accomplishment (Figure 13) by means of contribution 
links. These contributions can be positive, negative or unknown, as shown in Figure 13. The 
specification of this type of diagram can be carried out by following international quality standards 
such as the ISO/IEC 25010:2011 [58]. A complementary example of this type of diagram is shown 
in Section 4.2.5 (Figure 21). 

Figure 13. Basic Quality Factors Diagram 

3.3 CASE Support: CSRML Tool 

A powerful CASE tool that supports modeling and validation is a cornerstone for the success of a 
new technique, language, method or whatever [59] and CSRMF is no exception, as a CASE tool 
was created to facilitate modeling CSCW requirements (Figure 14). The CSRMF CASE tool is able 
to represent all its elements and relationships, support the diagram organization and validate the 
models created by checking whether they conform to the CSRMF metamodel (among other design 
restrictions). The CSRML Tool supports model validation in three different ways: 

• Design-time validation: The graphical editor does not allow users to add incorrect elements to 
certain diagrams or to connect elements with incorrect links.  

• Meta-model validation: The CSRML Tool allows users to check whether the specified model 
conforms to the CSRML meta-model or not. 

• Other validations: The validation procedure checks other potential sources of incoherence, such 
as recursive tasks and goal decompositions (e.g. Task_1 is decomposed into Goal_1, which is 
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fulfilled by means of Task_1). Diagrams are checked for duplicated or void references to ensure 
their integrity. The validation system checks other aspects untestable by means of the metamodel, 
e.g. the correctness of the participation links, preventing users from specifying incorrect 
cardinalities (such as 3..1, -2..2).   

Figure 14. CSRML Tool running under Microsoft Visual Studio 2012 and Windows 8 
This tool is integrated with Visual Studio, so several wizards and item templates have been 

created that support the users, as with any other Visual Studio project. For instance, by using one of 
these wizards, a new CSRMF project can be created that includes 5 empty diagrams (one of each 
type). A context-sensitive help component is available to the user which is integrated into the Visual 
Studio help system. This help component includes a description of all the CSRMF elements and 
diagrams, as well as several tutorials covering the most complex aspects of the tool. 

The tool’s usability has been empirically evaluated [60] using a facial expression analysis 
technique [61] and a user satisfaction questionnaire [62], the results of which were reported 
following the ISO Common Industry Format for usability test reports [63]. This evaluation 
performed by 28 Computer Science students concluded with 89.29% of the experimental tasks 
correctly completed and a satisfaction result of 6.06 out of 7, which can be considered a high score. 
The facial expression results helped us to identify the key aspects of the tool that need to be 
improved. 

4 Putting CSRMF into Practice: Specification of a Real Multiplayer Collaborative Game   

CSRMF was used to specify several information systems, including a multi-user text editor, a 
collaborative conference review system and an e-learning platform. However, despite the wide 
range of collaborative tasks involved, none of these systems was sufficiently awareness-demanding 
to need CSRMF’s awareness modeling capabilities. We therefore chose an online multiplayer 
collaborative game for this purpose: Age of Empires Online™ (AoEO) [64]. In order to play AoEO, 
as in most real-time strategy games, players need constant awareness information about their allies 
(their location, actions and resources) in order to collaborate in a group victory. This game has a 
characteristic that is not demanded by most other CSCW systems: opponents who will collaborate 
in order to defeat other players and neutral entities that are not aligned with any other player. This 
means three sources of awareness must be specified, one regarding our allies, another for our 
opponents and yet another for other entities. Although the game had already been developed, its 
shortcomings (evidenced by the patches applied in the last year) could have been overcome by 
CSRMF. The following section includes an overview of the game (Section 4.1) as well as an 
introduction to its requirements specification using CSRMF (Section 4.2). 

4.1 Age of Empires Online 

AoEO is the 12th and last title of the Age of Empires™ (AoE) series, which is a collection of real-
time strategy games. Originally developed by Ensemble Studios and published by Microsoft, the 
AoE series has been a commercial success, having sold over 20 million copies. For this work, we 
selected the last release of this game, which was designed to be massively played on the Internet.
  

Figure 15. AoEO 2vs2 skirmish game with detailed map 
The Skirmish AoE battle game (see Figure 15) consists of creating a virtual city (inspired on an 

ancient civilization) and an army. Once the city has been developed, the player must defend it and 
try to defeat the enemies by destroying their cities, optionally with the help of one or more allied 
players.  

We chose AoEO for the following reasons: first of all, it is a played by millions of users and  is 
free. Secondly, collaboration among users is everywhere: players have to trade, coordinate with 
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each other and help each other. Currently, there are several game missions hard to win (or even 
impossible) without the aid of other players. Finally, this game demands a lot of Workspace 
Awareness (WA) elements for collaboration among players. 

Players can collaborate in several ways; for instance, they need to coordinate and communicate 
with each other (either to attack the enemies or defend their own bases) by means of a chat window 
(see Figure 15 bottom left corner) or flares (blue circles Figure 15). When a player needs resources 
that he cannot obtain by himself, he can exchange resources with allies by trading or paying 
tributes. However, before asking for resources, players can see information about their allies by 
checking the information area in the top left corner (see Figure 15). To make collaborative actions 
possible, this game has several WA elements to provide feedback to the players, similar to those 
proposed in Gutwin’s framework elements [15]. For example, the most valuable element is the 
game map (see Figure 15), corresponding to the Overview+Detail WA display technique [65]. This 
element, similar to a radar view [66] shows a scaled-down version of the entire battlefield. Looking 
at this map, a player can see the general status of the battlefield by means of a color code (blue – 
user, yellow – allies, and red – enemies) and can also move through the battlefield and send position 
signals to his allies by clicking on the map. The map provides the user with feedback on what his 
allies are looking for by a set of telepointers (yellow rounded squares) [67], without talking / 
chatting with them (something really complicated when a skirmish is in an advanced stage). 

However, this is not the only feedback received from other users, because the players are always 
receiving status messages and audio feedback related to what is happening on the battlefield. With 
this audio feedback, they are aware of the most important events in the game, such as knowing 
when and where the enemies are attacking a building not shown on the screen at that moment. This 
audio feedback is supported by a surround sound system which can provide positional feedback. 
Next, we describe how CSRMF’s expressive power can be used for modeling a wide variety of 
collaborative requirements. 

4.2 Modeling Age of Empires Online CSCW Requirements with CSRMF: Putting into 
practice CSRML v2, its guidelines and CASE tool 

We now give the results of the reverse engineering process carried out to obtain AoEO 
requirements specification. Despite not having used the original requirements of this game, we were 
able to show the capabilities of the whole CSRMF framework when applied to a complex CSCW 
system. 

4.2.1 Identifying actors and groups (G1) 

As pointed out in the roadmap guideline G0, the Group Hierarchy Diagram (GHD) was defined 
to identify the actors and groupactors, as well as to assign actors to their corresponding groups by 
using participation links (guideline G1). As can be observed in Figure 16, the Administration board 
has one Coordinator and one or more Administrators. This group has a leader (Coordinator, shown 
by a hand in the diagram), but the other two group do not. The Realms consist of several users and 
the game’s AI is formed of the different Computers playing against the users. 

Figure 16. Group Hierarchy Diagram (GHD)  

4.2.2 Specifying group-level goals and system main tasks (G2) 

After defining GHD, the SGD (System Goals Diagram) was created to specify the actors’ goals 
(guideline G2). Figure 17 shows that the tasks Play skirmish and Rule empire (the two main system 
tasks in this game) are decomposed into different goals related to several groupactors. For instance, 
the goal Provide quality service is achieved by the participation of several Realms of players (a 
realm consists of a group of players, usually from the same country) and an Administration board 
(all the game administrators). Provide quality service will affect the Realms, whose players will be 
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provided with a better gaming experience (GX) [68]. On the other hand, the game administrators 
should be interested in achieving this goal because the better the quality provided, the more people 
will play the game. As can be seen, because of the cardinality in the participation links, one or more 
Realms could participate in achieving this goal, but only one Administration Board.  

Figure 17. System Goals Diagram (SGD) 

4.2.3 Defining roles and responsibilities (G3) 

Once the GHD and SGD have been defined, the main system tasks have to be refined by using 
the Responsibility Diagrams (RDs) (guideline G3). Note that in this work we focus on Play 
Skirmish, because it contains the most collaborative aspects of the game. In the diagram shown in 
Figure 18, the Play Skirmish task is decomposed into subtasks and quality softgoals and the 
responsibility assignments are established by means of responsibility links. The Skirmish player 
role (played during a skirmish) is responsible for the Play Skirmish task and also for the Attack, 
Build and Populate sub-tasks. User also plays the Skirmish player in other sub-tasks such as Attack 
or Develop Economy.   

Figure 18. Responsibility Diagram (RD) for Skirmish sub-system 

4.2.4 Modeling tasks, collaboration and awareness (G4) 

Following guideline G4, the next step is to refine each of the four sub-tasks shown in Figure 18 in 
a different Task Refinement Diagram (TRD). Due to space constraints only two are illustrated here. 
Figure 19 shows Develop Economy, an abstract task refined into individual and non-individual sub-
tasks. The roles (played by actors) are assigned to tasks by participation links. The most important 
awareness characteristics are specified in the TRD diagrams. An awareness resource specifies 
knowledge about the state of the workspace and this information is relevant to the roles involved in 
the tasks. For instance, in Figure 19 and Figure 20, the resources provide relevant information for 
perception, comprehension and prediction in the workspace. 

Figure 19. Task Refinement Diagram (TRD) for Develop economy task  

Figure 20. Task Refinement Diagram (TRD) for Attack task 
In Figure 19, from one to three Allies and a Skirmish player are needed to perform the Do 

external trade task. Note that the participation link from the Skirmish player has an awareness 
resource (Ally’s base visualization). This is because to create a trading route between an ally’s base 
and the player’s base, the Skirmish player needs to be aware of the status of the other allies’ bases 
(the player needs to locate the ally’s town halls and choose the most appropriate to create the 
trading route). Thus, it is mandatory (M) to know the allies’ town halls and their location (What – 
Artifact, and Where - Location). Also, it is desirable (D) to know who is the owner of each city hall 
(Who - Identity) and it would be nice (N) to have information on whether a user is building a new 
city hall. It can be observed that another awareness resource (Private chat) is related to the Deal 
task, thus helping the players to decide the amount of each resource to be sent to his allies. 

However, awareness resources are not only related to the Develop Economy TRD. In the Attack 
TRD (see Figure 20) the need for feedback from other players is even higher. In order to coordinate 
troops before a battle, the players can use the chat (Team chat, similar to the one illustrated in the 
previous TRD, but here shown in a reduced form) and once this task is done, the players can find 
out where their allies are going to attack by Flaring the map (see Figure 15). Once the player knows 
that his allies are ready to attack by looking at their Telepointers, he can do the same. During this 
attack, he will receive Audio feedback from his allies’ and his own troops. In this diagram it can 
also be seen how CSRMF facilitates the specification of the task’s different importance levels, e.g. 
Hunt has normal importance, but Begin attack has the highest. Although the importance level 
corresponds to the tasks’ development priority, in this case it also corresponds to Gaming 
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eXperience (GX). Not implementing the Hunt functionality will not seriously affect GX, but it 
makes no sense to leave out Attacks in a Real Time Strategy (RTS) game. 

The awareness resources specified in the previous diagrams can guide developers in choosing an 
appropriate design solution to satisfy certain awareness needs. For example, audio surround 
feedback can be considered appropriate to satisfy the Audio feedback awareness resource in the 
CSRMF requirements specification, since it provides the user with useful information about 
important events during the game, such as reporting when and where the player’s base is being 
attacked. Nevertheless, other awareness resources, such as the Ally base visualization, could not be 
properly implemented with the design solution chosen in AoEO. In fact, the Ally base visualization 
awareness resource could be properly satisfied by including information on the map about the 
distance to the allies’ base, because it is really interesting for a player to know this information 
when creating a new commercial route. If the game designers had used an RE technique focused on 
CSCW (supporting 3C tasks and WA) such as CSRMF, they would have been able to provide 
straightforward information to developers about the user’s feedback requirements and they would 
have used better design solutions. Furthermore,  the awareness resources included in the 
requirements specification could be used to implement game-difficulty selection based on the 
feedback provided to the user (currently, it is not available in this game). For example, the easy 
level could provide a full view of the battlefield on the map (the enemy’s movements are always 
visible), but the normal level would add the typical “fog of war” of real-time strategy games. The 
map could be removed in the hard level, so that the players would only be aware of enemy attacks 
from the audio feedback. 

4.2.5 Establishing system’s quality factors (G5) 

Figure 21 shows the last CSRMF capability, which is the quality interaction characteristics that 
can be modeled by theQFD (Quality Factors Diagram) as in guideline G5. This model specifies the 
quality factors that contribute to achieving a high quality gaming experience (quality of interaction). 
This time, as we were unable to determine the AoEO quality requirements, in this diagram a quality 
evaluation framework is modeled based on the factors and criteria of ISO/IEC 25010:2011 [58] 
standard, modified for game quality evaluation (for instance, entertainment instead of productivity). 
This diagram has some quality factors and criteria which are represented as softgoals and are related 
to the main quality softgoal by means of contribution links with positive contributions. Using these 
quality factors, quality assurance experts would be able to decide whether to include new awareness 
features. For instance, will the inclusion of a new awareness element that provides feedback on 
other allies’ troops and resources facilitate collaboration between users or will it overload the user 
interface? 

Figure 21. Quality Factors Diagram (QFD) for Play Skirmish sub-system 

4.2.6 System diagrams overview (G0) 

Figure 22 gives a a graphical overview of the resulting requirements model and summarizes the 
diagrams modeled by following the G1-G5 design guidelines, following the hierarchy of diagrams 
outlined in guideline G0.  

Figure 22. Overview of the modeled diagrams  
As can be seen, throughout the previous specifications, the special expressiveness needs of the 

requirements of CSCW systems (in a multi-player game) can be specified by means of the CSRMF 
guidelines, including the description of actors and groups, specification of awareness resources, 
tasks, subtasks, goals and quality. When the participants ended the last iteration of the AoEO 
requirements specification, they were questioned on their experience while modeling with CSRMF. 
The five engineers answered that they found CSRMF powerful enough to specify a real awareness-
demanding CSCW system and found the guidelines particularly helpful. They also stated that the 
CSRML language has enough expressive power to specify CSCW systems, especially from the 
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support and automatic validation offered by the CSRML Tool. They also appreciated the tool’s 
context-sensitive help in supporting novice engineers when using CSRMF. They also suggested the 
definition of heuristics that could help novice engineers to detect the awareness needs of CSCW 
systems. This first evaluation of CSRMF thus means we can answer positively the fourth research 
question (RQ4). We now plan to conduct further evaluations with larger test groups to obtain 
additional feedback on the framework when used to specify other kinds of CSCW systems. We 
particularly wish to evaluate the use of CSRMF in the context of business intelligence systems. 

5 Results and Further Work 

In any software system, the requirements specification is paramount in a successful development 
and CSCW (Computer Supported Cooperative Work) is no exception. This type of system has some 
special requirements which are difficult to represent by traditional Requirements Engineering 
techniques [50], [69]. The aim of the present study was therefore to develop a new metamodel-
based framework for the specification of CSCW requirements. Based on the Goal-Oriented CSRML 
(Collaborative Systems Requirements Modeling Framework)  Requirement Engineering language 
[31], this CSRMF (Collaborative Systems Requirements Modeling Framework) consists of three 
main components: i) a requirements modeling language that is a new version of CSRML and allows 
analysts to specify user collaboration and workspace awareness requirements. ii) The specification 
is conducted by applying a set of guidelines that allow analysts to model the requirements of a 
whole CSCW system by means of 5 different types of diagram. iii) The CSRML CASE tool  
facilitates CSCW requirements modeling by creating and validating requirements specifications that 
comply with the CSRMF metamodel. This framework can thus specifiy the most complex features 
of CSCW systems, such as the degree of collaboration among users and the underlying awareness 
needs. A case study was carried out based on a cooperative multiplayer online game, highly 
demanding in terms of Workspace Awareness (WA) and the results highlighted the expressive 
power of this framework when dealing with CSCW requirements. 

To sum up, the proposed framework facilitates and guides the specification of complex CSCW 
systems by providing: (RQ1) a highly expressive and empirically validated goal-oriented language 
able to specify the paramount features of a collaborative application, such as collaboration among 
users, awareness needs and the management of actors, roles and groups; (RQ2) a set of guidelines 
aimed at leading a CSCW requirements model step by step, helping to identify roles, tasks, actors 
and so on; and (RQ3) a CASE tool supporting the RE modeling process while using CSRMF, being 
able to edit and verify the five different kinds of diagrams available in CSRML. In addition, owing 
to the system modeled by the five SE practitioners described in Section 4 (RQ4), we are able to 
state that our research questions have been answered. 

Our on-going work consists of three main goals: on one hand we are focusing on improving and 
extending the CSRML Tool by integrating CSRMF into CIAM [10], a methodological proposal for 
the development of user interfaces for CSCW systems. Currently, CIAM exploits Use Cases as the 
requirement specification technique, but no attention has yet been paid to WA at the RE stage. The 
integration of CSRMF will thus provide stakeholders with full support for WA features, paramount 
in the development of collaborative systems. Additionally, a different CSRMF CASE tool is being 
developed based on Eclipse EMF/GMF, so that the EMF and the current Visual Studio tool will be 
empirically compared when the new one reaches the necessary maturity level.  

One of this work’s limitations is the lack of a formal assessment of the comprehensibility of the 
framework, although most of its components have already been assessed individually. To address 
this limitation, a family of experiments is now being performed to fully assess the 
comprehensibility of the framework, beyond the case studies that have shown the feasibility and 
expressive power of the approach. Finally, in future work, the CSRML Tool is going to be extended 
to provide it with collaborative requirement management features [70], thus enabling distributed 
work teams to collaborate on CSCW requirements specifications. 
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We are also working on extending the CSRMF design guidelines described in this paper. Anton 
and Potts’ heuristics [71], which are focused on identifying Goal-Oriented elements, will be 
extended to deal with the specific characteristics of CSCW systems. Once this has been completed, 
we will integrate this new support into CSRMF, thus obtaining a complete methodology for the 
specification of CSCW systems. 
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