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Context: A collaborative system is a special kind of software whose users can perform collaboration, com-
munication and collaboration tasks. These systems usually have a high number of non-functional
requirements, resulting from the users’ need of being aware of other users with whom to collaborate, that
is, the workspace awareness.

Objective: This paper aims at evaluating two Requirements Engineering languages i* and CSRML (an
extension of i*) in order to determine which is the most suitable one to specify requirements of collab-

g?l'l‘:g;f:ﬁve svstems orative systems, taking into account their special characteristics regarding collaboration and awareness.
Awareness v Method: We performed a family of experiments comprising an original experiment and two replicas.

They were performed by 30, 45 and 9 Computer Science students, respectively, from Spain and Argentina.
These subjects filled in two understandability questionnaires once they analyzed the requirements mod-
els of two systems: an e-learning collaborative system and a conference review system with some collab-
orative aspects support. Both models were specified by using the evaluated languages.

Results: The statistical analysis of the family of experiments showed that the understandability was
higher for the models specified with CSRML than for those specified with i*, especially for collaborative
aspects. This result was also confirmed by the meta-analysis conducted.

Conclusions: CSRML surpasses i* when modeling collaborative systems requirements models due to the
specific expressiveness introduced to represent collaboration between users and awareness and the
new resorts to manage actors and roles.
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1. Introduction

Internet is continuously evolving not only in the way it is devel-
oped, but also in the way it is browsed and exploited. Internet sites
have evolved from simple static sites created by a single developer,
which just enabled visitors to read their contents, to complex dy-
namic sites, which can be created and modified by users in a col-
laborative way. It is worth taking a look at the top 1000 most
visited pages in 2011 [1] and see that, except for search engines
and news websites, almost all of the top 100 ones are collaborative
webs. In addition, the just mentioned search engines and news
web sites are becoming also collaborative by including new social
features, such as the possibility of adding comments or recommen-
dations to news or search results.
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Nowadays, even classic applications like text processors are col-
laborative. For instance, Google Docs [2] enables several users to
edit a text document simultaneously. These collaborative text pro-
cessors are a good example of CSCW (Computer Supported Coopera-
tive Work) systems [3], which are systems whose users can perform
collaboration, communication and coordination tasks (3C). Collabo-
rative systems, in a similar way to classical single-user systems,
have to be specified by means of a set of requirements, whose accu-
racy and suitability are key to achieve the quality of the developed
system. The main difference between the requirements of single-
user systems and CSCW systems is the highly non-functional nature
of the latter, because of the users’ need of being aware of the pres-
ence of other users with whom to perform the above mentioned 3C
tasks, that is, the Workspace Awareness (WA).

WA was defined by Gutwin as “the up-to-the-moment under-
standing of another person’s interaction within a shared workspace”
[4]. This WA involves knowledge about where others are working,
what they are doing now, when a user performed some action, and
what they are going to do next. Tables 1 and 2 show the WA ele-
ments related to the present and to the past, respectively.
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Table 1
Elements of WA related to the present.

Table 2
Elements of WA related to the past.

Category Element Specific questions Category Element Specific questions
Who Presence Is anyone in the workspace? How Action history How did that operation happen?
Identity Who is participating? Who is that? Artifact history ~ How did this artifact come to be in this state?
Authorship Who is doing that? When Event history When did that event happen?
. ; "
What Action What are they doing? wﬁo Elesipce rtln sttow wl}:o wz;]s here, and vghen;
Intention What goal is that action part of? Wheie AO(t:'a IOE_ tls ory Wheieh as a personb eend. .
Artifact What object are they working on? a ction history at has a person been doing:
Where Location Where are they working?
Gaze Where are they looking?
View Where can they see? quality characteristics that an engineering model must have along
Reach Where can they reach?

In order to deal with the specification of these special type of
systems, we conducted an initial test, by using DESMET [5], to
check which is the most adequate Requirements Engineering tech-
nique to model both awareness and quality requirements of CSCW
systems [6]. The analyzed techniques were Use Cases [7,8], Goal-
Oriented [9] and Viewpoints [10], and we concluded that Goal-Ori-
ented techniques were the most promising ones for specifying this
kind of requirements. Next, we conducted a second study compar-
ing the suitability of three Goal-Oriented approaches for modeling
CSCW systems requirements [11]. The compared proposals were
NFR Framework [12], i* Framework [13] and KAOS Methodology
[9]. The analysis of the results showed that i* was the most suitable
proposal.

Despite the previous studies that determined that i* was the
most promising technique, we identified several issues when mod-
eling collaborative systems with this language, such as the lack of
expressiveness for awareness requirements, imprecise 3C task rep-
resentation, and a not fully suitable management of roles and ac-
tors. Due to these problems, the original i* language was
extended to try to solve the above mentioned deficiencies by cre-
ating CSRML (Collaborative Systems Requirements Modeling Lan-
guage) [14].

As Basili et al. [15] claim, families of experiments can be used to
draw relevant conclusions that an experiment alone cannot pro-
vide. For this reason, in this paper, a family of experiments is pre-
sented whose general goal is to test which language, CSRML or i*,
has a better understandability when modeling requirements of
CSCW systems. This family of experiments has been conducted
by following the Wholin et al.’s guidelines [16] and it has consisted
of an experiment and two replicas, all of them carried out by stu-
dents of Computer Science from three different universities. These
students were asked to fill in two understandability questionnaires
once they had analyzed the requirements models of an e-learning
collaborative activity and a conference review system with collab-
orative aspects support. Both requirements models were specified
with the tested languages.

As aforementioned, understandability was the criteria analyzed
in the family of experiments. Understandability has been defined
by the International Organization for Standardization (ISO) as
“the capability of the software product to enable the user to under-
stand whether the software is suitable, and how it can be used for
particular tasks and conditions of use” [17]. Indeed, considering
the requirements specification as one of the products of the soft-
ware process, it becomes critical to provide a specification under-
standable by every stakeholder to develop a suitable software.
This fact is also supported by the IEEE830-1998 standard for
requirements specifications [18], since it considers an understand-
able specification as one of the means to decrease the development
effort by reducing later redesign, recoding, and retesting. More-
over, understandability has also been considered as a quality attri-
bute in several quality standards. For instance, it is one of the five

with abstraction, accuracy, predictiveness and inexpensiveness [19].
Furthermore, ISO includes understandability as one of the six
sub-characteristics of the usability quality factor. More precisely,
usability is defined as “the capability of the software product to
be understood, learned, used and attractive to the user, when used
under specified conditions” [17].

Based on these considerations, this paper is structured as
follows: Section 2 presents several works related to CSCW and
Empirical Software Engineering, focusing on the evaluation of
Requirements Engineering models. Next, in Section 3, i* and CSRML
are briefly introduced. In Section 4 the family of experiments is
presented by describing how it has been carried out and its main
results. Finally, some conclusions and future work are drawn in
Section 5.

2. Related works

In traditional software applications, only one user is able to
interact with the application. Therefore, there is no support for col-
laboration among users. Nevertheless, in the late eighties, Com-
puter Supported Cooperative Work (CSCW [3,20]) emerged as a
new discipline to study collaborative systems, a special kind of
software in which users can collaborate with each other by sharing
resources, chatting, etc.

One of the key elements for the construction of CSCW systems
is the proper application of a methodology that not only guides
their development, but also takes into account the peculiarities
that make them different from other systems. An example is AME-
NITIES [21], a methodology presented by Garrido, for the develop-
ment of cooperative systems based on behavior models and tasks.
This methodology pursues the development of a system model
from a requirements model by following a straightforward method
that allows stakeholders to represent tasks and relate them to both
the users responsible for their accomplishment (by means of roles)
and other relevant concepts of the problem’s domain (artifacts,
information, etc.). Despite being a complete development method-
ology, AMENITIES has an important lack of expressiveness for the
representation of the Workspace Awareness (WA), a cornerstone
for the development of this kind of systems, as aforementioned
in Section 1. This is due to the use of a classical RE technique,
Use Cases, that makes it difficult to represent non-functional
requirements related to the WA [6].

Based on the aforementioned methodology, Molina et al. pre-
sented CIAM [22], a methodological proposal for the development
of user interfaces for CSCW systems. This methodology improves
AMENITIES by combining interaction, collaboration and informa-
tion sharing aspects and supporting WA in a better way. Neverthe-
less, it also uses the same Requirements Engineering (RE) technique
than AMENITIES. Therefore, CSCW requirements cannot be properly
specified. Also based on Garrido’s proposal, Penichet et al. pre-
sented TOUCHE [23], a process model for the development of user
interfaces for CSCW systems, which is user-centered and driven
by tasks. This methodology does improve the requirements specifi-
cation by enriching the Use Case specification with information
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