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Abstract

In this paper we recount the experience and the
lessons we learned trying to use concretely and in-depth
a requirements engineering method (called AWARE)
combined with a conceptual user-centered design method
(called W2000) for the development of the Institutional
website of the Superior Council for Public Works of the
Ministry of Infrastructure and Transportation in Italy.
The project is framed within its contractual context, and
discussed through the process followed and the artifacts
produced during requirements analysis and design.
Lessons learned are depicted from a twofold perspective.
From the one side they crystallize insights from the
research experience of using and transferring the
methods to industry, suggesting practical and
methodological recommendations. From the other they
express what a medium-size software company has
experienced trying to use academic methods.

Keywords: web applications, goal-oriented
requirements analysis, user-centered conceptual design,
technology transfer.

1. Introduction and Project Background

Despite requirements and design methodologies are
increasingly available in the research arena, academia
still needs to be further exposed to best practices and
real-world project experiences, where existing conceptual
tools are tentatively but actually exploited, and where
useful recommendations can emerge.

This paper recounts the experience and the lessons we
learned applying goal-oriented requirements engineering
(in the form of the AWARE model [6]) and user-centered
conceptual design (in the form of W2000 method [7]
[10]) for the development of an institutional web
application for the Italian Ministry of Infrastructure and
Transportation.

In Summer 2003, HOC laboratory (Politecnico di
Milano) and CM Sistemi' (CM hereafter) met each other
in a seminar organized with the purpose of bringing to
the attention of the local (Italian) ICT industry the
requirements engineering and user centered conceptual
design methods (namely AWARE and W2000) developed
by HOC laboratory in collaboration with TEC-Lab
(University of Lugano). CM suddenly showed a fervid
interest in these innovative methods (w.r.t the average
quality of adopted practices in the Italian web industry).
From that time on, CM was looking for a suitable real
project to experiment together our methodologies with
the purpose of a future potential full adoption in other
projects. At the beginning of 2004 a suitable opportunity
was found, and from May to September 2004 Politecnico
di Milano and CM have collaborated for the exploitation
of these methods within the research project Infosfera.
Within the project, these methods had to be used for
demonstrating their effectiveness in supporting the
development of multichannel web applications (available
on a variety of fruition devices, such as PDAs, iTVs, web,
and smartphones).

To validate the challenges posed by this explorative
research project, Politecnico di Milano and CM decided
to apply the two state-of-the-art methods to a real
industrial project commissioned by the Italian Ministry of
Infrastructure and Transportation: the development of the
institutional web portal of the Superior Council for
Public Works (SCPW from now). SCPW is the most
important technical consultative body of the Italian State
which is consulted in case of technical questions
concerning public works of considerable amount.

The development of the institutional portal was part of
a medium-size project aiming to automate the whole
documental flow of the SCPW activities. Besides the

' CM Sistemi is a large IT company group based in Roma working for
private and public clients in a variety of market sectors including finance,
assurance, public administration, electronic industry and media
(Www.gruppocm.it).
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institutional Web site, the project included the
development of a document management system, the site
CMS, and the migration from the previous database
where the documental flow was manually performed. The
project team was composed by nine CM’s employees with
various technical roles (PM, DBA, web designers and
information architects) and two researchers (one from
University of Lugano and one from Politecnico di
Milano) who were in charge of the user-centered analysis
and design of the institutional web site.

The project presented interesting challenges which
seemed providing enough room for methodology
experimentation. In fact, a wvariety of different
stakeholders and goals were involved (from the ministry
committees, to the editorial staff, to the collaborating
institutions and organizations, to a diversified set of user
profiles) and the project seemed therefore particularly
suitable for the adoption of a goal-oriented perspective in
requirements engineering. Moreover, the communication
potential of the web application was rich, as rich and
structured was the content to be conveyed through the
interactive means. In this view, the project seemed also
particularly suitable for the adoption of a structured
approach to the conceptual design for the information
and navigation architecture.

Keeping simultaneously one eye on the project and the
other on how we used the methodologies, we tried to
target three meta-objectives:

1)  As to the project success, we tried to keep a
stakeholder-centered perspective from requirements
elicitation to prototyping, so to possibly satisfy all the
stakeholders.

2)  As a traceability concern, we tried to diminish
the gap between requirements and design, iterating as
much as possible during the process and keeping the
documentation up-to-date as realistically as we could.

3) As a methodological concern, we tried to
continuously monitor the capability of the existing
methodologies (in terms of expressiveness and usability)
of facing the challenges we encountered.

The lessons learned are interesting for different
aspects. They report what the research groups
(Politecnico di Milano and University of Lugano) and the
industrial partner (CM Sistemi SpA) have learned from
this experience in terms of practical and methodological
recommendations for requirements and web design
practice. Moreover, they suggest directions for improving
the specific methodologies per sé and their exploitation
in a real environment.

The remainder of the paper is the following. Section 2
recalls the distinctive features of the requirements and
design methodologies we used in the project (respectively
AWARE and W2000). Section 3 summarizes the project
workflow and discusses the activities carried out. Section

4 explains and comments on examples of the
requirements and design artifacts we produce along the
project with the methodologies at hand. Section 5 and 6
points out key lessons learned which we consider useful
for requirements research and practice. Concluding
remarks and future work are presented in Section 7.

2. Related Work

After a first stage where pioneer approaches to web
development were predominant and time-to market was
the unique driving factor for the deployment of websites,
nowadays practitioners are devoting more and more
interest to the quality and effectiveness of final products.
On one hand, these attributes are strongly related to
fitness to users’ and stakeholders’ requirements and to
the usability of the final website. On the other hand,
complexity of modern websites is significantly growing
up. In this light, structured and systematic approaches to
requirements and design, have the potential of playing an
important role for shaping effective interactive
applications. However, several obstacles have been
acknowledged as general barriers for technology transfer,
as documented in recent industrial experience and
surveys [2][5]. Although the growth of web applications,
in the requirements engineering research, no significant
reports on experiences have been found about the transfer
to the web industry of requirements and conceptual
design methods specifically tailored for communication-
intensive website development.

If we look for modeling methods and tools that have
gained significant acceptance in the ICT development
industry, we see that UML [8] appears extensively used
for modeling software modules and system architectures.
However, it is still highly controversial whether UML
can be used effectively to model properly stakeholders’
requirements [15]. Furthermore, the lack of UML in
addressing the most important issues in the design of
hypermedia applications is widely documented by several
extensions (a list of which can be found in [11]) that have
been proposed over the last years.

To cope with the specific needs of modern Web
applications, our groups have developed two
methodologies — AWARE and W2000 — which root their
foundations in more than a decade of experience gained
working on and with HDM [9], one of the first well-
recognized design models specially tailored for
hypermedia applications.

Let us briefly recall the essential features of AWARE
and W2000.

AWARE (Analysis of Web Application Requirements)
[6] offers simple primitives enabling to document and
specify goal-oriented hypermedia requirements. It
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provides a set of conceptual tools that web analysts might
find useful for describing and reasoning with website
requirements. Like traditional goal-based approaches
(such as i* or KAOS), it recognizes the central role of the
stakeholders and their goals for requirements elicitation
and analysis. However, whereas i* [12] provides
constructs to model actors and their dependencies with
respect to their goals and tasks, AWARE extends the
analysis of i* to the elaboration and definition of
hypermedia-specific requirements [6]. To this end,
AWARE provides a requirements taxonomy to bind
requirements to hypermedia conceptual design and help
organize the design activity accordingly. The
requirements taxonomy is used to define the so called
requirement dimensions. AWARE proposes a basic set of
dimensions (Content, Structure of content, Access Paths
to Content, Navigation, Presentation, User Operation,
System Operation, Interaction) that can be easily
extended accordingly to the specific design needs.
W2000 [7][9] is a structured method for the
conceptual design of the user experience. It organizes the
design of a (complex) hypermedia application around
four main activities:
= Information design: defining the basic conceptual
information units (entities) as perceived by the user
and the different access structures (collections)
enabling users to reach them on the basis of their
needs.

= Navigation design: defining the navigation structures
basically in terms of nodes (i.e. units of interaction)
and links allowing users move among them.

= Presentation design: defining the page structure in
terms of lay-out aspects, graphical elements and page
organization relying upon the navigation design.

= Business Process Design: defining the service
architecture of a Web application in terms of processes
and operations.

Following the W2000 design strategy, the conceptual
design is achieved at two levels of detail: in-the-large
design, where a coarse-grain solution is quickly sketched
to meet initial requirements, and in-the-small design,
where solutions are detailed to be used as input for the
implementation activities. The path between the former
and the latter levels is not straightforward but is traversed
in several iterations.

3. How the project developed

The existing SCPW’s website was an electronic
brochure presenting the mission and activities of the
institutions. The SCPW wanted to re-define, or better,
define its online communication strategy and thus
exploiting the potential of having a website to fulfil their

institutional objectives. By building its online presence,
SCPW needed to improve the communication
effectiveness and overall usability of the website in order
to widen the current target audience. An additional, but
not secondary, commitment was to define suitable
strategies to automate as much as possible the current
editorial workflow related to the publishing and content
management activities of the website. CM was in charge
of the whole project (being the winner of a public
competitive examination) and, exploiting the existing
cooperation with Politecnico di Milano in the context of
the Infosfera project, decided to adopt and thus to verify
on the field the potential of the learned methodologies.

3.1 Overview of the SCPW

SCPW is the most important technical deliberative
body of the Italian Government, which is consulted for a
variety of technical questions concerning building
construction. The SCPW structure includes a President,
who heads the overall structure, six thematic sections, a
general assembly and an independent body called
“Servizio Tecnico Centrale” (“Central Technical
Service”, hereafter STC). Each section is specialized for
a specific field of public works (e.g. Section 1: building
trade; Section 2: hydraulic trade; etc.) while the general
assembly is consulted in case of works of extraordinary
relevance. Sections and assembly have a consultative
purpose: the result of their decisions does not take the
form of a mandatory rule. Unlike sections and assembly,
the STC activity is operative, in that it is called to define
technical constraints and procedures, to deliver
certifications, to carry out inspections and procedural
vigilance in the arena of building construction. STC is
independent from the sections and the assembly but it is
directly subordinated to the President. In order to answer
an important issue concerning technical questions made
by other public bodies or citizens (e.g. a civil engineer
association wondering whether it is allowed to use a new
alloy for the roof of public buildings), the corresponding
SCPW section organizes a consultative meeting
(depending on the question, the meeting may involve
more than one sections) whose result is a public
“Opinion” (in Italian “Parere”) about the question.
Besides these main activities, the SCPW is in charge of
other minor tasks like contributing to the definition of
normative laws, answering to professionals, to citizens’
or companies’ questions about their everyday activities,
pointing to already-answered questions, resources, and
existing laws on the matter at issue.

3.2 Project workflow
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The starting point of any public work is often the
contractual specification which is provided to the
competing companies for formulating the offers. The
initial specification for this project was written in natural
language. Although rich in functional details, it was
quite vague regarding the motivating institutional goals
of the project, which are typically the main source of
information for defining a proper communication
strategy. In this context, we started our analysis process
following the approach depicted in Fig. 1. The first two
phases (Project set-up and Preliminary Analysis)
initialize the overall project activities, while the
following ones form a loop that is executed a number of
times and represent the core of the iterative analysis
process.

Project set-up is a phase in which a common ground
about the methodologies to-be adopted is set. To this end,
we provided a intensive crash-course on both our
methodologies. Our strategy consisted in teaching the
methodology philosophy and the main concepts in a short
time (four full days) discarding details and possible
variants. After this first course, the designers were able to
design a simple application exploiting the learned
concepts. After this preliminary training, we worked
side-by-side with learning practitioners in their project.
During the project experience most of the remaining
details and variants were introduced and discussed when
needed. In the meantime, the full methodological
material and cases studies had been made available to the
practitioners [6].

Preliminary
analysis (Currant
Architecture, Data,
Processes, efc.) ‘ l

Project set-up

Supposed Goals-
— Set

Existing Proliminary L_/
documantation Analysis UppOSed High
level Conceptual

‘ Design

Contractual
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Spacification [
_ + Set of Questions
- + Interview Guide
Interview
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L‘
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Interview Rccold]
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Requirements Set
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Design
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Execution
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Pratotype
'< (Mockup)
~—

Figure 1. Project Workflow

During the Preliminary Analysis the existing
documentation, the contractual specification, the current
editorial workflow, and the existing website are analyzed.
On the basis of this analysis, a set of supposed

requirements (using AWARE) and corresponding design
specification (using W2000) have been defined. We call
these preliminary models “supposed” because their main
purpose is to reshape the available information in a form
more suitable for an engineering analysis but they do not
aim at representing the actual requirements and design.
In this phase the requirements set and the design are
generally fragmented and characterized by several
ambiguities to be investigated.

At this stage, a first high level conceptual design is
also produced to reify supposed requirements in a form
suitable for discussing with other people. Discussing
about design aims at determining connections between
pieces of design and underlying requirements, and at
discerning among possible solutions or variants of
preliminary ones. This kind of design should be opened
up enough to be modified on the fly during a discussion
and lightweight enough so that little effort is needed to be
reproduced.

As showed in Fig.1, after the Preliminary Analysis an
iterative elicitation activity starts up. Three interviews
were the core of this activity and iteratively triggered the
following tasks: an interview preparation phase, where
the current results are used to prepare the next elicitation
activity; an interview execution phase, where new
information is gathered; an analysis phase, where the
acquired information are matched against the current
requirements and design in order to develop a refined
version of both of them.

Due to organizational reasons, the two first interviews
involved two section’s heads, the vice-president, a
secretary (usually in charge of the editorial activities) and
the STC’s head; the President, the most influential
stakeholder, participated in the third interview only.

Thanks to this iterative revision, requirements and
design tended to be more comprehensive and better
related each other. As far as the iteration goes on, the
design is also tuned and detailed moving from the in-the-
large level to the in-the-small one. Passing from a level
to the other some design decisions could be revisited and
new requirements emerge. Moreover, comparing the
preliminary analysis and the final analysis results, it can
be noticed that a new type of output is added: a
prototype. The purpose of the prototype in this process is
to put the design solutions in a form suited for discussing
with the client. Our strategy in this phase is to show the
prototype in the form of visual page mock-ups as a base
for the discussion, thus hiding the design models behind.

As to the involvement of potential users in the
process, we contacted some professional associations in
the preliminary analysis phase, succeeding in
interviewing some of their members. However, due to
organizational reasons, it was not possible to meet them
again when a prototype was available. In our project

YF]',F.

COMPUTER
SOCIETY

Proceedings of the 2005 13th IEEE International Conference on Requirements Engineering (RE’05)
0-7695-2425-7/05 $20.00 © 2005 IEEE



experience, this kind of situation is very common (almost
the standard) in Web application development process,
since potential users do not belong to the client company
and thus are hard to reach.

4. Analysis Artifacts

4.1 Stakeholders

A number of stakeholders had to be taken into
account to devise an effective communication strategy for
the institution and deliver a usable application. These
stakeholders cover some recurrent roles common to
projects concerning institutional communication even of
greater complexity. Figure 1 shows a classification of the
website’s stakeholders for SCPW.

Project Stakeholder

/\

Who uses the Web site

Who takes decisions

SCPW’s President Ministry
related
STC

SCPW’s Section

Professionals

Occasional Visitor Event related STC related
visitor company’s

customers

Figure 2. Taxonomy of Website stakeholders.

Among the site’s visitors: “Professionals” are technical
people (engineers, architects, works managers, public
body’s agents, etc.) who work in the building
construction field. “STC related companies” are those
companies whose work strongly depends on normative
documents produced by the STC (e.g. every year a
geologic laboratory has to renew its authorization to
release results on the status of an area: the STC defines
and publishes on the website the procedure and the
constraints for authorization renewal). “STC related
company’s customers” are privates or other companies
who are customers of companies whose activity is
subordinated to some public authorization. “Occasional
visitors” are those who have heard about the SCPW in
some way and may want to understand whether or not it
may be useful for their activity. “Event-related visitors”
are those who are waiting for a specific activity to be
accomplished (e.g. an assembly and the relative “opinon”
to be published). “Archive editors” are SCPW’s
employees who are in charge of adding new documents to
the website’s archive.

As to the institutional main stakeholders, the decision
makers are (in decreasing order of decision power): the
“Ministry of Infrastructure and Transportation”, the
“SCPW’s President”, the “STC responsible”, and the
various “SCPW’s sections”. The ministry can be
considered as an “abstract” stakeholder in the sense that
his decision power and vision are embodied in the SCPW

President, who was the only interface between the
analysts and the Ministry.

4.2 Goals and Website Requirements

We now discuss some excerpts from the user
requirements analysis, which presents interesting
material to learn from the analysis process. Except for
the Archive editors, all user categories have two very
generic and abstract goals for the website: understanding
what the SCPW (and the STC) can offer and finding out
the needed information. However, these goals assume a
different meaning as the user category varies, bringing to
different sub-goals and requirements. In Figure 3 and 4
the goals and requirements of two user categories are
depicted.

Occasional Visitor ~—,

from every page

—
“QU,, Understanding technical points
/ < in normative laws
Information  help me? How 1o receive Being miroduced to Highlighting
about CSLP. CSLP's help? Acoessing to teghnical laws referenced docs|
- 1 explanatory
Guided Map o ey
1o site contents n
SLP structurf  Providing access to - 411 [dentifying referenc Simplified access to
ind roles CSLP information - Technical answers } 1} | 4y and Opinions Related documents
- By topic

I
1

How to contact [RE
SLP [N

How to formulate a
technical question Guided Access by
Topic and sub-topic ~ Assigning topic and.
CsLp sub-topic to
activities each documents

Figure 3. A piece of AWARE analysis for
Occasional User: from goals to requirements.
For a detailed legenda see [6].

Only occasional visitors need some general
information about SCPW, because it has been assumed
(and verified during the interview with SCPW) that
professional users already know very well how SCPW
may be useful for their daily work. To meet the goal
“What is SCPW” of the occasional visitor, two content
and a presentation requirements are devised (in Figure 3,
CSLP [Italian] stands for SCPW).

Professional Visitor
)

Understanding technical points

/‘n 1\nr1|\?§|\e laws \ \
Finding out specific Preserve previous

Gathering exhaustive
lAccessing to documentation documents access path
explanatory
I :
Grouping together

' all documents about Exhaustive list of Accessing Opinions Accessing Opinions|
1 o related documents by & b

' atopic y data y section
|
]

IN

N

Assigning topic and Rescarch Engine

sub-topic to
each documents

Figure 4. A piece of AWARE analysis for
Professional user: from goals to requirements.

They state that information about SCPW and its
activities should be provided to first-time users enabling
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them to take out a clear picture of how SCPW may help
them and in which way (content requirements).

Moreover, since these users are not familiar with
the website and they could land from the Internet to any
internal site page, a link towards this general SCPW
content should be always available and evident
(presentation requirement).

As to the shared soft-goal “Understanding technical
points in normative laws” the refinement analysis makes
evident the different needs behind this common goal.
Both users aim at “Accessing explanatory documents”
(requiring several kinds of documents, as “Opinions”,
“Laws”,  “Specification templates”, “Guidelines”,
“Technical answers”, etc.). However, the main difference
is that occasional visitors do not have a clear idea about
the content of the Website and needs to be guided,
introduced and helped out to discover the documents
which may be useful to them. On the contrary,
professional users know very well what is offered by
SCPW, are accustomed to the Website (since they are
usually highly recurrent users) and need sophisticated
searching  mechanisms  for retrieving  specific
documentation. Among other requirements, this goal
bears the need for a classification of documents by topic.
This need is refined in two kinds of requirements, a
structural one that entails topics and sub-topic being
included in the documents structure, and an access
requirement that asks for some access paths that exploit
the topics classification.

Summarizing the key elements of the analysis
artifacts, the whole requirements set consists of 28
content, 16 access, 5 structure, 5 navigation and 4
presentation requirements.

4.3 Conceptual Design

The conceptual model focuses first and foremost on
the user experience, i.e. on how designers want the
application to behave from the perspective of the end
users, thus temporarily neglecting the description of
details related to the specific technologies and
implementation. In this sense, W2000 provided a
seamless path from the requirements set to the user-
centered conceptual design.

Looking at the classified requirements summary, a
clear picture of the application design can be figured out.
Observing that the largest sets of requirements are
content and access requirements, we can derive that most
of the design effort should be put in designing
information objects (entity types in W2000 terminology)
and ways of accessing and locating the content (access
structures in  W2000 terminology). The remaining
requirements (concerning navigation/interaction,

structure and presentation) are not particularly
constraining and leave the designer a higher level of
freedom in shaping the user experience. The following
examples are taken from the overall design
documentation in W2000. Their main purpose is to show
W2000 in action and its relation with the requirements
set. One of the most important entity types which has
been devised to the new version of the website is the
“Technical law”. In Figure 5, the in-the-small description
of this information object is reported as extracted (and
translated) from the design document. In the first
iteration of the analysis process only multiplicity,
semantics, source and comment have been described,
with several references to the recorded interviews, to
goals and requirements.

& Technical Law
Multiplicity: [Min, Max, 100]

Semantics: Technical laws issued by the government supported by the CSLP. As example the “L’istituzione
del fascicolo del fabbricato” has been quoted in the first interview. It includes all the laws that address
technical aspects related to the covered fields, like ecological environment, the building works and so on. Most
of them have been issued by the legislative office of the Public Works ministry and usually concern the
building works. These laws are published in the government magazine (gazetta ufficiale) but the site should

contain only part of them, the most important and quoted by “Pareri” (Opinions).
Source: government magazine (gazetta ufficiale).
Comment: Technical laws are not a direct result of the CSLP activities. CSLP and STC main
goals/requirements: G Ilelpmb user under:mndm;, Laws”: CR “Providing access to relevant laws”. Visitors
o technical points in normative laws™; CR “Direct access to relevant
laws™; NR © Slmphfed access to rsld!ed documents™; NR “Exhaustive list ot related documents™
Content:

= Number: Official law’s identification number

= Issue Date: Issuing date

= Subject: Brief (about two lines) description of the law subject. It should be very explicative since it is

used by users to undenm‘d.% whether the law document could or not help ther.
= D as far as produced by legislative bodies.
Preview segment: Law Code, l::ued Date, Object, downloadable interperation guideline.

Fig
ure 5. In-the-small description of entity type:
“Technical law”.

As to the relation with requirements, the “semantics”
and “comment” field provide explicit pointers to goals
and requirements documented in the analysis. Here, we
do not use a formal traceability technique to take into
account requirements in the design artifacts, but we
rather fill in informally these fields using a syntax like
the one showed in Fig. 5: “G” for goal, “CR” for content
requirement, “NR” for navigation requirement, and so
on.

As to the navigation design, one kind of navigation
connection among information object types (semantic
association in W2000 terminology) is worth noticing.
The semantic association “Useful References” is a path
enabling to navigate from a document to a related one
with two possible semantics (see Fig. 6). The association
has been designed for supporting navigational
requirements that required some navigable connections
between documents with the purpose of helping the user
to better understand the documents available (e.g. G
”Understanding technical points in normative laws”; NR
“Simplified access to related documents”; NR
“Exhaustive list of related documents”). From the content
management point of view, we decided that when the
archive editor inserts a new document in the website, s/he
should also specify some reference documents. In
defining this association, we acknowledged an advantage
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deriving from the use of W2000. Since in W2000 all
associations are considered bidirectional by default
(except if explicitly decided differently), a question was
immediately made by the designers when designing this
navigation path: which is the semantic of the opposite
direction?

Useful references 0, 10

,,,,,,,,,,,,,,,,,, L

¥ Downloadable document

“EDownloadable document

,,,,,,,,,,,,,,,,,, R

0:n, 10

Quoted in
Figure 6. Example of semantic navigation
design.

As shown in Fig. 6, we assigned to the opposite
direction the meaning of “Quote”. Thus, if a document X
has a document Y as reference, then Y has X as quote.
Thus, when a user finds out an interesting document,
s/he can find not only a list of referenced documents, but
also a set of documents which quote it as reference,
expanding the correlation possibilities.

Two immediate advantages derive from this decision:
from the content management point of view, no effort is
required to the Archive editor, since quoting documents
are automatically derived. Moreover, looking to the size
of the list of quotes, a user can also figure out the
importance of the current document, thus being
supported in achieving the goal “Being introduced to
technical laws” (see Figure 3).

Once content has been designed by means of entity
types, the next step in the W2000 method is to define
how user can reach such content, that is, the access
structures. Access structures are modeled by collections
of entities or other collections. A collection containing
another collection defines an access path, while a
collection containing only entities is called base
collection and its members are instances of the entity
type selected on the basis of some population criteria.

=) “Pareri”

@ Reference “Pareri” }f} Sections ﬂ‘ FE’ Topics «‘
| |
@D “Pareri” by section @Jb-topics by topic

[ Parere

@D “Pareri” by sub-topics
I

Figure 7. Access structures to “Opinions” (it.
Pareri).

In Figure 7 the collections designed to access the
instances of the entity type “Opinion” (in Italian
“Parere”) are depicted. Looking at these collections we
can notice as the access requirements shown in the
previous paragraph have been resolved at this design
stage. The access requirements stating the need of
organizing the “Opinion” by topic and by section gave
raise to specific nested collections which are accessible
from a starting point of all opinions. The actual topics
have been defined together with the stakeholders The last
step in the design process is the definition of pages
structure and content, shaped on the basis of the
information and navigational units defined in the earlier
design activities. For space reasons, we cannot here
report sketches of the page prototypes and discuss in
detail the design decisions taken for page design. For a
more in-depth explanation, please refer to [14]. The final
published website can be browsed at:
http://www.infrastrutturetrasporti.it/consuplp/.

5. Lesson Learned on behalf of the research
group

In this section we discuss some considerations, from
the academic-to-industry point of view, in form of lessons
learned which, we hope, could help in similar projects.
To this end, we have tried to abstract from the specific
characteristics of the project. Lessons learned are
classified as general (Gl and G2), methodological (M1,
M2, and M3) and technique-specific (T1 and T2).
Lesson G1: Web industry needs for proper
“mediators” to cope with emerging technologies.

As mentioned in [5], industry often does not employ
systematic approaches, like those usually promoted by the
academy, and does not retain an appropriate knowledge.
In most of cases, requirements and conceptual design are
only sketched in natural language without following any
method. However, the increasing request for quality and
effectiveness is driving the web industry towards the
research of such approaches. In this light and due to the
inherent complexity of structured methodologies, a
proper mediation of experts is required, in order to avoid
novice practitioners feeling lost and isolated (overcoming
the “negative perception” as defined in [5]). A possible
mediation approach - which turned out to be effective in
our experience - is to provide the basics of the
methodologies in short and intensive training sessions,
and then carrying out fogether (trainers and trainees)
case studies (possibly real-world ones) in their known
domain.

Lesson G2: Modularity and flexibility of the methods
can help overcome organizational obstacles for
adoption.

YF]',F.

COMPUTER
SOCIETY

Proceedings of the 2005 13th IEEE International Conference on Requirements Engineering (RE’05)
0-7695-2425-7/05 $20.00 © 2005 IEEE



In general, internal organization and current practice of
target companies allow for new technologies to be only
partially used, reducing their potential impact. On the
other hand, it is difficult to ask for a drastic change in the
proven practice of a company without seriously
compromising the chances of convincing them to try the
new approach. The introduction of new methods should
be carefully matched with the current organizational
habits in dealing with projects. Besides the any specific
“mediation” strategy adopted (as recounted in lesson G1),
in our experience (and in particular in this project) we
found two key requirements for the introduction of a web
methodology in the industry: modularity and
customization. Modularity means that analysts, designers
or developers should be put in the conditions to take the
part they wish (of the method), not being forced to “all or
nothing”, and still being able to use it with some
observable advantages [5]. As to customization, a
methodological suite should be enough flexible to adapt
to the specific needs of the organization - such as the
presence of existing development tools, documentation
habits, decision structures, work organization and task
assignments - and be used effectively.

Lesson M1: Interviews to potential website users can
rarely be performed in practice.

The satisfaction of the user experience plays a crucial
role for the final success of a website. Unfortunately,
organizing interviews or other forms of requirements
elicitation enabling a direct contact with the final users is
very expensive, especially when done iteratively. To
supply to this deficiency, user requirements are often
simulated or put forth by some stakeholders belonging to
the client company. This should not seem so out of scope,
since often stakeholders know, from their everyday
experience, the typical behavior and needs of their
current clients and can therefore provide insightful
knowledge to the analysts. However, it is important to
carefully examine the gathered material in order to avoid
dangerous biases (current stakeholders’ clients do not
cover the entire spectrum of potential website users!). In
our case, the interviewed stakeholders were specialized in
different technical areas of the SCPW. This sample was
quite good for simulating the needs of “professional
visitors” but rather unreliable for the “occasional
visitors”. To bridge this elicitation gap, project analysts
and designers relied on their past experience in similar
web project to “prompt” candidate user requirements and
validate them with the stakeholders.

Lesson M2: Web communication requirements may
be controversial across different branches of an
institution.

Communication requirements are a very delicate
matter, which have a strong impact on how each part of
the institution perceives itself and wish to communicate

its image to the public, and on how the image of the
institution in its whole is shaped. In our project, we
elicited by STC’s head that STC had to appear as the
main technical body within SCPW. So, our first
specification contained the presentation requirement
“Providing users with direct access to STC’s services”.
As a consequence, our first design solution was to have
the website home page in a way that STC services gained
preferential access paths, apart from the rest of SCPW’s
activities. This requirement was about to be broadly
accepted by all other interviewees until the SCPW’s
President (in the third interview) strongly disapproved
this solution in the first prototype, clearly stating that the
goal was to “Communicate a unitary and coherent image
for all the SCPW activities”, without favoring any
internal department more than others. From our errors,
we learned that it is recommendable to interview firstly
the main stakeholders who have the highest decision
power on the communication strategy, and then the ones
who may be not consistent or aligned with this vision.
Moreover, the elicitation process should involve, in a
balanced way, the overall organization, being aware as
early as possible about the different points of view, and
taking into account the relative power of various
stakeholders. In our project, the highest importance was
assigned to the President, who imposed a change in the
communication requirements, which in turn were
operationalized in a change in the home page design.
Lesson M3: To gather richer feedback during
requirements validation, a ‘tangible” artifact is
preferred.

Due to the abstract nature of goals and requirements,
a validation discussion solely focused on requirements
models turned out to be ineffective and ultimately
misleading. The main reason for this relies in the
abstraction level in which requirements are expressed.
Discussing about needs is sometime too abstract to obtain
a concrete feedback. Since the first interview, we
gathered the need of making available through the site a
type of document called “technical answers” (produced
by the STC). Also in the second interview (based upon
the first requirements model) this kind of information
seemed as equally important as the other kinds of
documents (“opinions”, “technical laws”, “guidelines”,
etc.). From these requirements, our first design solution
was to have similar access structures for all kinds of
documents, including the “technical answers”. Only after
the first prototype (provisional web pages on which this
solution was encoded), our idea was rejected, opting in
favor of a prominence for “Technical Answer”.
Prototypes can greatly help in communicating
provisional solutions to stakeholders and to gather
reliable feedback for validating the requirements. The
input gained can be then fed into structured requirements
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formalisms for appropriate analysis and refinement. The
iterative interplay between goal-oriented elicitation, high-
level conceptual design and prototyping is crucial for
refining the requirements set. Requirements, in
particular, as intended in this paper, provide an
abstraction from the specific solution (which may risk to
make stakeholders to focus on irrelevant details) so that
strategic decisions for the project can be determined;
conceptual design can be used to materialize abstract
needs into possible solutions, which may be then shaped
into a tangible prototype [13].

Lesson T1: AWARE is still too rigid to stimulate and
creatively support the elicitation and analysis process.

In this project AWARE has been used to specify
supposed goals and requirements during a preliminary
analysis phase. Here, the constructs offered by the model
provide the conceptual elements to interpret the
documentary material available, to extract the relevant
goals and requirements to be further elaborated and
discussed, and to give a logical and reasoned structure
(still provisional) to the requirements picture. During the
iterative elicitation process, analysts gradually changed
the AWARE artifacts to meet the new requirements and
relations emerged, until a coherent and reliable version
was produced to be fed to designers. Although powerful
in modeling, AWARE should provide more process
guidelines and tips on “when to do what”. For example, a
guided process on how and when to “prompt”
requirements for web applications would have been a
major support for the work of the analysts. In this sense,
AWARE turned out to be still too rigid to provoke
scenarios, and prompt examples with stakeholders to
discuss and create new requirements, or to point out
lacking pieces of the analysis picture.

Lesson T2: W2000 is good for specifying fully
developed design solutions but of little use for
generating ideas.

W2000 is an effective model for describing in details
and in a coherent fashion the needed web design solution
to meet a given set of requirements. Practitioners
acknowledged that the structured and complex apparatus
of the W2000 methodology is a valuable guidance for
designers not to forget about important design issues,
which would be otherwise neglected, thus compromising
the quality of the application. We learned once again
from this experience that a web design model should be
used for brainstorming, i.e. for generating and discussing
ideas among developers, with stakeholders, and with
potential users. It is of little use to have a design model
capable of representing only fully developed solutions.
Even an incomplete design is an important artifact to be
produced, since it can be quickly produced and validated
in order to trigger ideas, discard possibilities and making

new requirements surface. Moreover, it must require
little time to write down design ideas (an activity which
now takes too long with W2000): developers do not like
to spend too many resources in preliminary activities.

6. Lessons learned on behalf of the industrial
partner

In this section we summarize some considerations
pointed out by the CM team during the project and the
training days.

Lesson 1: The availability of systematic web design
methods is vital to structure team work activities.
Team organization and activity scheduling for complex
projects are negative affected by the lack of structured
design activities. Such a problem is emphasized in the
scenario of complex interactive applications, where the
separation between the different aspects of the systems
(e.g., contents from navigation, from structure, from
presentation and from technological architecture) is a
quality/cost key factor. The approach proposed by W2000
effectively addresses this need, and could be
systematically adopted to increase the quality of the
development/maintenance projects. Moreover, W2000
structured approach also enabled the project team to
systematically cope with usability issues early in
development (even before a prototype is available)
because the method offers a clear description of the
design artifacts and suggests proven (usable) design
patterns to adopt [16]. Note that this lesson may be seen
in contrast with T2. This is due to the fact that they
represent two different perspectives on the use of W2000
(the one of the researchers and the one of the developers).
On one hand, according to the researchers, W2000 is still
too close to detailed design specifications and it is rigid
to provoke and support creative brainstorming. On the
other hand, according to the developers - who did not
have previous experience with any other user-centered
design method - , W2000 is “better than nothing”, thus
being a great step ahead in this direction.

Lesson 2: In projects where time-to-market is vital,
semi-formal approaches are preferred to formal ones.
A trade-off between quality and time-to-market is crucial
in web projects. Although clients increasingly ask for
quality applications (where the achievement of the
institutional goals and the quality of the user experience
are major concerns), they are still reluctant to spend time
in trying to understand complex and formal requirements
documents. Besides the client’s background (which is
often non-technical), the main reason for that is the time-
to-market, which is an inevitable (fortunately not the
only one) driving factor for website development. Semi-
formal approaches (as W2000 and AWARE) which
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combine natural language descriptions, sketches,
prototype design and commented requirements schemas
seem to be quite accepted by non-technical stakeholders
because of their efficiency and understandability.

Lesson 3: Adequate support tools are needed to fully
exploit the potential of structured requirements and
design methods.

Although very powerful and effective for the modeling
activity, AWARE and W2000 have still not adequate tool
support. Support tools might partly mitigate the issue
explained in the previous lesson, providing analysts with
an efficient and consistent way to deal with structured
requirements and design approaches. Tools should also
enhance the documentation quality and thus facilitate
stakeholder’s  understanding.  Effective = modeling
approaches corroborated by appropriate tool support will
enable industry to implement interactive solutions in a
competitive way.

7. Conclusions and Future Work

We have synthesized and discussed the experience
gained during the development of an institutional web
application (the website of the Superior Council of Public
Works of the Italian Government), in which a research
group (HOC lab from Politecnico di Milano and TEC-
Lab from the University of Lugano) together with an
industrial IT partner (CM Sistemi) have employed
structured requirements and design techniques to face the
challenges of the project. In particular, a goal-oriented
requirements analysis method (AWARE) was coupled
with a structured approach to user-centered conceptual
design (W2000). Besides trying to transfer this
knowledge to the industrial partner collaborating to the
project, we had the opportunity to verify on the fields the
advantages and limits of the approaches and to gather
methodological and practical recommendations for future
projects in similar domains. Future research will
consolidate the methodologies in the effort of making
them more lightweight (thus easier to teach), more
suitable for brainstorming (rather than for describing
fully developed solutions) and more usable by web
practitioners. Moreover, proper tool support for AWARE
and W2000 will be designed and enhanced for
facilitating  practitioners in the analysis and
documentation process.
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