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Preface

These proceedings include the papers from six workshops and the doctoral
consortium held in conjunction with the 19th International Conference on Advanced
Information Systems Engineering (CAiSE’07) in Trondheim.

The workshops at CAiSE’07 form an important complement to the conference and
provide a forum for researchers and practitioners to exchange ideas and share results
in an atmosphere that fosters interaction and problem solving. They have a tighter
focus than the main conference and also tend to address emerging trends and
technologies.

The workshops were selected based on quality, relevance, and reputation. Many of
them have had a long history with CAIiSE, on topics related to modelling and to
designing innovative systems within organizations.

The two-day workshops in these proceedings are:

— BPMDS’07 — Eight International Workshop on Business Process Modeling,
Development, and Support

— EMMSAD’07 — Twelfth International Workshop on Exploring Modelling
Methods in Systems Analysis and Design

— UMICS’07 — Fifth International Workshop on Ubiquitous Mobile Information
and Collaboration Systems

There are also three one-day workshops:

— BUSITAL’07 — Second International Workshop on Business/IT Alignment
and Interoperability

— AOIS’07 — Seventeenth International Workshop on Agent-Oriented
Information Systems

—  WISM’07 — Fourth International Workshop on Web Information Systems
Modeling

The proceedings also includes the papers from the CAiSE Doctoral Consortium.

We are grateful to the workshop organizers who took responsibility as program
chairs for their workshops and managed the process from issuing call for papers to
preparing their respective parts of the workshop proceedings. We would also like to
thank all members of the various program committees and all other referees that
devoted their time to review papers and help us put together a very exciting workshop
program at CAiSE’07.

Enjoy the workshops and doctoral consortium in Trondheim!

May 2007 Barbara Pernici
Jon Atle Gulla
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Preface

Welcome to the 12th International Workshop on Exploring Modelling Methods in
Systems Analysis and Design (EMMSAD’07), held in conjunction with CAiSE’07.

The EMMSAD workshop series started in 1996. Over the years, EMMSAD has
matured and is now recognized by researchers worldwide as a premier workshop
focusing on the exploration and evaluation of modelling methods and methodologies.
Similar to previous years, we had many good submissions. After an intensive
reviewing process, we accepted 19 out of 33 papers. The submissions came from
every corner of the globe. We have received submissions from Australia, Austria,
Belgium, Brazil, Canada, India, Ireland, Israel, Italy, France, Finland, Germany, the
Netherlands, Norway, Portugal, Spain, Sweden, Switzerland, Tunisia and the USA.
The International Program Committee consists of a group of well-known and highly
qualified researchers. The success of EMMSAD is largely due to their generous
contribution of time and effort.

Continuing our very successful collaboration and cooperation with IFIP WG 8.1,
dating back to 1997, this year’s workshop is again a joint activity between CAiSE and
IFIP WG 8.1. The Association for Information Systems’ Special Interest Group on
Systems Analysis and Design (http://teweiwang.net/sigsand) has been a sponsor of the
EMMSAD workshops since 2005.

To assist the authors in finding outlet for their papers, we have been recommending
top papers from the workshop to journals. In this vein, the accepted papers of this
year’s workshop will be considered for a special issue of World Scientific’s
International Journal on Cooperative Information Systems (IJCIS) or as book chapters
in Idea Group’s: Advances in Database Research Book Series.

We hope you will enjoy this year’s workshop, while also finding the time to enjoy
beautiful as Norway! We look forward to your continuing support for EMMSAD.

Erik Proper, Terry Halpin and John Krogstie
EMMSAD’07 Organizers

Keng Siau, Terry Halpin, John Krogstie
EMMSAD Steering Committee

For more information on the EMMSAD’07 workshop, contact:
Prof.dr. H.A. (Erik) Proper
Email: E.Proper@cs.ru.nl
URL: http://www.emmsad.org
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Towards a Quality-Aware Web Engineering Process

Cristina Cachero!, Geert Poels?, Coral Calero?

! University of Alicante. Spain
ccachero@dlsi.ua.es
2Faculty of Economics and Business Administration, Ghent University. Belgium
geert.poels@ugent.be
3 ALARCOS Research Group. University of Castilla-La Mancha. Spain
Coral.Calero@uclm.es

Abstract. Evidence-Based Web Engineering (WE) is necessary in order to (1)
help industry practitioners in making rational decisions about technology
adoption and (2) increase the acceptability of WE methodologies. Particularly,
empirical data should be provided to support traditional WE claims such as
increased productivity or better quality of the applications deployed using a WE
methodology. Unfortunately the WE community is not yet familiar with either
systematic quality evaluation issues or empirical research, and therefore tools
and guidelines to ease this shift are necessary. In this paper we extend the
traditional WE Development Process with quality evaluation and assurance
activities that are compliant with the ISO/IEC 14598 set of standards and
guarantee that Web applications developed with WE approaches fulfill certain
quality criteria. This extension follows the MDA paradigm in order to ensure
that the development productivity is not hampered by the additional focus on
quality aspects.

Keywords: Web Engineering methodologies, Web Engineering process,
quality evaluation, quality assurance, model-driven development

1 Introduction

It is an avowed fact that WE practices lack an impact on industry [14]. This situation
is at least partly caused by a WE field that does not guarantee any kind of
improvement over ad-hoc approaches towards assuring the quality in use of the
deployed applications, where by ‘quality in use’ we mean the efficiency, productivity,
security and satisfaction with which users use the application to satisfy specific goals
under specific conditions [10]. In fact, WE methodologies and their associated
development processes do not usually include specific support for the specification
and implementation of quality requirements. This fact contrasts with the definition of
WE as “the application of systematic, disciplined and quantifiable approaches to the
cost-effective development and evolution of high-quality applications in the World
Wide Web” [9]. One possible reason for this situation is that, being the final objective
of any quality evaluation process the quality in use (meeting user needs) [10], and
given the fact that assessing quality in use means tracking the use that real users make
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of the application under real exploitation conditions, the WE field has traditionally
considered such concerns out of its scope. However, this consideration disregards an
important relationship between quality in use and other quality perspectives. Namely,
according to ISO/IEC 9126, there is a relationship between quality as ‘meeting user
needs’ (that is, quality in use) and quality as a ‘conformance to specifications’ [8].
Otherwise stated, it is possible to predict the degree of quality in use of the final Web
application by examining which quality specifications are met by the intermediate
products (Web artifacts) of a certain application. The advantages of such change of
perspective translate into cost and quality gains [3].

The scene regarding quality evaluation in the context of the traditional ad-hoc
approaches towards Web site/application development is just slightly better. Here, the
concern for Web quality is showed on the wide range of Web design guidelines and
automated measures that can be gathered in literature [12, 18]. Additionally, and due
to the high expense associated with monitoring the use of the application under real
conditions of use, most of these guidelines and measures (the notable exception being
those based on log analysis techniques) reflect a ‘conformance to specification
perspective’. In these approaches, the relationship between specifications and user
needs is usually implicitly assumed, without providing empirical evidence. Also as a
drawback, the lack of intermediate models supporting those ad-hoc approaches causes
measures to still be centered on the lower (mostly code) levels of abstraction. Given
these facts, it seems clear that an increase of the level of abstraction at which Web
guidelines/measures are applied would be desirable, and such change can only be
achieved if WE practices are adopted and if the WE process includes a quality
evaluation and assurance perspective, from the early development stages till
deployment.

In this paper we present a quality-aware WE process that fulfills these conditions
and systematically integrates quality evaluation and assurance issues at every stage of
the WE process without hampering the cost and/or time to market of the delivered
application. Our proposal explicitly recognizes the relationship between the *meeting
user needs’ and ‘conformance to specifications’ perspectives, and provides a working
basis to empirically prove such relationships. In order to perform such inclusion of
quality concerns in existing WE methodologies in a sensible, consistent and practical
way, our research aims at the development of three elements: (1) a quality-aware WE
process, (2) a set of general-purpose WE quality models specific for each stakeholder
and/or WE artifact and, (3) a WE-Software Measurement Metamodel (WE-SMM)
that permits the developer to operationalize and, if needed, also tailor, those quality
models according to a particular domain and/or application. In this paper we are
centering on the first element (the process). Readers interested in the quality
instruments (Quality Models and the WE-SMM) that support such processes are
referred to [5]. To justify the necessity for our proposal, in Section 2 we present a
brief overview of the state of the art in quality instruments and WE quality evaluation
processes. In Section 3 the generic WE process is presented, together with an analysis
of how each artifact and/or activity may influence the quality in use of the deployed
application. Section 4 then explains our proposal of a quality-aware generic WE



process and how it was developed based on the ISO 14598 set of standards [11]. Last,
conclusions and future work are presented in Section 5.

2 Related Work

In order to evaluate quality it is necessary to count on instruments that are based on
clear definitions. One of these instruments is a quality model. A quality model is
defined in ISO as the set of characteristics and the relationships between them which
provide the basis for specifying quality requirements and evaluating quality. Quality
models for software products are far from scarce. Well known pioneer models include
the McCall, Boehm and Dromey models. Because of the widespread use of the ISO
family of quality-related standards (including the ISO/IEC 9126 software quality
standard), many proposals have aimed at tailoring/refining/improving these standards.
For example, the Quint2 quality model regards the ISO/IEC 9126 standard as a valid
but incomplete quality model, and therefore tries to complete it with additional
features. If we now focus on WE, there are various proposals of specific WE quality
models, most of them tackling the specificities of the ‘meet the user needs’ quality
perspective on Web applications [1, 6, 7, 17, 19]. From these proposals, only [1] and
[7] consider the quality of other artifacts than code that are constructed during the WE
development cycle, and none of them provides independent quality models for the
different levels of abstraction in the WE process. These approaches can however be
refined and complemented by research on model quality (e.g. Lindland et a.
framework [15], Krogstie et al. framework [13] and Moody and Shanks framework
[16]), which provides further insight into how the quality concept can be dealt with at
higher levels of abstraction than the actual software code.

Another instrument is a quality evaluation process that prescribes how and when
quality evaluation must be performed. An example here is the ISO/IEC 14598 series
of standards that gives an overview of software product evaluation processes and
provides guidance and requirements for evaluation of general software products. In
the WE field, some quality evaluation processes are WebQUEM [19] and WebTango
[12]. Similar to the proposed WE quality models, the main drawback of most of these
processes is that they assume that the quality evaluation is performed on the deployed
application. In fact, only [17] and [1] recognize the necessity to conciliate the WE
quality evaluation process with the general WE development process. The general
structure of such WE development process is presented next.

3 The WE Process

The relative immatureness of the WE field causes a lack of agreement on a
common Web development process. However, most methodologies share a set of
artifacts and activities that are presented in Figure 1 and that may be regarded as a
simplified WE process where, for the sake of readability, the iterative and incremental
nature of this process has been hidden. This process, based on the Model Driven
Engineering paradigm, departs from a general business model and includes (1) a



(manually performed) functional requirements workflow, whose outgoing artifact is a
use case model, (2) an analysis workflow, whose output is a domain model (usually
an ER diagram or a UML class diagram), (3) a conceptual design workflow, whose
outputs are a navigation and a presentation model (expressed by means of UML
profiles or proprietary), (4) a detailed design workflow that introduces platform and
technology specific features (typically J2EE and .NET) and (5) an implementation
workflow, which results in a Web application that is ready to be deployed. Variants of
this process model exist, usually to include additional Platform Independent Models
(PIM’s) and/or Platform Specific Models (PSM’s) (architectural models, business
process models, different languages and/or platforms, etc.) that further enrich the
application specification. Additionally, WE methodologies promote the use of
automatic and/or (semi-)automatic transformations among most of these artifacts
(depicted as circles that represent stereotyped activities in Figure 1) that, based on the
underlying meta-models, streamline the process and guarantee traceability among and
between concepts.

WORKFLOWS MDA

Requirements CImM :Use Case
Model

A .
N :Domain
s Model
AN
-

Model2Model
Transformation

:Model for :Model for
J2EE Platform NET Platform

Model2Text v
Transformation
Implementation CODE

WEB APPLICATION
Fig. 1. Simplified version of a traditional WE Development Process.

The use of a WE process with (semi-) automatic transformations prevents some
development problems such as inconsistencies among models, lack of traceability,
lack of technical soundness, etc. However, this (semi-)automatic nature of the WE
process also may cause the propagation of quality flaws through levels of abstraction.
Hence, quality problems that nowadays are just detected at deployment time may
have been introduced at any previous stage of development. As an example, the
omision of certain domain relationships (which are present in the end-user’s mind) in

10



the domain model may lead to an improper navigation structure that hampers the
application usability.

The six levels of refinement presented in Figure 1 imply in fact six different WE
products, each one involving a different purpose of evaluation. From them, the first
five can be regarded as ‘internal products’ in the sense that they refer to models of the
product, and not the product itself, while the deployable Web application is an
external product (the product that actually reaches first the testing environment and
then the market). A graphical representation of the products, together with their
hypothetical quality inter-relationships, is presented in Figure 2. Such relationships
(still to be empirically proven by the WE community) are based on (1) the
aforementioned ISO/IEC assumption that quality at one level of abstraction may be
used to predict quality at lower levels of abstraction and (2) the already mentioned
underlying traceability of concepts among the different WE models (see Figure 1).

Deployed Application
WE Development Artifacts Deployed application in test  in real environment
Tnternar ~ A ~N ~ A ~N

influences
Legend:
-

depends on
, 4
L’ ! —> [ Quality
€ -~ -=-\ /nUse |4
Za\!

T T Contexts
of use

External Measures

Measures of Actual Usage

(in testing environment) ~ (under real conditions of use)

Internal
Measures

Fig. 2. Quality in the WE lifecycle (adapted from ISO/IEC 9126)

Namely, in Figure 2 we can graphically observe how the internal quality
dimensions may affect an external quality dimension, that is, the quality of the final
application (code) as perceived under testing conditions. Finally, such external quality
may influence the actual quality of the application in real contexts of use. Next, we
are presenting how we have enriched the WE process of Figure 1 to introduce quality
concerns during the development of each one of the WE products.

4 Towards a Quality-Aware WE Process

Even if it is true that the ISO set of standards accompanies the definition of quality
models (defined in the ISO/IEC 9126) with a software evaluation process (defined in
the ISO/IEC 14598), it is a well known fact that both standards are not sufficient to
direct the practitioner in the quality evaluation process. One reason for this fact may
be that ISO/IEC 14598 was finished before the last version of the ISO/IEC 9126, and,
while it provides generic linkages between the high-level concepts of the ISO/IEC
9126 quality models (characteristics, subcharacteristics and measures), the evaluation

11



process is not yet specified in the format of specific prescriptive quality engineering
practices. Otherwise stated, there is a mapping gap between standards and existing
development process. Figure 3 presents how we propose to fill in this gap. Our
proposal includes the encapsulation of each pair purpose of evaluation-product type in
an independent WE quality model (dotted elements, see Figure 3) that gathers
measurement concepts, attributes and measures relevant for the purpose of evaluation
at such level of abstraction. Additionally, in order to preserve the semi-automatic
nature of the WE process, our proposal includes the operationalization of quality
models by means of a WE measurement meta-model instantiation (shadowed
elements, see Figure 3). The WE measurement meta-model and the transformations
that permit to calculate measurement results and, if necessary, evolve the WE models
are out of the scope of this paper. Interested readers are referred to [4] for a whole
description of such operationalization. The result of evolving each WE model based
on a specific quality measurement model is then used at the next stage of
development.

siness
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: 2
H 3

' Measurement Model
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:Requirements | __ _ > :
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J2EE Platform .NET Platform| Other Platforms
Model2Text Vv Y V.
Transformation e
CODE Implementation ~ \__/ ./ o
W 7

B @ E

Fig. 3. Quality-aware WE Development Process

As the reader may already have inferred, the main advantages of a process such as
the one included in Figure 3 are:

12



» It integrates quality evaluation practices in current WE practices so that
each problem is detected and solved as soon as possible in the
development lifecycle, what, as we have already outlined, diminishes
costs and time to market of high-quality web applications.

» It is based on different WE-quality models, each one providing the most
suitable basis on which to fulfill a given quality evaluation purpose. This
specificity of model and evaluation purpose helps to make such models
more concise. We agree with [16] in that the construction of concise
quality models that are integrated in a quality management process are of
prime importance to focus the quality evaluation task and carry out a
comprehensive quality analysis in a very limited timeframe.

» It explicitly recognizes the relationship that, according to ISO, exists
among quality of intermediate artifacts. Such relationships justify the
necessity to assure that the outgoing artifact of each workflow has the
required level of quality before going on to the next step of development.

As a further advantage, and in order to facilitate its adoption by industry, our
proposal conforms to ISO/IEC 14598. This means that it (1) makes use of quality
models and (2) it covers all the process steps defined in clause 6 of the standard. Next
we are further explaining this last assertion.

4.1 Conformance to ISO 14598 set of standards

Although, in order to keep faithful to the WE philosophy, our approach is
presented as an enrichment of a general WE process, it is possible to superpose the
workflow defined by the ISO/IEC 14598 (much better known in industry) over the
quality-aware WE process presented so far. For such superposing, the ISO/IEC
14598-3 (development) is of special interest. ISO/IEC 14598 poses two main
requirements for compliance. On one hand, the quality evaluation must be based on a
quality model. This end is fulfilled by our approach, as we already saw in Section 3.
On the other hand, ISO/IEC 14598 demands that the evaluation process follows the
following steps: (1) Establish Evaluation Requirements (purpose of evaluation, types
of product to be evaluated and quality models), (2) Specify the Evaluation (select
measures, establish decision criteria and establish indicators for assessment, (3)
Design Evaluation (produce evaluation plan) and (4) Execute Evaluation (take
measures, compare with decision criteria and assess results). Next we are presenting
how we are covering each of these activities.

13



Establish Evaluation Requirements. The overall purpose of evaluation of our
proposed quality-aware WE process is (using the GQM template [2]) “analyze the
different WE artifacts for the purpose of assessing their conformance with respect to
certain quality specifications from the viewpoint of the end-user of the application in
the context of testing environments”. This purpose is fulfilled by evaluating the main
six WE models (types of product): requirements, domain, navigation, presentation,
implementation and code. For each one of these products we need to specify a
different quality model.

Specify the Evaluation. Particular applications may have specific requirements that
may make necessary a tailoring of the characteristics (measurable concepts),
measures, decision criteria and/or indicators included in a given quality model.
Aware of this fact, our proposal (see Figure 3) provides both general quality models
defined at each level of abstraction and particular measurement models, which
represent an operationalized version of the quality model. During this
operationalization the designer (1) makes sure that all the relevant concepts are
defined (e.g. that all measures have associated decision criteria, general or particular
to the actual application being quality-evaluated) and (2) expresses the quality model
in a machine-readable way (by instantiation of a well-defined WE Software
Measurement Meta-model (WE-SMM)). Hence, this operationalization acknowledges
the fact that certain quality elements may diverge depending on particular application
domains or even particular application’s quality needs. Nonetheless, the need to fulfill
the restrictions imposed by such meta-model contributes to guaranteeing the
correctness and completeness of the resulting instantiation. Interested readers in how
such operationalization is performed are referred to [4].

Design the evaluation. In our proposal, each evaluation activity must be performed
as soon as the incoming WE artifact is produced and before stepping into the next WE
process activity (which makes up the evaluation schedule). The evaluation method
consists on the automatic application of the WE measurement meta-model
instantiation to the particular WE model we are dealing with.

Execute the evaluation. Finally, we propose to execute the evaluation in an
automatic way, by means of transformation rules that interact with the WE-SMM and
with the particular WE artifact meta-model to (1) get measures results, (2) calculate
indicators, (3) compare indicators with decision criteria and (4) if feasible, evolve the
models to improve the indicator value. Interested readers in how such execution is
performed are referred to [4].

5 Conclusions and Further Work

In this paper we have proposed a WE process that integrates quality evaluation and
assurance activities at every abstraction level in the development of the Web
application. Building up a high-quality Web application from the end-user perspective
all along the WE process implies a shift from the traditional WE quality assessment
perspective to a WE Total Quality Management (TQM) approach. Briefly speaking,
adopting a Total Quality Management perspective means setting the focus on
preventing rather than detecting errors, with the ultimate aim of reducing the reliance
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on code inspections as a way of achieving quality [16]. Our assumption is that
providing practitioners with WE methodologies that offer automated support for
assuring quality will not only back some of the WE traditional claims of high
productivity, short time-to-market and high quality, but also increase the acceptance
rate of WE methodologies in industry. This in turn would provide the WE community
with more data on which to refine their knowledge about when and how to use a
given WE methodology.

This work is just a first step towards the inclusion of quality issues in the WE field. In
order to increase the reusability of our framework, it would be necessary for the
definition of generic WE-quality models to reach a consensus and identify a set of
common attributes that characterize any of the WE artifacts (i.e. models) proposed by
the best known WE methodologies, and center the quality evaluation on such
common concepts. We do claim that such common set of concepts exist at each level
of abstraction, as the recent MDWEnet initiative! backs. Only such attributes, together
with a general definition of measures, independent from particular notations, should
be included in WE-quality models in order to make them reusable among WE
methodologies. Also, general tailoring rules of these quality models for certain
application families should be provided in order to ease the operationalization of the
quality models. Transformations should be implemented to support each of the
measures included as part of those quality models, and empirical research should take
place to demonstrate how the measurement results taken at early stages of
development influence the quality in use of the final application. Even if we are
conscious that we may never reach such a rigorous, evidence-based quality
assessment, we believe that even the automatic assessment of a few empirically
validated measures at each level of abstraction could already significantly increase the
satisfaction of WE users.
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