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Abstract The number of Web applications which are part of
Business Intelligence (BI) applications has grown exponen-
tially in recent years, as has their complexity. Consequently,
the amount of data used by these applications has also in-
creased. The larger the number of data used, the greater the
chance to make errors is. That being the case, managing data
with an acceptable level of quality is paramount to success in
any organizational business process. In order to raise and
maintain adequate levels of Data Quality (DQ), it is indispens-
able for Web applications to be able to satisfy specific DQ
requirements. To do so, DQ requirements should be captured
and introduced into the development process of the Web
Application, together with the other software requirements
needed in the applications. In the field of Web application
development, however, there appears to us to exist a lack of
proposals aimed at managing specific DQ software require-
ments. This paper considers the MDA (Model Driven Archi-
tecture) approach and, principally, the benefits provided by
Model Driven Web Engineering (MDWE), putting forward a
proposal for two artifacts. These consist of a metamodel and a
UML profile for the management of Data Quality Software
Requirements for Web Applications (DQ_WebRE).

Keywords Data Quality . Web Engineering . Requirements
Engineering . Model DrivenWeb Engineering .
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1 Introduction

Looking at the present state of affairs, it is clear that more and
more companies have migrated their applications to Internet
based solutions, managing a large amount of data through
Web applications, in the main. The usage of these applications
has created new ways of boosting their business, taking ad-
vantage of business intelligence applications in a way that the
vast potential of customer relationships has never been
exploited before (Phan and Vogel 2010). It is important to
highlight that the usability ofWeb portals and applications it is
paramount for their success (Fang and Holsapple 2011). How-
ever, problems due to inadequate levels of quality in the data
which flows through these Web applications arise more com-
monly than expected with unexpected results (Bertino et al.
2010; Caro et al. 2008; Janjua et al. 2012).

(C Batini et al. 2007) mention some examples of com-
mon situations in which Information Systems that use data
with inadequate levels of quality have negatively affected
the work of employees, the satisfaction of the customers,
and, consequently, organizational performance.

It can be proven that these problems provoke different
kinds of damage within organizations (Ballou and Pazer
2003; Kahn et al. 2002; Pipino et al. 2002; Scannapieco
and Berti-Équille 2006; Shankaranayanan and Cai 2005).
This damage represents higher and higher penalty costs,
both in economic and in social terms (Eppler and Helfert
2004; Laudon 1986; Wang et al. 1995). But only when
organizations are conveniently aware of the consequences,
it is only when they actually suffer from these that they want
to eradicate this kind of problems.
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The first typical initiative is to be reactive to such kinds
of problems (Sarsfield 2009): so organizations consider the
adoption of specific Data Quality Software (e.g. data cleans-
ing, standardization, matching, merging, enrichment and
data profiling), as proposed in (Karel et al. 2009). Although
useful, this can only be used as a “post-mortem” solution,
and does not avoid problems in the long term, since an
Information System is in a continuous process of living
(Guerra-García et al. 2011). In addition, these solutions are
not commonly proactive, and do not focus on the data
quality requirements of specific users (Lucas 2010). Neither
can they comprise organizational resources a fact, which
implies that problems will come back and that the organi-
zation will lose money again. An alternative that could be
really productive, therefore, is to fix systematic errors by
means of some kind of customization of the Information
System, trying to solve, or at least alleviate, the effects of
some DQ potholes (D. Strong et al. 1997).

This customization is based upon the concept of Data
Quality Requirement (DQR), which can be defined as: “the
specification of a set of dimensions of Data Quality that a
set of data should meet for a specific task performed by a
given user” (Guerra-García et al. 2011). For each one of the
tasks to be executed using the Information Systems, some
specific Data Quality Requirements are to be collected,
managed, and later transformed into the corresponding Data
Quality Software Requirements (DQSR). Such DQSR are to
be introduced during the earliest phases of the Web Appli-
cation development as a complement to the remainder of the
Software Requirements.

Much research in MDWE (Model Driven Web Engineer-
ing) is concerned principally with the analysis and design
phases. In this respect, different languages, methods and
tools for Web modeling have been proposed and released,
almost all of which offer specific processes to support the
systematic and semiautomatic development of these appli-
cations. This therefore makes MDWE a good starting point
for the insertion of new features, such as DQ issues. This is
the reason why we have decided to work upon the MDWE
paradigm, with the intention of making it easy for our
findings and results to be shared with any other target plat-
forms (e.g. desktop applications). As is well-known,
MDWE proposes a representation of concepts by means of
supporting the development process using a set of models,
transformations and relations between models. This leads to
agile developments and assures consistency between models
(Escalona and Aragón 2008).

On the other hand, as concluded in (Guerra-García et al.
2011), there are no works that even partially cover the various
corresponding issues related to the management of DQ soft-
ware requirements when Web applications are being modeled
and developed. The lack of methodologies and proposals for
these DQ software requirement specification initiatives leads to

the need to consider such requirements throughout the software
development process. In a more specific sense, it highlights the
need for these to be borne in mind in the phase of specification
of initial requirements (Guerra-García et al. 2009).

Hence, the main contribution of this work towards both
areas, namely Requirements Engineering and MDWE, is
twofold: on one hand we propose an extended metamodel
to help developers to identify DQR better, and on the other
hand, we put forward a UML profile which will allow
developers to translate such DQR into DQSR, so that DQ
issues could be introduced throughout the various diagrams
(use case and activity). This all works towards the develop-
ment of Data Quality-aware Web applications.

The remainder of the paper is structured as follows:
Section 2 provides a brief description of the model’s foun-
dations in DQ, in Web Engineering and in the metamodel
(WebRE). The extended metamodel with DQ and the pro-
posed UML profile for specification and modeling of Data
Quality software requirements (DQ_WebRE) are introduced
in Section 3. Section 4 shows an illustrated example using
the DQ_WebRE profile, and finally, some conclusions and
future work are presented in Section 5.

2 Foundations of our proposal

In this section, a brief description is provided of the two
pillar areas related to our proposal: Data Quality and Web
Engineering.

2.1 Data quality

Various definitions of the concept of Data Quality have been
proposed over the last few years (C. Batini et al. 2009). Most
of the authors agree, however, that a piece of data has an
adequate level of quality if it is valid for the purpose to which
a user wishes to put it as regards a particular task in a specific
context (D. M. Strong et al. 1997). This is based on Juran’s
“fitness for use”. One of the most interesting strategies for the
study of DQ for a specific context is to divide it into smaller
pieces known as data quality Dimensions (Lee et al. 2006). It
is essential to point out here that the set of several data quality
dimensions is typically known as a DQ Model.

We ought to highlight here that when a user is specifying
his/her data quality requirements (DQR), s/he can choose
those data quality dimensions from those proposed in the
model provided in (D. M. Strong et al. 1997). The
corresponding DQR are then to be translated into DQSR,
which is the central point of the customization of the Infor-
mation System (IS) for supporting Data Quality concerns. The
customization consists of adding to the existing features of the
IS around the data used those characteristics that allow us to
guarantee that the DQR could be satisfied. In this last sense,
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the special characteristics for customizing the data are identi-
fied in a generic manner by the ISO/IEC 25012 (ISO-25012
2008) standard. This provides a Data Quality model for target
data managed in information systems, and considers fifteen
characteristics which are classified in two groups:

– Inherent: this refers to the extent to which quality char-
acteristics of data have the intrinsic potential to satisfy
stated and implied needs when data is used under spec-
ified conditions.

– System dependent: this refers to the extent to which data
quality is obtained and preserved within a computer
system, when data is used under specified conditions.

Table 1 shows the definitions for each one of the data quality
characteristics proposed by the ISO/IEC 25012 standard.

It is worth mentioning that these characteristics should be
reinterpreted and redefined each time, in an effort to represent
with greater precision how to measure the level of data quality
of a piece of data in a specific context.

2.2 Web engineering

Many methodological proposals have arisen for the develop-
ment of Web applications in a systematic and rigorous way.
All of them focused mainly on supporting requirements anal-
ysis and design phases: NDT (Escalona and Aragón 2008),
UWE (Koch and Kraus 2002), WebML (Ceri et al. 2000),
WebRE (Escalona and Koch 2006), SOD-M (De Castro and
Marcos 2009) and WebSA (Meliá and Gómez 2005). A com-
parative study of these methodologies is shown in (Escalona
and Koch 2004). This study shows the types of requirements
managed by each proposal, principally, along with the techni-
ques used and the extent of detail of each proposal in terms of
its development process.

The NDT proposal (Navigational Development Tech-
nique) (Escalona and Aragón 2008) presents a methodology
that covers the requirements and analysis phases in Web
development. This methodology is based completely on the
MDWE approach; it proposes NDT metamodels and

Table 1 Data Quality characteristics proposed by the ISO/IEC 25012 standard

Characteristic Description

Inherent

Accuracy The degree to which data have attributes that correctly represent the true value of the intended attribute of a concept or event in a
specific context of use.

Completeness The degree to which subject data associated with an entity have values for all expected attributes and related entity instances in a
specific context of use.

Consistency The degree to which data have attributes that are free from contradiction and are coherent with other data in a specific context of use.

Credibility The degree to which data have attributes that are regarded as true and believable by users in a specific context of use.

Currentness The degree to which data have attributes that are of the right age in a specific context of use.

Inherent and System dependent

Accessibility The degree to which data can be accessed in a specific context of use, particularly by people who need supporting technology or
special configuration because of some disability.

Compliance The degree to which data have attributes that adhere to standards, conventions or regulations in force and similar rules relating
to data quality in a specific context of use.

Confidentiality The degree to which data have attributes that ensure that they are only accessible and interpretable by authorized users in a
specific context of use.

Efficiency The degree to which data have attributes that can be processed and provide the expected levels of performance by using the
appropriate amounts and types of resources in a specific context of use.

Precision The degree to which data have attributes that are exact or that provide discrimination in a specific context of use.

Traceability The degree to which data have attributes that provide an audit trail of access to the data and of any changes made to the data in a
specific context of use.

Understandability The degree to which data have attributes that enable it to be read and interpreted by users, and are expressed in appropriate
languages, symbols and units in a specific context of use.

System dependent

Availability The degree to which data have attributes that enable them to be retrieved by authorized users and/or applications in a specific context.

Portability The degree to which data have attributes that enable them to be installed, replaced or moved from one system to another while
preserving the existing quality in a specific context of use.

Recoverability The degree to which data have attributes that enable them to maintain and preserve a specified level of operations and quality,
even in the event of failure, in a specific context of use.
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transformations among them. NDT offers a suitable envi-
ronment for the elicitation, definition, analyzing and valida-
tion of Web requirements.

UWE (UML-based Web Engineering), Koch and Kraus’s
proposal, (Koch and Kraus 2002) covers the special aspects of
Web application analysis and design: these authors define a set
of special views represented graphically by UML diagrams,
such as a navigation model and a presentation model, through
the use of UML profiles. They also show how to use different
kinds of static diagrams to model the static aspects of the Web
applications. This proposal is based on a common metamodel
and also includes tools to support the design and semi-
automatic generation of Web applications.

WebML (Web Modeling Language) (Ceri et al. 2000) is a
high-level language for the specification and the design of
data-intensive Web applications. It emphasizes the defini-
tion of primitives for composition and navigation which can
be used to design complex requirements. It also encom-
passes some advanced modeling aspects of Web sites, in-
cluding presentation, user modeling and personalization.

In the WebRE (Web Requirements Engineering) proposal
by (Escalona and Koch 2006), the authors focus on Web
requirements specification through models. They present a
metamodel which contains the key concepts needed for the
specification of specific requirements, such as: use cases of
navigation, use cases of Web process, specific activities and
structural elements (nodes, user interface, etc.).

The SOD-M (Service-Oriented Development Method)
proposal (De Castro and Marcos 2009) presents a service-
oriented approach towards information system development
that starts by using business modeling to identify the serv-
ices required by the customers of a business, thus making it
possible to create a Web service composition model. It uses
UML as the modeling language and defines a specific UML
profile for the service-oriented development. SOD-M focus-
es on the development of the behavioral aspect and defines
guidelines with which to build behavioral models from
high-level business modeling.

In (Meliá and Gómez 2005), the authors propose a ge-
neric design approach named WebSA (Web Software Archi-
tecture). This is based on the MDA (Model Driven
Architecture) paradigm, and proposes a model-driven devel-
opment of a set of architectonic models of UML and QVT
(Query/View/Transformations) transformations as mecha-
nisms with which to integrate the functional aspects of the
actual methodologies with the architectonic aspects.

All of these methodologies focus primarily on how to iden-
tify and define the functional aspects of the Web Application:
those related to the semantics of models and those oriented
towards capturing the relevant properties of this type of Web
applications. It should be remarked, however, that none of these
proposals includes ways of introducing issues regarding the
quality characteristics of the data that is managed and stored by

these applications. Only a few of them, such as those in (Ceri et
al. 2000; Escalona and Aragón 2008; Escalona and Koch
2006), give a brief mention to certain needs with respect to
implementing specific information objectives that should be
considered when designing a Web application. They neither
explore their study in greater depth, however, nor consider any
requirements or specifications of DQ characteristics.

2.3 WebRE metamodel

It is worth highlighting that the key concepts managed in the
WebRE metamodel were defined by taking as a basis the
similarities of all methods and proposals reviewed by the
authors and summarized in (Escalona and Koch 2006).
WebRE uses the power of metamodeling to merge different
approaches. It also defines a unified metamodel, in accor-
dance with certain OMG standards such as MDA (OMG
2001), UML (OMG 2005b), OCL (OMG 2005a), QVT
(OMG 2008). This alignment to the most widely-used stan-
dard in Software Engineering is a way of assuring its capa-
bility of adaptation to any other software development.

Themetamodel proposed by Escalona andKoch in (Escalona
and Koch 2006) permits the main elements for Web require-
ments to be modeled in a UML class diagram. The metaclasses
represent concepts without any information about their represen-
tation; they are grouped in two packages according to the struc-
ture of UML: “WebRE Structure” and “WebRE Behavior”.

The functionality of a Web system, described in the
“WebRE Behavior” package, is modeled by means of a set
of instances of two types of specific use cases: “Navigation”
and “WebProcess”, and specific activities such as “Browse”,
“Search” and “UserTransaction”.

The “WebRE Structure” package contains the metaclasses
used to describe the structural elements of a Web applica-
tion: Node, Content and Web User Interface (WebUI). A
brief description of each element is shown in Table 2.

The UML profile for Web requirements engineering
specifies how the concepts of the WebRE metamodel relate
to, and are represented in, the UML standard, using stereo-
types and constraints (Escalona and Koch 2006).

One of the main advantages of this metamodel is its
flexibility: it allows the easy inclusion of new elements.
This thus enables developers to add some of these to man-
age some new concepts, as we have done on adding the DQ
concerns, in order to specify and model the DQ software
requirements. Establishing the corresponding relationships
of these new DQ elements to each one of the elements listed
in the WebRE profile, e.g. use cases (“WebProcess”), or
specific activities like “UserTransaction”.

In the following section, we set out a complete descrip-
tion of our proposed metamodel and the UML profile for
managing specific data quality requirements in the develop-
ment of Web applications.
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3 A proposal for a metamodel and a profile for including
data quality concerns in Web applications

After carrying out an in-depth analysis of the various Web
Engineering proposals, and given their features, we decided
to take the one proposed by (Escalona and Koch 2006) as a
basis for our work. It satisfies one of the key requirements
for our research: its compatibility with “de jure” standards in
the market. Escalona and Koch’s proposal presents a meta-
model with which to represent concepts and relationships of
Web Requirements Engineering. This metamodel is used as
a basis for defining a UML profile for Web Requirements
(WebRE) (Escalona and Koch 2006).

Having shown the main characteristics and elements of the
WebRE metamodel in Section 2.3, in this section we should
describe our proposal. One of the most important motivations
of this work is to provide analysts and designers of Web
applications with the artifacts needed to specify and describe
the corresponding DQSR in a clear and intuitive manner.

To develop our proposal, we have extended Escalona and
Koch’s metamodel, in order to deal with those elements which
are considered to be essential for the specification of DQSR and
integrate them into the proposal. Having conducted a system-
atic review on the main proposals for the specification and
modeling of DQ requirements, presented in (Guerra-García et
al. 2010), we decided to incorporate the following key elements
(namely stereotype) the majority of which were inferred mainly
from (Becker et al. 2009; Becker et al. 2007; Caballero et al.
2007) (see Fig. 1):

– For the Behavior Package we have included the following
new classes: “InformationCase”, “DQ_Requirement”,
“DQ_Req_Specification” and “Add_DQ_Metadata”;

– For the Structure Packagewe have added these new classes:
“DQ_Metadata”, “DQ_Validator” and “DQConstraint”.

Bearing in mind the goal of modeling DQ Requirements,
we have introduced these new elements with the idea of
letting Web-Application users be aware of the level of the
quality of the data that they are using for a task at hand.

In order to make our approach usable by any of the
available IDEs (Integrated Development Environment) on
the market, we have also implemented a UML profile for
Web application requirements, which has been extended
with data quality issues (DQ_WebRE).

The new stereotyped elements proposed in this UML
profile are classified and defined according to the “Base
class” that they belong. Each one of them is in charge of a
specific task as described below.

The “InformationCase” and “DQ_Requirement” ele-
ments are specific use cases; the first one represents the
use case in charge of managing the data involved with
each Web functionality (e.g. WebProcess). While the sec-
ond use case “DQ_Requirement”, it is in charge to model
the DQ requirements related to the “InformationCase”
elements (see Fig. 2).

The “Add_DQ_Metadata” element to represent a partic-
ular activity, it is responsible of add the operations and
information of the attributes belonging both to the elements
“DQ_Metadata” as “DQ_Validator” (see Fig. 3).

The elements “DQ_Metadata”, “DQ_Validator” y
“DQConstraint” represent structural elements of the Web
application. In the element “DQ_Metadata” will be stored
the DQ metadata. The “DQ_Validator” element is in charge
to manage the different operations related to the DQ, in
order to validate the “WebUI” elements. By other way, in
the “DQConstraint” elements will be stored the specific data
to the specification of constraints (see Fig. 4).

Finally, the “DQ_Req_Specification” element will be used
to the detailed specification of each one of the DQ require-
ments, through of requirements diagrams (see Fig. 5).

Table 2 Elements of WebRE metamodel

Element Description

WebUser Represents any user who interacts with the Web application.

Navigation Represents a specific use case which includes a set of “Browse” type activities that theWebUser will be able to perform to reach a
target node.

WebProcess Models the main functionalities (normally business process) of the Web application. It represents another use case which can be
refined by different Browse, Search and UserTransaction type activities.

Browse Represents a normal browse activity in the system; it can be improved by a Search activity.

Search It has a set of parameters, which allow us to define queries on the data storage in “Content” metaclass. The results will be shown
in the target node.

UserTransaction Represents complex activities that can be expressed in terms of transactions initiated by users.

Node Represents a point of navigation at which the user can find information. Each instance of a Browse activity starts in a node
(source) and finishes in another node (target). The Nodes are shown to the users as pages.

Content Represents where the different pieces of information are stored.

WebUI Represents the concept of Web page.
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The specification of each new stereotype is described in
deep in Table 3. We have, to be precise, used the commercial
tool Enterprise Architect to implement this new profile. Con-
sequently, users can take advantage of the joint use of Enter-
prise Architect and DQ_WebRE to go ahead with the analysis
by means of the corresponding diagrams. On the left-hand
side of the tool (see Fig. 6) one can observe a special “toolbox”
with its own elements defined in the DQ_WebRE profile.

4 Case study

In this section we shall demonstrate how to use our proposal
by means of a case study. As developers, we are interested in
highlighting how to capture the main functionalities of the
system, as well as in how to complement such requirements
with the main data quality requirements for the data that a
user may need during the execution of the software
developed.

Given that our proposal can be used with any of the
software development methodologies, we selected the Unified
Development Process (UDP) (Jacobson et al. 1999) for this
case study because of its widespread use. In UDP, the Analysts
will first model the system’s principal use cases, and then, by
means of activity diagrams, attempt to provide a more detailed
description of each one of the use cases identified.

The case study we are going to present is based on the
EasyChair Conference System (EasyChair 2012), one of the
Web applications used most in supporting conference man-
agement. This application allows the following functional-
ities: paper submission, management and monitoring of
Program Committee (PC) members, the assignment of
papers to reviewers and some other features that are not
included as part of this running example. It is worth men-
tioning that this application can be used by at least three
different roles played by the user (e.g. Author, PC member
and Chair). Each one will have their own DQRs for each of
the functionalities.

Fig. 1 Extended metamodel
with DQ elements
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For the sake of simplicity, let us focus only on the use
case “Add new review to submission” that a PC member
requires of the EasyChair application (see Fig. 6).

Some data that will have to be used within this use case
are: first_name, last_name, email_address, overall_evalua-
tion, reviewer_confidence, etc. (see comment attached to

Fig. 2 New Use cases
elements defined in
“DQ_WebRE” profile

Fig. 3 New Activity element
defined in “DQ_WebRE”
profile
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classes “information of reviewer” and “evaluation scores”
of type “Contents” in Fig. 7).

Once the data has been identified, the next step is to capture
and introduce the data quality requirements. We can observe
the specification of a particular use case “Add all data as result
of review” (stereotyped as “InformationCase”), which will be
in charge of managing all the data involved in the use case
“Add new review to submission”.

We would like the readers to be aware that we are
interested in enabling the system to be responsible for the
characteristics that the data will have if it is to assure the best
levels of quality for the specified dimensions. This means
that the analyst must meet new requirements here (probably
functional ones) in the systems, so new functionalities that
address data quality software requirements can be executed.
The analysts, who are already provided with the DQ_We-
bRE profile to model these new requirements (see Fig. 6),

Fig. 4 New Class elements
defined in “DQ_WebRE”
profile

Fig. 5 New Requirement and Actor element defined in “DQ_WebRE”
profile
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are then encouraged to define the corresponding function-
alities to satisfy the perception of the data quality for each
one of the application’s users.

Having said this, it is possible to specify the following
DQ requirements for the specified InformationCase:

1. If we wish to guarantee the Confidentiality of data, the
execution of the next DQ functional requirement should be
executed “check that data will be accessed only by autho-
rized users”. We are going to check if a user is authorized
by means of a specific value for an attribute Authorized.
This implies adding a new “Authorized”meta-attribute, as
well as implementing the methods for capturing the value
and for carrying out the checking. With this requirement,
what is intended is to identify the piece of software that will

be responsible for capturing some metadata in charge of
ensuring that the information to be stored will only be
accessed by users who meet a certain level of security
defined previously in the application (e.g. security level).

2. With the objective of guaranteeing the Completeness of
data, the next DQ functional requirement should be
executed- “verify that all data have been completed by
reviewer”. In a similar way to that already outlined above,
this requirement will be responsible for ensuring that all the
data that will be entered by the reviewer are completed in
every available field. The way of performing this verifica-
tion will be through the specification of a particular func-
tion responsible for it (e.g. check completeness). This
function will have to be implemented in a particular class
specifically for management of DQ (e.g. “DQ_Validator”).

Table 3 Stereotype specification for DQ software requirements in DQ_WebRE profile

Name Base class Description Constraints Tagged values

InformationCase UseCase The IC, unlike normal use cases, has the main
function of representing use cases that manage and
store the data involved with the functionalities of
the “WebProcess” type. These data will be subject
to the specific requirements of data quality
(DQ_Requirement) that are associated with them;
we consider that the best way to link them is
through a relationship of the “include” type, thus
allowing them satisfy such DQ requirements.

Must be related to at least
one element of
“WebProcess” type.

None.

DQ_Requirement UseCase This represents a specific use case which is
necessary to model the DQ requirements (DQ
dimensions) that are related to the
“InformationCase” use cases.

Must be related to
(“include”) at least one
element of type
“Information Case”.

None.

DQ_Req_Specification Element Abstract class that represents a particular element
(“Requirement” type). It will be used to specify
each of the DQ requirements added through
requirements diagrams in detail.

ID: Integer. Text: String.

Add_DQ_Metadata Activity This represents a particular activity which is related
to the different “UserTransaction” activities. This
metaclass is responsible for validating and adding
the operations and information associated with
each of the attributes (DQ_metadata) belonging to
the “DQ_Metadata” or “DQ_Validator”
metaclasses.

Not mandatory. None.

DQ_Metadata Class This represents a structural element of a Web
application, and the DQ metadata will be managed
and stored here. These sets of metadata are
associated with Content elements. It will thus be
possible to specify various DQ requirements (DQ
dimensions) directly linked to data stored in the
elements of the “Content” type.

Not mandatory. DQ_metadata: set(String)

DQ_Validator Class This represents a structural element. This metaclass
will be responsible for managing different DQ
operations in order to validate or restrict WebUI
elements.

Not mandatory. None.

DQConstraint Class This represents a structural element of a Web
application. In this element are stored the specific
data of the different constraints, which will be
related to elements of type DQ_Validator. Besides
its corresponding bounds (e.g. “upper_bound” and
“lower_bound”).

Must be related to at least
one element of type
“DQ_Validator”.

DQConstraint: set
(String). upper_bound:
Integer. lower_bound:
Integer
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3. Similarly, the analyst will have to introduce the require-
ment that enables the IS to guarantee the characteristic of
Traceability of data, through the specification of the fol-
lowing DQ functional requirement: “check who is able to
add or change a revision”. This traceability requirement
will make the application responsible for adding the
metadata whose purpose will be to keep records about
who stored the data (e.g. stored_by, last_modified_by), as
well as when it was stored the first time (stored_date) and
modified the last time (last_modified_date). These meta-
data will be stored later in a specific class (stereotyped as
“DQ_Metadata”).

4. Likewise, the requirement of Precision: “validate the score
assigned to each topic of revision”; this will be responsible
for validating that all fields related to “Evaluation scores”
fulfill this requirement, through implementing a specific
function later. This function will be in a particular class
which is specifically for management of DQ (stereotyped
as “DQ_Validator”).

Having completed the use case diagram, and aiming to
give a well-detailed description of the use case “Add new

review to submission”, it is possible to draw an activity
diagram, using the corresponding elements (stereotyped)
defined in the DQ_WebRE profile, as shown in Fig. 7.

For this activity diagram (see Fig. 7), the analysts could
model the specific activities to meet the specified DQ
requirements; these activities will be related to different
elements which are particular features of the development
of a Web application.

In this activity diagram, the first of the activities, those
named “store metadata of traceability” and “add metadata
about confidentiality” (stereotyped as “Add_DQ_Metadata”)
will be responsible for capturing the metadata related to
Traceability (“stored_by”, “stored_date”, “last_modified_by”,
“last_modified_date”) and Confidentiality (“security_level”,
“available_to”). These metadata will be stored in an instance
of the “DQ_Metadata” class and will be used later to satisfy
the DQ requirement of Traceability and Confidentiality,
respectively.

Fig. 6 Use case diagram specifying DQ requirements

�Fig. 7 Activity diagram with Data Quality management
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Note that all these “DQ_Metadata” classes are related to
the data managed in the previous activities of “add reviewer
information”, “add evaluation scores”, “add additional
scores”, “add detailed information of review” and “add com-
ments for PC” (stereotyped as “UserTransaction”).

Finally, the activities “Verify Precision of data” and
“Check Completeness of entered data” will enable the IS
to be responsible for adding the specific operations of
“check_precision()” and “check_completeness()”, respec-
tively (as part of the definition of the corresponding instance
of a “DQ_Validator” class), in order to verify the Precision
and Completeness of the data managed in the element
“webpage of New Review” (stereotyped as “WebUI”).

5 Conclusions and future work

Over the last decade, the amount and complexity of Web
applications aimed at satisfying diverse business processes
has grown dramatically. For the success of such software, it
is of paramount importance that they be able to provide data
with appropriate levels of quality. To do so, we posit that
Web applications should be somehow customized, by intro-
ducing some features that allow us to take care about the
quality of the data. This can be done by first of all capturing
some kinds of DQR (Data Quality Requirements) that will
be translated later into the corresponding DQSR (Data Qual-
ity Software Requirements) of the application.

Unfortunately, our conclusion has been that none of the
existing Web development methodologies currently include
issues that would address the management of DQ software
requirements. An adequate management of DQ require-
ments would help developers to eliminate or at least to
minimize the possible problems due to inadequate levels
of quality in the data used.

To address these DQ concerns better, and taking the MDA
approach (Bézivin 2004) as a basis, we have presented an
extended metamodel and a UML profile (DQ_WebRE) with
which to permit DQ software requirements to be captured in
Web applications. The UML profile proposed will allow
developers to introduce and model the key concepts of data
quality from the initial stage of the development process, thus
allowing developers to be aware of the DQ software require-
ments that need to be implemented for each one of the func-
tionalities (use cases) that the Web application provides.

As part of our future work, and taking the MDA process
as a guideline, we plan the incorporation of mechanisms
focused on the design stage, in order to translate the DQ
requirements into the corresponding design elements. We
consider that an excellent choice would be to use transfor-
mation rules and implement them by employing the QVT
(Query/View/Transformation) language (OMG 2008). We
will thus be able to design models and produce code in a

semiautomatic manner, with the eventual objective of de-
veloping Web applications more quickly and, in turn, ensur-
ing the quality of the data that they manage.
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