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In recent years a large number of Model-Driven Web development approaches have been designed and
are being applied with success in real environments. However, as new ones are frequently emerging in
this changing time, authors have to change and update them constantly and, consequently; development
teamsdo not know which is the most suitablefor them becauseén many casesit dependson their

project scope. Furthermore, approaches are usually appearing with different concepts and terminologies
in many cases,althoughall lack the use of standardsand practical experience. Thusthe need of
managingquality in this type of approachariseseveryday. Thispapersuggestsa characterizatiorof

these methodologies in order to use this information for the quality management of Model-Driven Web
developmentmethodologiesfor authorsand developmenteamsalike. In addition, anexperimental

study in order to analyseand evaluatea Model-Driven Web developmentmethodology(the NDT
methodology) has been carried out within a specific work context.
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1 Introduction

Web development is currently an important task to take into account since Web applications are
becoming more developed every day. In this context, The Model-Driven Engineering (MDE) paradigm
plays a key role because it aims to increase the return a company derives from its software
development effort basically by using models and automatic transformations. In this regard, the Object
Management Group (OMG) has introduced Model Driven Architecture (MDA) which is an approach
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for achievingthe concept ofplatform independencand models mayhave the quality of being
independentfrom any technological platform. MDE ia paradigmthat will changethe way an
organization designs and develops softwayeseparating ampplication’s busineskgic from the
infrastructure on which it runs. MDE principles are being used to successfully address the construction,
evolution and adaptation of Web applications.

The growing interest in the Internet has led to the making of a large number of proposals [39;
23] which offer a frame of referencefor the Web environment. MDWE (Model-Driven Web
Engineering)is the application of the Model-Drivenparadigm tothe domain of Websoftware
development, where it is particularly helpful due to the continuous evolution of Web technologies and
platforms. Different concernf Web applications areapturedby using separatenodelsi.e. for the
content, navigation, procesand presentation concerns. Whereas codeprises Web pages,
configuration data for Web frameworksas well astraditional code, modelsare integrated and
transformed into code [11].

During the last years, the Welengineering communityhas proposedseveral different
methodologiefor Modeling Webapplicationswith different concepts andefinitions such as UWE
(UML-based Web Engineering)23], WebML (The Web Modeling Language)[8], OOH4RIA[25],
RUX-Method [33] or NDT (Navigational Development Techniques) [11] methodology among others.
Thereis no standard consensus among them, ablatck in theuseof standards and scarcitf both
practical experienceand tool support. In fact, evemnethodologyhas aset of advantagesand
disadvantages [39] that depends on the use-context or project scope.

Besides, giverihe large numberof approaches available, it is not only necessamvtduate
the qualityof the existing methodologies, but also to find out hbwan be improved so that authors
and development teantan be provided withhelpful information. The first point to consideris the
authors’view; they needo analyze, controlgvaluateand improve MDWE approachesThe other
point of view to takeinto account iddevelopmenteams’,who need tocompareMDWE approaches
(depending on project use-context or project scope) to decide on the most suitable one for them.

Surveys and comparative studies [27, 39, 12, 37] conclude that there are serious gaps. Today
most approaches are not agreed in all their aspects, for instance: meta-models and models are different,
transformationsare implementedin different ways, soméMDWE approachesover all levels of
abstractions (CIM, PIMSPM, andcode)and othersonly someof them,they usedifferenttools and
each MDWE approach is carried out in a different way.

Then, some of these approaches involve most of the levels of abstraction and they even have
tools that supporthe automation oftransformationsn developmenprocesses. However, theseno
control on what these approaches offer to development teams. In addition, in most cases it depends on
the project scopeand use-context andh the face of this situation,an importantneed to assedbe
quality of existing MDWE approaches arises. Development teams that have to improve web systems
do notknow how they cantake advantageof theseapproaches and hotlhiey canbe helpedin their
particular context. Thediversity features withinthe design oftheseapproaches confirm thglobal
heterogeneity associated with specific aspects or ideas processed by each appesaclimitations
and problem ofdescriptionnot only entail understandintipe proposed valuebut also requirean
objective criterion for the improvement orthe possibility of unifying criteriawhen designing new



approachesn the future. It is knownthat"you can't improvewhat youcan't measure”, whicmeans
that context has to be described in order for it to be measured and controlled. Thus, by measuring the
environment, you can control and better it because you know what it needs to be improved.

This paperis organized adollows: In Section 2, aglobal analysis ofthe situationtogether
with the related works and discussions about the issue is presented. Section 3 presents concepts such as
the elements fordescribingthe MDWE methodologiesinderconsideration. IrBection 4the way of
analyzing themethodologies in termsf their properties and usinghecklists forthis purposeis
described. In Section 5, in order to illustrate this evaluation processa Model-Driven Web
developmentmethodologyis evaluated todiscoverthe state of completeness othe methodology.
Finally, a set of conclusions, contributions and possible future work are stated in Section 6.

2 Related Worksand Discussion

As far as standard methods for the measurement process are concerned, the ISO/IEC 15939:2007
[17] definesa measuremenprocess applicablo softwareengineering and management disciplines.
Firstly, the process is describetthrough a model whichdefinesthe activities of the measurement
process that are required to adequately specify what measurement information is required. Secondly, it
shows how the measuresand analysisresults haveto be applied, andfinally, it examines howto
determineif the analysis resultsare valid. The measurement process is flexibkjlorable, and
adaptable to the needs of different development teams. ISO/IEC 15939:2007 identifies a process which
supports the definition of a suitable set of measures that addresses specific Properties. It determines the
activities and tasksthat are necessaryto successfullyidentify, define, select, applyand improve
measurement withiran overall projector organizational measurement structure.aldéo provides
definitions for measurement terms commonly used within the system and software industries.

ISO/IEC 25040:201118] contains requirements amdcommendations fahe evaluation of
software product qualityand clarifiesthe general concepts. Iprovides aprocessdescriptionfor
evaluating software product quality and states the requirements for the application of this process. The
evaluation process can be used for different purposes and approaches. The process can be used for the
evaluationof the quality of pre-developedsoftware, commercial-off-the-sheffoftware or custom
software and can be used during or after the development process. They describe neither methods for
evaluatingsoftware production processeasor methodsfor cost prediction (softwargroduct quality
measurements may, oburse be used forboth of thesepurposes). However, thestandardmodels
are difficult to implement. The main weaknes®f standardmodels liesin that theyare unableto
explain howthey areto beimplemented. Thais, it doesnot detailwhat Property you havéo use or
what is the most appropriate one, nor how to group value Properties for higher-level Properties or what
the thresholds for each Property are.

In orderto definemetrics, GQM(Goal QuestiorMetric) [3,4] is an approach tauide the
definition of metrics. It is typically describedin the open literaturein termsof a six-stepprocess,
where the first three steps deal with using business goals to drive the identification of the right metrics
and thelastthreewith gatheringthe measuremendataand making effective useof the measurement
results to drivedecision makingand improvements. As faas measuremerand evaluation is
concerned, Garcia etl. [14] proposes an approach émablethe managemenbf softwareprocess
measurement. The evaluation of softwprecesses involvethe measurement of a great diversity of



entities, from the models of the process of projects to resources and the products obtained. The
proposal allows the integrated management of the measurement of these kinds of entities.

There are also several proposals for the metrics and indicators domain in the literature, one of
them is [1] where a set of design metrics proposed for assessing the size and structural complexity of
navigational models is discussed. Becker and Olsina [5] propose the INCAMI framework, which is an
organizational purpose-orientedeasurementnd evaluation framework that enablesconsistently
saving not only meta-data of metrics and indicators but also values (data sets) for concrete real-world
measurement anevaluationprojects. ThdNCAMI framework is madeup of five main conceptual
components namely, theequirement, measurement, anévaluation of projects definition; the
nonfunctionalrequirements definitiomnd specification; theneasurementlesignand executionthe
evaluation design and execution and the conclusions and recommendation.

In the MDE (Model-Driven Engineering) domain, somestudies of Mohagheghi [26]
discussedhe Characteristicof MDE that areimportant when building quality, aritl stated that the
quality of models isaffected by the qualityf different Features suchs modeling languages, tools,
Modeling processeshe knowledgeand experienceof developmentteams/author@and thequality
assurance techniques applied. In this sense, a set of Web methodology Features has to be described in
order to carry out a quality evaluation of these types of methodologies.

Nowadays, producing faster and cheaper software of higher quality is critical in the software
industry and the use of a MDWE methodology and its influence on the final product quality is an issue
that must be acknowledged. The use of a methodology based on MDE is essential to achieve this aim.
Up to now, themain criticism of the quality assessmemirocess hadittle evidencedrawn from
stakeholders as to whether MDE meets the process reference model to ensure product quality.

Maibaum and Wassying [24¢ommentedthat quality assessments should basedon
circumstantialevidenceinferred from theprocess. Infact, the standardizatiorof processes ensures
consistency in their output, which may even institutionalize the creation of bad products. In summary,
a standard process does not necessarily conclude with a quality product [32]. Therefore, it is not only
essential to describte methodsor processesf methodologies, but alse describehe product and
define therelationshipsamong all methodandeachproduct’'s propertieqn the results. In this paper,

Web methodologies ardescribed, considerinthe process asctivities, artifacts used during the
activities and techniques. So in future papers, the product’s properties have to be described and related
to the methods of methodologies.

In order to evaluatequality, according to Cacheret al. [6], itis necessary to courdn
instruments thatre basedon clear definitions. One of theseinstruments isa quality model. It is
defined in ISO as the set of characteristics and relationships among them, which provides the basis for
specifying quality requirements and evaluating quality. There are some models in the literature such as
the WQM model (Web Quality Model) [7]. This model is introduced and distinguishes three
dimensions relatedo Web features,lifecycle processes anduality featuresincluding the most
relevant Web metrics using the framework, which is classified.

Therefore, tocarry outquality management, it is necessarydefine a quality modelthat
identifies the set of characteristiceand relationships amonifpem. .Giving a definition of all these
elements is noan easy tasknd someauthors dmot havea strategyto identify quality management



targets. Besides, a problem may arise if the quality model is not clearly designed or defined, since there
is no goal to achieve.

In previouspapers, a&et ofquality characteristics and avaluation process fahem isproposed
[10]. Further, a framework (QUEF) to analyze, evaluate and improve quality of MDWE approaches is
proposed [9}to covera completelife cycle forthe quality model. Consequentlyp define a quality
modelto maketheseapproaches in reaontextsmore effective and efficient becomes essentiads
well as to achieve suitable tools to analyze, evaluate and plan the improvement of MDWE approaches
automatically based on the quality model lifecycle management. In addition, it is important for authors
to weight all these elements (properties, quality characteristics and influences among them) in order to
give development teams what actually matters to them.
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Figure 1 Conceptual scheme representing the goals to be achieved with QUEF for Model-Driven Web development
methodologies

QUEF can be used by authors to analyze, evaluate, control and increase the quality of MDWE
approaches and improve their design and results. In addition, this framework can be used by
development teams to identify the most suitable one for them and decide which one will be used.

As shown in figure 1, the framework will be used from two points of view: authors’, who
need to analyze, control, evaluate and improve MDWE approaches and development teams’, who need
to compare MDWE approaches (depending on project contexts) to decide on the most suitable one for
them. These objectives are detailed in the following sections. With QUEF we can get quality
management in a systematic way, automating the quality management for this type of approach and
any entity in order to reduce costs and time and improve quality within the quality management
process.

The main difference from other frameworks is that the quality management is focused on the
quality model life cycle as shown in figure 2. This means that it comprises several phases which
include different objectives and artifacts. The above mentioned phases are the Quality Model Strategy
phase, the Quality Model Design phase, the Quality Model Operation phase, the Quality Model
Transition phase and the Quality Continual Improvement phase. Each one of them has a specific
objective:
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Figure 2 Quality Management based on the quality model life cycle [9]

¢ Quality Model Strategy phase: This phase is a strategic active that focuses on the definition of a
strategy for the quality management. The past, the present and future view elements of the
quality model in the domain under study are fundamental to achieve effective and efficient
quality management.

« Quality Model Design phase: This phase is where the quality model is finally designed in terms
of all strategic actives in the previous phase. This quality model is the model used in the next
phase for operating for the quality management.

« Quality Model Operation phase: In this phase the quality model is used to carry out the Quality
management. The Analysis and Evaluation management processes are performed within this
phase.

* Quality Model Transition phase: If the domain or context is changed because of the appearance
of new trends, then this phase describes the processes that carry out the changes in the quality
model but without affecting the Operation phase.

* Quality Continual Improvement phase: This phase performs all processes to improve quality of
all processes in the life cycle and also the quality model.

The main difference is that the framework defines a life cycle for the quality model, which is
the focus ofthe quality managementand all phases revolve around it. For an effective and
efficient quality management itis essential to establish the domain under study. This is important
not only for the quality management of these kinds of methodologies but to be applied to any



context ordomain. Forinstance, even in developirgWeb Application (a product)it is importantto
consider what type of product is concerned. It is not the same to develop an application or product for a
bank to whom security standas a quality characteristidmperative,as to developa search engine

which the usability or performanceis crucial. So, ageneralapproachfor MDE is not enough for

solving theproblem ofthe quality management foMDWE methodologies. Theurposeof QUEF is

not only to assurea clear strategyfor the quality managemenrut, in addition, continuous automatic
quality improvement by means djeneratingchecklistsand documentation, as well as automatic
evaluations and plans in order to control and improve quality and thus, automatically, reduce effort and
time.

All elements of the quality model are explained, although in this paper we focus on properties
of MDWE methodologies (classified by features and sub-features). Once this quality model metamodel
is explained, wepass onto Section 4yhere some formulasare defined for the analysis andhe
evaluationprocessesand which shows theesults ofthe characterizatiorof thesemethodologies.
Section 5 illustrates a evaluation process for a Model-Driven Web development methodology which is
evaluated to find the state of completeness of the methodology and improve its weaknesses.

3 Conceptsin use

In 1ISO 15939 [17], the measurement information model constitutes a structure linking information
needsto the relevant entitiesand attributesof concern. Entities includprocesses, productprojects
and resources. Theneasurementinformation model describes howthe relevant attributes are
quantified and transformed into indicators that provide the basis for decision-making. The selection or
definition of appropriatemeasures to addreas informationneedbegins with aneasurableoncept:
an idea of which measurable attributes are related to an information need and how they are related. The
measurement plannelefines measuremenbnstructsthat associatéheseattributeswith a specified
information need. This measuremenformation model identifies basic terms and concepts. The
measurement informatiomodel helpsdeterminethe measuremenplannerneeds tospecify during
measurement planning, performance and evaluation.

The entity in our quality model represents a MDWE approach that has to be characterized by
measuring its attributes. An entity may have one or more interesting properties to meet the information
needs. In practice, an entity can be classified into more than one of the above categories.

In this paper, a quality model consists of a set of elements and the relationship among them, which
lays the foundations forquality management. Thguality modelmay bedefined as‘conformanceto
requirements” and/or “fithess of use”. This quality model contains:

» Properties, that is, the descriptive environment in which the quality management is going to be
performed and the needs offered by authors to development teams of MDWE approaches.

e Quality characteristics are those quality aspects that authors of MDWE approaches must
ensure in the set of properties offered to development teams[10]

In simple terms, all authors must be well aware of properties (they are the description of
approaches and development teams’ needs and expectations to be covered), quality characteristics to
be assured and the impact on quality characteristics, strategic quality management and the contribution
of this strategy towards achieving the goal.
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Figure 3 Quality Measure Elements Concept in the Software Product Quality Measurement Reference Model [17]

Figure 3 shows the relationship [2] between the quality measure elements and the software
quality measures, and between the software quality measures and the quality characteristics and
subcharacteristics. In metrology, these would correspond to base measures and derived measures,
respectively. It can be observed that these measures, particularly derived measures, are specifically
defined to measure the sub-characteristics of internal and external quality or the characteristics of
quality in use. None of these is directly related to the software quality top level (which is itself broken
down into three models, then into sixteen characteristics and finally, into a large number of sub-
characteristics)
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The following definitions comefrom ISO standard orsoftwaremeasurement process, ISO
15939[17], which is itself based orthe definitions inISO InternationalVocabulary of Basic and
General Terms in Metrology [19]. Further, in1SO 15939 [17],the type of measurementnethod
dependson the natureof the operations used tquantify an attribute. Two typesof method may be
distinguished:

» Subjective — quantification involving human judgment.

» Objective — quantification based on numerical rules such as counting. These rules may be
implemented via human or automated means.

Figure 4 shows the specific proposed metamodel for MDWE approaches. Different levels
for properties and quality characteristics are explained below:

» Feature (FT-<Level 0>): It is a general concept. A set of properties, but a higher-level concept
of an approach, that broadly describes it. They may be, for example, the software development
process, MDE aspects, Web Modeling aspects, tool support, experience of an approach or
quality assurance techniques, among others. A Feature has a set of Sub-Features.

e Sub-Feature (FT-<Level 1>): It is a specific concept. A set of properties, but a lower-level
concept of an approach. For example, the MDE Feature may have some Sub-Features such as,
Language Definition, Transformations and Trace Generation. It is used to categorize the
approach properties in two levels (Feature and Sub-Feature).

» Property: It should indicate the degree to which a Sub-Feature is measured. A property is used
for describing and analyzing Sub-Features. In terms of properties, the aim is to look for a series
of qualitative and quantitative properties based on their nature, although it might be interesting
to have standard properties on MDWE that would be, somehow, centralized. In the literature,
numerous references to metrics can be found, however, standardization has yet to be carried
out. Furthermore, the metrics used must be validated theoretically or empirically. The
theoretical validation helps know when and how to apply metrics and the empirical validation
intends to prove the practical application of the proposed properties.

A base property may be defined as a measure that provides the degree of implementation of a
need to be covered, whereas a derived property may be defined as a property that is composed of a set
of base properties or derived properties. MDWE approaches will be evaluated in this way so most of
the methods are going to be subjective since they involve human judgment. With regard to properties,
it must be mentioned that a Property describes a MDWE approach element, therefore it could be
considered a simple metric that indicates the state of the implementation of this element. Measurement
is the act of determining a measure. The IEEE Standard Glossary of Software Engineering Terms [16]
defines metrics as "a quantitative measure of the degree to which a system, component, or process
possesses a given attribute".

Apart from that, as explained in Dominguez-Mayo et Al. [10], quality characteristics
(hierarchically structured by Quality Characteristics (or QC-<Level 0>) and Quality Sub-
Characteristics (or QC-<Level 1>)) are quality aspects, together with those properties that authors have



to assure to development teams. For instance, such an assurance could be Usability, Functionality,
Maintainability, Reliability and Portability.

As shownin figure 4, authorsshould definerelationsbetween thesgropertiesand quality
characteristics in ordeto identify how each Sub-Featureis influenced by each Quality Sub-
Characteristic. These association links wouldepresent thedependencies between properties and
quality characteristics. Thewould showquality characteristics affectely Sub-Featuresr areas of
the approach that will be significantly affected, if the approach changes.

Associationlinks may be based orprovenand real-world experience. Thienpact of each
Sub-Feature orQuality Sub-Characteristicenust bedemonstrated and theequirementsmust be
determined by real case studies applied to a number of real projects. This should be supplemented by
references to published literature. A weight is used to define the importance of a property in the value
of a Sub-Feature. This description or checklist can help authors discover tradeoffs and weak? points of
a MDWE approachFor instance, Web Modeling isdescribed as Featurethat has different Sub-
Features. These Sub-Features could be Web Conceptual Levels, Development Process and some Web
conceptual levels sucis, ContenModeling, PresentatiotModeling or NavigationModeling, among
others.In addition, Usability can beescribedas a Quality Characteristidhat hasdifferent Quality
Sub-Characteristicssuch as Learnabilitytynderstandabilityor Attractiveness, among others. Then,
dependingon experiments and real-world experiersmame aforementionedSub-Featuregould be
associated with previouslymentioned Quality Sub-Characteristics. Foexample, Presentation
Modeling could be relatedto Attractivenessand, theuseof a standard likeUML for modeling web
applicationsis a property influencing Usability. The relationships betweemproperties andquality
characteristics can be defined in terms of development teams and authors’ knowledge and experience.

Those quality characteristics and propertiean beevaluatedas elements o MDWE
approach from either a general or a specific granularity. For that reason, there are two levels of quality
characteristics angbroperties which havein turn, been divided intdwo levels: firstly, Quality
Characteristicaand Sub-Characteristics for qualitharacteristics and, secondieaturesand Sub-
Featuredor properties. In the sameay, authors could hawtifferent viewpointson theinfluenceof
properties on quality characteristics.

Thus, a generic and basmwetamodel, which categorizes the concegftshis domain in a
genericand easyway, is proposed. In this sensthe present proposatonsists incapturing these
properties bymeansof checklists. Checklistswhich include the common elementsof all these
approacheshave beendefined. Asanalyzedbefore, a set oproperties (organized in two levels,
Featuresand Sub-Features}that lays the basis for specifying thecheckliststo analyze MDWE
approachesare describedand explained. Fothosetasks, aSystematicLiterature Review (SLR)
processdealing withthe observation of trendand technology orthe rise hasbeen carried out. This
SLR is further explainedin next sections.In addition, development teambave to identify the
importanceof theseelementsconsidering theemoval orinsertion of more quality characteristics,
depending on the current scope captured. Then, a Group Decision Making (GDM) is performed [13] as
a decision-making problenfor reachinga consensual view. Thédea consists infacilitating a
consensual reaching process when evaluating properties.



4  Characterization of Model-Driven Web Engineering development approaches

The main purpose of the characterization is to be able to analyse and identify tradeoffs and
sensitive points of the approach studied. The aim is to evaluate and determine which properties need to
be improved on a MDWE approach. In order to carry out the analysis and evaluation of MDWE
approaches, the framework would use the checklists results with the implemented properties. The
checklists have been drawn from a thorough systematic study of the literature and state-of-the-art
of current domains. Checklists are a complete description of all properties that a MDWE approach can
implement. Authors have to identify these needs and focus them on MDWE approaches quality
enhancement. They have to become observers and listen to development teams in order to offer them a
more effective and efficient framework.

The value of every Feature and Sub-Feature is going to be calculated in terms of its individual
importance. A weighted average formula that takes into account the proportional relevance of each
component, rather than treating it equally is defined by default in order to calculate the values of
Feature and Sub-Features. This is a first approach to the results, but it is possible to use more accurate
formulas which have already been described in the literature. So, If a stakeholder considers that, during
the quality analysis of MDWE approaches within their evaluation, all properties are important, then the
completeness of these approaches will be evaluated. However, development teams have to determine
which of these properties are more suitable to their needs and based on that decision, they have to
choose which methods better match their interests.

Descriptive statistics can be helpful when describing certain characteristics of a product and a
process [34, 20]. The most important descriptive statistics are measures of central tendency such as the
mean, measures of variability such as the standard deviation and range, and measures of the data
distribution. In this case, descriptive statistics to describe properties and quality characteristics of a
MDWE approach can be used. The arithmetic average, or the mean, is a statistic formula that measures
the central tendency of a set of data; knowing the central point of a set of data is highly important. To
compute the mean, it is simply necessary to sum all the observations and divide them by the total
number of observations. Different points of view of an approach can be obtained.

The weighted arithmetic mean (or weighted average) is used, when trying to combine average
values from samples of the same population with different sample sizes. In this application, the sample
sizes represent a measure for the reliability of influence some respective values have on the mean.
Authors and development teams can obtain a specific and general knowledge of the approach
environment for Sub-Features and Features directly from the results. Therefore, the result would be a
report with the conclusions of the evaluation. It would provide an assessment report of the approach
and it may even be used to compare other MDWE approach evaluations. The formulas for analyzing
the approach are described below in formula (1), (2) and (3).

It is specifically interesting to obtain a relative value for MDWE approaches in order to

compare these types of approaches. The global properties [;alumn also be obtained considering

the weight and value of each Feature, as shown in formula (1). Wh,greepresents the weight for

indicating how each Feature valmgl influences the global properties valﬂe . The weights may be



different for each author or development team and rbhaycustomized.m represents the number of

Features associated with the global properties vE;lue

= = (Formula 1)

. r|: : Global properties value
* W, : Feature weight for the Feature i.
* I : Feature value for the Feature i.

Quality of approaches [10] in turn depends on some Features of properties, such as the MDE,
the knowledge of MDWE approach development teams, the Web Modeling, the customization
Modeling, the maturity of a MDWE approach and the tool support used for Modeling and
transformations. Development teams and authors of an approach apply the available Modeling
languages, tools and processes and develop models based on their knowledge of the problem and their
experience. Besides, a Sub-Feature could influence a Feature differently and properties could also
influence Sub-Features in a different way.

For Feature values the formula is formula (Wfi ; represents the weight indicating how

each Sub-Feature valu’é;ij influences the associated Feattrnelz . The Weighthij may be also
customized by authors and development teams. Finally, n stands for the number of Sub-Features

associated with the Featurgi , as shown in formula (2).

j=n
e == (Formula2)
n
. r;:i : Feature value i.
. Wfi = Sub-Feature weight for the Feature i.

. rfij :Sub-Feature value for the Feature i.

Finally, for Sub-Feature values, a Sub-Feature vgllLljés calculated as:
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(Formula 3)

. rfij : Sub-Feature value j for the Feature i.

. W"\ K Property weight for the property k, sub-Feature j and Feature i.

. rm e Property value for the property k, sub-Feature j and Feature i.

where Wm ik represents the weight indicating how each property VE'WFk influences the Sub-
Featurerfij associated. The weights may be different for each author or development team and may be

customized. t represents the number of properties associated with the Sub-FeatdF@j value

4.1 lIdentification of properties

The definition of properties involves a large initial effort. Furthermore, in this approach, the
description domain is built by conducting an initial description of the domain according to the
information gathered from different experts, authors and development teams of MDWE approaches
and by carrying out a Systematic Literature Review (SLR) process. Then, it is important to distinguish
concepts such as problem analysis and decision-making for they are completely different. The SLR
process must be firstly performed in order to determine the initial description of the domain. After that,
the information gathered in that process may be addressed to decision-making process.

In order to get a common description of these properties, a consensus reaching process has to
be defined. Group Decision-Making (GDM) methods are the central axis of other papers [13] to
customize a set of weight values related to properties, as well as quality characteristics of approaches
in terms of the importance given. With this method, a consensual decision for the weight values of the
quality model elements can be reached. Similarly, a GDM method should be defined in the future to
agree on the description of properties.

In table 1 a pattern is defined to build each Feature. All fields are relevant, but the version
field is really significant, for some information is needed to control the current state of the checklists
based on the quality model. Since technology is constantly changing and evolving, authors and
development teams of MDWE approaches have to continuously update this first proposed quality
model for MDWE approaches. In other words, it is important to take into account that this first
identification is just a first base to start evaluating MDWE approaches quality. It must be assured that
when analyzing several MDWE approaches, the analysis is performed with the same version of
checklists.



Table 1. Pattern to describe the Features

FT-<ID>

Name

Description

Version

Sub-Features

<id value>

<Feature name>

<Feature description>

<version number>

e §--<ID>:
Feature name>

<Sub-

« FT<ID>: It represents an identification code for the Feature.

* Name: It refers to the name of the Feature.

» Description: It provides a brief description of the Feature.

« Version: It consists in a number given to control the version of the Feature.

e Sub-Features: It refers to the set of Sub-Features belonging to the Feature. Each line consists of

the identification value and the Sub-Feature name.

The pattern for defining each Sub-Feature is described in Table 2.

Table 2. Pattern to describe the Sub-Features

SF-<ID>

Name

Description

Properties

<id value>

<Sub-Feature name>

<Sub-Feature description>

* PD-<ID>:<Property name>

» SF<ID>: It represents an identification code for the Sub-Feature.

* Name: It refers to the name of the Sub-Feature.

« Description: It provides a brief description of the Sub-Feature.

« Properties: It refers to the set of properties belonging to the Sub-Feature. Each line consists of

the identification value and the property name.

Additionally, the pattern for defining the scale of Properties is described in Table 3:

Table 3. Pattern to define the scale of a Property

SC-<ID> Type Range Rangetype Value
<id value> | <Quantitative or|{ <Range of possible <Range type> <Normalized quantitative value>
Qualitative> values>

« SC<ID>: It represents an identification code for the scale type.

« Type: Itis the scale type that can be either Quantitative or Qualitative.

« Range: Itis used for defining the possible values of this scale.

* Range type: It is the element type of the Range values.

« Value: It is a normalized quantitative value in terms of range.




In order to define properties, the pattern determining the checklists of Properties is described
together with the elements in Table 4, where each property entity is explained as a regular expression
and“+” indicatesthat thereis oneor more of the preceding elements arfffrepresents the operator

“or”.

Table 4. Pattern to define the checldist Properties

o PB-<ID> <Property description> <Reference to Scale
% <Property name> Value>
z PD-<ID> PB-<ID> <Property description>| <Reference to Scaje
A %‘ <Property name> <Property name> Value>
Yy e PD-<ID>
oo <Property name>

e PD-<ID>: It is a derived property. It consists of one or more base properties. The ID is an
identification code for the property. It has also a name and a version number

e <Property name>, {PB<ID> | PD<ID>}+

« PB-<ID>: It is a base property. It includes a description defining the property and a reference to
the scale value used for measuring the description. <Property name>, <Property Description>,
<Reference to Scale Value>

0 <Property name>: It is the name of the property.

0 <Property Description>: It is a sentence that questions whether an approach has an
element or not.

0 <Reference to Scale Value>: It is the identification code for the scale value. It is
possible to have more than one reference for a scale value in this field, for example, one
reference to indicate a quantitative value and another one to indicate a qualitative value.
This happens because it could be necessary to indicate a quantitative value and the way
it has been supported by a qualitative value.

4.2 Systematic Literature Review process for properties

One of the most important tasks to describe the specific environment is to clearly delimit the scope
of the Features, Sub-Features and properties of approaches that are relevant for the study. This is
obtained through the SLR (Systematic Literature Review) process [21, 22]. A problem regarding this
survey is how to describe each Feature, Sub-Feature and property of approaches in a homogeneous
way and how to compare them. This description is found in the next section where different patterns
for Features, Sub-Features and properties are defined.

As introduced, Features, Sub-Features and properties to describe approaches should fulfill and
must be consistent with the work of this survey: to improve the analysis of MDWE approaches based
on a characterization of MDWE approaches (its characterization). Thus, following the terminology
described in previous sections for a particular development of this review, Context, Objectives,
Methods and Results are defined:

e Context: It is the systematic or even automatic analysis of MDWE approaches according to a
characterization of this kind of approach. To improve the analysis of approaches using



checklists could be a solution. This study is focused on MDWE approaches. The use of these
checklists makes the analysis and the evaluation of approaches easier.

« Objectives: After defining the context, the objectives of this overview have to be defined. They
can be categorized into in four groups:

0 The ones dealing with identifying comparative studies that have been proposed to
address the analysis of MDWE approaches.

0 Those that analyze if they offer a set of suitable characterization that can be used to
analyze MDWE approaches.

0 The ones that identify the gaps in current research.

0 Those that propose future work dealing with the comparative studies of MDWE
approaches.

* Methods: The search strategy for the review was centered on three lines:

o0 It was primarily directed towards finding published surveys that compare MDWE
approaches. Some previous surveys were found [27, 39, 12, 37]. This search started
with the concepts included in these papers and then an analysis of which of them
covered this domain was carried out. The proposed study of Schwinger et al. was a good
basis for this framework, but not enough because this is a static study and we not only
want to evaluate proposals, but carrying out a complete quality management about this
domain in future. In addition, in a good strategy, the properties that are shown in the
study are not enough since in a quality continuous improvement past, present and future
trends have to be considered. All this favors a good model design in order to conduct a
quality management, but based on a quality continuous improvement.

0 After that, a Web-search was performed to find other relevant and new concepts related
to these properties. Several sets of keywords were used by combining the concepts of
this study such as: “Model-Driven Engineering, Web Modeling, Model-Driven Web
Engineering”, “Navigation Modeling” or “Content Modeling”, among others. These sets
were used both in specialized search engines and in general ones. The search engines
were: Google, Google Scholar, Scoupus, EI Compendex, ISI Web of Knowledge,
IEEEXplore, ACM Digital Library and CiteSeerX

0 The last step consisted in looking at references of papers taken from previous reviews.

« Results: The final result of searching an initial description of MDWE approaches properties
(including all the references from previous comparative surveys and approaches found) was
translated into the analysis of various MDWE approaches.

4.3 Initial description of properties

Relating to the results obtained in the SLR process, a set of Features, Sub-Features and properties
identifying MDWE properties, has been identified, classified and described regarding work and the
current literature. A SLR process aims at providing an exhaustive summary of the relevant literature to
a research question; which are the entities involved in a MDWE approach that best describes it? The



first step ofthe SLR processconsisted ina thorough literaturesearch, forexample,in electronic
resources suchs GoogleScholar,Web of Science, ScienceDirect, PubMed andblic Library of

Science. The SLR process intends to provide a detailed summary of literature relevant to this research
question. Next, the titles and the abstracts of the identified articles were checked for eligibility and to
improve the search. Third, a list of appraisal criteria was applied to the selected articles. These criteria
had todo with the methodologicafjuality of the studies, relevance anttedibility that could be

implicit to the results. The Feature pattern table with their specific values for this domain is described
in Table5. WebModeling, MDE, Experiencend Tool SupporFeaturesare described irthe table

together with their Sub-Features.

Table 5. Features

FT -<ID> Name Description Version Sub-Features

1 Web Modeling It describes the specifi@.1 * SF-<11>: Web Conceptual Levels
MDWE aspects. It covers e SF-<12>: Interfaces
aspects such as evaluating the « SF-<13>: Development Process
Web application development + SF-<14>: Content Modeling
process, specific _conceptual + SF-<15>: Presentation Modeling
levels for this domain and « SF-<16>: Navigation Modeling

levels of abstraction whic
have been defined in th
approach. The MDE Feature
is more general than this one.

e SF-<17>: Business Modeling

[

{7

2 MDE It describes the MDE aspecis2.1 e SF-<21>: Levels of Abstraction
as the Modeling language » SF-<22>: Standard Definition
definition used, such as thejr » SF-<23>: Model-Based Testing
suitability for the MDWE « SF-<24>:Transformations
domain, complexity « SE-<25>:Traces

transformations, traces, test
cases, and rule generation
models as a prerequisite far
successfully employing MDIE
in the style of the MDA of the
OMG.
3 Experience It describes the state of being.1 e SF-<31>: Topicality
mature in a methodolog « SF-<32>: Modeling Examples
building process by authors. « SF-<33>: Application in Real-
For example, it deals with the World Projects
year of introduction of the « SF-<34>: Publications
approach, ~ number o + SF-<35>: External Web Referencds

Modeling examples o]
number of applications in
Real-World projects.

4 Tool Support It is used for specifying2.1 * SF-<41>: Creation, edition and
whether it provides or not & composition tool support
tool support such as e SF-<42>: Analysis Tool support
creation tool, edition tool o * SF-<43>: Transformation Too
other different tools it support
supports. * SF-<44>: Code generation an

specific platform tool support
» SF-<45>: Trace Tool support
* SF-<46>: Teamwork tool support

The Sub-Feature pattern table of FT-<1>: Web Modeling Feature with their values is
described in Table 6 together with properties.



Table 6. Sub-Features (of the Feature FT-<1>: Web Modeling)

SF-<ID> Name Description Properties
11 Web It describes which Web conceptual levels and PD-<111>: Content (Content Model
Conceptual which levels of abstraction are considered by PD-<112>: Presentation
Levels an approach. (Presentation Model)
« PD-<113>: Navigation (Navigation|
Model)

¢ PD-<114>: Business  (Proces
Model, Development Team Model apd
Context Model)

v

12 Interfaces It describes how the interrelationships amongPD-<121>: Interface specification
the Web conceptual levels are modeled.

13 Develo pment It describes the development process andPD-<131>: Development
Process whether it is defined or not in the approach.
14 Content This Web Conceptual Level is described for PD-<141>: CIM
Modeling each level of abstraction, but it focuses on the pPD-<142>: PIM
content aspects. « PD-<143>: PSM
15 Presentation This Web Conceptual Level is described for PD-<151>: CIM
Modeling each level of abstraction, but it focuses on the PD-<152>: PIM
presentation aspects. « PD-<153>: PSM
16 Navigation This Web Conceptual Level is described for PD-<161>: CIM
Modeling each level of abstraction, but it focuses on the PD-<162>: PIM
navigation aspects. *« PD-<163>: PSM
17 Business This Web Conceptual Level is described for PD-<171>: CIM
Modeling each level of abstraction and it is used {té PD-<172>: PIM

describe the context, the development teamnpp-<173>: PSM
and the business process of a Web application.

The Sub-Feature pattern table of FT-<2>: MDE Feature with their values is described in
Table 7 together with properties.

Table 7. Sub-Features (of the Feature FT-<2>: MDE)

SF-<ID> Name Description Properties
21 Levels of{ It describes properties to indicate the Levet PD-<211>: CIM
Abstraction of Abstraction (CIM, PIM, PSM and Code)s PD-<212>: PIM
which are used in the approach e PD-<213>: PSM
* PD-<214>: Code
22 Standard Definition{ It describes properties for defining whetherPD-<221>: Metamodel, Schemd,

is made with standards notations or is notGrammar or Ontology

made. This Sub-Feature is for thes PD-<222>: Model or Visual Syntax
evaluation of whether a web modelling
language has been defined explicitly {in
terms of a metamodel (including UML
profiles), a grammar, a semantic
description in terms of semantic web
technologies, or if such a definition is

absent
23 Model-Based It describes properties for describinge PD-<231>: Metamodel, Schemd,
Testing whether a Model-Based Testing is definedsrammar or Ontology for Test Cases
for the approach » PD-<232>: Model or Visual Syntaj

for Test Cases
e PD-<233>: Transformations fo
Model-Based Testing




24 Transformations The Transformations Sub-Feature is foritRePD-<241>: Transformation Types
evaluation of whether approaches might PD-<242>: Model-Driven Reversd
support or not support various types dfEngineering or Synchronization
model transformations. For example, an
approach might support transformations
between platform-independent models
(PIM2PIM), and transformations between
platform-independent and platform-specitic
models  (PIM2PSM), transformations
between platform-specific models and cdde
(PSM2Code)
25 Traces The Traces Sub-Feature evaluates ifi a PD-<251>: Trace Generation
generation of traces has been defined fromLanguage

transformations or between modelss PD-<252>: Horizontal Trace
Regarding MDE, the traceability Generation

mechanism links elements of different pp-<253>: Vertical Trace
models in order to specify elements uséfueneration

in generating others. Those links can also

be used to analyze impacts of model

evolutions onto other models in the
transformation chain

The Sub-Feature pattern table of FT-<3>: Experience Feature with their values is described in
Table 8 together with properties.

Table 8. Sub-Features (of the Feature FT-<3>: Egpee)
SF-<ID> Name Description Properties
31 Topicality The Topicality Sub-Feature is the year iof PD-<311>:Years of Experience
introduction of the approach and other issues
related with the time under development.
32 Modeling The Modeling Examples Sub-Feature is the PD-<321>: Experience in Examples
Examples number of different and existing modelling
examples and their depth which would also{be
of interest. Such a depth measure couldbe
composed of the number of modeling concepts
used, i.e. the number of content classes, nodes,

links, etc
33 Application in{ The Application in Real-World Projects Sup-+ PD-<331>: Experience in Projects
Real-World Feature describes the employment |in
Projects designing real-world applications and number

of organizations which are currently using the
approach or an adaptation of it. This criterio
evaluates whether real-world application
exist or do not exist.
34 Publications The Publications Sub-Feature describes |tRePD-<341>: Experience in
number of publications in different conferencePublications

proceedings, journals, books, etc
35 External Webi The External Web References Sub-FeatusePD-<3511>: Number of external we
References describes the number of external webreferences on Google

references which may be used for future PD-<3512>: Number of external we
development teams of the approach. Fokeferences on Google Scholar
example it could be the number of references

showed by a google search

n S

=




Feature pattern table of FT-<4>: Tool Support Feature with their values is described in Table
9 together with properties.

Table 10 describes a scale property with two types of values, qualitative and quantitative, as
an example.

Table 9. Sub-Features (of the Feature FT-<4>: Tool Support)

SF-<ID> Name Description Properties
41 Creation, The Creation, Edition and Compositidne PD-<411>: Creation, edition and|
edition andi{ Tool Support Sub-Feature is to descripecomposition of Models
composition properties for analyzing the aspects of{ & PD-<412>: Creation, editon and
tool support tool support used to the creation, editioncomposition of Models for Testing
and composition of metamodels and models pp-<413>:  Pattern design Tool fo
Models
42 Analysis  Tool{ The Analysis Tool Support Sub-Feature PD-<421>: Analysis of Models
support describes properties for analyzing thes PD-<422>: Transformation Rules
features of an analysis tool support used; t0 pp-<423>: Model-Based Testing
analyze  models, metamodels  and pp-<424>: Trace
transformations « PD-<425>: Metrics
43 Transformation | The Transformation Tool Support Sub- PD-<431>: Transformation Types
Tool support Feature specifies properties for analyzing PD-<432>: Model-Driven Reversd
the aspects of a transformation tool supporiEngineering or Synchronization
used to define transformations between
models
44 Code The Code Generation and Specific Platfofms PD-<441>: Language or Platform|
generation and; Tool  Support  Sub-Feature  specify models and code generation
specific properties used to analyze the value and PD-<442>: Data Persistence models arld
platform  tool | features related to a tool support for code generation
support generating code « PD-<443>: Web services, BPEL anf
Mashups models and code generation
* PD-<444>: Models and Code for Testin
¢ PD-<445>: Web 2.0 and Rich Interngt
Application models and code generation
* PD-<453>: Web 3.0 and Semantic W¢b
models and code generation
45 Trace Tool{ The Trace Tool Support Sub-Feature PD-<451>: Trace Generation Tool
support describes properties for analyzing the value pPD-<452>: Horizontal Trace
and features of a trace tool support whichiisGeneration Tool
used for tracing between models and pp-<453>: Vertical Trace Generatio
metamodels Tool
46 Team work tooli The Team Work Tool Support Sub-Feature PD-<461>: Team work
support describes properties for analyzing the value
and features of a Team work tool suppgrt.
This tool is used for improving the work in
a team
Table 10. Property scale
SC-<ID> Type Range Rangetype Value
1 Qualitative {Not Supported, Partly STRING {0, 1/2, 1}
Supported, Supported}
2 Quantitative {0 - 5} INTEGER Value in the Range
MAX value in the Range




4.4 The Checklists

Table 11 Checklist for the SF-<14>: Content Modeling

MB-<1211> | It determines a well-defined technique, process and artifact used for captuvialgeOf(
CIM- content requirements SC-<1>)
Requirement
s Capture
MB-<1212> | In CIM level of Abstraction for defining and Modeling the Content it uses standafalue Of(
CIM- diagrams based on UML, UML stereotypes for the specific Web conceptsS@r<1>)
Content BPMN for the Business Process Diagram specification such as class diagrams,
Requirement | object diagram, or other type of standard very close to it.
s Definition
A MB-<1212> | It determines a well-defined technique, process and artifact used for validadameOf(
% CIM- content requirements SC-<1>)
- Requirement
S O «i | s Validation
MB-<1421> | In PIM level of Abstraction for Modeling the Content it uses standard diagtaueueOf(
PIM- based on UML, UML stereotypes for the specific Web concepts or BPMN for tBE€-<1>)
Content Business Process Diagram specification
Analysis
MD-<1422> | MB-<14221> It provides users with a proven catalogue of archetyp&lueOf(
PIM — | Catalog of patterns | patterns: high-value model components that can be easig-<1>)
é Design incorporated into UML and BPMN models.
Avi Pattern  for | MB-<14222> It uses the content model in a MVC (Model-View-ValueOf(
L = _, | Content MVC pattern Controller Pattern) architectural pattern. SC-<1>)
S & «i | Models
MB-<1421> | In PSM the level of Abstraction for Modeling the Content uses standard diagrafakie Of(
PSM — | based on UML, UML stereotypes for the specific Web concepts or BPMN for 8@-<1>)
Content Business Process Diagram specification.
Design
MD-<1422> | MB-<14221> It supports technology such as Ruby on Rails, StrifalueOf(
PSM - Technology Spring, JSF, or other language or Platform to design; t8€-<1>)
Technology content model in a MVC (Model-View-Controller Patterp)
and Specific architectural pattern
Platforms MB-<14222> Number of languages or platforms which can be used WalueOf(
Languages ort design the content model such as Ruby on Rails (Rub$)C-<2>)
Platforms Ajax Framework , Struts (Java /J2EE), Spring (Java
[J2EE), JSF (Java /J2EE), Catalyst (Perl), Web2py
(Python), KumbiaPHP (PHP), MonoRail (.NET), Spring
.NET (.NET) or ASP .NET (.NET) (HTML).
PD-<1433> | PB-<14331> It supports Modeling of database schema design {aWdlueOf(
PSM - Data} Modeling of { automatic generation of scripts such as DB2, MS SQ&C-<1>)
Persistence | database Server, MySQL or Oracle, for example.
PB-<14332> Number of software which can be used to design {thé&alueOf(
Platforms object-relational mapping such as Hibernate, OpenJP8C-<2>)
ADO .NET Entity Framework, TopLink, JPA;
EclipseLink.
PB-<1424> | It supports Rich Internet application framework (for example AJAX or GWT); fstalue Of(
PSM - Web ! scripting which (according to W3C) can make Web pages more dynamic. §6r<1>)
2.0 and Richi example, without reloading a new version of a page, it may allow modifications to
Internet the content of that page, or allow content to be added to or sent from that page. The
Applications | former has been called DHTML (Dynamic HTML), and the latter AJAX
&! (Asynchronous JavaScript and XML).
s PB-<1425> | It supports semantic Web technology such as Resource Description FranjeWalkeOf(
L PSM -Web! (RDF), a variety of data interchange formats (e.g. RDF/XML, N3, Turtle; 8C-<1>)
@ 3.0 and!{ Triples), and notations such as RDF Schema (RDFS) and the Web Oniology
v, Semantic Language (OWL), all of which are intended to provide a formal description of
l Web concepts, terms, and relationships within a given knowledge domain. (W3C
= recommendation)




It has alreadybeen mentionedhat checklists helpdentify strengthsand weakenesses
MDWE approaches. Besides, checklists are powerful artifacts to assure quality and they can be used to
analyzeand control thestateof MDWE approaches. Consequently, authofsapproachegan use
thesechecklists as mechanisnts analyzeand control the stateof their MDWE approachesBesides
that, they can also basedto indicate what aspect isimportant within a domain. Furthermore,
developmenteamscan also usethem asa mechanisnto point out what theyreally matter. These
checklists can be defined in terms of the properties description already established.

For length reasons, thisaperdoes not show all the Checklists to analyzerttethodology.
The checklist Table of SF-<14>: Content Modeling sub-feature is described in Table 11 as an example
of metrics definition for a sub-feature.

5 Exampleapplication: studying a visual description of NDT methodology

NDT (Navigational Development Techniqueis) a methodological approach oriented Web
Engineering. In thdast few years, severalVeb approachewere defined;OOHDM, UWE, WebML,
RUX-Method or OOH4RIA, are only someexamples. However, comparatigéudies conclud¢hat
these approaches mainly focus on the analysis and design phases and there is an important gap in Web
requirements treatment. NDT tries to fill this gap. Thus, it deals with the requirements and the analysis
phasesNowadays, NDThas evolvedn the enterpriseenvironment and itoversthe completelife
cycle of a software project. With the use of NDT-Suite, NDT offers tool support for each phase of the
life cycle.

The entire proposed approach has been applieal the NDT methodology. Forlength
reasons, thipaperdoes not show althe Checklists thahavebeen used tanalyze themethodology.
We haveanalyzedthe methodologyconsidering that all Properties agqually important. Thus, the
completeness of NDT is examined in orderdentify theweaknesses dhe methodology. However,
these Properties are the Properties that include most of MDWE existing methodologies. For this reason
and becausef the immaturity of thedomain undestudy wehave considered eachnd every one of
these Properties.

5.1 Analyzing the Web Modeling Feature Checklist for NDT methodology

The Web Modeling FeatureChecklist has been applied to NDiethodology in ordeto analyze
the Web Modeling domain aspects the methodology.Nevertheless, toestrict the length of the
content ofthis paper, onlythe Content Modeling Sub-Featuref the Web Modeling Featureis
described in Table 12, as an example of the analysis and its later evaluation. This Sub-Feature table is
one of the Checklists whichdescribethe Web Modeling Featurein a MDWE methodology.In the
example, the Checklist has values for NDT methodology.

In Fig. 5, every Sub-Feature values for NDT methodology for the Web Modeling Features is
shown in the chart. In this figure, the grey line represents Sub-Feature values for an ideal methodology
and the black one represents Sub-Feature values for NDT methodology.



Table 12 Filling Checklist for the SF-<14>: Content Modeling

PSM

2.1

recommendation)

PB-<1411> | It determines a well-defined technique, process and artifact used for captusimgported
CIM- content requirements
Requirement
s Capture
PB-<1412> | In CIM level of Abstraction for defining and Modeling the Content it useSupported
CIM- standard diagrams based on UML, UML stereotypes for the specific {Web
Content concepts or BPMN for the Business Process Diagram specification such as class
Requirement | diagrams, object diagram, or other type of standard o very close to it.
s Definition
A PB-<1413> | It defines a well-defined technique, process and artifact used validating coremported
A CIM- requirements
V s Requirement
E G o/ s Vvalidation
PB-<1421> | In PIM level of Abstraction for Modeling the Content it uses standard diagiaSwgpported
PIM- based on UML, UML stereotypes for the specific Web concepts or BPMN for
Content the Business Process Diagram specification
Analysis
PD-<1422> | PB-<14221> It provides development teams with a proven catalog&ipported
PIM — | Catalog of patterns | of archetype patterns: high-value model components
A Design that can be easily incorporated into UML and BPMN
S Pattern  for models.
V s Content PB-<14222> It uses the content model in a MVC (Model-View-Supported
Ex X] Models MVC pattern Controller Pattern) architectural pattern
PB-<1431> | In PSM level of Abstraction for Modeling the Content it uses standard diagraéBupported
PSM — | based on UML, UML stereotypes for the specific Web concepts or BPMN for
Content the Business Process Diagram specification
Design
PD-<1432> | PB-<14321> It supports technology such as Ruby on Rails, StriRartly
PSM - Technology Spring, JSF, or other language or Platform to design tBeipported
Technology content model in a MVC (Model-View-Controllgr
and Specific Pattern) architectural pattern.
Platforms PB-<14322> Number of languages or platforms which can be used 1o
Languages or design the content model such as Ruby on Rails (Ruby),
Platforms Ajax Framework , Struts (Java /J2EE), Spring (Java
1J2EE), JSF (Java /J2EE), Catalyst (Perl), Web2py
(Python), KumbiaPHP (PHP), MonoRail (.NET),
Spring .NET (.NET) or ASP .NET (.NET) (HTML)
PD-<1433> | PB-<14331> It supports Modeling of database schema design {aRdrtly
PSM - Data} Modeling of | automatic generation of scripts such as DB2, MS SC&upported
Persistence | database Server, MySOL or Oracle, for example.
PB-<14332> Number of software which can be used to designitie
Platforms object-relational mapping such as Hibernate, OpenJPA,
ADO .NET Entity Framework, TopLink, JPA,
EclipseLink.
PB-<1424> | It supports Rich Internet application framework (for example AJAX or GWTNot
PSM - Web| for scripting which (according to W3C) can make Web pages more dynarSiapported
2.0 and Rich} For example, without reloading a new version of a page, it may &llow
Internet modifications to the content of that page, or allow content to be added to ¢r sent
Applications | from that page. The former has been called DHTML (Dynamic HTML), and the
latter AJAX (Asynchronous JavaScript and XML).
PB-<1425> | It supports semantic Web technology such as Resource Description Framenotk
PSM -Web!{ (RDF), a variety of data interchange formats (e.g. RDF/XML, N3, Turtle} ISupported
& 3.0 and| Triples), and notations such as RDF Schema (RDFS) and the Web Ontology
A Semantic Language (OWL), all of which are intended to provide a formal description of
,VL Web concepts, terms, and relationships within a given knowledge domain. (W3C
o
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Figure 5 Web Modeling Sub-Features values

The formula 3 was applied by using the Checklist information. In this analysis, the weight
value for each Property is going to be considered equally important. In fact, each weight value is 1 for
each Property in order to calculate the Sub-Feature values.

Table 13 Values for calculating the SF-<14>: ConMatleling in terms of Checklists

PT-<141>CIM 2.1 PB-<1411> CIM-Requirements Capture 1
PB-<1412> CIM- Content Requirements Definition 1
PB-<1412> CIM- Requirements Validation 1
PT-<142> PIM 2.1 PB-<1421> PIM- Content Analysis 1
PD-<1422> PIM- Design Pattern for PB-<14221> Catalogue af 1
Content Models patterns
PB-<14222> MVC pattern 1
PT-<143> PSM 2.1 PB-<1431> PSM- Content Design 1
PD-<1432> PSM- Technology and PB-<14321> Technology 1/2
Specific Platforms PB-<14322> Languages Orl/5
Platforms
PD-<1433> PSM- Data Persistence PB-<14331> Modeling of 1/2
database
PB-<14332> Platforms 1
PB-<1434> PSM- Web 2.0 and Rich Internet Applications 0
PB-<1435> PSM-Web 3.0 and Semantic Web 0
2/3

As far as applying formulas is concerned, the total value for each Sub-Feature is the sum of
Property values associated to the Sub-Feature, divided by the number of total Properties in the Sub-
Feature considered, as it is indicated in the formula 2. For qualitative value, and as it is defined in the
scale SC-<1>, the Property value in the example is 1, if it is a Supported, 1/2 of the arithmetic mean of
supported elements out of the total elements, if it is partly supported, and O if it is not supported. In
case we have a quantitative value, as it is defined in scale SC-<2>, the value is out of the range max



value defined in the scalélhe total value for the Content Modeling Sub-Feature is 2/3, as it is shown
in Table 15.

As regardsthe results, in the chart, theNDT methodologyhas thebest scoresfor the
Development Procesand theWeb Conceptual Levels. Nevertheleissnay improvethe Navigations
FeatureModeling, Business Modelingnd Content Featurélodeling Sub-Featuresherefore, the
Presentation Modeling is a Web conceptual Level which this methodology lacks. So, the approach the
author has to improve this Sub-Feature in the future. Another Sub-Feature which may be improved is
the interfaces, which this methodology also lacks.

This analysiscan help identify what theFeatures andub-Featureso be improved ina
methodology are. Attending to the information obtained in the Checklists, we recommend the authors
to improvethe PresentatiotModeling Sub-Featuresinceit has no modelfor defining either PIM or
PSM levels of abstraction. Besides, it could be relevant that the models provided by the methodology
in the future would be standarddiagrams basedn UML or UML stereotypedor the specific Web
concepts.Thus, developmenteams would bealso provided with a provencatalogueof archetype
patterns in order to be helped to design the presentation.

As regards the Business Modeling Sub-Feature, it would be appropriate that the methodology
may offer in the future the Business Procedsxecution Languag€éBPEL), theshort version ofiVeb
Services Business Process Execution Language (WS-BPEL), which is a standard executable language
for specifying interactions with WebServices. Inaddition, it would also be relevant that the
methodology may provide technologies for the use of mashups (a way to create new Web applications
by combining existing Web resources by usitaja and Web APIsguchas consumemashups, data
mashups or business mashups.

Furthermore, and with regards to interface Sub-Feature, the methodology should define more
mechanisms used to specify the interfaces among different conceptual levels with a standard language
as OCL, QVT or ATL.

In general, andn orderto improve the Web Modeling Feature inNDT, we suggestto
improve the PSM level of abstraction,consequentlysome platforms can beusedto design every
conceptual modesuchas for exampldruby onRails (Ruby), AjaxFramework, Strut¢Java/J2EE),

Spring (Java /J2EE), JSF (Java /J2EE) or ASP .NET (.NET). In order to improve the methodology, we
also recommend the implementation of the Rich Internet Applications and Semantic Web aspects.

With regards to thetherFeatures, as is shown Fig. 6, for the MDE Feature (Fig. 6 A),
NDT methodology mayimprove on Standard Definitionand transformationSub-Feature. Standard
Definition would improve, ifNDT methodologyimplements the standard BPMN2 and 2.(for the
definition of businessprocesses. Thas, it would improvein the transformation Sub-Feature,itif
provides mapping functions atransformations suctas: CIM2CIM, PIM2PIM, PIM2Code and
PSM2Code Furthermore, it should also providesynchronization methodr a reverseengineering
technique between transformations such as PSM2PIM and Code2PIM.

The NDT methodology does not offer a separate model for describing the transformation such
as a separate Platform-Description Model, which could be very useful.



It is a methodology withgood scoresn Traces, Levels ofAbstractionand Model-Based
Testing Sub-Feature values. According to the Experience Sub-Feature, it is a methodology that lacks in
experienceif comparedto other older proposals, forexample, UWE, WebML or OOHDM

methodologies. To sum up, NDT methodology has to improve in the external Web references and the
number of publications (Fig. 6 - B).
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Figure 6 MDE (A), Experience (B) and Tool Support (C) Sub-Features values

As for the Tool support Feature (Fig. 6 - C), NDT haetology is supported by a complete
tool. Enterprise Architect is a tool which supports the majority of aspects considered in the
methodology. However, NDT methodology may improve specifically for the Transformations and
code generation and specific platform Sub-Feature. The aspects that should be implemented in order to
generate automatic code when using the methodology are the Web services, BPEL and Mashups

models, code generation for Web Rich Internet Application models and code generation for Semantic
Web models.



5.2 Global results of Features

The results for the Sub-Features of NDT have already been shown in previous sections. Nevertheless,
a general view of NDT can also be shown. Fig. 8 offers the methodology results in terms of Features.
The black linerepresents Featuralues on NDT methodology arte grey one standsfor Feature

values foran ideal approach, depending on featuresunderconsiderationin this casethe total

value for each Feature is the sum of the Sub-Feature values associated to the Feature (which has been
obtained by the formula 2.

Table 14 Valus for calculating the FT-<1>:Web Modeling inrtes of the Sub-Features

SF-<ID> Name Values
SF-<11> Web Conceptual Levels 1
SF-<12> Interfaces 2/3
SF-<13> Development Process 1
SF-<14> Content Modeling 2/3
SF-<15> Presentation Modeling 1/2
SF-<16> Navigation Modeling 5/7
SF-<17> Business Modeling 6/7
3/4

Table 15 Values for calculating the Feature values.

FT -<ID> Feature name Values

FT-<1> Web Modeling 3/4
FT-<2> MDE 718
FT-<3> Experience 1/4
FT-<4> Tool Support 7/8

=—4=NDT —#—Ideal Methodology

ebModelling

Maturity

Figure 7 Features values

The NDT methodology has better results in the MDHE &ool Support Feature and a lower
value in the Experience Feature. The Web Modeling Feature has also a significant value.



6 Conclusionsand Future Work

In this paper, aneta-model habeendefinedbased on ISQuality standardsn orderto be used
with QUEF which is a framework for the quality management of MDWE methodologies. Besides, a set
of patterns to instantiate the quality model has been proposed in order to make easier the instantiation
of the proposed quality model. Furthermore, these patterns were used to sudgeatterization of
MDWE methodologiesn order to usethis information forthe analysisand evaluation oMDWE
methodologies. The study focuses on describing Properties (hierarchical by Features and Sub-Features)
for MDWE methodologies.

In QUEF, at the beginning of the Quality Model Strategy and Design phases, it is important to
generally define all development teams’ needs. Once all the development teams’ needs are customized
then, in turn, they are defined within a quality model. During the Quality Model Operation phase both,
developmenteamsand authors, can analyze, contaold evaluatehe quality of their approaches, as
shown in the sample application included in this paper. So, a quality model has been defined for these
Properties and a set of Checklists has been described in terms of this quality model. Features and Sub-
Features are described in order to show a complete example of Properties.

We are currently working on the analysis and evaluation of other MDWE methodologies and
even theexperimentatiorfor the validation ofthese Properties. Sopntactswith authors ofdifferent
MDWE methodologies have been established to analyze and evaluate their approaches. The idea is to
get valuablefeedback on th€hecklists concerning understandabilityveall asacceptance. Besides,
The filled Checklistsfrom the developmentteamsof the approaches could ban interestingdata
sourcefor comparingdifferent approachess well asdeterminingthe current state-of-the-art tfie
whole MDWE field.

The use of a methodology orstandard model procesnsuresconsistency in theioutput,
although it does not guarantee a product quality. This fact may even institutionalize the creation of bad
products. Therefore, ithe future, theproductProperties irthe results haveao betakeninto account
and related tdhe methodologyPropertiesbecausea standard procesgoesnot necessarilyconclude
with a quality product. In this sense, it is necessary to describe the product and define relations among
the methodology Properties antle product Properties ithe results. In fact, thgroductProperties
which areobtained by meansf the methodology have tbe also consideredand related to the
methodology Properties, since it is necessary to know what methodology Properties influence product
Properties. This is due to the fact that the use of a methodology does not ensure a quality product, but
the uniformity of results.Thus, product Properties hate be related tomethodology Properties in
future works.

One of the limitations is that theproposal works wittpeopleandthis is adifficult aspectto
take into consideratiorbecausepeoplehaveto agreeon alot of concepts. Each onleas different
experiencesnd points of view. Besidesthe domain ofMDWE methodologies igurrently immature
and these methodologies have different metamodels, models, transformations, tools support that work
in a different way and someother aspects that areausingdifferent situations thatrender some
consideration.Take, for example, development teamso do not know how to makeuse of these
approaches let alorlemow how these approaches can help them and which approach is more suitable
for them; forthat matter, andyet, they arethe main target ofdesignof the desired methodologyn



addition, the diversity in some features of the design of these approaches reflects that authors of these
approacheslo not share theamevision or purposeof use.So, this methodologies depends the

project context in which they are going to be used. The convergence towards a standardization of these
methodstogether with aconsensus withim quality management andommongquality model would

resultin that both, authors and development teams, medeof and design these methodologies
effectively and efficiently.

Cooperationamong authorias to lead tdhe detectionof needs.Authors haveto provide
developmentteams with the Properties thathey need and they haveto guaranteethe Quality
Characteristicshat developmenteamsare demandingThus, authorsvould winin effectiveness and
efficiency in the designof their methodologies. Thisvould be possiblebecauseboth, development
teams and authors, woulthvea commonstrategy, thesameobjectivesas well agpurposes and the
same design of the model to be achieved. At the same time, and due to their shared knowledge, authors
would have a clearer idea as to what should be changed in the quality model. So, this approach would
be used not onlyfor Analysisand Evaluationbut by development teams dffferent methodologies.
Developmentteams willhavethe chanceto comparemethodologies and authors, dreir part, will
have the chance to control and improve the design of their methodologies.
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