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Abstract 

Model-Driven Architecture (MDA)-Based Web Engineering (MDWE) techniques are commonly used in the development 
of web applications. These methodologies enable the development of well-designed web applications, which in turn 
enable the automatic generation of high-level models into executable implementations. There are currently many 
MDWE methodologies available, therefore choosing one over the other is a crucial decision. Six evaluators participated 
in the asynchronous online focus groups technique utilized in this research study to collect qualitative data regarding 
the Web Site Design Method MDA-Based (WSDMDA), an MDA-based and Audience-Driven MDWE methodology, in order 
to complete the assessment process. Following that, the collected qualitative data was examined using the Quality 
Evaluation Framework (QuEF) to evaluate the WSDMDA methodology's quality of functionality, which consists of two 
features and six sub-characteristics. Because of one of initiator of NDT methodology has also participate in WSDMDA 
evaluation, the comparison has been conducted between NDA and WSDMDA. The findings demonstrate that WSDMDA 
has superior functionality with regard to Web Modeling feature and all Quality Sub-characteristics like Interoperability, 
Transformability, and Flexibility. This study significantly demonstrates how approaches can be methodically assessed 
to determine their advantages and disadvantages when applied to actual web development situations. This offers a 
structured approach to MDA-Based MDWE methodologies evaluation that not only helps developers choose the best 
procedures for their projects but also enhances the scholarly conversation. 

Keywords: Model-Driven Web Engineering Methodology; Quality Evaluation Framework; Asynchronously Online 
Focus Group; Web Site Design Method MDA-Based (WSDMDA) 

1. Introduction

Web applications are being developed these days for practically every field, including public administration, education, 
healthcare, and the economics. Furthermore, as noted in (Mesbah and Society 2012), a variety of complicated web 
applications have been created within each of these domains and can be classified as social, document-centric, 
collaborative, workflow-based, transactional, interactive, portal-oriented, or semantic, or as a combination of these 
categories. Despite the fact that these web application categories have many things in common, each domain still needs 
to be customized, necessitating the completion of a unique study for each web application development. 

Web engineering, a relatively recent trend in software engineering, has gained traction despite some questioning the 
need to suggest unique web design techniques in comparison to more established "traditional" or "conventional" 
techniques. There are several ways to present and execute web site views in the field of web engineering. Various types 
of models, such as conceptual, navigation, and presentation models, can be used to present these viewpoints. Each of 
these approaches is free to define its own concepts or make use of pre-existing ones. The majority of them are limited 
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by platform and architectural requirements, which also have an impact on how they seem or are perceived in real life. 
The majority of these methods have already been developed depend on particular platforms (Aragón et al. 2013). 

In terms of features that must be included in the website, choosing the right Model-Driven Web Engineering (MDWE) 
methodology as a tool to design web applications has become crucial. The Quality Evaluation Framework (QuEF) is 
specifically employed in this study endeavor to evaluate MDWE methodologies as well as other methodologies in 
general. It can be applied to evaluate a newly developed methodology or one that is already well-established. Six 
evaluators participated in an asynchronous online focus group to provide qualitative information about WSDMDA, as 
the QuEF requires this type of information to complete the evaluation process. 

2. Web site design method MDA-based (WSDMDA) 

The Web Site Design Method (WSDM), which is an old Web Engineering (WE) approach, has been improved by applying 
an MDA-based Web Engineering (MDWE) Mechanism to produce the methodology called Web Site Design Method MDA-
Based (WSDMDA) (Pesic and Dahlgaard 2013). With the advent of WSDMDA, the traditional WSDM has transitioned 
from using non-standard modeling notation to an entirely MDA-based approach. As a result of this improvement 
process, the WSDM method is now a part of the MDWE methodologies rather than the standard WE methodology. Figure 
1 shows the re-constructed WSDM and represents the new structure for WSDMDA methodology. 

Interestingly, every dark area in Figure 1 corresponds to a component of the developed web engineering-based 
mechanism. The Mission Statement Specification phase and the Audience Modeling phase were the two stages that 
comprised the CIM component of the MDA technique in this general structure. The PSM of the MDA technique is 
represented by the Implementation Design phase, whereas the Design phase represents the PIM component. 
Furthermore, a notable automatic model conversion from PIM to PSM is facilitated by the web engineering process. 

 

Figure 1 General Structure for WSDMDA Methodology 

The relationships between the MDA framework's elements and the stages of WSDM are displayed in Table 1. In order 
to improve that phase, a corresponding element from the established MDA-based WE mechanism is added or 
substituted in the last column with the relevant WSDM phase, taking into consideration the model transformations and 
mapping specifications between phases. 
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Table 1 After Applying Web Engineering Mechanism into WSDM Structure - Comparison 

WSDM Phase Corresponding MDA 
Component 

Corresponding Component from 
the Developed Mechanism 

 Mission Statements Specification 

 Audience Modelling 
CIM  UML-based Generic CIM 

 Conceptual Design  PIM 

 User-Interest Profile 

 UML-based Conceptual Model 

 Activity Diagram, Class Diagram 

 State Transition Diagram 

 Implementation Design PSM  UML-based Generic PSM 

 Implementation Code Generation  N/A 

3. Quality evaluation framework (QuEF) 

There are a number of frameworks for evaluation that currently exist, including the Balanced Scorecard (Balaji et al. 
2021), Total Quality Index (TQI) (Djekic et al. 2018), ISO/IEC 25010:2011 (System and Software Quality Models) 
(Panduwiyasa et al. 2021), Goal-Question-Metric (GQM) (McGinn et al. 2018), Non-Functional Requirements (NFR) 
framework (Rahman et al. 2024), and Web Quality Evaluation Methodology (WebQEM) (Singh 2016). Table 2 describes 
each framework individually and shows how it can be adapted to evaluate Model-Based Web Engineering (MBWE) 
methodologies. 

Table 2 Description of Some Existing Evaluation Frameworks and Possibility of Applicability into MBWE 

Framework Description Applicability into MBWE 

Balanced Scorecard 
(Balaji et al. 2021) 

This strategic planning and management system 
is used extensively in business to align business 
activities to the vision and strategy of the 
organization, improve internal and external 
communications, and monitor organization 
performance against strategic goals. 

For MBWE methodologies, a balanced 
scorecard can be adapted to evaluate 
strategic alignment, process efficiency, 
customer satisfaction, and innovation. 

Total Quality Index 
(TQI) (Djekic et al. 
2018) 

The TQI is a quantitative assessment system that 
provides a comprehensive picture of a 
methodology's quality by combining several 
quality metrics into a single index. 

 

It can be used to measure and compare the 
overall effectiveness of different MBWE 
methodologies in producing high-quality 
web applications. 

ISO/IEC 
25010:2011 
(Panduwiyasa et al. 
2021) 

This standard provides a comprehensive model 
for evaluating the quality of software and 
systems, which includes ten quality 
characteristics such as functionality, 
performance, compatibility, usability, reliability, 
security, maintainability, and portability. 

While originally intended for software 
products, these criteria can be adapted to 
evaluate the outputs of MBWE 
methodologies, assessing how well the 
methodology supports the development of 
web applications that meet these quality 
standards. 

Goal-Question-
Metric (GQM) 
(McGinn et al. 
2018) 

The GQM approach involves defining specific 
goals, formulating questions that assess the 
achievement of these goals, and specifying 
metrics to answer the questions quantitatively. 
This methodology is adaptable and can be 
tailored to the specific goals of any MBWE 
methodology evaluation. 

It can be used to measure various aspects 
of MBWE methodologies, such as process 
efficiency, model accuracy, and user 
satisfaction. 
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Non-Functional 
Requirements 
(NFR) (Rahman et 
al. 2024) 

Originally developed by Chung et al.(Chung, 
Nixon, and Yu 1995), this framework focuses on 
specifying, operationalizing, and measuring non-
functional requirements like performance, 
security, and scalability. 

In the context of MBWE, the NFR 
framework can be used to evaluate how 
effectively a methodology addresses the 
non-functional requirements that are 
critical for web applications. 

Web Quality 
Evaluation 
Methodology 
(WebQEM) (Singh 
2016) 

It integrates quantitative and qualitative 
assessment with a strong focus on user-centered 
metrics. WebQEM includes an evaluation matrix 
that combines quality characteristics with 
evaluation methods and techniques. 

WebQEM is particularly useful in 
assessing user experience aspects of web 
applications developed through MBWE 
methodologies, focusing on usability, 
accessibility, and user satisfaction. 

The researchers really examine more than the above-mentioned frameworks, including the INCAMI framework (Becker 
and Olsina 2010), the C-INCAMI framework (Becker and Olsina 2010), and the W-process framework (Punter et al. 
2004) that are utilized to evaluate the MBWE. In summary, out of all the quality evaluation frameworks discussed above, 
QuEF is the only one that focuses especially on MDWE methodologies. As a result, QuEF has been chosen to evaluate the 
suggested WSDMDA methodology (Pesic and Dahlgaard 2013). 

4. Evaluation process 

Specifically, MDWE techniques and other methodologies in general can be evaluated using QuEF (Domínguez-mayo et 
al. 2012). It can be applied to assess a newly developed methodology or one that is already well-established. In order to 
obtain a deeper understanding and feedback from their respondents regarding two features (Web Modeling and MDE) 
and six sub-characteristics (Suitability, Interoperability, Compliance, Applicability, Flexibility, and Transformability), a 
very experienced group known as the Focus Group will be questioned to evaluate the WSDMDA methodology using 
QuEF in this paper. In accordance with this, the evaluation and assessment-related questions were drawn from the QuEF 
checklists (Domínguez Mayo 2013). 

4.1. Asynchronously Online Focus Group 

The purpose of the focus group is to acquire more in-depth understanding and feedback from the participants regarding 
a specific chosen topic (Fernandes et al. 2016). According to Liamputtong (Liamputtong 2011), by evaluating the pre-
designed issues, the focus group's results might aid in the development of understanding about a certain topic. 

Two forms of online focus groups can be used in this study: Synchronous Focus Groups, which are run in real time using 
chat or videoconference capabilities (Fox, Morris, and Rumsey 2007). Compared to Asynchronous Focus Groups, these 
tend to move more quickly, depending more on verbal processing and quick communication flow. Participants in 
asynchronous focus groups reply to discussion threads via email, bulletin boards, discussion boards, and listservs; these 
sessions don't happen in real time. Participants can attend asynchronous online focus groups whenever and wherever 
they'd like, making them convenient. Participants can think about their answers to questions or ideas and reflect on the 
group material without feeling pressed for time. By giving participants enough time to think over and react to focus 
group material, this type of data collection offers data depth and richness (Nicholas et al. 2010) – Thanks Asynchronous 
online focus groups. 

An online evaluation form that was completed asynchronously was used to gather qualitative evaluation data for this 
study. Thankfully, six evaluators responded and took part in this focus group for the WSDMDA evaluation. In actuality, 
a large number of evaluators were extended invitations to do the evaluation; yet, a large number of them either declined 
politely or declined to respond at that specific moment. Following a month, there were six total responders, which fell 
within the allowed range. As a result, the QuEF calculations for the feature and quality sub-characteristic values could 
be started. Table 3 below provides a brief overview of the six evaluators: 

Table 3 Details of Evaluators Participated in WSDMDA Methodology Evaluation Using QuEF 

Evaluator 1 Evaluator 2 Evaluator 3 Evaluator 4 Evaluator 5 Evaluator 6 

In 2012, he obtained his 
PhD from Multi-Media 
University (MMU), 
located in Malaysia. He 
began working as a 

2011 saw him 
graduate from 
Universiti 
Teknologi 
Malaysia 

He works as a 
software 
developer at 
the Swedish 
Scrum 

In 2001, he 
graduated 
with a degree 
in computer 
science 

Francisco is 
QuEF's 
primary 
developer. In 
2013, he 

He served as a 
system analyst, 
model-based 
software engineer, 
and consultant for 
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lecturer at 
Malaysia's Management 
and Science University 
(MSU) in 2011, and after 
earning his PhD, he 
eventually rose to the 
position of senior 
lecturer. He is currently 
an associate professor in 
Saudi Arabia at the 
University of Tabuk. His 
interesting research 
focuses on Model-
Driven Architecture 
(MDA) and its industrial 
applications, Software 
Product Lines (SPL), and 
Software Engineering. 

 

(UTM) with a 
PhD. He is an 
assistant 
professor at 
Saudi Arabia's 
King Faisal 
University 
(KFU) at the 
moment. His 
primary areas 
of interest in 
study are the 
relationship 
between the 
fields of 
Model-Driven 
Architecture 
(MDA) and 
Ontology 
Development. 
In addition, he 
participates to 
the OMG 
organization's 
Model-Driven 
development 
and Ontology 
group. 

 

Master 
Company. 
Currently, he 
is interested 
in research in 
the following 
areas: Web 
Modeling, 
Model-
Driven 
Engineering, 
Business 
Process 
Management 
(BPM), 
Software 
Engineering, 
and Quality 
Assurance. 
He leads 
Scrum 
Master's 
model-
driven 
security 
techniques as 
well as the 
BPM division. 

engineering 
from 
Linköping 
University in 
Sweden. He is 
currently 
employed in 
the Software 
Process 
Management 
industry 
working with 
Model-Driven 
techniques. 
He works as a 
researcher for 
the charity 
Towards 
Unity for 
Health 
(TUFH). His 
primary areas 
of interest in 
research are 
the industrial 
applications 
of software 
Process 
Improvement 
and Model-
Driven 
Engineering. 
In addition, he 
collaborates 
to several 
societies' Web 
Engineering 
and Model-
Driven 
Development 
groups. 

 

graduated 
with a 
doctorate in 
software 
engineering 
from the 
University of 
Seville, Spain. 
Since 2005, he 
has worked as 
a researcher 
and lecturer at 
the University 
of Seville's 
Department of 
Computer 
Languages and 
Systems. His 
research 
interests lie in 
the fields of 
Web 
Engineering, 
Model-Driven 
Development, 
Software 
Engineering, 
and Software 
Quality. 
Additionally, 
he works on 
testing and 
software 
quality 
projects with 
both public 
and private 
companies. He 
is a part of the 
University of 
Seville's Web 
Engineering 
and Early 
Testing group 
(IWT2) 
www.iwt2.org 

numerous oil and 
telecommunications 
companies for over a 
decade. Universiti 
Teknologi Malaysia 
(UTM) awarded him 
a PhD lately. His 
primary areas of 
interest in research 
are Model-Based 
Process 
Improvement, 
Information 
Modeling, and 
Model-Driven 
Architecture (MDA) 
technologies as he 
used for improving 
the code generation 
process. 

4.2. QuEF Description 

QuEF has two levels for Quality Properties and Characteristics. The Quality Characteristics and Sub-Characteristics can 
be used to first categorize the Quality Characteristics. Sub-Features and Features are the next divisions of the Properties. 
Comparably, different methodology designers have differing opinions about how attributes affect Quality 
Characteristics (Domínguez-mayo et al. 2012). 

Features and Sub-Features weights values (𝑤fi,ji
) are provided by QuEF. The Feature value (𝑟𝐹𝑖 ) and Quality Sub-

Characteristic value (Sqk,lk
) for MDWE methodologies should be computed based on sub-feature weight values during 

the evaluation process. 

http://www.iwt2.org/
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4.2.1. Weigh (Importance) Value for Sub Features 

Saaty (Saaty 1983) presents the Analytic Hierarchy Process (AHP) technique (Domínguez-Mayo, Espinilla, et al. 
2011)(Domínguez-Mayo, Escalona, et al. 2011). It is used by methodology designers to create a Quality Model through 
many interpretations; typically, this process takes four steps to fully comprehend the significance of each Sub-Feature. 
As shown in Table 4, a quality hierarchy is created in the first stage. Based on a Systematic Literature Review (SLR) 
(Giraldo, Espana, and Pastor 2014), the components of a methodology used in a quality environment are presented in 
this table. 

Table 4 Quality Model Hierarchy  

Quality Features Sub-Features 

X0 

𝑭𝟏 = MDE 

𝑓11 = Standard Definition 

𝑓12 = Model-based Testing 

𝑓13 = Traces 

𝑓14 = Levels of Abstraction 

𝑓15 = Transformations 

𝑭𝟐 = Web Modelling 

𝑓21 = Web Conceptual Levels 

𝑓22 = Interfaces 

𝑓23 = Content Modeling 

𝑓24 = Presentation Modeling 

𝑓25 = Navigation Modeling 

𝑓26 = Development Process 

The node that, in this research, reflects the methodology quality {X0} and the functionality of methodology is located at 
the top of the hierarchy. This attribute can be broken down into a number of Features, F =  {Fi, i = 1,2, … , t} and each 

Feature, Fi includes a set of ji Sub-Features, Fi  =  {Fij, j = 1,2, … , ji}. 

A detailed description of each of the AHP method's four steps may be found in (Domínguez-Mayo, Espinilla, et al. 2011). 
The importance (weight) of each feature and sub-feature will be decided by how these processes are implemented. The 
computed weights for Table 4's characteristics and sub-features are displayed in Table 5. 

Table 5 The Importance (Weights) of Features and its Sub-Features 

Features Weights Sub-Features Weights 

𝑭𝟏 = MDE 

pF = (
0.10𝐹1
0.09𝐹2

) 

𝑓11 = Standard Definition 

pF1 =

(

  
 

0.10f11
0.09f12
0.033f13
0.17f14
0.31f15 )

  
 

 

𝑓12 = Model-based Testing 

𝑓13 = Traces 

𝑓14 = Levels of Abstraction 

𝑓15 = Transformations 

𝑭𝟐 = Web Modeling 

𝑓21 = Web Conceptual Levels 

pF2  =  

(

 
 
 
 

0.07f21
0.38f22
0.17f23
0.10f24
0.10𝑓25
0.10𝑓26)

 
 
 
 

 

𝑓22 = Interfaces 

𝑓23 = Content Modeling 

𝑓24 = Presentation Modeling 

𝑓25 = Navigation Modeling 

𝑓26 = Development Process 
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4.2.2. How to Calculate Feature Value 

Formula 1 is used to calculate the rFi , the value of Feature Fi for MDWE methodology using QuEF: 

rFi  =  
∑ wfi,j
j=n
j=1 rfi,j

m
 ……………….. Formula 1 (Domínguez-mayo et al. 2012) 

Where: 
𝐫𝐅𝐢  : Feature value i. 

𝐰𝐟𝐢,𝐣  : weight of Sub-Feature fi,j for the Feature i (from Table 4). 

𝐫𝐟𝐢,𝐣  : Sub-Feature value for the Feature i , this value will be calculated by using Checklists specified in Figure 2 

(Dominguez-Mayo et al. 2010)(Domínguez Mayo 2013). 
𝐦 : Number of Sub-Features associated with Feature i. 

4.2.3. Matrix of Influences (MoI) 

The association ties between the current Features and Quality Characteristics are defined by the two-dimensional 
Matrix of Influences, or MoI. These associations between Features and their Sub-Features and Quality Characteristics 
and their Sub-Characteristics, as ascertained by the MoI matrix, are shown in Table 6. 

The degree of influence represented by the MoI, which represents each Sub-Feature 𝑓𝑖,𝑗𝑖  on each Quality Sub-

Characteristic qk,lk  degree of influence, is the association link between the Sub-Features and Sub-Characteristics. This 

is essentially a qualitative value that needs to be converted into a quantitative value 𝑣
[𝑓𝑖,𝑗𝑖

,𝑞𝑘,𝑙𝑘]
 in the end. The influence 

of two valued scales, for example, can be expressed as Influence (√) or No Influence (×). Comparably, it might also 
establish the following four scale values: Moderate Influence (√), High Influence (√ ↑), Low Influence (√ ↓), and No 
Influence (×). 

Table 6 Matrix of Influences between Features & Quality Characteristics 

  𝑸𝟏 𝑸𝟐 ⋯ 𝑸𝒌 

  𝒒𝟏,𝟏 ⋯ 𝒒𝟏,𝒍𝟏  𝒒𝟐,𝟏 ⋯ 𝒒𝟐,𝒍𝟐  ⋯ 𝒒𝒌,𝟏 ⋯ 𝒒𝒌,𝒍𝒌  

𝐹1 

𝑓1,1 

𝑣
[𝑓𝑖,𝑗𝑖

 ,𝑞𝑘,𝑙𝑘]
 

⋯ 

𝑓1,𝑗1 

𝐹2 

𝑓2,1 

⋯ 

𝑓2,𝑗2 

⋯ ⋯ 

𝐹𝑖  

𝑓𝑖,1 

⋯ 

𝑓𝑖,𝑗𝑖  

4.2.4. How to Calculate Quality Sub-Characteristic Values? 

Six Functionality Quality Sub-Characters will be evaluated throughout this research. Based on ISO/IEC 2500 
(Czarnacka-Chrobot 2009), these quality sub-characteristics are defined and explained as follows: 

 Suitability: The ability of an approach feature to offer a suitable function set for particular tasks and user goals. 

 Interoperability: An approach feature's capacity to communicate with one or more particular approach features. 

 Compliance: The ability of an approach feature to follow standards, guidelines, regulation, and various similar 

prescriptions. 
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 Applicability: How distinctive, practical, and easy-to-apply an approach characteristic is for the target community. 

 Flexibility: The degree to which an approach characteristic may be readily expanded upon, modified, and adapted 

in order to satisfy different requirements. 

 Transformability: An approach feature's capacity to offer a suitable set of functions for converting models into other 

models or codes. 

The calculation of the Quality Sub-Characteristic values Sqk,lk
 is displayed in Formula 2. Every Sub-Feature value rfi,ji

 

and Feature value Fi  are taken into account in this calculation. Apart from 𝑣
[𝑓𝑖,𝑗𝑖

,𝑞𝑘,𝑙𝑘]
 , which in the MoI (Table 6) 

represents a qualitative value converted to a quantitative value. Additionally, Table 4 provides the Sub-Feature weight 
value wfi,ji

. 

Sqk,lk
 =  

∑ v
[fi,ji

,qk,lk
]
 rfi,ji

 wfi,ji

n
j=1

n
 …………............ Formula 2 (Domínguez-mayo et al. 2012) 

Where: 
𝑺𝒒𝒌,𝒍𝒌

: Defines the state achieved by a value ranging between (0 ≤  Sqk,lk
 ≤  1), which is the Quality Sub-Characteristic 

value, hence it sees that it satisfies the required model (value = 1) or not. 
𝒗
[𝐟𝐢,𝐣𝐢 ,𝐪𝐤,𝐥𝐤]

: This defines the relationship between the Sub-Feature fi,ji  and the Quality Sub-Characteristic qk,lk in MOI. It 

is a qualitative value that has to be changed into quantitative value ranging between (0 ≤  v
[fi,ji

,qk,lk
]
 ≤  1). 

𝒓𝐟𝐢,𝐣𝐢
: This is a sub-Feature value that ranges in between (0 ≤  rfi,ji

 ≤  1), which represents the state achieved by the 

given value, whether it satisfies the required model value of 1 or not. 
𝒘𝐟𝐢,𝐣𝐢

: This defines the weight value of Sub-Feature fi,ji  which ranges in between (0 ≤  wfi,ji
 ≤  1). This value defines the 

importance of Sub-Feature in the set of Sub-Features. 
𝒏 : This value signifies the number of Sub-Feature values of Feature Fi. The degree of influence value 𝑣

[𝑓i,ji
,𝑞k,lk

]
 in this 

case is not equal to 0 (Domínguez-mayo et al. 2012). 

Formula 2 can be generalized to other formula 3 to calculate the value of Quality Sub-Characteristic in terms of different 
Features. 

Sqk,lk
=
∑ v

[fi,j1
,qk,l1

]
rfi,j1

wfi,j1

n1
j=1 +⋯+∑ v

[fi,jt
,qk,lt

]
rfi,jt

wfi,jt

nt
j=1  

n1+⋯+nt
 ………. Formula 3 (Domínguez-mayo et al. 2012) 

Formula 1 should only be utilized in this study endeavor to evaluate the MDWE methodology (WSDMDA) employing 
MDE and Web Modeling characteristics. The online evaluation form will be too lengthy to include the other two elements 
(Tool Support and Experience) in the evaluation process. We are all aware that the evaluation process may get 
incredibly time-consuming and tedious. Furthermore, there is little correlation between MDWE features and the 
maturity of the WSDMDA methodology and its tool, the WSDMDA-tool. Similarly, formulas 2 and 3 will be utilized for 
evaluating six sub-characteristics. 

Notably, the outcomes will be compared with the MDWE approach (NDT) with respect to six sub-characteristics, two 
features, and their sub-features. Although Evaluator05 completed the QuEF-based NDT methodology evaluation 
procedure in (Domínguez Mayo 2013), the WSDMDA has already been evaluated by the same evaluator that completed 
the evaluations like the other five evaluators. 

4.3. Description of WSDMDA Evaluation Process Using QuEF 

The first step in the MDWE methodology evaluation procedure is to define a set of checklists, one for each sub-feature, 
which are taken from (Domínguez Mayo 2013). Sub-features must be used to arrange these checklists, and each sub-
feature must consist of a collection of properties. Every property has a set of details linked to it that are specific to that 
sub-feature. These details give a description of the evaluated MDWE methodology with respect to a specific property, 
together with any sub-details that may exist. The checklists for the WSDMDA evaluation procedure are displayed in 
Figure 2. 
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Table 7 summarizes the various scale types for each property in the checklists with reference to property scaling and 
evaluation. 

Table 7 The Property Scaling Specification 

SC<ID> Type Range Range Type Value 

<id 
value> 

<Qualitative or 
Quantitative> 

<range of possible 
values> 

<range 
type> 

<Normalized quantitative 
value> 

Where: 

SC<ID>: It stands for the scale type's identifying code; 

Type: It is the kind of scale that has the potential to be quantitative or qualitative; 

Range: It is used to specify the range of values that this scale can have; 

Range Type: It is the range values' data type; 

Value: In terms of range, it is a normalized quantitative number. 

 

Figure 2 Checklists of Evaluation Process for WSDMDA Methodology 

Scaling comes in two forms: SC<1> and SC<2>. Table 8 thus offers a range of values to be instantiated to the specified 
criteria of Table 6. 
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Table 8 The Property Scale's Potential Values 

SC<ID> Type Range Range Type Value 

1 Qualitative {Not Supported, Partially Supported, Supported} String {0, 1 2⁄ , 1} 

2 Quantitative {0-MAX} Integer 
Value in the range

MAX value in the range
 

Each detail's values for qualitative values, as specified by the scale SC<1>, can be classified as ‘Supported’, ‘Partially 
Supported’, or ‘Not Supported’. If a property is supported, its value should be 1; if it is partially supported, it should be 
1/2; and if it is not supported, it should be 0 (Dominguez-Mayo et al. 2010)(Domínguez Mayo 2013). 

The arithmetic mean of all the sub-details should be taken when there are numerous sub-details connected to a specific 
main-detail. Similarly, if a given property has multiple details connected to it, the arithmetic mean needs to be 
determined. 

A value in the range divided by the highest value in the same range should produce the property value for quantitative 
value as defined in the scale SC<2> (Dominguez-Mayo et al. 2010)(Domínguez Mayo 2013). 

 as the SC Code, which is divided into five sections that are explained as follows: 

   SC<ID> Code =  

For instance, the sub-details scale code <24123> for NDT (in the brown cell) in Table 9 indicates: 

 2: (MDE Feature) shows Feature i. 

 4: (Transformations Sub-Feature) shows Sub-Feature j connected to Feature i. 

 1: (Transformations Types Property) shows Property k connected to Sub-Feature j. 

 2: (automatic transformation types) shows Details m connected to Property k. 

 3: (Model2Document) shows optional Sub-Details n connected to Details m. 

Table 9 Sub-Feature of Transformations Values (Quantitatively) for NDT (Domínguez Mayo 2013) 

Properties 

Checklist Details 
Qualitative 

Value 

Quantitative 

Value Main Details 
Sub- 

Details 

<241> 

Transformations 

Types 

<2411> It uses a standard language for defining 
transformation rules (i.e. providing ATL, QVT or 
Graph transformations). 

 Support   1 

<2412> It defines automatic transformation 
types from models into other models or into code 
and documentation such as: 

<24121> 

Mod2Mod 
Supported 1 

 1 
<24122> 

Mod2Code 
Supported 1 

<24123> 

Mod2Doc 
Supported 1 

<2413> It provides mapping functions or 
automatic transformations such as: 

<24131> 

CIM2CIM 
Part.Supported 1/2 

 2/3 
<24132> 

CIM2PIM 
Supported 1 

<24133> 

PIM2PIM 
Part.Supported 1/2 
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<24134> 

PIM2PSM 
Supported 1 

<24135> 

PIM2Code 
Part.Supported 1/2 

<24136> 

PSM2Code 
Part.Supported 1/2 

<2414> It provides a separate model for 
describing the transformation such the separate 
Platform-Description Model: Platform-
Description Model from (PIM2PSM) 

 NotSupported   0 

The arithmetic mean of the 3 sub-details (<24121>, <24122>, and <24123>) is calculated in the following way to 
determine the result for Main Details <2412>: 

Quantitative Value of Main Details <2412> = 
1 + 1 + 1

3
 = 1 

Similar to the above, the arithmetic mean of 6 Sub-Details (<24131>, <24132>, <24133>, <24134>, <24135>, and 
<24136>) is calculated to get the value for Main Details <2413>: 

Quantitative Value of Main Details <2413> = 
1
2⁄  + 1 + 

1
2⁄  + 1 + 

1
2⁄  + 

1
2⁄

6
 = 2 3⁄  

Next, the arithmetic mean of the 4 Main Details (<2411>, <2412>, <2413>, and <2414>) is calculated in order to 
determine the overall value for Property <241>: 

Quantitative Value of Property <241> = 
1 + 1 + 2 3⁄  + 0

4
 = 0.665 

It is possible to think of the value of each sub-feature as the average of the set of property values divided by the total 
number of properties associated to that specific sub-feature (Domínguez-mayo et al. 2012). The sub-feature value 
computation is defined by Formula 4 in the following: 





n

i

ip
n

sF
1

1
………….......... Formula 4 (Domínguez-mayo et al. 2012) 

Where n is the total number of properties associated with the specific sub-feature, i is the property index, p is the related 
properties with the sub-feature, and sF is the sub-feature's total value. 

Because of this, the sub-feature value computation yields a fractional number between 0 and 1. The evaluation 
framework dictates that numbers containing floating points are not permitted in QuEF. As a result, the calculated 
fraction's mathematical ceiling is determined. Lastly, the number of sub-features associated to the specific feature must 
be the denominator of the calculated sub-feature value (Dominguez-Mayo et al. 2010)(Domínguez Mayo 2013). 

As a result, Formula 4 will be used to get the total value for the Transformations sub-feature in Table 8. The denominator 
must be fixed at 5 due to the fact that the MDE feature includes 5 associated sub-features (Standard Definition, Model-
Based Testing, Traces, Levels of Abstraction, and Transformations). The nearest fraction (ceiling or grounding) will be 
used for the resultant number. 

Quantitative Value of Sub-Feature <24> (for NDT) = 
0.665

1
 = 0.665 ≅ 3 5⁄  

Because there are 6 sub-features related to the Web Modeling feature (Web Conceptual Levels, Interfaces, Development 
Process, Content Modeling, Presentation Modeling, and Navigation Modeling), the denominator of the calculated sub-
feature values linked with this feature must be fixed at 6. 
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5. Results and discussion 

The final values for all calculations, which were previously covered in the preceding section, are contained in the 
following subsections after evaluation data was gathered through an asynchronous online focus group. Additionally, the 
authors of this research computed all of the values used in this section for the WSDMDA technique using mathematical 
formulas 1, 2, 3, and 4, whereas the values used for the NDT methodology were taken from the author of the research 
in (Dominguez-Mayo et al. 2010)(Domínguez Mayo 2013). First, there will be a calculation, presentation, comparison, 
and discussion of Features and its Sub-Features. In a comparable manner, the authors of this research will handle each 
Quality Sub-Characteristic using the same process. 

5.1. Evaluation of WSDMDA Features 

As previously seen in the Evaluation Process Description using Formula 1 example, Table 10 displays the sub-feature 
values that each evaluator determined using QuEF. Figures 3 and 4 show these values separately for the Web Modeling 
Feature and the MDE Feature, respectively. By multiplying the data from Table 9 by 100, a scaling is used in those figures 
to facilitate the comparison process. 

Table 10 Values of Every Sub-Feature Computed for Six Evaluators 

F No 
Sub 

Features 

Evaluator 

(1) 

Evaluator 

(2) 

Evaluator 

(3) 

Evaluator 

(4) 

Evaluator 

(5) 

Evaluator 

(6) 

W
e

b
 M

o
d

e
li

n
g

 

1 Web Conceptual Levels 1 5/6 5/6 4/6 1 1 

2 Interfaces 5/6 5/6 4/6 4/6 5/6 5/6 

3 Development Process 1 1 5/6 3/6 1 1 

4 Content Modeling 5/6 5/6 4/6 4/6 5/6 5/6 

5 Presentation Modeling 4/6 4/6 4/6 3/6 4/6 3/6 

6 Navigation Modeling 5/6 5/6 4/6 4/6 5/6 4/6 

M
 D

 E
 

1 Levels of Abstraction 4/5 4/5 3/5 4/5 4/5 4/5 

2 Standard Definition 3/5 3/5 3/5 3/5 4/5 3/5 

3 Model-based Testing 2/5 2/5 2/5 3/5 3/5 3/5 

4 Transformations 3/5 3/5 2/5 4/5 3/5 3/5 

5 Traces 3/5 3/5 4/5 4/5 3/5 4/5 

Similarly, Table 11 displays the equivalent estimated feature values for each evaluator using QuEF, as determined by 
Formula 1. The clustered column chart in Figure 5 displays these results. The data from Table 10 are scaled by 1000 to 
facilitate the comparison. 

Table 11 Values of Every Feature Calculated for Six Evaluators 

 Web Modeling Model-Driven Engineering (MDE) Global Properties 

Evaluator (1) 0.1297 0.0876 0.0102 

Evaluator (2) 0.1278 0.0876 0.0101 

Evaluator (3) 0.1069 0.0697 0.0083 

Evaluator (4) 0.0967 0.1049 0.0096 

Evaluator (5) 0.1287 0.0948 0.0105 

Evaluator (6) 0.1242 0.0925 0.0102 
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5.2. Comparison Between WSDMDA and NDT Features Evaluation 

The overall quantitative sub-feature values of MDE Feature for the enhanced MDWE methodology WSDMDA, as 
determined by the research authors, are now displayed in Table 12 in comparison to NDT, which has been evaluated in 
(Domínguez Mayo 2013). Figure 6 compares the NDT methodology and the enhanced WSDMDA methodology 
graphically using a clustered column chart. A scale is used by multiplying the Web Modeling Feature sub-feature values 
from Table 11 by 100 in order to simplify the comparison. 

 

Figure 3 Sub-Feature Values of Web Modeling Calculated for Six Evaluators 

 

 

Figure 4 Sub-Feature Values of MDE Calculated for Six Evaluators 
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Figure 5 Values of Two Features Calculated for Six Evaluators 

 

Table 12 Comparison Sub-Feature Values of MDE Feature between NDA & WSDMDA 

𝑭𝟏 Sub-Feature NDT WSDMDA 

M
 D

 E
 

𝑓14 = Levels of Abstraction 1 4 5⁄  ↓ 

𝑓11 = Standard Definition 3 5⁄  4 5⁄  ↑ 

𝑓12 = Model-based Testing 1 3 5⁄  ↓ 

𝑓15 = Transformations 3 5⁄  3 5⁄  √ 

𝑓13 = Traces 1 3 5⁄  ↓ 

 

 

Figure 6 Comparison Sub-Feature Values of MDE Feature between NDA & WSDMDA 

Using the quantitative values of the sub-features (Levels of Abstraction, Standard Definition, Model-based Testing, 
Transformations, and Traces), Formula 1 will be used to determine the value of the MDE feature. Furthermore, Table 
4's computed weights for each sub-feature must be remembered. 

𝑟𝐹1 = 
0.8 ∗ 0.17 + 0.8 ∗ 0.10 +  0.6 ∗ 0.09 + 0.6 ∗ 0.31 +  0.6 ∗ 0.033

5
= 0.095 
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Comparing the authors' calculation of the total quantitative sub-feature values of Web Modeling Feature for the 
enhanced MDWE methodology WSDMDA to NDT, which is evaluated in (Domínguez Mayo 2013). Table 13 displays the 
results. Visually, the enhanced WSDMDA and NDT methodology are compared in a clustered column chart in Figure 7. 
The Web Modeling Feature's sub-feature values from Table 12 are multiplied by 100 to ease comparison. 

Table 13 Comparison Sub-Feature Values of Web Modeling Feature between NDA & WSDMDA 

𝑭𝟐 Sub-Feature NDT WSDMDA 

W
e

b
 

M
o

d
e

li
n

g
 

𝑓21 = Web Conceptual Levels 5 6⁄  1  ↑ 

𝑓22 = Interfaces 4/6 5 6⁄  ↑ 

𝑓23 = Development Process 1 1 √ 

𝑓24 = Content Modeling 4/6 5 6⁄  ↑ 

𝑓25 = Presentation Modeling 4/6 4 6⁄  √ 

𝑓26 = Navigation Modeling 5 6⁄  5 6⁄  √ 

 

 

Figure 7 Comparison Sub-Feature Values of Web Modeling Feature between NDA & WSDMDA 

Using the quantitative values of the sub-features (Web Conceptual Levels, Interfaces, Development Process, Content 
Modeling, Presentation Modeling, and Navigation Modeling), Formula 1 will be used to calculate the Web Modeling 
Feature value. It is necessary to recall the weights for every sub-feature from Table 4. 

𝑟𝐹2 =
1 ∗ 0.07 + 0.83 ∗ 0.38 + 1 ∗ 0.10 + 0.83 ∗ 0.17 + 0.67 ∗ 0.10 + 0.83 ∗ 0.10

6
= 0.129 

Generally, using the feature weights listed in Table 4, Formula 1 can be used to determine the global properties value 
for WSDMDA in terms of two features (Web Modeling and MDE). The values that have been computed in this section for 
the recommendation on WSDMDA vs. NDT characteristics and their sub-features are concluded and summarized in 
Table 13. 

rF  =  
0.095 ∗  0.10 +  0.129 ∗  0.09

2
 =  0.01056 

The Functionality Quality Characteristic values are displayed in Figure 8 according to the Global Properties Value and 
two Features (MDE and Web Modeling). The results of Domínguez-Mayo et al (Domínguez-mayo et al. 2012)(Domínguez 
Mayo 2013) are described by the values of the NDT. On the other hand, the results that the authors of this research work 
calculated are described by the values of the WSDMDA. The values of MDE, Web Modeling, and Global Properties Value 
from Table 14 are multiplied by 1000 to ease comparison. 
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Table 14 A comparison of two features between NDT and WSDMDA 

Features Sub-Features Weights 

Total Values WSDMDA 

vs 

NDT 
NDT WSDMDA 

M
D

E
 

𝑓11 = Standard Definition 0.10 3 5⁄  4 5⁄  Better 

𝑓12 = Model-based Testing 0.09 1 3 5⁄  Less 

𝑓13 = Traces 0.033 1 3 5⁄  Less 

𝑓14 = Levels of Abstraction 0.17 1 4 5⁄  Less 

𝑓15 = Transformations 0.31 3 5⁄  3 5⁄  Equal 

W
e

b
 

M
o

d
e

li
n

g
 

𝑓21 = Web Conceptual Levels 0.07 5 6⁄  1 Better 

𝑓22 = Interfaces 0.38 4 6⁄  5 6⁄  Better 

𝑓23 = Development Process 0.10 1 1 Equal 

𝑓24 = Content Modeling 0.17 4 6⁄  5 6⁄  Better 

𝑓25 = Presentation Modeling 0.10 4 6⁄  4 6⁄  Equal 

𝑓26 = Navigation Modeling 0.10 5 6⁄  5 6⁄  Equal 

rF1  = Model-Driven Engineering (MDE) WF1  = 0.10 0.108 0.095 Less 

rF2  = Web Modeling WF2  = 0.09 0.113 0.129 Better 

𝑟𝐹  = Global Properties Value 0.01049 0.01056 Better 

 

 

Figure 8 A comparison of two features between NDT and WSDMDA 

5.3. Discussion for Functionality of WSDMDA for Two Features 

The application of Formula1 for calculating the feature value 𝑟𝐹𝑖  provided a structured approach to quantifying the 

evaluators' scores, thereby allowing a robust comparison across different sub-features within each feature. The 
computed feature values for MDE and Web Modeling were instrumental in identifying performance discrepancies and 
areas requiring enhancement. 

The evaluation data gathered from the six independent evaluators using an online asynchronous focus group was used 
to determine the obtained values. A benchmarking study was carried out to compare the assessment data from the six 
evaluators individually or to compare evaluation of Evaluator05 for the WSDMDA and NDT. Based solely on QuEF's 
Functionality Quality attribute, benchmarking has been developed. Since it won't be impacted by the maturity of the 
evaluated MDWE methodology, only this quality has been examined (Domiguez-Mayo et al. 2014). 



World Journal of Advanced Engineering Technology and Sciences, 2024, 12(02), 486–509 

502 

Two Features comprise this Functionality Quality Characteristic. As a result, 11 Sub-Features comprise these Features. 
Each of these Sub-Features produced a different set of values and yielded a different number for each Feature. 
Therefore, Figures 6 and 7 illustrate the differences between WSDMDA and NDT in terms of the two features, MDE and 
Web Modeling, respectively. 

The MDA technology, which is regarded as the primary manifestation of MDE and Web Modeling features, is the primary 
focus of this research. Because of this, Figure 8 illustrates that the enhanced WSDMDA exhibits a better Web Modeling 
Feature value in comparison to the NDT methodology. This shows that by including all MDA technology components 
(CIM, PIM, PSM, Mapping Specification, and Model Transformations) into the framework of the WSDM web modeling 
method, the WSDMDA methodology has achieved its stated objective. 

The comparison of the evaluators' responds for the WSDMDA web modeling feature is shown in Figure 3. Three-
quarters of the evaluation panels' responses ranged from an estimated 66.67 to a score of 100, while 50% ranged with 
a value equal to 83.33. In terms of the web modeling components, this indicates that the WSDMDA has met the 
requirements with an average satisfaction rate of 81%. 

Similar to the aforementioned, Figure 4 shows that 50% of the evaluators' answers for the WSDMDA's model-driven 
engineering (MDE) feature equal 60. Of the responses, 30% equal 80 and 20% equal 40. In conclusion, this indicates 
that, in terms of the model-driven engineering (MDE) feature, an average of 62% of the evaluation panels' requirements 
have been met. 

Notably, Figures 3 and 4 in particular highlight the sub-features for the two features (MDE and Web Modeling). The total 
values of the same features, which are derived from their sub-features, are typically the main focus of Figure 5. In terms 
of the related sub-features in Figures 3 and 4, the feature values in Figure 5 are aligned with the same features, according 
to the results obtained from computing the evaluation data that was collected. Conversely, the six evaluators' WSDMDA 
global properties have been impaired because this evaluation process has utilized just two features. 

It is evident that, in terms of Web Modeling Feature, the enhanced WSDMDA methodology performs better than NDT. 
Web developers can utilize the Web Modeling Feature to shorten the time it takes to design a system, and they will gain 
from MDA's model conformance in terms of transforming the models from one abstract level to another. Therefore, web 
developers could use the model transformations process in MDA technology as a catalyst to include this technology into 
their development processes. 

Because of its maturity, which has a direct impact on the overall value for these sub-features, the NDT technique has the 
highest value for the sub-features of Traces and Model-based Testing in Figure 6. Despite being in its early stages of 
development, WSDMDA has outperformed NDT in the Standard Definition sub-feature and is on par with NDT in the 
Transformation sub-feature. Additionally, even though WSDMDA does not yet have a code generation component of 
MDA, it has achieved a very similar outcome to NDT for the Levels of Abstractions sub-feature. 

The overall findings suggest that the WSDMDA methodology, which is based on the UML modeling language and 
implements its phases utilizing MDA technique components, can be considered to be an enhanced version of the WSDM 
method. Better evaluation findings using QuEF have been found by benchmarking compared to the de-facto MDWE 
methodology, specifically NDT, particularly in the Web Modeling Feature. 

5.4. Evaluation of WSDMDA Sub-Characteristics 

To illustrate the relationship between each Sub-Feature's influence on each Quality Sub-Characteristic, the matrix of 
influence (MoI) of Table 6 will be filled in for the quality sub-characteristics. The qualitative values (×) representing the 
non-influential degree and (√) representing the influential degree will be converted to values of 0 and 1, respectively, 
based on the QuEF description. The MoI matrix for the Functionality Quality Characteristic is displayed in Table 15 
(Domínguez-mayo et al. 2012). 

Six Quality Sub-Characteristics will be used to evaluate the enhanced MDWE methodology WSDMDA using the MoI 
matrix in Table 15. Then are going to calculate the Quality Sub-Characteristics values using Formulas 2 and 3. The weight 
of each Sub-Feature p𝑓𝑖 , which may be found in Table 5 or 14, and the Sub-Feature value r𝑓𝑖𝑗 , which was previously 

calculated (in Tables 13 and 14), should be utilized in this calculation. 
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Table 15 MoI matrix between Sub-Features and Quality Sub-Characteristics (Domínguez-mayo et al. 2012) 

   Q1 = Functionality 

  
Sub-Feature 

q11 

Suitability 

q12 

Interoperability 

q13 

Compliance 

q14 

Applicability 

𝒒𝟏𝟓 

Flexibility 

𝒒𝟏𝟔 

Transformability 

F
 E

 A
 T

 U
 E

 R
 S

 

F1 = MDE 

𝑓11 = Standard 
Definition 

1 1 1 1 1 1 

𝑓12 = Model-
based Testing 

1 0 0 0 0 0 

𝑓13 = Traces 1 0 0 0 0 0 

𝑓14 = Levels of 
Abstraction 

1 1 1 1 1 0 

𝑓15 = 
Transformations 

1 1 0 1 0 1 

F2 = Web 
Modeling 

𝑓21 = Web 
Conceptual 
Levels 

1 1 1 1 1 0 

𝑓22 = Interfaces 1 1 1 1 1 1 

𝑓23 = 
Development 
Process 

1 1 1 1 1 0 

𝑓24 = Content 
Modeling 

1 1 1 1 0 0 

𝑓25 = 
Presentation 
Modeling 

1 1 1 1 0 0 

𝑓26 = Navigation 
Modeling 

1 1 1 1 0 0 

Following the collection of evaluation data using asynchronous online focus groups, Table 16 displays the derived 
quality sub-characteristics values from each evaluator using QuEF, as demonstrated in the preceding subsection. This 
is achieved by utilizing Formulas 2 and 3. Figure 9 provides a comprehensive representation of these values. Figure 10 
shows the evaluators' individual responses for each sub-characteristic. The calculated values are multiplied by 1000 to 
create a scaling that makes the comparison in these figures easier. 

Table 16 Values of All Sub-Characteristic Calculated for Six Evaluators 

Q
u

a
li

ty
 o

f 
F

u
n

ct
io

n
a
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ty

 

Quality Sub-
Characteristics 

Evaluator 
(1) 

Evaluator 
(2) 

Evaluator 
(3) 

Evaluator 
(4) 

Evaluator 
(5) 

Evaluator 
(6) 

Suitability 0.1105 0.1096 0.0900 0.1004 0.1145 0.1097 

Interoperability 0.1289 0.1277 0.1031 0.1138 0.1311 0.1252 

Compliance 0.1218 0.1204 0.1005 0.0970 0.1250 0.1176 

Applicability 0.1289 0.1277 0.1031 0.1138 0.1311 0.1252 

Flexibility 0.1366 0.1342 0.1114 0.1092 0.1420 0.1366 

Transformability 0.1877 0.1877 0.1457 0.1870 0.1967 0.1877 
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Figure 9 Values of All Sub-Characteristic Calculated for Six Evaluators 

   

(a) (b) (c) 

   

(d) (e) (f) 

Figure 10 Individual Values of Each Sub-Characteristic Calculated for Six Evaluators 

5.5. Comparison Between WSDMDA and NDT Sub-Characteristics Evaluation 

Based on the six Quality Sub-Characteristics, a comparison of the Functionality Quality Characteristics of the NDT 
methodology and the enhanced WSDMDA methodology has been executed. Table 17 shows the six Quality Sub-
Characteristics along with the findings of Domínguez-Mayo et al. (Domínguez-mayo et al. 2012)(Domínguez Mayo 2013) 
for the values of the NDT methodology. The evaluation responses of Domínguez-Mayo, the same scholar who served as 
Evaluator05 in the asynchronous online focus group, were calculated and described using the values of the WSDMDA 
methodology. The calculated values are multiplied by 1000 to facilitate the comparison. Figure 11 compares the 
WSDMDA methodology with the well-known MDWE methodology (NDT) graphically. 
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Table 17 A Comparison of All Quality Sub-Characteristics between NDT and WSDMDA 

 
Quality 

Sub-Characteristics 

Total Values WSDMDA 

vs 

NDT 
WSDMDA NDT 

F
u

n
ct

io
n

a
li

ty
 (
𝐐
𝟏

) q11 = Suitability 114.5 110.9 Better 

q12 = Interoperability 131.1 122.2 Better 

q13 = Compliance 125.0 113.8 Better 

q14 = Applicability 131.1 122.2 Better 

q15 = Flexibility 142.0 128.0 Better 

q16 = Transformability 196.7 170.0 Better 

 

 

Figure 11 A Comparison of All Quality Sub-Characteristics between NDT and WSDMDA 

5.6. Discussion for Functionality of WSDMDA for Six Sub-Characteristics 

The study further broke down the evaluation into six quality sub-characteristics: Suitability, Interoperability, 
Compliance, Applicability, Flexibility, and Transformability. Each sub-characteristic was analyzed 
using Formula2 and Formula3, facilitating a deep understanding of the methodology's functional capabilities:  

Interoperability and Transformability scored exceptionally well, affirming the methodology’s strong performance in 
integrating with diverse systems and adapting to varied modeling requirements. 

Compliance and Flexibility received lower scores, highlighting potential areas for improvement in adhering to 
standards and adjusting to changing environments. 

Through the use of an online asynchronous focus group, evaluation data from six independent evaluators was gathered, 
and the resulting values were calculated. The evaluation results from the six evaluators individually and the evaluation 
of Evaluator05 for the WSDMDA and NDT combination have been benchmarked. Based on QuEF's Functionality Quality 
feature, the benchmarking was constructed. Because it is independent of the development level of the compared 
methodologies, the Functionality Quality Characteristic and its six quality sub-characteristics (Suitability, 
Interoperability, Compliance, Applicability, Flexibility, and Transformability) have been chosen (Domiguez-Mayo et al. 
2014). 

Two Features and six Quality Sub-Characteristics make up the Functionality Quality Characteristic. As a result, 11 Sub-
Features comprise these Features. Each of these sub-features produced a distinct value and a different number for each 
quality sub-characteristic. Thus, Figure 11 presents the differences between WSDMDA and NDT. 

Notably, as Figure 11 makes clearly evident, WSDMDA methodology outperformed NDT methodology in terms of all 
Quality Sub-Characteristics. The line that represents the evaluation of the enhanced WSDMDA methodology and the line 
that represents the evaluation of the NDT methodology are fairly comparable. This suggests that the WSDMDA 
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methodology is headed toward popularity, much like NDT, and has the potential to be a popular and successful 
methodology in the near future. 

Figure 9 shows that the Transformability sub-characteristic has received higher ratings from evaluation panels, 
however the Flexibility sub-characteristic has received lower ratings than Interoperability and Applicability. Therefore, 
the main objective of the WSDMDA methodology has been accomplished, namely to provide an enhanced MDWE 
methodology with excellent criteria for transformability, flexibility, and compatibility. 

It is well known that web developers are encouraged to use MDA technology into their techniques because of the model 
transformations process. As a result, the WSDMDA methodology has concentrated on changing user navigation 
activities particularly during the interoperability process. As a result, the enhanced WSDMDA exhibits a better 
transformability Quality Sub-Characteristic in comparison to the other Quality Sub-Characteristics, as illustrated in 
Figure 11. It indicates that the WSDMDA methodology has achieved its original objective of enabling user requirements 
to be transformed from an early stage to a final stage during the process of interoperability between various MDWE 
methodologies. 

Figure 10, a collection of six different figures, shows the outcomes of the calculated evaluation data gathered from six 
evaluators in terms of each sub-characteristic independently. These numbers clearly show that among all evaluation 
panels, the Transformability sub-characteristic had the greatest response. Interoperability and Applicability ranked 
third, while Flexibility and Suitability placed second. Ultimately, the sub-characteristic of Compliance came in lowest. 

In comparison to the other WSDMDA Quality Sub-Characteristics, the enhanced WSDMDA methodology's values for 
Interoperability, Applicability, Flexibility, and Transformability achieved the greatest values. Furthermore, these figures 
confirm to the applicability and adaptability of WSDMDA in creating web applications in a straightforward way. 

The total outcome shows that the WSDMDA methodology, which implements its phases entirely using MDA technology 
components and is based on the UML modeling language, can be considered as an enhanced MDWE methodology. The 
WSDMDA methodology has demonstrated a strong evaluation based on QuEF through comparison with other MDWE 
methodologies, particularly in the Interoperability, Flexibility, and Transformability Quality Sub-characteristics. This 
indicates that the enhanced methodology could significantly contribute on transforming user navigation activities 
during the interoperability process for different MDWE methodologies. 

6. Conclusion 

The detailed evaluation using QuEF underscores the WSDMDA methodology's potential as a leading framework in MDA-
based web engineering. However, the identified gaps in testing and compliance present opportunities for further 
refinement. Future research should focus on enhancing these aspects and re-evaluating the methodology post-
improvements to gauge their impact on the overall effectiveness of WSDMDA. 

The WSDMDA methodology exhibits significant strengths in Web Modeling and MDE features, particularly excelling in 
conceptual design, user interface design, and standard definition. These strengths are critical for developing complex, 
user-centric web applications that require high levels of interoperability and adaptability. 

The areas identified for improvement, such as Model-Based Testing and Compliance, suggest a need for the methodology 
to incorporate more rigorous testing frameworks and enhanced compliance measures. Addressing these areas could 
improve the reliability and standard adherence of the methodology, making it more robust and versatile. 

The results of this study may direct future advancements in MDA-based techniques, which could ultimately result in 
web apps that are stronger, more effective, and easier to use. This work advances both the theoretical and practical 
understanding of web engineering and establishes a standard for future assessments and advancements in the field. 

As conclusion, this research study applies the QuEF framework to evaluate the WSDMDA methodology, which offers a 
significant addition to the field of Model-Based Web Engineering (MBWE). The work might provide deeper insights and 
a stronger case by going into greater detail on the aforementioned points, which would increase its applicability and 
influence in both academic and professional contexts. 
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6.1. Future Works 

This research work is significant as it provides a comprehensive evaluation of the Web Site Design Method MDA-Based 
(WSDMDA) using the Quality Evaluation Framework (QuEF). By rigorously assessing both Model-Driven Engineering 
(MDE) and Web Modeling features under the MDA framework, the study contributes substantially to the field of web 
engineering. 

This research highlights how methodologies can be systematically evaluated to identify strengths and weaknesses in 
their application to real-world web development scenarios. This research doesn’t only aids developers in selecting the 
most appropriate methodologies for their projects but also enriches the academic discourse by providing a structured 
approach to methodology evaluation. 

The findings from this research have the potential to guide future improvements in MDA-based methodologies, 
ultimately leading to more robust, efficient, and user-friendly web applications. This study sets a precedent for future 
evaluations and developments in the domain, enhancing the theoretical and practical understanding of web 
engineering. 

Some arguments could be said that the evaluation is totally based on the opinions and voting of a small group of 
evaluators. The results of the evaluation may be impacted by their own understanding and their own experiences. 
Although the fact that the evaluators are experts in their fields, the different of their understandability, familiarity, and 
degrees of experience with the QuEF may be reflected on the importance and consistency of the outcomes. 

1. As a nature of focus group, six respondents is considering within the acceptable range when employing the online 
focus group approach. Carey et. al. (Carey and Asbury 2016) argued that “On average, the group should consist of 6 to 
10 members. Therefore, it may be difficult to sustain a discussion if the number of participants is less than 6; and it may 
be difficult to control if the number of participants is more than 10”. However, this number of evaluators can be 
increased in the future work to strengthen research outcomes. But it is important to know; the online questionnaire has 
been prepared to be totally dependent on the QuEF context, and the evaluators don’t need to be familiar with it. 

Some arguments could be also said that The evaluation and resulting outcomes are based on the only case study of the 
WSDMDA methodology. Unfortunately, these results cannot be generalized to other MDA-based methodologies without 
making additional critical adjustments and assessments. The specific characteristics of WSDMDA may respond 
differently to the evaluation framework compared to other methodologies, which could limit the broader application of 
the findings. 

2. The selection of the most commonly used qualities and features that need to be evaluated is a very important issue 
for making the evaluation and resulting outcomes more fair and reflective. So, in future work, there must be a critical 
consideration for a carefully selection for the qualities and features of the methodologies under evaluation. If this 
selection has been done properly, generalizability can be granted. 

Some reviewers could be argued that although the study utilizes a reliable quantitative approach to evaluate the 
methodology, the qualitative features such as user satisfaction, usability, and interface considerations of the 
development of web applications using WSDMDA have not yet been deeply examined. This drawback of qualitative 
evaluation could ignore some other but critical features of model-based web engineering. In addition, the evaluation 
process focuses on two features: MDE and Web Modeling. Despite the fact that they are critical components, other 
critical components like Tool Support and User Experience have not yet been reviewed. This limitation may result in an 
unsatisfactory evaluation of the methodology's overall selection potentiality and efficiency. 

3. The theme of web applications is a qualitative theme in terms of qualities and features therefore it is important to 
address or evaluate these qualities and features by a qualitative framework. Hence, the QuEF is receiving qualitative 
data (like either Supported, Not Supported, or Partially Supported), as the QuEF framework basically has a special step 
to convert these qualitative feedback data to quantitative data. In the future, these quantitative data can be processed 
using standard statistical approaches to increase the understandability of evaluations and resulting outcomes. However, 
the QuEF already has many qualities (such as User Satisfaction, Usability, and Model-Based Testing) and other Features 
(such as Tool Support, Interface, and User Experience). In the near future, these qualitative aspects will be included to 
make the evaluation and selection of appropriate MBWE methodology is fair, efficient, and effective. 
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