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Abstract
The validation of any new methodological proposal demands several real-life implementations. However, 
organizations are reluctant to invest without the firm guarantee that they will be returned the entire expended amount of 
money. For this purpose, expert judgment techniques are very useful to provide a less-costly initial validation that, 
when positive, may encourage organizations to use these new proposals. Therefore, the primary goal of the paper will be 
to assess how expert judgment techniques based on the Delphi method can be applied to Web Engineering field and, more 
in particular, to assess the validity of the NDT-Agile framework. NDT-Agile is a framework that combines Agile and Web 
Engineering techniques to meet Capability Maturity Model Integration development goals. The paper presents a real 
example of an application of a Delphi-based expert judgment method to assess NDT-Agile framework validity, explaining 
the design as well as the selection and usage of the different techniques it involves. The application of the method will 
allow assessing benefits and limitations of use in Web Engineering. As a main conclusion, we will state the utility of the 
proposed methods to obtain a low-resource initial validation of a certain proposal. Finally, we will identify further lines of 
research related to the analyzed topics.
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1  Introduction

It is known that the full validation process of a new frame-
work or methodological proposal can take a long time, as 
it might need several real-life implementations in order to 

gather empirical data. In consequence, before starting real-
life implementations, organizations will often claim for 
some guarantees on the results, because both their invest-
ment and reputation are at stake in each project. This fact 
might delay considerably the deployment, implementation, 
test and introduction of any new proposal, hindering signifi-
cant innovation and organizational improvement.

The expert judgment methods appear as a way to provide 
organizations with certain guarantees to assess the expected 
results of a particular new proposal. They can be considered 
as a “compromise” solution in which an initial evaluation 
can be carried out with less investment, anticipating some-
how the expected results of the application of these new 
methods.

These types of approaches, that are based on the com-
bined use of Delphi method [17] and several statistical 
techniques, are quite common in other fields, such as social 
science or medicine, but they are not that frequent in the 
context of Software and Web Engineering.

The main goal of this paper will be the validation of an 
Agile framework, named NDT-Agile, that tries to provide a 
set of Agile practices to achieve all CMMI-DEV maturity 
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level goals for organizations developing systems in Web 
Engineering environments.

As it is known, CMMI [10] is a recognized maturity 
model that is used by organizations to improve their pro-
cesses, being CMMI-DEV the particular version of CMMI 
dedicated to software development. Agile [4] is a generic 
label applied to a certain set of methodologies that tries to 
promote close collaboration between business and IT teams 
and early delivery of software, among other benefits.

The relation between Agile and CMMI has been subject 
of study during last years, both in the field of general Soft-
ware Engineering [63] and in the field of Web Engineering 
[69] Along this time, both Agile and CMMI approaches have
moved from initial reluctances [65] to initiatives of com-
bined implementations [28, 63, 69]. In particular, in the field
of Web Engineering, as Web systems development shared
synergies with Agile approaches [2, 45] and CMMI is nor-
mally associated with increases in software quality and cus-
tomer satisfaction [30], the definition of a framework that,
at the same time, could support Web specific characteristics,
ensure agility and fulfil CMMI specific and generic goals
might be considered valuable both for Agile and CMMI-
certified Web development companies. The former would
gain in Agile institutionalization, removing customers and
partners’ fears. The later would increase agility and respon-
siveness without loosing the benefits of a well-established
process. In order to fill in this gap, we find NDT-Agile [67,
70], as a mature Agile framework that could, simultaneosuly,
support Web developments using advanced Web Engineer-
ing techniques and meet all required CMMI-DEV specific
and generic goals.

This paper will present the design of an expert judgment 
method, based on the Delphi method, in order to assess the 
validity of NDT-Agile proposal. Based on the foregoing, our 
work tends to reach the following goals:

• Present an overview of the different elements to take into
account when designing an expert validation method,
including mechanisms to measure stability and consen-
sus.

• Present the results of a real Delphi-based expert judg-
ment method for NDT-Agile, by means of the use of the
presented techniques in a combined way in a real-life
experience to assess the feasibility of its application to
Web Engineering field.

• Obtain initial results of the validity of NDT-Agile pro-
posal regarding its different dimensions.

• Present relevant conclusions and suggest further lines of
research.

For this purpose, this study is organized as follows:
after this introduction, Sect. 2 will introduce the research 
questions and method. Afterwards, Sect. 3 will present the 

background related to NDT-Agile and Delphi method. Sec-
tion 4 will describe the design of our Delphi-based expert 
judgment method. Then, Sect. 5 will summarize the results 
of the conducted process, and finally, Sect. 6 will draft the 
main conclusions of the paper and will recommend further 
lines of research.

2 � Research questions and method

This section will present the research questions together with 
the proposed research approach. These questions are linked 
to the generic question: “How to design a suitable expert-
judgment method to validate a proposal in the Web Engi-
neering field?”. In order to be able to answer this generic 
question we have divided it into the following more detailed 
and specific research questions:

• RQ1 What should be taken into account when designing
an expert judgment method?

• RQ2 What are the most suitable techniques to process
gathered data during an expert judgment method?

• RQ3 How to identify when consensus is reached during
an expert judgment method?

The answers to RQ1 will help us to identify firstly the
right expert judgment method that should be used and sec-
ondly, how to design it in detail. The answers to RQ2 will 
allow us to define the gathered data processing in a proper 
way and the ones to RQ3 will tackle particularly the issue 
of consensus measurement. Managing all of them correctly 
(method, detailed design, statistical tools and consensus 
measurement) in the context of the NDT-Agile proposal will 
initially respond to our main research question.

When choosing a research approach, the first decision 
to make is linked to select which type of approach will be 
more suitable; a quantitative approach or a qualitative one. 
According to Creswell [12], a qualitative research approach 
can be acceptable when the research object is still to be 
understood. That is the reason by which we selected the 
qualitative approach. We tried to obtain some general con-
clusions by means of a concrete application of an expert 
judgement method to the validation of a particular Web 
Engineering method.

Following this initial approach, and in order to answer 
the proposed research questions, we started with analyzing 
the existing literature regarding expert judgment techniques 
in general and Delphi method as well as available statistical 
techniques to process data. Most of the conclusions obtained 
during this phase will be presented in Sect. 3.

After that review, we defined the subject to be studied 
during our Delphi method and designed the expert panel 
accordingly. We also selected the statistical tools to process 



the compiled data. The results of this process will be shown 
in Sect. 4.

Next, we ran the designed Delphi method and finally we 
processed the compiled information and extracted relevant 
conclusions by means of the selected techniques. Results of 
this last phase will be discussed in Sects. 5 and 6.

It is worth emphasizing that, although the Delphi method 
has been widely used in the field of social and medical sci-
ences, and even in the software development field [47, 61], 
we were not able to find out in literature applications of this 
method to the field of Web Engineering (e.g. to validate a 
new Web Engineering proposal or framework). Moreover, 
the answer of the above presented research questions will 
also help to describe how the Delphi method can be tailored 
and combined with several statistical techniques in order to 
define a suitable expert-based validation process for Web 
Engineering, being therefore one of the main contributions 
and novelties of our paper.

3 � Background

In this section we will provide the necessary theoretical 
background both on the assessed framework (NDT-Agile) 
and on expert judgment techniques and Delphi method, in 
order to allow a better understanding of the proposal. Finally, 
it will include some basic information on how to measure 
consensus and stability along Delphi methods.

3.1 � Agile and NDT‑Agile

As mentioned, different Systematic Literature Reviews 
(SLRs) have analyzed the relation between Agile and 
CMMI-DEV, both for generic software environments [63]
and for Web Engineering contexts [69]. We have recog-
nized the existing approaches trying to establish the relation
among the fields and identifying the existing gaps. These
studies point out only a few approaches combine or modify
Agile techniques in order to meet the different CMMI-DEV
goals. One of them is Model C-S [42], a Scrum modified
proposal, including up to 123 practices, which maps the spe-
cific ones of CMMI-DEV maturity levels 2 and 3. The model
excludes deliberately those CMMI-DEV process areas that
are related to organizational issues, like those of levels 4
and 5.

The studies previously mentioned also highlight some 
works that present analyses on how Scrum [19, 43], XP 
[52] or Kanban [6] can cover totally or partially the goals
for CMMI-DEV maturity levels 2 and 3. All those works
conclude that none of these Agile approaches can, by them-
selves, cover all the goals, although they can be seen as com-
patible with the maturity model, as they cover a significant
amount of them.

Another conclusion that we can extract from [69] is that 
no Agile proposal, apart from NDT-Agile, could cover all 
CMMI-DEV specific and generic goals for all maturity lev-
els in the particular case of Web development environment.
This means that, despite the large amount of different Agile
proposals currently existing and being used, and among
the few known Agile proposals to map CMMI-DEV matu-
rity levels’ goals, NDT-Agile seems to be the only one that
systematically covers all of them. Therefore, it is the only
suitable approach for those organizations developing Web
Systems that aim to keep agility and ensure CMMI-DEV
compliance.

Based on these reasons, the main goal of the expert judg-
ment process that we will present in this paper is assessing 
how an expert judgment method can be designed and used in 
the Web Engineering field. As a secondary goal, we will val-
idate NDT-Agile, a mature Agile framework for developing 
Web development projects. At the same time, this method 
tries to cover all CMMI-DEV [10] specific and generic 
goals, in order to keep organization and project’s agility as 
well as to support all Web development specificities.

NDT-Agile can be seen both as an extension of standard 
Scrum [66] and XP [3] and as an extension of NDT (Navi-
gational Development Techniques) [21], aiming at covering 
all CMMI-DEV specific and generic goals. It also keeps 
an Agile approach and supports Web Engineering special 
characteristics, acting as a mature Agile framework for Web 
projects. Figure 1 tries to depict it graphically.

A detailed description of NDT-Agile is out of the scope 
of this paper, although deep information on its proposed 
lifecycle can be found in works like [67, 70]. Nevertheless, 
we will offer high-level overview of its design and structure.

Regarding the framework definition and design, and in 
order to analyze the relation among Agile, CMMI-DEV and 
Web Engineering and identify possible research gaps, a Sys-
tematic Literature Review was conducted [69] according to 
Kitchenham et al. [37]. As a result of the review, all relevant 
existing related papers were identified and some relevant 

Fig. 1   NDT-Agile: a mature Agile framework for Web Engineering



conclusions were drawn. For instance, the review stated that 
the possibility of proposing an Agile approach to achieve all 
CMMI-DEV goals in Web environment would be interesting
both to Agile and CMMI-certified companies.

As Scrum and XP are the two most popular Agile 
approaches used either alone or even in combined imple-
mentations [53, 73], a gap analysis between Scrum and XP 
standard practices and the goals of CMMI-DEV maturity 
levels 2 [72], 3 [71], 4 and 5 [68] was also performed. As a 
general conclusion of those works, it can be confirmed that, 
although Scrum and XP by themselves are not able to cover 
all CMMI-DEV goals, they can be seen as compatible with 
CMMI-DEV, as they cover a significant percentage of the
CMMI-DEV goals, at least for maturity levels 2 and 3 [71,
72]. Based on this finding, other existing Agile approaches
were analyzed and other potential Agile practices to fill in
the identified gaps between Scrum and XP, on the one hand,
and CMMI-DEV specific and generic goals, on the other
hand were identified. Those other Agile approaches con-
sisted in other existing well-know Agile techniques or ad-
hoc modifications to standard Scrum or XP proposals that
aimed to achieve some of the CMMI requirements.

Based on the conclusions of the analyzed works, NDT-
Agile tries to incorporate in a single, coherent and compre-
hensive framework all of these Agile approaches, proposing 
a framework that organizations can use to progress through 
the different CMMI-DEV maturity levels only by means of 
Agile techniques.

NDT-Agile consists of three main elements: firstly, NDT-
Agile lifecycle for projects, basically based on Scrum lifecy-
cle and composed of a set of different phases and techniques; 
secondly, a set of seven Agile complementary techniques 
that extend the suggested core lifecycle so as to simulta-
neously ensure the full coverage of CMMI specific and 
generic goals, as well as the maintenance of the proposal’s 
full agility; and finally, it includes a governance proposal to 
assure its correct deployment, adaptation and continuous 
improvements. Figure 2 displays the different elements of 
the methodology.

Figure 2 represents NDT-Agile iterative and incremental 
lifecycle, which is encapsulating NDT, together with the 
different proposed Agile complementary techniques that 
compose the framework. NDT-Agile governance wraps the 
two other elements to deploy, adapt and improve the organ-
ization-wide methodology.

NDT-Agile lifecycle [70] comprises two phases: Project 
launching (the only non-iterative element of the framework), 
where the initial plan is depicted by means of Agile methods, 
and Project development, where the project is developed and 
plans are adapted according to a Sprint-based lifecycle. Fig-
ure 3 shows the proposed lifecycle.

Figure 3 shows the two framework phases, displaying the 
main iterative approach of the proposed lifecycle.

As mentioned, the framework also includes a set of seven 
Agile complementary techniques that are used to ensure 
both CMMI-DEV compliance and project agility, as Fig. 4 
displays.

To conclude, a governance model, focused on the exist-
ence of a governance body that monitors framework deploy-
ment, customization and improvement, is proposed to guar-
antee coherence at organization level.

3.2 � Expert judgement techniques and Delphi 
method

Expert judgement techniques are those who allow a cer-
tain number of experts in a particular area of knowledge to 
express a shared opinion on a particular topic. There are sev-
eral expert judgment techniques that can be used for diverse 
purposes such as forecasting, evaluation or policy design, 
among others. Some of the best-known techniques are:

• Brainstorming [20, 51] A group shares ideas associated
with an issue with the goal of moving away from the
constraints of the more formal problem-solving sessions.
The main goal is to produce as many ideas as possible
and as much ground-breaking as possible. Besides, the
combination or merging of proposed ideas is encouraged.

• Nominal group technique (NGT) [8] It is a technique in
which an expert group is defined in order to identify ele-
ments of a problem, a potential solution and established
priorities. In NGT technique, the experts gather together
physically and, by means of facilitator guidance and fol-
lowing a structured approach, they discuss, vote and rank
the elements of the analyzed problem.

Fig. 2   Elements of NDT-Agile 



• Delphi method [32] A group of experts discusses on
a selected topic trying to reach consensus, but in this
case by means of questionnaires and through successive
rounds, preventing experts from knowing each other to
avoid group pressures through discussions.

• Didactic interaction It is normally used in cases of “yes/
no” decisions. It consists in on-site meetings, where the
group splits in two subgroups that express different views

and discuss about them. Then, they change roles and each 
group defends the opposite position. This change might 
help to understand each other’s position and move the 
group through consensus.

As mentioned before, the main goal of the presented 
research is to assess how an expert judgement method can be 
used in the Web Engineering field, in particular to evaluate 
the validity of the proposed NDT-Agile approach, before run-
ning practical implementations. In order to choose the most 
suitable expert judgement technique, the above-mentioned 
ones were qualitatively assessed. As the main objective of 
brainstorming technique is to bring new and different views 
on an existing problem, it seems to be less suitable for a gen-
eral evaluation, as it is the particular case of this research. 
In light of this, it was discarded as an appropriate approach.

As explained, the didactic interaction is mainly thought 
for “yes/no” decisions. It is not the case of the current 
research, which has the goal of identifying the validity of 
the model from different angles and elements (like CMMI-
DEV compliance, Agility or Web Engineering support). 
This assessment cannot be simplified to a “yes/no” choice, 
being that the reason to reject the approach for the current 
research, as well.

The two remaining approaches, NGT and Delphi, seemed 
to be suitable for the proposed validation process, but NGT 
requires physical presence of the expert, and, as it will be 
presented later on, the selected panel was geographically dis-
tributed all over 8 different countries. The cost of bringing 
together the panel for debate, together with the possibility 

Fig. 3   Lifecycle of NDT-Agile [70]

Fig. 4   NDT-Agile complementary techniques



of avoiding influence of dominant characters in face-to-face 
discussions led us to choose the Delphi method.

Regarding the Delphi applicability to this particular case, 
Rowe and Wright [59] suggest that it is applicable when the 
use of statistical methods is inappropriate, when a relevant 
number of experts is available and when alternatives are 
either to average the forecast of several individuals or to use 
a traditional group. In our case, there is no large amount of 
data coming, for instance, from a massive practical applica-
tion of NDT-Agile. Thus, the use of statistical techniques to 
assess its validity is not a possibility. In addition to this lack 
of data, a proper panel to evaluate the model was identified, 
as it will be described later on, and alternatives to assess 
it (via a simple average or a traditional group) were not an 
option, due to the geographical distribution of the experts. 
Based on the described elements, Delphi seemed to be a rea-
sonable research method to respond to our generic research 
question and subsequent specific research questions.

The Delphi method is an expert judgment approach that 
the RAND Corporation designed along the 1950s. Initially, 
it was used for its internal research [32] and, due to the spe-
cial nature of the RAND projects mainly working on the 
military industry, it was not issued until 1963 by Dalkey 
and Helmer [17].

This method gained in popularity during the different 
decades of the XX century, as reported in [58]. Heiko [32] 
explains that the community is still highly interested in the 
Delphi method, evidenced by the number of Delphi-related 
articles published recently.

As mentioned, Delphi is an expert judgment method, in 
which well-recognized experts on a certain field express 
their views and opinions in a series of rounds following 
structured questionnaires, which are processed and returned 
to the experts as feedback for the subsequent rounds [17, 
40]. The main goal of the Delphi method is usually to reach 
a consensus among the aforementioned expert panel in rela-
tion to a certain number of issues. As reported by Heiko [32] 
and following Rowe et al. [59], four are the main character-
istic elements of a Delphi method:

• Anonymity [16] During the Delphi method the panel
members do not know each other. Anonymity is crucial
during the application of the method to avoid group pres-
sure and excessive weight of dominant behaviors, as well
as to ensure that opinions are expressed freely regardless
of public criticism.

• Iteration The method is executed in a series of rounds,
with the goal of achieving stability on the results pro-
vided by the panel.

• Controlled feedback [16] As described previously, Del-
phi is an expert judgment method with the main goal
of gathering feedback from a set of recognized experts
on a certain field. Nevertheless, as the method is nor-

mally based on a set of pre-defined questionnaires, the 
received feedback is always structured and “guided” by 
the organizers of the method in order to avoid unneces-
sary “noise”.

• Statistical “group response” [16] As a conclusion of
the different Delphi rounds, the organizers provide the
experts with a report containing the statistical processing
of the panel opinion, normally including mean, median
and standard deviation, together with the reviewers’ com-
ments. Based on this report, experts can change their
opinion during the following rounds.

As Hsu and Sandford [35] describes, a Delphi method
usually comprises the following phases:

• Selection of the subject to be analyzed This is one of the
most important phases of the Delphi method, as a good
selection of the subject to be analyzed directly makes an
impact on the quality of the gathered results.

• Panel selection This phase consists in choosing the
members of the panel of experts that will participate in
the Delphi method. There are no clear criteria regard-
ing how to select the participants, as reported by Hsu
and Sandford [35]. Nevertheless, they state, citing previ-
ous authors [50, 54], that elements such as professional
background, knowledge of the subject to be analyzed and
willingness to participate might be valid criteria to be
a member of the panel. Regarding the group size [35]
points out that there is no consensus in the literature.
In contrast, it has been documented [41] that most of
the Delphi studies use a panel that varies from 15 to 20
members. As a main recommendation, the number of
panelists should be high enough to be representative and
low enough to keep the process manageable.

• Round 1 It is common to start the Delphi method with
an open-ended questionnaire that helps the organizers to
better understand the analyzed subject and identify its
most relevant aspects. The conclusions of such a ques-
tionnaire lead to the development of a deeply structured
one that will lay the foundation for the next rounds of the
method. It is important to note, as Hsu and Sandford [35]
report, that starting round 1 directly with a well-struc-
tured questionnaire becomes an acceptable modification
of the Delphi method.

• Further rounds The results of the initial round are gath-
ered and processed using statistical techniques. A sum-
mary of the conclusions, normally including statistical
values such as mean, median or standard deviation,
together with the anonymized textual reviewers’ com-
ments is sent to the participants as an input for the next
round. Based on these conclusions, the experts can mod-
ify their assessment in the following round, if appropri-
ate. Even if theoretically a Delphi method can run con-



tinuously until consensus is reached, the literature [7, 14] 
shows that quite often a maximum of three iterations is 
enough to gather the key information.

• Conclusions Once the number of necessary rounds is
reached (and, as mentioned before, it highly depends on
the analyzed subject, the panel and the received feed-
back), the gathered information is processed, analyzed
and, usually written in a report.

Figure 5 displays graphically this process.
Finally, and to conclude this Delphi method overview,

it is worth pointing out the most common limitations and 
weaknesses this method entails. As Hsu and Sandford [35] 
explain, criticism of Delphi method is based on the fol-
lowing arguments, among others: potential low response 
rates, high time consuming and potential to mold opinions.

3.3 � Consensus and stability in Delphi method

According to Heiko [32], it is important to differentiate two 
main concepts when processing Delphi gathered data. One 
is “consensus”, meaning convergence of opinions towards 
a certain value, and the other is “stability”, meaning that 
values are consistent through different rounds. Some works, 
such as [15], discuss that “consensus” without “stability” 
is meaningless and propose a decision tree in order to 
determine stopping criteria for Delphi methods taking into 
account both elements. Figure 6 shows the decision tree.

As Fig. 6 shows, stability must be assessed after each 
round. If stability is reached, then consensus will be exam-
ined. If one of the two conditions is not met, a new round 
will be organized.

Heiko [32] explains that there has been a debate on 
whether stability should be measured at group or at 

Fig. 5   Delphi method overview

Fig. 6   Hierarchical stoping cri-
teria for Delphi methods [15]



individual level. Some authors claim [9] that it should be 
measured individually, as high fluctuations might happen 
for certain panelists and should be compensated by some 
other panelists’ opposite fluctuations. On the contrary, 
other authors [60] express that as Delphi method is trying 
to gather a certain group opinion and not individual points 
of view, stability should be measured at group level.

The issue of consensus is, however, a wider element, as 
there are several approaches that measure it. Heiko [29] pre-
sents a literature review on how consensus is measured in 
different reported Delphi methods. From the conclusions of 
this work, we can identify that there are basically two main 
approaches for consensus measurement in Delphi methods:

• Qualitative analysis and descriptive statistics In this
group, elements such as pre-defining a established
amount of rounds to finish, performing a subjective
analysis to detect certain level of consensus, or using ele-
ments such as mean, median and standard deviation, are
used to evaluate and reach consensus among panelists.

• Inferential statistics Among this group we can find differ-
ent statistics that try to establish several relations among
variables. Statistics like Chi square, Cohen’s kappa,
Fleiss’ kappa or Kendall’s W can be used to measure the
consensus level, depending on the defined scale.

If we analyze in detail the latter, we can find several sta-
tistical techniques that can be used for “consensus measure-
ment”, or to be more statistically correct, for concordance 
analysis. The more relevant are listed below:

• Chronbach’s alpha [13, 62] This statistic is used to meas-
ure the level of reliability of a particular test. Normally,
when we aim to assess a non-directly observable magni-
tude by means of a set of n directly observed magnitudes
(for instance n answers to a questionnaire), Chronbach’s
alpha measures the level of reliability of the proposed
scale.

• Cohen’s Kappa and Weighted Cohen’s Kappa [11] These
statistics are used to analyze the degree of concordance
among raters, when the number of raters is two and the
rated variables are given in a nominal scale (for instance,
a rater is classifying items in two categories: suitable or
non-suitable).

• Fleiss’Kappa [24] This statistic is an evolution of the
aforementioned Kappa. It is used to analyze the degree
of concordance among raters when they are more than
two and the rated variables are also given in a nominal
scale. The advantage of Kappa’s statistic is that it cor-
rects random effects and it is relatively easy to calculate.

• Kendall’s coefficient of concordance (W) [38] This statis-
tic tries to measure the concordance among n raters rat-
ing m variables that are given in an ordinal scale. A high

value of W statistic might be interpreted as if experts 
apply the same standards when assessing the items [64].

Besides, some of the previously mentioned statistics 
can also be used to measure stability through the different 
rounds, as [34] shows by means of using Kappa to measure 
stability among the different rounds of a Delphi method.

Together with the two approaches identified by Heiko 
[32], another statistical technique can be used to measure 
consensus: Simple Correspondence Analysis (SCA). SCA is 
an exploratory statistical technique proposed by Hirschfeld 
[33] and developed by Benzécri [5] during the 70s. It tries to
represent graphically, in a two or three-dimension graphic, a
large amount of data. It provides a way to measure homoge-
neity among two or more categories of two variables. Raters’
homogeneity (meaning how equally they are behaving) can
also be interpreted as a measure of the extent to which they
agree on a certain topic.

4 � Designing a Delphi‑based 
consensus‑making method

This section will describe how our Delphi-based consensus-
making method was planned, indicating how the experiment 
was designed, how the panel was selected, how the different 
rounds were conducted and which elements were used to 
assess the level of consensus and stability among the panel 
members.

4.1 � Subject definition

The initial step comprises the subject definition and the 
questionnaire design. As referred, there are two approaches 
when designing a questionnaire for a Delphi method: using 
the first round to clarify the questionnaire or starting the 
first round with an already well defined one [35], being both 
acceptable approaches. We chose the second approach as the 
elements to be validated were already clear at the beginning 
of the process, although the questionnaire itself is poten-
tially subject to small changes or adaptations based on the 
received feedback. For this purpose, statistical techniques 
will be used to ensure that the questionnaire is reliable 
throughout the process.

As it has been explained, one of our goals was to evaluate 
NDT-Agile as a coherent framework that, at the same time, 
could guarantee Agility, suit Web development projects spe-
cificities and help to achieve all CMMI-DEV goals. Based 
on the foregoing, there are four dimensions to be assessed 
by the panel during our proposed Delphi method:

• Agile: It assesses the extent to which the framework guar-
antees project agility, meaning adaptation to changes,



quick value delivery or increased stakeholder communi-
cations, among other parameters.

• CMMI It evaluates the extent to which the framework
achieves the different specific and generic goals of the
different CMMI-DEV maturity levels.

• Web It analyzes the extent to which the framework sup-
ports Web development project specificities, regarding
navigation, maintenance, security or user-feedback,
among other elements.

• Framework It studies the internal coherence of the
framework that is to say, whether it is complete or not,
or whether it proposes or not contradictory techniques.

We can consider that each of these dimensions is inde-
pendent of the others, meaning that it is perfectly possible 

for the framework to be CMMI-compliant, whereas Agile 
is not or the other way around. Based on that, our approach 
started both with dividing the questionnaire in four sections, 
related to each of the identified dimensions and defining a set 
of statements that could allow assessing each of the dimen-
sions described below:

• Agile In this case, the statements are defined following
the “Agile manifesto” [4] values and principles. The pro-
posed statements are displayed in Table 1.

• CMMI In this case, the statements are defined based on
the different CMMI-DEV maturity levels. The proposed
statements are displayed in Table 2.

• Web In this case, the statements are defined according to
the specific Web development characteristics identified

Table 1   Proposed statements to assess Agile dimension

Id Statement Rationale

Q1 NDT-Agile enhances personal interactions and communication 
among team members

Based on the first statement of the “Agile manifesto”: “Individuals 
and interactions over processes and tools”, this statement evalu-
ates whether or not NDT-Agile still promotes communications and 
interactions

Q2 NDT-Agile promotes early delivery of working software to business Based on the second statement of the “Agile manifesto”: “Work-
ing software over comprehensive documentation”, this statement 
focuses on NDT-Agile delivery of working software

Q3 NDT-Agile support better communication between the development 
team and the business

Based on the third statement of the “Agile manifesto”: “Customer 
collaboration over contract negotiation”, this statement evaluates 
how fluid the communication between technical team and business 
can be when NDT-Agile is used

Q4 NDT-Agile allows quick and easy adaptation to changes, even late in 
the development process

Based on the fourth statement of the “Agile manifesto”: “Responding 
to change over following a plan”, this statement assesses how easily 
changes can be incorporated when NDT-Agile is used

Q5 NDT-Agile promotes best development practices to ensure quality 
software

Based on the “Agile manifesto” value: “Continuous attention to tech-
nical excellence and good design enhances agility”, the statement 
analyzes whether or not best technical practices are incorporated to 
NDT-Agile framework

Q6 NDT-Agile set the grounds for all stakeholders’ continuous improve-
ment and learning

Based on the “Agile manifesto” value: “At regular intervals, the team 
reflects on how to become more effective, then tunes and adjusts its 
behavior accordingly”, the statement is based on how NDT-Agile 
can support continuous improvement

Table 2   Proposed statements to assess CMMI dimension

Id Statement Rationale

Q7 NDT-Agile practices allow meeting all CMMI-DEV level 2 specific 
goals

This statement focuses on the compliance of CMMI-DEV maturity 
level 2 specific practices

Q8 NDT-Agile practices allow meeting all CMMI-DEV level 3 specific 
goals

This statement focuses on the compliance of CMMI-DEV maturity 
level 3 specific practices

Q9 NDT-Agile practices allow meeting all CMMI-DEV level 4 specific 
goals

This statement focuses on the compliance of CMMI-DEV maturity 
level 4 specific practices

Q10 NDT-Agile practices allow meeting all CMMI-DEV level 5 specific 
goals

This statement focuses on the compliance of CMMI-DEV maturity 
level 5 specific practices

Q11 NDT-Agile practices allow meeting all CMMI-DEV generic goals This statement focuses on the compliance of CMMI-DEV generic 
practices



in literature. The proposed statements are displayed in 
Table 3.

• Framework In this case, the statements aim to evaluate
the internal coherence and completeness of the frame-
work. The proposed statements are displayed in Table 4.

Initially, we gave the members of the panel a Likert-scale
[39] of 5 values in order to assess each of the statements.
Table 5 presents these values.

All statements were compiled in a single questionnaire, 
which was available to the panel members by means of a 
Google Forms link [31], together with some other questions 
that helped to establish the expert characterization. Each 
panel member was not informed of the panel composition in 
order to guarantee anonymity. Besides, all communications 

were addressed keeping the different panelists in blind car-
bon copy. Results presented in the report of each round were 
also anonymized, removing any reference to the other par-
ticipants’ identity.

4.2 � Proposed statistical processing

Based on the questionnaire definition presented in the previ-
ous section, the following appropriate statistical techniques 
were selected and used during the analysis of the gathered 
information:

• Descriptive statistics This analysis is based on the calcu-
lation of mean, median, standard deviation and percent-
age of agreement and disagreement in the given rates
for each of the proposed statements. These values help
to identify experts’ consensus and raters’ agreement on
each of the proposed statements, highlighting the panel
overall opinion about the proposed framework.

• Chronbach’s alpha Chronbach’s alpha helps to measure
the questionnaire reliability. It also assesses how the pro-
posed measurement instrument adapts to the evaluated
magnitudes and how the amendments to the question-
naire can affect its reliability through the different rounds
of the process.

Table 3   Proposed statements to assess Web dimension

Id Statement Rationale

Q12 NDT-Agile proposed practices help to design navigation patterns on 
Web applications

This statement assesses Web specific characteristic “Complex navi-
gational structure” [21, 22]

Q13 NDT-Agile proposed practices support the design of Web applica-
tion interfaces

This statement assesses Web specific characteristic “Critical interface 
requirements (such as unknown users or availability, among oth-
ers)” [21, 22]

Q14 NDT-Agile proposed practices help to meet Web applications 
security constraints

This statement assesses Web specific characteristic “Security 
aspects” [36]

Q15 NDT-Agile proposed practices help to fulfil Web applications main-
tenance constraints

This statement assesses Web specific characteristic “Increase on 
maintenance efficiency, avoiding downtimes” [46]

Q16 NDT-Agile proposed practices promote delivery of value on Web 
systems as soon as possible

This statement assesses Web specific characteristic “Delivery as soon 
as possible” [44, 55, 57]

Q17 NDT-Agile proposed practices enable the reduction of “time-to-
market” of Web applications

This statement assesses Web specific characteristic “Reduction of 
time-to-market” [44, 55, 57]

Q18 NDT-Agile proposed practices support the adaptation to quick-
changing requirements

This statement assesses Web specific characteristic “Adaptation to 
quick-changing requirements” [44, 55, 57]

Table 4   Proposed statements to assess framework dimension

Id Statement Rationale

Q19 NDT-Agile provides a coherent approach to manage Web develop-
ment projects

This statement controls whether there are any un-coherent or con-
tradictory practices included in the proposed framework

Q20 NDT-Agile provides complete support to Web development 
approaches

This statement controls the completion of the framework, ensuring 
that the main aspects of Web development are covered

Q21 NDT-Agile governance allows an effective customization and 
deployment of the framework

This statement measures the effectiveness of the proposed frame-
work governance

Table 5   Proposed Likert-scale

Value Meaning

1 Strongly disagree
2 Disagree
3 Neither agree nor disagree
4 Agree
5 Strongly agree



• Simple Correspondence Analysis (SCA) In our case,
SCA is used to calculate how homogeneous both
experts’ ratings and questions rates are, and how this
homogeneity evolves through the process rounds. It
will help to identify whether consensus is reached or
not among experts.

• Kendall’s W Kendall’s W aims to measure the level of
consensus among raters when evaluating a certain num-
ber of items by means of an ordinal scale. Although in
several cases Kendall’s W is used to measure intra-rater
consensus, in our case it is utilized to evaluate agree-
ment among statements ranking through rounds, as a
measure of rating stability through process rounds. It is
important to note that in our case, stability is monitored
at group level and not individually.

Below, we will offer a deep overview of different sta-
tistical techniques so as to better understand how they are 
calculated and applied.

With regard to Chronbach’s alpha [13], since its pub-
lication in the 1950s, it has established itself as a “de-
facto” index to assess the extent to which the items of an 
instrument are correlated [1]. Typically, Cronbach’s alpha 
is considered a measure of a scale reliability, which can be 
defined as the degree to which the instrument is assessing 
the needs to be measured. Chronbach’s alpha is commonly 
used to determine whether the defined scale of a multiple 
Likert-questions survey is reliable or not. This is the case 
for the designed questionnaire for our proposed Delphi 
method.

If we measure a quantity being the sum of K elements 
(for instance, the number of items inside the instrument 
being assessed), Chronbach’s alpha is calculated as 
follows:

In this formula, K is the number of items, v̄ is the average 
variance of each item and c̄ is the average of all covariances 
among the components of the current sample of people.

According to Welch and Comer [75], measuring reliabil-
ity by means of Chronbach’s alpha involves that the items 
are measuring the same construct and that they are highly 
correlated. The more the coefficient is close to 1, the higher 
the internal consistency of the analyzed items is. George and 
Mallery [27] propose the recommendations given in Table 6 
in order to interpret Chronbach’s alpha values.

Moreover, several authors, such as [29, 49] state that a 
Chronbach’s alpha value higher than 0.8 is a reasonable 
target.

The second statistical technique to be used is the Simple 
Correspondence Analysis [5, 33]. As mentioned, it is a 

(1)∝=
Kc̄

(v̄ + (K − 1)c̄)

dimension reduction technique to visualize a multidimen-
sional cloud of points. It aims to measure homogeneity 
among different variables of categories. In summary, it 
allows identifying similarities among categories of two 
variables and its dependencies.

The Simple Correspondence Analysis, as described by 
Nenadic and Greenacre [48], tries to reduce the dimension-
ality of a matrix with the objective to display it in a two 
or three-dimensional space. The starting point of the Sim-
ple Correspondence Analysis, following Yelland [78], is a 
contingency table. As Yelland explains, this type of table 
appears when it is possible to classify events in two or more 
set of categories (as it happens in our case, because the 
given grades belong both to a given Expert and to a given 
Statement).

The technique is based on the calculation of two mag-
nitudes, mass and inertia, where the former stands for the 
relative frequency and the latter represents “the total Pear-
son Chi square for the two-way divided by the total sum” 
[18]. The use of this technique enables us to represent in 
two or three dimensions all the relations, expressed by the 
given grades, between the proposed 21 statements and each 
of the panel members. By means of this representation, we 
can visualize the distance between each of the raters and 
each of the statements, expressed in terms of Chi square. If 
the distance among raters or statements is short (meaning 
all experts’ ratings and statements’ grades are grouped), it 
will indicate that experts’ rating is homogeneous, that is to 
say, they are behaving the same way and there is consensus 
among them. It also helps to identify which raters and state-
ments diverge from the overall assessment.

Finally, Kendall’s coefficient of concordance or Kendall’s 
W is a statistic that measures the agreement among several 
raters who assess a set of n items [38]. This means that, if 
a number of judges are ranking a set of items according to 
its relevance, Kendall’s coefficient of concordance can be 
obtained for this set of data. If the obtained value is closer 
to 1, it will imply that the raters have almost reached con-
sensus. On the contrary, if the obtained value is closer to 
0, it will mean that there is no agreement among panelists.

If an item i is given the rank ri,j by the rater number j, 
being n the total number of items to be assessed and m the 
number of raters, the rank of this item ( Ri ) is:

Table 6   Chronbach’s alpha 
interpretation recommendations

Range Meaning

alpha > 0.9 Excellent
0.9 > alpha > 0.8 Good
0.8 > alpha > 0.7 Acceptable
0.7 > alpha > 0.6 Questionable
0.6 > alpha > 0.5 Poor
alpha < 0.5 Unacceptable



And the mean value of the ranks is:

The sum of squared deviations (S) will therefore be:

And finally, Kendall’s coefficient of concordance can be 
obtained as follows:

With regard to Kendall’s W interpretation and according 
to García-Crespo et al. [26], if W is higher than 0.7 or equal, 
it can be interpreted as a strong consensus; if W is around 
0.5, it indicates a moderate consensus; and finally, if W is 
lower than 0.3, it means weak consensus.

Summarizing, Kendall’s W can be seen as a measure 
of consensus among different raters when using an ordinal 
scale. In our case, Kendall’s W is used to identify stabil-
ity among rounds, by measuring consensus between state-
ments’ ranks through the different rounds of the method. 
This means that after each round, statements are ranked by 
its mean forming an ordinal scale and the final ranking is 
compared among the different rounds. The goal is to meas-
ure the extent to which the ranks vary through rounds. If 
variations are high, consensus will be low and there will be 
no stability. On the contrary, if variations are low, consensus 
will be high and there will be stability among the different 
rounds.

4.3 � Panel selection and characterization

As introduced before, the number of members of a Delphi 
method expert panel and their profiles are not clearly estab-
lished in the existing literature, since it depends on the ana-
lyzed subject. In our case, as it is known, we have tried to 
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analyze the validity of NDT-Agile framework from at least 
three points of view: Agile, CMMI and Web Engineering 
Thus, ideally, the panel should be composed of experts in the 
three areas of knowledge. Although this would be the ideal 
composition of the panel, finding people that are, at the same 
time, experts in all three fields (taking into account that, as 
explained before, Agile and CMMI have been seen as mutu-
ally exclusive during several years) is highly complicated. 
This is the reason why we designed a panel composed of 
experts in one of the fields with, at least, some theoretical 
knowledge about the other two fields.

Initially, we invited 27 experts to participate in this exer-
cise, receiving a positive answer from 20 of them, who 
forwarded us answers during the different rounds of the 
method. Table 7 displays the Agile experience of the Del-
phi panel members.

As it can be observed, all panel members have at least 
theoretical experience in Agile methodologies and a major-
ity of them have practical knowledge of these methodolo-
gies. The average years of expertise with Agile methodolo-
gies of the panel members is 5.37 years. Table 8 displays the 
CMMI experience of the Delphi panel members.

As Table 8 shows, at least 80% of panel members have 
either theoretical or practical knowledge of CMMI, finding 
35% with practical experience in CMMI-DEV. The average 
years of expertise with CMMI methodologies of the panel 
members is 8.75 years. It is also important to mention that 6 
panelists have been directly involved in formal CMMI evalu-
ations, known as SCAMPI assessments (an average of 6.83 
assessments per member having this type of experience). 
Table 9 displays the Web experience of the Delphi panel 
members.

Table 9 displays that all panel members have practical 
or theoretical experience in Web projects, among whom, 
those having practical experience constitute the majority. On 
average, the panel members have 10.63 years of experience 
in Web projects.

Table 7   Agile experience of 
panel members

Experience Number %

Practical 13 65
Theoretical 7 35
No knowledge/

no experience
0 0

Table 8   CMMI experience of 
panel members

Experience Number %

Practical 7 35
Theoretical 9 45
No knowledge/

no experience
4 20

Table 9   Web experience of 
panel members

Experience Number %

Practical 17 85
Theoretical 3 15
No knowledge/

no experience
0 0



As a general conclusion we can state that the panel is 
made up of a well-balanced group of people having suit-
able knowledge of the three fields, including practitioners 
with “on-the-field” expertise and theoreticians with broad 
knowledge of the different techniques and methodologies. 
Figures 7 and 8 display the type of organization for which 
the different panelists work as well as their work profile.

As these figures show, most of the panel members are 
researchers working for Universities or Research Institutions 
(75%), but some of them work either for the private industry 
or for public institutions. We can find Senior and Middle 
Manager, Team Leaders or even Project Managers, although 
60% of the participants are researchers. This variety of pro-
files will help us to combine both the project approach, given 
by project managers working on projects, and the organiza-
tional high-level one, given by Middle and Senior Managers 
more involved in organizational issues.

Finally, it is also interesting to highlight the geographical 
distribution of the experts, as they come from 8 different 
countries (Spain, Argentina, Italy, Belgium, France, Ire-
land, Croatia and Germany). This geographical distribution 

provides different local interpretations of the methodologies, 
bringing varied and interesting points of view to the panel.

5 � Results

5.1 � First round

5.1.1 � Descriptive analysis

The first round of the Delphi method was launched on 14th 
February 2016 and finished on 13th March 2016. As men-
tioned, 27 invitations were delivered, receiving 20 affirma-
tive responses and evaluations. Table 10 presents the aggre-
gated results obtained during this phase. For each one of 
the statements, we offer the average assessment of the 20 
panelists, the median, the standard deviation, the percentage 
of agreement (meaning the number of experts providing an 
assessment as “Strongly agree” or “Agree”) and the percent-
age of disagreement (meaning the number of experts provid-
ing an assessment as “Disagree” or “Strongly disagree”).

Figure 9 displays the results of the first round in the form 
of a box and whiskers graph, obtained by means of R [56], 
using the “ggplot2” [76] and the “reshape2” [77] packages.

As referred, Fig. 9 shows a box-and-whiskers chart. On 
it, the boxes limits represent the values of the first and third 
quartile of the given grades to a certain statement. Inside 
the box, the value of the median is displayed as a point. The 
graphic also shows as upper and lower whiskers, either the 
maximum and minimum values obtained during the round or 
1.5 times the inter-quartilic range (difference between third 
and first quartile). If values are going beyond 1.5 times the 
inter-quartilic range, they are considered atypical values and 
displayed as simple points.

The previous sections introduced that in the beginning 
we performed a descriptive analysis of the general gath-
ered data, by means of descriptive statistics. In general, 
experts do not express strong disagreement with the pro-
posed statements (only one question has 20% of disagree-
ment, ranging the average percentage in most cases from 
0 to 10%). For most of the statements (11 out of 21), the 
median is 4, meaning that “Agree” is the most common 
value selected by the raters, but it can also be highlighted 
that there is a significant amount of statements in which 
“Neither agree nor disagree” is the most selected value 
(10 out of 21). Regarding the assessment average values, 
8 of the statements have a higher value than 3.7, which 
can point to a clear agreement with the statement content, 
although in 13 of them the values range from 3.15 to 3.7, 
which do not indicate a clear agreement with the proposed 
statement. It can also be observed that some questions 
include an ambiguous answer (for 9 statements top and 
down whiskers vary from 5 to 2 and we can even find 

Fig. 7   Type of organization for which panel members are working

Fig. 8   Panel member work profile



extreme atypical values in some of the statements, like 
Q2, Q4 and Q5), meaning that there are some divergences 
among experts.

After studying the textual comments provided by the pan-
elists, in order to better understand the initial descriptive 
analysis, three main concerns are identified:

• Some raters argue that they do not have enough knowl-
edge to assess a particular statement and they choose
“Neither agree nor disagree” as a value to express “Don’t
know/No answer”. They suggest that this option should
be explicitly included in the questionnaire for future
rounds.

Table 10   First round aggregated 
results

Dimension Statement Average Median Standard 
deviation

% Agreement % Disa-
greement

AGILE Q1 4.00 4 0.86 75 5
Q2 3.85 4 0.93 75 5
Q3 3.90 4 1.02 70 5
Q4 3.60 4 1.19 60 20
Q5 3.55 3.5 1.05 50 10
Q6 3.70 4 0.66 60 0

CMMI Q7 3.35 3 0.75 30 5
Q8 3.35 3 0.75 30 5
Q9 3.35 3 0.75 30 5
Q10 3.15 3 0.67 20 10
Q11 3.20 3 0.77 20 10

WEB Q12 3.55 4 0.89 55 5
Q13 3.50 3.5 0.69 50 5
Q14 3.35 3 0.75 40 10
Q15 3.45 3 0.83 45 10
Q16 3.80 4 0.70 75 5
Q17 3.80 4 0.77 70 5
Q18 3.70 4 1.08 70 15

FRAMEWORK Q19 4.15 4 0.67 85 0
Q20 3.50 4 1.00 60 15
Q21 3.60 3 0.75 45 0

Fig. 9   Results of Delphi first 
round



• Other raters point out that the provided material, although
giving a good overview of the framework, should be
complemented with gap analysis and mapping details,
so that they can provide a more accurate assessment.

• Finally, several members also claim that some statements
are not clear enough and suggest to slightly rephrasing
them.

In addition to the overall analysis of the questionnaire,
we also carried out a descriptive analysis of each of the 
proposed dimensions. For each one of the dimensions, we 
have presented the obtained results as a balloon graph, 
which was obtained using R, particularly “gplots” pack-
age [74]. For this purpose, we have grouped the values 
representing agreement (“Agree” and “Strongly agree”) 
and those representing disagreement (“Disagree” and 
“Strongly disagree”) per question. Together with the bal-
loon graph, per dimension, we have presented the average 
means for each one of the statements in the form of a radar 
chart. Figures 10 and 11 offer the results for the Agile 
dimension.

Figures 10, 11 and Table 10 show that in this initial 
round, the experts’ agreement with the Agile dimension 
statements seems to be high for 4 out of 6 statements, 
since the average is above 3.7, the median is 4 and more 
than 60% of raters agree with them. The main concerns 
of the experts at this stage were linked to the ability to 
incorporate changes, in case of a more structured process 
is in place, and to how best practices are incorporated in 

the framework. Figures 12 and 13 display the results con-
cerning the CMMI dimension.

The information provided by Figs. 12 and 13 together 
with the results in Table 10 confirm that in this initial round, 

Fig. 10   Agile dimension—first 
round results (I)

Fig. 11   Agile dimension—first round results (II)



experts do not express a clear opinion regarding the CMMI 
dimension, as in most of the cases “Neither agree nor disa-
gree” is the selected option. A detailed analysis of the textual 
comments indicate that two elements affect this particular 
result: some of the raters aim to express their lack of knowl-
edge or willingness to answer and some of them need to 
have more information regarding NDT-Agile versus CMMI 
mapping. Next, we will analyze the Web dimension with the 
results displayed in Figs. 14 and 15.

From the information Figs. 14 and 15 and Table 10 pro-
vide, it can be inferred that in this initial round, experts 
seem to express a clear agreement for three of the statements 
(from Q16 to Q18), in which the average is higher than 3.7, 
the median is 4 and the percentage of agreement is around 
70%. There is no clear opinion of the panel in relation to the 
other four statements. At this stage, main concerns are linked 
to support navigation patterns and user interfaces, together 
with security and maintenance aspects. Finally, Figs. 16 and 
17 present the results for the framework dimension.

From the presented results, we can notice that in this 
initial round, experts seem to openly agree on one of the 
statements (Q19), in which the average is higher than 4, 
the median is 4 and the percentage of agreement is 85%. 
The panel does not have a clear opinion about the other two 
statements. At this stage, main concerns are linked to com-
plete support to Web development projects and proposed 
governance.

5.1.2 � Homogeneity and concordance analysis

The homogeneity and concordance analysis followed the 
descriptive one by measuring reliability. For this purpose, 
Chronbach’s alpha was calculated and the following value 
was obtained:

The calculations of the Chronbach’s alpha were computed 
using the “psy” package [23] of R [56]. The obtained value, 
following George and Mallery [27], indicated a good reli-
ability of the proposed questionnaire in order to indirectly 

∝= 0.8791989

Fig. 12   CMMI dimension—first 
round results (I)

Fig. 13   CMMI dimension—first round results (II)



measure the desired magnitude. Finally, we performed a 
Simple Correspondence Analysis for the full questionnaire, 
obtaining the results presented in Fig. 18. SCA was con-
ducted by means of R package “ca” [48].

As Fig.  18 shows, most experts and statements are 
grouped around the central point, with the exception of some 
of them (such as experts 4, 5 and 12 and statements 4, 8 and 
14). On the one hand, from the experts’ point of view, this 
result implies that most of them (experts 1, 7, 8, 19 or 20, 

for instance) are behaving in a homogeneous way (i.e. their 
assessments are more or less similar). On the other hand, 
from the viewpoint of the statements, we find the same situ-
ation with statements rates grouped around statements 3, 
9, 12 or 20. To sum up, this test shows that there is certain 
homogeneity in the provided assessments, which can con-
firm a certain level of consensus among raters.

5.1.3 � Round conclusions

As a main conclusion of the descriptive, homogeneity and 
concordance analyses, we can state that the former verifies 
that there are still elements to improve and clarify, regard-
ing the experts’ expressed opinion, despite suitability of the 
proposed questionnaire and certain homogeneity in the pro-
vided answers, as our reliability and homogeneity tests show. 
Thus, a second round of the Delphi method was proposed 
to the panel, providing the members with an anonymized 
version of the comments and statistical data presented in 
Table 10. For this second round the questionnaire was also 
modified taking into account the experts’ comments, as the 
next section will describe in detail.

5.2 � Second round

5.2.1 � Questionnaire redesign

As mentioned above in the previous section, a second round 
was conducted to clarify and refine the results gathered dur-
ing the first round of the Delphi method. The first action 
consisted in modifying the initial questionnaire in two ways:

 

Fig. 14  Web dimension—first 
round results (I)

Fig. 15   Web dimension—first round results (II)



• Six of the statements were rephrased, taking into consid-
eration the experts’ recommendations (see Table 11 for
details).

• An option “Don’t know/No answer” was included, to
allow experts to opt-out when assessing a question.

Tables 11 and 12 show the initial and the modified ques-
tionnaire and the new scale.

5.2.2 � Descriptive analysis

The second round was launched on 10th April 2016 and 
it finished on 24th May 2016. 19 replies out of 20 were 
received, either modifying or confirming the initial rate. For 
the remaining one, the assessment of the first round was 
kept for the second and following rounds. A new message 
was sent to the experts for this second round, including the 
detailed gap analysis coming from the previously identified 
works [68, 71, 72] and the mapping between NDT-Agile and 
CMMI goals, in order to help them to provide a more accu-
rate assessment. Table 13 presents the aggregated results 
obtained during this phase. For each of the statements, 
we present the average assessment of the 20 panelists, the 
median, the standard deviation, the percentage of agree-
ment (meaning the number of experts providing an assess-
ment being “Strongly agree” or “Agree”), the percentage 
of disagreement (i.e. the number of experts providing an 
assessment being “Disagree” or “Strongly disagree”) and the 
percentage of experts providing different answers to “Don’t 
know/No answer”.

Fig. 16   Framework dimen-
sion—first round results (I)

Fig. 17   Framework dimension—first round results (II)

Fig. 18   Simple Correspondence Analysis—first round



As for the previous round, Fig. 19 displays the results in 
the form of a box and whiskers graph.

Both Table 13 and Fig. 19 let us know that experts do 
not disagree in general with the proposed statements (only 
two questions have around 15% of disagreement, ranging 
it in most cases from 0 to 10%). The initial low disagree-
ment from the first round and the clarifications provided 
either by some other expert’s comments or by the sup-
plementary provided documentation might explain the 
reduction of disagreement. The median is 4 for almost all 

Table 11   Modified questionnaire for round

Id Initial statement Modified statement

Q1 NDT-Agile enhances personal interactions and communication 
among team members

No changes

Q2 NDT-Agile promotes early delivery of working software to business No changes
Q3 NDT-Agile supports better communication between the develop-

ment team and the business
No changes

Q4 NDT-Agile allows quick and easy adaptation to changes, even late 
in the development process

No changes

Q5 NDT-Agile promotes best development practices to ensure quality 
software

NDT-Agile promotes good-enough software engineering practices to 
ensure software quality

Q6 NDT-Agile sets the grounds for continuous improvement and learn-
ing of all stakeholders

NDT-Agile sets the grounds for continuous improvement and learn-
ing of the key project stakeholders (development team and busi-
ness representatives)

Q7 NDT-Agile practices allow meeting all CMMI-DEV level 2 specific 
goals

No changes

Q8 NDT-Agile practices allow meeting all CMMI-DEV level 3 specific 
goals

No changes

Q9 NDT-Agile practices allow meeting all CMMI-DEV level 4 specific 
goals

No changes

Q10 NDT-Agile practices allow meeting all CMMI-DEV level 5 specific 
goals

No changes

Q11 NDT-Agile practices allow meeting all CMMI-DEV generic goals No changes
Q12 NDT-Agile proposed practices help to design navigation patterns on 

Web applications
No changes

Q13 NDT-Agile proposed practices support the design of Web applica-
tion interfaces

No changes

Q14 NDT-Agile proposed practices help to meet Web applications 
security constraints

No changes

Q15 NDT-Agile proposed practices help to meet Web applications main-
tenance constraints

No changes

Q16 NDT-Agile proposed practices promote delivery of value on Web 
systems as soon as possible

NDT-Agile proposed practices promote early delivery of value on 
Web systems

Q17 NDT-Agile proposed practices enable the reduction of “time-to-
market” of Web applications

NDT-Agile proposed practices enable the reduction of “time-to-
market” of Web applications compared to other Web Engineering 
approaches (such as standard NDT)

Q18 NDT-Agile proposed practices support the adaptation to quick-
changing requirements

No changes

Q19 NDT-Agile provides a coherent approach to manage Web develop-
ment projects

No changes

Q20 NDT-Agile provides complete support to Web development 
approach

NDT-Agile provides support to some of the most relevant elements 
of Web development projects

Q21 NDT-Agile governance allows an effective, customization and 
deployment of the framework

NDT-Agile governance will help to achieve an effective deployment 
and customization of the framework

Table 12   Modified Likert-scale

Value Meaning

1 Strongly disagree
2 Disagree
3 Neither agree nor disagree
4 Agree
5 Strongly agree
N/A Don’t know/no answer



of the statements (19 out of 21), meaning that “Agree” is 
the most common value that raters select. This might be 
explained either because the experts are convinced of the 
other panelists’ arguments or because they have selected 
the option “Don’t know/No answer” since they feel not 
having enough background to respond. Regarding the 
assessment average values, 16 of the statements have a 
value higher than 3.7, which can point to a clear agree-
ment with the content of the statement. In the remaining 
5, the values range from 3.5 to 3.7, which might indicate 

slight agreement with the proposed statement. It can be 
deduced that dispersion has been clearly reduced in most 
of the questions (only in four questions the top and down 
whiskers vary from 5 to 2, and we find only two questions, 
Q18 and Q20, in which anomalous values ranging from 1 
to 5 appears).

In order to better understand the initial descriptive 
analysis, we have studied the textual comments provided 
by the panelists, in which two main elements have been 
identified:

Table 13   Aggregated results of 
second round

Dimension Statement Average Median Standard 
deviation

% Agreement % Disagreement % Answers

Agile Q1 4.21 4 0.63 89.47 0 95%
(19/20)

Q2 4.05 4 0.60 85 0 100%
(20/20)

Q3 4.00 4 0.79 80 5 100%
(20/20)

Q4 3.55 3.50 1.00 50 15 100%
(20/20)

Q5 4.10 4 0.85 70 0 100%
(20/20)

Q6 3.95 4 0.69 75 0 100%
(20/20)

CMMI Q7 4.07 4 0.83 71.43 0 70%
(14/20)

Q8 4.08 4 0.64 84.62 0 65%
(13/20)

Q9 3.86 4 0.66 71.43 0 70%
(14/20)

Q10 3.54 4 0.78 53.85 7.69 65%
(13/20)

Q11 4.00 4 0.85 66.67 0 60%
(12/20)

Web Q12 3.83 4 0.62 72.22 0 90%
(18/20)

Q13 3.74 4 0.56 63.16 0 95%
(19/20)

Q14 3.50 4 0.79 50 11.11 90%
(18/20)

Q15 3.67 4 0.84 61.11 5.56 90%
(18/20)

Q16 3.94 4 0.64 83.33 0 90%
(18/20)

Q17 4.11 4 0.74 89.47 5.26 95%
(19/20)

Q18 3.74 4 1.05 78.95 15.79 95%
(19/20)

Framework Q19 4.28 4 0.57 94.44 0 90%
(18/20)

Q20 3.75 4 1.06 75 12.50 80%
(16/20)

Q21 3.53 3 0.62 47.06 0 90%
(17/20)



• Experts agreed on the modifications performed in the
questionnaire.

• Experts expressed that the provided documentation has
helped them to get a general idea and give a more accu-
rate grade.

It is also important to mention that the number of com-
ments received during this round is significantly lower 
than those received during the first round. As in the first 
round, we will present the performed descriptive analysis 

per dimension, starting with the Agile one, presented in 
Figs. 20 and 21.

Figures show that in this second round, the panel agree-
ment with the Agile dimension statements seems to be very 
high for 5 out of 6 statements. For them, the average assess-
ment is above 3.95, the median is 4 and more than 70% 
of raters agree with the statement. Besides, the percentage 
of disagreement is below 5% in 5 of the 6 statements. The 
rephrase for Q5 and Q6 clearly facilitates the assessment, 
as the new results show. At this stage, there is no clear 

 

Fig. 19  Results of Delphi sec-
ond round

Fig. 20   Agile dimension—sec-
ond round results (I)



agreement only for statement Q4, regarding the easy adapta-
tion to changes. Nevertheless, the obtained values (average: 
3.55 and median: 3.5) might represent slight agreement or 
no clear validation, but never disagreement. Next, we will 
present the results of CMMI in Figs. 22 and 23.

We can observe that in this second round, experts have 
moved from an initial not well-established opinion to a broad 
consensus on the proposed statements (4 out of the 5 state-
ments have an average assessment higher than 3.8, a median 
of 4, and a percentage of agreement higher than 65%). The 
main reasoning behind this change might be, on the one 
hand, the extra documentation provided to the raters during 
the second round, which might have clarified some issues 
and, on the other hand, the possibility for those not having 
enough knowledge to assess some statements by choosing 
“Don’t know/No answer” option to respond. This has been 
clearly the case for most of those experts who expressed 
that they neither have theoretical nor practical knowledge 
in CMMI. In most of the cases (3 out of the 4 experts with-
out experience) this was the option chosen in the second 
round, whereas in the first round they selected “No opinion” 
to express their lack of knowledge, affecting statistical data 
processing.

The main question still remaining is linked to the fea-
sibility of achieving CMMI-DEV level 5 goals (statement 
Q10), as they are the most challenging ones. Some experts 
commented on the fact that without an empirical valida-
tion they were not able express a clear agreement with the 
statement. The following dimension is Web, represented in 
Figs. 24 and 25.

The presented figures highlight that in this second round 
experts’ agreement have increased, finding 5 out of 7 state-
ments in which the average is higher than 3.7, the median 
is 4 and the percentage of agreement is higher than 60%. 
Again, the changes proposed for Q16 and Q17 help to clar-
ify raters’ uncertainties. There is slight agreement among 

Fig. 21   Agile dimension—second round results (II)

Fig. 22   CMMI dimension—
second round results (I)



raters (average between 3.5 and 3.7 and median of 4) on 
the remaining two statements (Q14 and Q15). At this point, 
main concerns are linked to how security and maintenance 
aspects are covered for Web systems. Finally, the Framework 
dimension is presented in Figs. 26 and 27.

As a main conclusion for this dimension, it is worth high-
lighting that experts express a clear agreement on two of the 
statements (Q19 and Q20), in which the average is higher 

than 3.7, the median is 4 and the percentage of agreement is 
above 75%. There is no clear opinion from the panel for the 
remaining statement. Although the rephrase of Q20 seems 
to have helped raters to understand the idea, there is still a 
main concern on how the governance will work as well as 
whether it will enable or not deployment, adaptation and 
improvement of the framework. Some experts argued that 
without an empirical validation they were not able to agree 
on the last statement (Q21).

Finally, we performed a descriptive analysis for stability. 
Table 14 shows the changes on statements rate between first 
and second round.

From the presented data, we can notice that more than 20 
of the statements have significantly varied their assessment 
(more than 10%), and more than 20% have slightly changed 
(between 5 and 10%). This is a clear indicator that stability 
has not yet been reached.

Finally, it should be put forward that the same analysis 
was conducted excluding the results provided by the expert 
who declined to participate in the second round, in order to 
check if our decision of keeping his replies was affecting 
significantly the obtained conclusions. After that, it was veri-
fied that the results obtained, both general and per dimension 
would have remained almost the same, with only small vari-
ations in mean, median and standard deviation.

5.3 � Homogeneity and concordance analysis

Once the descriptive analysis has taken place, the homo-
geneity and concordance analysis starts with calculating 

Fig. 23   CMMI dimension—second round results (II)

Fig. 24   Web dimension—sec-
ond round results (I)



Chronbach’s alpha with the aim to assess the reliability of 
the questionnaire, by using R for its computation:

To calculate Chronbach’s alpha, “Don’t know/No answer” 
values provided by the experts are replaced by 0. The obtained 
value, following [27], indicates a good reliability of the pro-
posed questionnaire in order to indirectly measure the desired 
magnitude, as it was in the case of the previous round. The 

∝= 0.8133207

next step is measuring experts’ and statements’ assessment 
homogeneity, by means of a Simple Correspondence Analysis, 
whose results are presented in Fig. 28.

As Fig. 28 displays, the distance among points representing 
experts’ and statements’ assessments is significantly reduced 
(it can be clearly seen, for example, in the case of statement 
4 or experts 8 and 12). This means that homogeneity among 
the rates increases. Consequently, they are behaving more 
similarly than in the previous round. It can be interpreted that 
consensus among experts has increased.

Finally, we measured stability among the different rounds 
by means of Kendall’s W. As previously explained, Kendall’s 
W is a statistic that measure agreement among raters on ordinal 
scales. We have categorized (in descending order) the average 
statements rates in order to be able to use it. This helps us to 
build an ordinal scale per round. Once the ordinal scale is built 
both for round 1 and round 2, Kendall’s W is calculated with 
the aim to measure the “degree of agreement” among ranks 
obtained at the end of each round. If Kendall’s W expresses 
agreement, this will mean that obtained ranks are basically 
the same, thus we achieve stability. If Kendall’s W expresses 
low or no agreement, stability has not yet been reached and a 
following round of the Delphi method will be needed. Table 15 
shows the ranks obtained for round 1 and round 2.

Kendall’s W is calculated by means of “irr” package [25] 
from R obtaining the following results:

The value of W, between 0.5 and 0.7, indicates a moder-
ate consensus reached between both ranks, which can be 
interpreted as a “non-stable” situation.

W = 0.558

Fig. 25   Web dimension—second round results (II)

Fig. 26   Framework dimen-
sion—second round results (I)



5.3.1 � Round conclusions

As a main conclusion of this round, we can state that most 
of the uncertainties expressed by the raters during the initial 
round have been solved. This is reflected in the fact that there 
is agreement on most of the presented statements (16 out of 
21), and only some reluctances or doubts in relation to cer-
tain aspects of the model. The homogeneity and concordance 
statistical analysis also shows that the proposed questionnaire 
is still able to measure the desired magnitudes and that there 
is a fair level of consensus (shown by the increase in experts 
and statements homogeneity) among the panel regarding the 
whole questionnaire.

Nevertheless, and as discussed in previous sections, there 
are two main dimensions to consider in order to conclude a 
Delphi method; one is consensus, that apparently is reached, as 
the descriptive, homogeneity and concordance analysis of the 
gathered data show; and the other one is stability. Regarding 
this last dimension, we can clearly state from the conclusions 
of both analyses that stability is not yet reached, and that a new 
round is needed.

5.4 � Third round

5.4.1 � Analysis

The third round of the Delphi method was launched on 31st 
May 2016 and lasted until 19th June 2106. For this purpose, 

a message was sent to all panel members, attaching a report 
that summarized the second round conclusions. That report 
contained each statements average assessment, mean, stand-
ard deviation and percentage of agreement and disagreement. 
Moreover, all comments received in the previous round were 
also included in the report. During that round, experts had 

Fig. 27   Framework dimension—second round results (II)

Table 14   Changes on 
statements’ assessment between 
first and second round

Magnitude Number %

Statements with average change higher than 10% (included) 5 23.81
Statements with average change between 10% and 5% (included) 4 23.81
Statements with average change lower than 5% 11 53.38

Fig. 28   Simple Correspondence Analysis—second round

Table 15   Average ranks after rounds 1 and 2

Dimension Statement Rank (round 
1)

Rank 
(round 
2)

AGILE Q1 4 2
Q2 16 7
Q3 17 8
Q4 8 18
Q5 9 4
Q6 21 10

CMMI Q7 7 6
Q8 11 5
Q9 12 12
Q10 1 19
Q11 18 9

WEB Q12 13 13
Q13 15 15
Q14 10 21
Q15 6 17
Q16 20 11
Q17 3 3
Q18 5 16

FRAMEWORK Q19 2 1
Q20 19 14
Q21 14 20



the chance to ratify their previous assessments, if appropriate, 
or modify their previous reply. Table 16 is summarizing the 
experts’ decision during the third round.

As it can be seen, all but two experts ratified their pre-
vious assessment and only two of them did not respond; 
therefore no significant change happens on the results pre-
sented in the previous section. Based on figures presented 
in Tables 16, 17 and Fig. 29 display the results of the third 
round. Table 17 highlights the modified results in bold.

Both Table 17 and Fig. 29 show that the main conclu-
sions of the previous round are still valid, as in all modified 
statements (Q1, Q2, Q3, Q4, Q19 and Q20) the mean and 
median increase and standard deviation decreases, meaning 
that there is even more agreement on those statements. As 
our conclusions regarding agreement do not differ from the 
ones of previous rounds, we will skip the analysis to avoid 
unnecessary repetitions, and we will assess stability both 
by descriptive and concordance means. Table 18 shows the 
change on statements’ assessment between the second and 
third round.

According to the presented data, almost 30% of ques-
tions undergo minor changes, showing that stability might 
be reached. As in the previous round, we also use Kendall’s 
W to measure if stability is reached, by ranking the aver-
age values of the statements for second and third round, as 
Table 19 shows.

Kendall’s W is calculated using the “irr” package [25] 
from R obtaining the following results:

The value of W close to 1 involves a high consensus 
reached between both ranks, which can be interpreted as 
the ranks after both rounds, being almost the same and repre-
senting a “stable” situation. Therefore, we can check that the 
results of the third round also cope with the second desired 
condition to finalize the Delphi method: stability. Once con-
sensus and stability have been reached (as described before 
through the descriptive, homogeneity and concordance 
analysis of data), the Delphi method can be considered as 
concluded.

5.4.2 � Conclusions

As a main result of using the method, we can state that the 
panel reached high level of agreement on the overall pro-
posed statements, as Table 20 and Fig. 30 show:

To obtain data presented in Table 20 and Fig. 30, we have 
considered that strong agreement is reached in those state-
ments having an average assessment equal or higher than 
3.7, a median of 4 and at least 60% of the raters’ value scor-
ing 4 or 5 (“Agree” or “Strongly agree”), with a minimum of 
12 experts giving an opinion. We have also confirmed that 
slight agreement is reached in those statements having an 
average assessment equal or higher than 3.5 and lower than 
3.7, with a median equal or higher than 3.5 and at least 45% 
of raters’ value scoring 4 or 5 (“Agree” or “Strongly agree”), 
with a minimum of 12 experts giving an opinion.

As it can be seen, in 16 out of the 21 statements strong 
agreement is reached, thus the overall opinion of the panel 
is clearly positive in that regard. In the case of the remain-
ing 5 statements, slight agreement is reached, meaning that, 
although the panel has not reached a consensus on them, 
their opinion is not as clearly positive as in the case of the 
previous ones.

If we analyze the results dimension by dimension, in the 
Agile dimension the agreement is quite high. There is strong 
agreement in 5 of the 6 statements, with high values as aver-
age statements’ assessment. The only statement that poses 
some doubts is Q4, which relates to ability to quickly adapt 
to changes. Some experts expressed their concerns regarding 
the fact of using a Project Charter to formalize the project 
and models and metamodels to develop Web features might 
somehow slow the development process. The validation of 
these aspects and the model improvement will be matter 
of further work and research. In the case of CMMI dimen-
sion, there is strong agreement of the panel on 80% of the 
statements (4 out of 5). Only Q10, related to the possibility 
of achieving all CMMI-level 5 goals is not fully agreed. In 
this case, experts commented on the fact that being these 

W = 0.996

Table 16   Experts’ decision during the third round

Expert Decision Assess-
ments 
changed

1 Ratify previous assessment 0
2 Ratify previous assessment 0
3 Ratify previous assessment 0
4 Ratify previous assessment 0
5 Ratify previous assessment 0
6 Ratify previous assessment 0
7 Ratify previous assessment 0
8 Ratify previous assessment 0
9 Ratify previous assessment 0
10 Ratify previous assessment 0
11 No answer 0
12 Ratify previous assessment 0
13 Ratify previous assessment 0
14 Ratify previous assessment 0
15 Ratify previous assessment 0
16 Ratify previous assessment 0
17 Ratify previous assessment 0
18 Change assessment 6
19 Ratify previous assessment 0
20 Ratify previous assessment 0



practices very challenging, they preferred to supervise some 
examples or case studies. Again, either a self-assessment or 
a formal SCAMPI might stay as future lines of work.

As Web dimension concerns, we find strong agreement 
in 5 out of the 7 statements (approximately 71.5%). The 
two remaining statements are Q14 and Q15, linked to secu-
rity and maintenance of Web applications. As both aspects 
of the model rely on NDT, maybe as a future line of work, 

a revision of the model might include specific Agile prac-
tices to tackle both of them. Finally, strong agreement is 
reached for the Framework dimension on two of the three 
statements, with doubts only for Q21, related to the effec-
tiveness of the governance model. Experts suggested that 
to be able to provide a better opinion, they needed some 
real examples. As mentioned, future case studies might 
help to clarify this issue.

Table 17   Aggregated results of 
third round

Dimension Statement Average Median Standard 
deviation

% Agreement % Disagreement % Answers

Agile Q1 4.20 4 0.62 90 0 100%
(20/20)

Q2 4.10 4 0.55 90 0 100%
(20/20)

Q3 4.05 4 0.76 85 5 100%
(20/20)

Q4 3.60 4 0.99 55 15 100%
(20/20)

Q5 4.10 4 0.85 70 0 100%
(20/20)

Q6 3.95 4 0.69 75 0 100%
(20/20)

CMMI Q7 4.07 4 0.83 71.43 0 70%
(14/20)

Q8 4.08 4 0.64 84.62 0 65%
(13/20)

Q9 3.86 4 0.66 71.43 0 70%
(14/20)

Q10 3.54 4 0.78 53.85 7.69 65%
(13/20)

Q11 4.00 4 0.85 66.67 0 60%
(12/20)

Web Q12 3.83 4 0.62 72.22 0 90%
(18/20)

Q13 3.74 4 0.56 63.16 0 95%
(19/20)

Q14 3.50 4 0.79 50 11.11 90%
(18/20)

Q15 3.67 4 0.84 61.11 5.56 90%
(18/20)

Q16 3.94 4 0.64 83.33 0 90%
(18/20)

Q17 4.11 4 0.74 89.47 5.26 95%
(19/20)

Q18 3.74 4 1.05 78.95 15.79 95%
(19/20)

Framework Q19 4.26 4 0.56 94.74 0 95%
(19/20)

Q20 3.76 4 1.03 76.47 12.50 85%
(17/20)

Q21 3.53 3 0.62 47.06 0 90%
(17/20)



6 � Conclusions, limitations and future work

The previous section has presented the results of our Del-
phi method. This one will try to extract the main research 
conclusions, linking them to the previously exposed 
research questions and goals: to apply expert judgment 
methods to Web Engineering-related issues and validate 
the NDT-Agile framework.

As the latter concerns, and as an initial and general con-
clusion of the experiment, we can state that our proposed 
Delphi-based consensus-making method was useful to help 
the panel to reach a shared opinion, in most cases favorable, 
regarding NDT-Agile. Besides, the Delphi method encour-
aged the panel to learn more on the topic and clarify mis-
understandings or uncertainties during the different rounds. 
By means of the textual comments, the experts were able 
to communicate any missing element or uncertainty, which 
would be solved in the next round. Moreover, these com-
ments, shared in an anonymized way with the rest of experts 
by means of the different rounds’ reports, helped everyone to 
achieve certain level of agreement, as it can be noticed in the 
convergence of results after the first round (extreme values 
were reduced, and experts’ opinion concentrated mainly on 
the statement’s average value).

Figure 31 shows, in the form of a box and whiskers 
graph, the evolution of the obtained results.

In Fig. 31, it can be observed how the size of boxes and 
the length of whiskers tend to reduce, meaning that values 
tend to converge (distance between first and third quar-
tile and distance between maximum and minimum values 
are smaller). Besides, the graph shows how the median 
increases through the different rounds of the method for 
the majority of the statements.

The expert feedback also helped to improve the ques-
tionnaire, suggesting rephrases of statements and the pos-
sibility of opting-out whenever the expert’s knowledge on 
the particular field was not sufficient. The analysis of reli-
ability of the questionnaire by means of Chronbach’s alpha 
showed that it was appropriate along the Delphi method, 
even after changes.

The use of Simple Correspondence Analysis proved 
to be useful to identify if a certain level of consensus 
was reached, but it is important to note that it has to be 
combined with a descriptive analysis to better understand 
the panel’s expressed opinion. If not, experts express-
ing a common “Don’t know” opinion will not be suitably 
interpreted.

Finally, the use of Kendall’s W confirmed its utility in 
the use of quantitative elements to evaluate assessment 

Fig. 29   Results of Delphi third 
round

Table 18   Changes on 
statements’ assessment between 
second and third round

Magnitude Number %

Statements with average change higher than 10% (included) 0 0
Statements with average change between 10% and 5% (included) 0 0
Statements with average change lower than 5% 6 28.57



stability, going further than the analysis of the percentage 
of changes in the assessment.

As a final summary, we were able to meet our main 
goal and our primary research question, “How to design 
a suitable expert-judgment method to validate a proposal 
in the Web Engineering field?” by conducting our experi-
ment and gathering the conclusions presented before. If we 
analyze our detailed research questions, we can also link 
them to our main extracted conclusions:

• RQ1: What should be taken into account when design-
ing an expert judgment method? As shown during the
literature review, elements like the analyzed topic and
previous knowledge of the panelists on the topic were
key as well as the willingness to participate, since the
process might last in time and might require some time
and effort from the panel members. It was also shown
that, in order to obtain meaningful results, there are two
other important issues to take into account: to combine
variety of profiles to avoid biases in the obtained results;
and to limit the number of panelists, as a high number of
them might make the process unmanageable.

• RQ2: What are the most suitable techniques to process
gathered data during an expert judgment method? We
analyzed different techniques, both quantitative and qual-
itative, from descriptive statistics to advanced techniques
like Simple Correspondence Analysis, concluding that
the final analysis should be based on a combination of all
of them, better than on a single technique. Textual analy-
sis of comments, mean and median calculation, together
with reliability, homogeneity and stability tests should
be combined in order to process the compiled results and
obtain meaningful conclusions.

Table 19   Average ranks after rounds 2 and 3

Dimension Statement Rank (round 2) Rank 
(round 
3)

Agile Q1 2 2
Q2 7 4
Q3 8 8
Q4 18 18
Q5 4 5
Q6 10 10

CMMI Q7 6 7
Q8 5 6
Q9 12 12
Q10 19 19
Q11 9 9

Web Q12 13 13
Q13 15 15
Q14 21 21
Q15 17 17
Q16 11 11
Q17 3 3
Q18 16 16

Framework Q19 1 1
Q20 14 14
Q21 20 20

Table 20   Overall level of agreement

Level of agreement Number of statements %

Strong agreement 16 76.19
Slight agreement 5 23.81
No agreement 0 0

Fig. 30   Overall level of agree-
ment



• RQ3: How to identify when consensus is reached dur-
ing an expert judgment method? As mentioned along
previous sections, the literature shows a broad set of
techniques in order to evaluate consensus. In our work
we made use of the Simple Correspondence Analysis,
showing a creative approach of this homogeneity test,
that enabled us to measure, in a very visual and graphi-
cal way, if consensus was reached among raters on the
different questions.

Of course, the generalized application of this design
approach using the Delphi method to assess Web Engineer-
ing related issues would require further applications, in order 
to refine the way it should be utilized.

As a final conclusion, we have shown how to apply tech-
niques commonly used in social sciences, like the Delphi 
method, inferential statistics and homogeneity tests to the 
field of Software Engineering, which represent by them-
selves an added value to our work. Nevertheless, and as a 
limitation of the presented work, it is important to notice 
that the expert validation method we conducted, even being 
quite valuable, due to the expertise and the theoretical and 
practical background of the participants, could never replace 
real examples and case studies, which constitute the main 
weakness of our assessment.

As a future line of work and research and linked to our 
secondary goal, the implementation of NDT-Agile frame-
work in a real organization and in several projects needs 
to be assessed. As mentioned, the expert judgment method 
might be considered as a preliminary cost-effective step, not 
replacing empirical data. Additionally, conducting either a 
self-assessment or a real SCAMPI assessment of NDT-Agile 

implementation will definitively help to improve and vali-
date the model.
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