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A New Approach for Delphi Processes Based on Group Consensus
with Linguistic Terms
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Abstract— A new approach for Delphi processes including a
measure of consensus based on linguistic terms is introduced
in this paper. The measure of consensus involves qualitative
reasoning techniques and is based on the concept of entropy.
In the proposed approach, consensus is reached automatically
without the need for neither a moderator nor a final interaction
among panelists. In addition, it permits panelists to answer
with different levels of precision depending on their knowledge
on each question. An illustrative example considering the
opinions of stake holders in neonate health-care to reach a final
consensual definition of chronic pain in neonates is presented.

I. INTRODUCTION

Delphi technique [23] is a commonly used group decision-
making method in which a panel of experts or stake holders
anonymously tries to reach consensus on the significant
features of a certain topic. It was introduced in the 1960s [10]
and, since then, it has been used for achieving convergence of
expert opinion within different areas of knowledge, such as
program planning, needs assessment, policy determination,
and resource utilization [17], [20], [33].

Delphi technique showed to have some practical ad-
vantages over other consensus-building methods, such as
brainstorming, dialectical inquiry and nominal group [13],
[20], [22], [23], [33]. Frequently, the group communication
and consensus processes in these group decision-making
methods are conducted by a moderator and involve several
rounds. One of the main problems that share these methods
is handling with uncertainty and linguistic terms in group
assessments.

In the academic literature, several group decision-making
methods have been developed to handle the uncertainty and
linguistic information inherent to human consensus processes
[51, [15], [11, [12], [13], [16]. These methods have nowadays
a wide range of applications from managerial to medical or
engineering areas [6], [9], [7], [28].
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A new approach of Delphi technique including linguistic
variables has been developed in this paper. This new ap-
proach is based on a definition of a degree of consensus able
to be used when participants’ responses are given through
linguistic terms. In addition, the methodology allows experts
or participants to assess different statements with different
levels of precision.

The rest of this paper is organized as follows: First the
main features of Delphi processes are given in Section II.
Section III introduces the theoretical framework for the new
approach. Section IV presents the new approach for Delphi
processes based on group consensus with linguistic terms.
An illustrative example in the health-care sector is presented
in Section V to show the performance of the new approach.
Finally, Section V contains the main conclusions and lines
of future research.

II. MAIN FEATURES OF DELPHI PROCESSES

The Delphi technique was developed in 1963 by Dalkey
and Helmer and the Rand Corporation [10]. Usually this
technique is used to: determine or define the set of possible
alternatives, find implicit assumptions conducting to different
judgements, explore new solutions for a specific problem, or
reach consensus about a specific topic from a panel of experts
or stake holders. Its design typically involves 3 to 4 rounds
of questions. The first round uses open-ended questions to
gather panelists’ opinions. The results of this first round are
categorized into items and in a second round these items or
statements are valued by the panelists. In the consecutive
rounds the values of the total panel are reported to the
panelists who then are asked to re-assess their own values in
the light of the group’s opinion. In most cases, this type of
iteration conducts to a consensus.

From our point of view, the main points of criticism on
Delphi are the lack of a definition of a degree of consensus,
the impossibility of handling the uncertainty involved in
panelists’ opinions, and the way in which some opinions are
suppressed during the process.

To solve these problems, several fuzzy Delphi approaches
have been developed and can be found in the literature.
Initially, the application of fuzzy theory to the Delphi method
by means of linguistic variables was introduced by Murray
et al (1985) [25]. Kaufmann and Gupta (1988) introduced
a fuzzy Delphi method considering optimistic, moderate
and pessimistic assessments of experts via triangular fuzzy
numbers [21]. Ishikawa et al. [19] used triangular fuzzy
numbers to model expert judgments and reached consensus
in only one round by the implementation of the max-min



fuzzy Delphi method and a new Delphi method via fuzzy
integration. Chang et al (2000) reviewed the previous fuzzy
Delphi works and proposed a new fuzzy Delphi approach
using fuzzy statistics [8]. In 2010, Hsu et al presented an
application of fuzzy Delphi Method to obtain the critical
factors of the regenerative technologies, using fuzzy AHP
to find the importance degree of each factor [18]. Alonso et
al (2010) proposed a web based consensus support system for
group decision making problems and incomplete preferences,
similar to Delphi method, but without relying on the use of
questionnaires and where moderator tasks can be replaced
[1]. Duru et al (2012) extended the recent literature via
an implementation of fuzzy Delphi for the adjustment of
statistical predictions. They proposed a fuzzy Delphi adjust-
ment process for improvement of accuracy and introduced
an empirical study to illustrate its performance [11].

This paper presents a new approach for Delphi processes
based on a definition of a degree of consensus able to be
used when experts responses (in round 2 and consecutive) are
given through linguistic terms. Linguistic terms are handled
by means of order-of-magnitude qualitative reasoning tech-
niques. A detailed application of these techniques to group
decision-making and consensual processes can be found in
[29], [30].

III. THEORETICAL FRAMEWORK

The use of linguistic terms based on order-of-magnitude
qualitative reasoning techniques allows the adaptation of
Delphi processes to the way humans express its unprecise
and vague knowledge.

A. Linguistic Terms with Different Levels of Precision

The approach considers a finite set of basic qualitative
labels, S = {By,..., Bn}, which is totally ordered: B; <

. < By,. Usually, each basic qualitative label corresponds
to a linguistic term, for instance for n = 5: B; = “Strongly
disagree” < By = “Disagree” < B3 = “Neither agree nor
disagree” < B4 = “Agree” < Bs = “Strongly agree”.

The complete universe of description for the absolute
order-of-magnitude space with granularity n, is the set S,:

Sn = S; U {[BZ,B]] |Bi,Bj S S;,Z < ]},

where the non-basic label [B;, B;] with ¢ < j is defined as
the set {B;, Bi11,...,B;}, whereas [B;, B;] = B,.

Consistent with the former example of linguistic terms for
n = 5, the non-basic label [Bs, By] represents the linguistic
term [“Neither agree nor disagree”, “Agree”]. The linguistic
term “Unknown” is represented by [“Strongly disagree”,
“Strongly agree”], i.e., [B1, Bs]. This least precise qualitative
label is denoted by the symbol ?, i.e., in S, [B1, Bn] = ?.

A normalized measure p is taken into account in the
set of basic qualitative labels, p : S} — [0,1] such that
> Biess 1(B;) = 1. This measure can be directly extended
to S, by defining pu([B;, Bj]) = Y 4_; (B

The connex union and the intersection between qualitative
labels are also considered in order to define the degree of

consensus among a set of panelists’ opinions [29]. Given two
qualitative labels [B;,, Bj, |, [Bi,, Bj,] € S, their connex
union is the qualitative label [B;,,Bj,] U [BZQ,B . =
[Bmin(h,iz)aBmax(jl,jz)}' When [B'LI’BJI} [ i2) } #
(), their intersection is the qualitative label [BWB Jn
[Bl27B ] = [Bmax(ihiz)’Bmin(jl,h)}'

When the intersection of a set of qualitative labels is
empty, then an iterative relaxation process can be performed
in order to reach a non-empty intersection among them (see a
detailed explanation in [29]). The iterative relaxation process
is done by means of a dive function ¢ which makes an
immersion in a space with a greater granularity (with more
levels of precision), ¢ : S,, — S,41, with ¢([B;, Bj]) =
(B, B}.,], as many times as necessary in order to get
the desired non-empty intersection. When this process is
conducted, the new measure p’ is computed applying as
many times as necessary the next formulas:

w'(By) = %N(Bl)a

W(BY) = S(u(Bia) + u(B), i =2,..m
M/(B;H-l) = %N(Bn)

Then, a straightforward computation leads to the measure

W ([Bf, Bjyq]) forall i, j=1,---,n

B. Degree of Consensus

Let us consider a panel of m stake holders and a set of
statements A to be assessed from the second round on of
the Delphi process. The new approach of Delphi processes
proposed in this paper involves the notion of entropy of a
qualitative label, defined in S,, from the Shannon entropy
concept in information theory.

Definition 1: The entropy of a qualitative label Q) € S,, is
defined as:

H(Q) = —logy(1(Q)),

where p is the considered normalized measure in the set of
basic qualitative labels.

The definition of the degree of consensus of the set of
panelists with respect to a statement a € A is as follows:

Definition 2: Given m qualitative labels Q1, -+, Q. €
S,,, associated to the assessments of m panelists for a given
statement a, such that N7, Q; # (), the degree of consensus
with respect to a is:

HUPL1Q))  logy((U7, Q)
H(“T:l@j)) 10%2(U(QT:1QJ'))

If the intersection of all the (); is empty, then the previ-
ously mentioned iterative relaxation process is performed in
order to reach a non-empty intersection.

Note that in the case that panelists only use basic qualita-
tive labels, the condition N2, Q; # () is only fulfilled when
all the panelists’ opinions are the same and then the degree
of consensus is 1; otherwise, a lower degree of consensus is
obtained.

K(Qla"' 7Qm) =



Next example illustrates how the the diving function and
the updating measure together with the proposed degree of
consensus are computed.

Example 1: Let us consider the statement a = “Al-
most continuous pain longer than few hours” and a set
of three panelists E = {ej,e9,e3} consisting of a nurse
e1, a doctor e; and a mother es. Let us assume that the
assessments of the three panelists with respect to a are
represented by three qualitative labels defined as: Q1(a) =
[B1, B2],Q2(a) = Bs,Q3(a) = Bz using the meaning of
basic labels B, ..., Bs given at the beginning of Subsection
MI.A. Finally, let us define u(B;) =1/5,i=1,...,5.

Note that there is not consensus among the panelists’
assessments because Q1(a) N Q2(a) N Qs(a) = [By, B2 N
Bs N By = (. For this reason, the dive function must be
applied once, obtaining a non-empty intersection: ¢(Q1(a))N
9(Qa(a)) N 6(Qs(a)) = [Bi, BY] N [BS, By] N [B, By =
B # () and a new measure p’ in S¢ given by:

1 1
W(By) = FAB1) = 155
1 1
W (Bj) = 5(#(31'71) + u(Bi)) = =25
1 1
1 (Bg) = §M(Bn) =10
Then, since L3_,¢(Qi(a)) = [Bi, B4 U [BS, By U
[B, Bs] = [Bi,BY] and Mi_,¢(Qi(a)) = [Bi, By N
[B4, By] N [By, Bs] = BY the degree of consensus is:
_ H(U_,6(Qi(a))) _ H(B},Bi]) _
M@0 00 = e o) B
_ log, 7/10
=g 15~ 022

This value of k(Q1,Q2,Qs) suggests a low level of
consensus among panelists, consistent with intuition. Next
example presents results when different initial panelists’
assessments are considered.

Example 2: Case A. Analogously to Example 1, let us
assume now that the assessments of the three panelists with
respect to a are represented by: QQ1(a) = [B1, B2, Q2(a) =
[B1, B2],Q3(a) = Bs using the same meaning of basic
labels By, ..., Bs given at the beginning of Subsection IIL.A.
and the same measure p as in the above example.

In this case there is consensus among the panelists’
assessments because Q1(a) N Q2(a) N Q3(a) = Bs. Then,
since L?_,(Q;(a)) = [Bi, Ba] and N3_,(Qi(a)) = B> the
degree of consensus is:

H(U,(Qi(a))) _ H([B1,Ba]) _

W@ Q2 Q) = F (@) T H(B)
_ logy2/5
= w =0.57

Case B. Finally, let us consider the extreme case in
which two panelists’s opinions are “strongly disagree” and

“strongly agree”, i.e., the assessments of the three pan-
elists with respect to a are represented by: Qi(a) =
B;1,Q2(a) = Bi1,Qs3(a) = Bs using the same meaning
of basic labels and the same measure as above. Obviously,
there is not consensus among the panelists’ assessments
and the dive function must be applied four times in or-
der to obtain a non-empty intersection: (¢4 © ¢z © g ©
$1)(Q1(a)) N (¢4 0 3 0 P2 0 ¢1)(Q2(a)) N (da 0 P30 2 ©
¢1)(Q3(a)) — [Bi///7Bé///} m [B/llll,Bé//l] m [Bé///’ Bé///:l —
BY". Then, since L}_, ¢ (Q;(a)) = [BY", BY"] = ? and
Ni_ 16D (Qi(a)) = BY", computing the their values through
the updating measure "’ the degree of consensus is:

H((BY", BY")
k(Q1,Q2,Q3) H(B™)
_logy1
~ log, 16/80

Finally, Table I presents a comparison of the results
obtained using the degree of consensus proposed in this paper
in Examples 1 and 2 together with the classical statistical
parameters that would be used in classical Delphi.

TABLE I
RESULTS EXAMPLES 1 AND 2
. Common  Degree of Mean Standard
Panelists Value of consensus deviation
assessments (Value o
consensus) K M SD
0 0 0O

Ex1 [B,B:] B; B> B; 0.22 2.17 0.62

Ex24 [B.B:] [B.B:] B: B, 0.57 1.67 024

Ex2B B B, Bs B 0 233 1.89

Comparing the outputs produced by the proposed degree
of consensus with the classical statistical parameters, it
can be seen that the new measurement is more consistent
with human intuition on consensus. Note that the proposed
methodology allows us to compute a measure of consensus
even in the cases where the panelists’s opinions have initially
no intersection. It takes into account the necessary effort that
would be needed to reach consensus. However, in the extreme
case in which two panelists’s opinions are “strongly disagree”
and “strongly agree”, the degree of consensus is 0.

IV. A NEW APPROACH FOR DELPHI PROCESSES

The new approach for Delphi processes is based on the
degree of consensus introduced in Subsection III.B to rank
the statements in view of the assessments given by a panel
of stake holders through a Delphi survey. Assessments are
expressed using a set of linguistic terms with different
levels of precision, and the new approach has the ability to
reach consensus automatically without the need for neither
a moderator nor an interaction between participants (see
Subsection III.A). In addition, the proposed approach enables
the handling of imprecise information given by evaluators
without prior normalization.

Specifically, in the new approach, the theoretical frame-
work introduced in the previous section is applied in three



steps: First, in the interaction with panelists in rounds 2
and 3, as they can assess statements using different levels
of precision. Second, in the computation of the degree of
consensus. Third, in the selection of statements. In this
way, the proposed consensus scheme allows us to detect
statements for which most participants are in consensus (see
Figure 1).

Technical Team Panelists

‘Se]eclonen-endedquesrinns ‘ First Round

Answer op

questions

‘ Distribute open-ended ‘

Analyse open-ended responses ‘
‘ vSe op L Second Round ) N R
Answer questionnaire

‘ Prepare and distribute ‘

|

Compute the degree of ‘

consensus for each statement

Third Round

Answer i ire

Prepare and distribute a new
questionnaire with selected
statements

|

Compute the degrees of
consensus

RESULTS

Select the statements with
higher consensus

Fig. 1. The new scheme of the Delphi process

Figure 1 shows an scheme for the new approach for Delphi
processes, where the differences with classical Delphi are
highlighted in bold.

V. AN ILLUSTRATIVE EXAMPLE IN THE HEALTH-CARE
SECTOR

This section focusses on the definition of chronic pain
in neonates by selecting its specific diagnostic determinants
from a perspective of consensus in group decision-making.
An analysis of the opinions given by doctors, nurses and
other stake holders is conducted by implementing the pro-
posed new approach for Delphi processes.

A web-based, three round Delphi survey was performed to
provide a definition, the etiology and the specific diagnostic
determinants of chronic pain in the newborn. The survey,
considering the three mentioned aspects, was carried out
by the Department of Neonatology of the Médxima Medical
Center in The Netherlands. An international panel of experts
(health-care providers and parents) in the field of neonatology
and neonatal pain was invited to participate. In this section,
the introduced methodology is applied to find a consensus
among panelists with respect to the definition of chronic pain
in the newborn considering the panelists’ responses in the last
round of the Delphi process. This real case example shows
the potential and benefits of the presented methodology.

A. Data description

Participants (n = 189) answered in the first round the
open-ended questions define chronic pain in own words.
The answers were categorized and summarized into 114
statements, which were valued by the participants (n = 189)
on a 5-point Likert scale. In the second round the remaining
participants (n = 72) were asked to reflect on a selection of
25 statements with a mode or median > 4 or mean > 3.75.
These threshold values were used to provide the opportunity
to easily reach consensus in the following round. In the
third and last round the remaining participants (n = 33)
were provided with the group response and their individual
response.

B. Experimental results

Considering the results given by participants in the third
round about the obtained 25 statements, a comparison be-
tween the results of the classical Delphi methodology and
the methodology presented in this paper has been carried
out.

In this case, the classical Delphi methodology selects those
statements with mode, mean and median > 4 simultane-
ously, resulting in 12 statements. On the other hand, the
methodology presented in this paper has been applied to
select the most consensual statements among the obtained
25 statements. The iterative relaxation process explained in
Section III was applied resulting in 7 statements, in which
the participants reached a degree of consensus over 0.20 (see
Table II).

Note that, in Table II, numbers in bold correspond to those
statements selected either by the classical method or the new
approach. In addition, shaded rows indicate the 5 statements
selected by both methods.

OBTAINED RESULTS
Classical Delphi New approach
Statements Mode Median Mean SD Degree of Consensus
Chronic pain in the newborn may lead to a state where any
interaction/procedure that is happening to the infant is perceived as 4 4 422 055 037
painful.
Chronic pain may likely prolong hospitalization, worsening or a a a7 065 037
adding to the existing morbidities.
Both recurrent and long lasting pain may become chronic. 4 4 4,13 0,78 0,09
Peuq that occurs over a period of time, which is ongoing and has no 4 4 413 0.98 0.09
obvious end point in site.
Chronic pain depletes stress hormones and increases cergy 4 B 41 o 009
consumption therefore interfering with growth.
Treatment should be based on signs of relief or comfort. 4 4 41 06l 037
It can be anywhere in the body depending on the reason for the pain. 4 4 4,07 0,74 0,09
This pain nﬂcn‘canm)l be associated }MII\ a specific etiology but 4 4 407 037 0.98
might well be from a combination of things.
Pain that is ongoing, no longer proximate to a procedure or event. 4 4 4.03 0,69 0,09

A painful event may also alter perception causing events that
normally would be tolerate to be perceived as painful, leading to a 4 4 403 072 037
chronic (longer duration) pain response.

Poorly controlled acute pain may lead to hyperalgesia, altered pain

perception, and possibly a predilection to chronic pain states. 4 4 40 0.85 0.09
Daily continuous or intermittent episodes of painful sensations in 4 4 4 0.69 0.09
the newborn.
Pain lasting more than 1 week that does not fall under the category 4 5 379 090 024
of acute pain.
Pain lasting hours or days. 4 3 399 094 0,24

Table III shows the coincidences and divergences between
results of both methods over all the 25 statements. In 68%



of the statements, the new mathematical approach agreed
with classical Delphi: 20% of the statements were selected
by both methods, whereas 48% were not. Two statements
not selected by classical Delphi would have been considered
using the new method. These two statements suggest to
incorporate a time variable in the definition of chronic pain.
Using classical Delphi method, no time variable was selected.
On the other hand, seven statements among those selected
by classical Delphi would not have been considered with the
new approach. These seven statements express more than
one concept each, this could be quite confusing for the
panelists, and this confusion is captured by the proposed
methodology. In the group of statements that were selected
by both methods, in general, those with high mean values
and post hoc calculated small standard deviation show a
high level of agreement (degree of consensus) using the new
method.

TABLE III
COMPARISON TABLE

Selected by first Not selected by first

method method
Selected by second method 20% 8%
Not selected by second 249% 48%

method

A limitation of this illustrative example is that stake
holders were forced to value statements using a 5-point
Likert scale predefined values, while they might want to
rate using less precise values. For this reason, although the
proposed methodology would have been able to deal with
that imprecision, it has been applied assuming that all the
assessments were given by basic labels.

VI. CONCLUSIONS

This paper puts forward a method, based on consensus
measurement, for synthesizing the opinions given by a panel
of stake holders through a Delphi survey. Evaluations are
expressed using a set of linguistic labels describing order-of-
magnitude. The method is based on the concept of entropy
and has the ability to reach consensus automatically without
the need for neither a moderator nor an interaction between
participants. The method enables the handling of imprecise
information given by evaluators without prior normalization.

The approach has three main advantages. First, it takes into
account the different degrees of strictness of the evaluators’
opinions. Second, it removes the need to calculate an average
value of ordinal data. Third, the method accommodates
“unknown values” by using the label “?” defined in the
absolute order-of-magnitude qualitative model.

The proposed approach has been applied to define chronic
pain in neonates and a comparison with a statistical study
of the stake holders’ opinions has been carried out. There
is 60% congruence between the new method and traditional
statistics.

Three main lines of future research are currently under
consideration. First, from a theoretical point of view, the

introduction of machine learning techniques will be explored,
which will allow the updating of information and landmarks
for selection of statements in each round. Second, a web-
based software tool capable of gathering and summarizing
opinions and working simultaneously with different levels
of precision is being developed for Delphi processes using
the concepts presented in this paper. Finally, regarding the
real case study, the nature of the 40% difference between
the methods should be explored and cut-off points should
be validated. The theory presented in this paper has the
potential for application in a broad field or domain, including
consumer ratings and evaluation or accreditation processes.
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