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ABSTRACT

We present a mathematical model for a dynamic Delphi survey method which takes advantages of Web technology. A
comparative study on the performance of the conventional Delphi method and the dynamic Del phi instrument is conducted.
It is suggested that a dynamic Delphi survey may form a consensus quickly. However, the result may not be robust due to
the judgement leaking issues.

1. INTRODUCTION

The Delphi survey instrument is away of collecting expert ideas and judgments through multi-round surveys. 818 In each
survey round, individual judgements are collected and summarized. It is hoped that those surveyed experts will evaluate
and adjust their opinions upon the collective result available. It is also expected that a consensus could be reached at the
end of a Delphi survey. A Delphi survey is mainly used in the situations where accurate information is unavailable or
expensive to obtain, and human judgemental input is crucial. 2 15, 18, 20,26

A Delphi survey uses mailed questionnaires with the feedback of individual contributions as its communication struc-
ture.5 The surveyed experts are totally isolated by an independent moderator who collects, filters and summarizesindivid-
ual judgements. The feedback of each survey round is the only way that individual experts are informed of the opinions
of the expert panel. It is believed that human social-emotional exchanges between individuals are helpful in facilitating
consensus development and eliminating potential misunderstanding. ' However, it is difficult to implement such social-
emotional interaction on the paper-and-pencil communication structure.

With theintroduction of the Web technol ogy, people are connected al over the world viathe Internet. Online communi-
cationtoolssuch asemail, BBS, IRC, MUD, and Blog, provide more options and opportunitiesfor human social-emotional
interaction. In fact, many online survey tools are also available in the market. *32  The ubiquity, real-time, low operating
cost and convenience of Web features provide potential to release collective results dynamically between survey rounds.
We thus propose a variation of the Delphi survey, namely the Web-based dynamic Delphi survey in this paper. Instead
of providing feedbacks at the end of each survey round or iteration, collective opinions of panel experts will be released
partialy or fully dynamically between rounds. This paper also aimsto study the features and effects of the newly proposed
dynamic Delphi survey.

The organization of this paper is as follows. Section 2 reviews the Delphi survey. We will describe the process of
the dynamic Delphi survey in Section 3. A comparative study of the conventional Delphi survey and the dynamic Delphi
survey is also conducted. Section 4 devel ops the measures of the dynamic Delphi survey. In order to examine the effects
of the dynamic Delphi survey, mathematical representations are presented in Section 5. Preliminary analysis results are
presented in the same section. Finally, we conclude our findings in the last section.

2. AREVIEW OF THE DELPHI SURVEY INSTRUMENT

In this section, the procedure of the Delphi survey instrument is reviewed. We analyze the communication structure of the
Delphi survey. Some disadvantages of the Delphi survey is also discussed.

A Delphi survey is usually completed through two or more survey rounds, without considering the problem-defining
phase in which problems are formul ated and the corresponding questionnaireis designed. 2° Asshown n Figure 1, an action
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Figure 1. The procedure of aDelphi survey.

sequence of updating a questionnaire, distributing the questionnaire, answering the questionnaire, collecting individual
answers, and then analyzing and summarizing results constitute a survey round. The collective result of each round is
presented to the expert panel as a feedback. It is expected that the experts answers will be influenced by their peers
opinions. Linstone and Turoff 1® summarize the Delphi survey method in both technique and its objective:

Delphi may be characterized asa method for structuring a group communication process, so that the processis effective
in allowing a group of individuals, as a whole, to deal with complex problems.

Row et al.2” characterizes the Delphi survey in amore detailed way:

It is a structured group process, in which individuals are required to give numerical judgments or forecasts over a
number of rounds, with feedback being provided from the anonymous other members of the panel, and the final aggregate
being taken as the process output.
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Figure 2. The communication structure of a Delphi survey.

There are two independent communication channels in a Delphi survey, the survey channel and the feedback channel,
as shown in Figure 2. The survey channel and the feedback channel constitute a bridge between the panel experts. The
experts estimationsfirst flow towardsthe moderator. The feedback from the moderator is then rel eased only after all expert
surveys have been completed in around so that the experts can be informed of consistent collective information. Thus, the
Delphi survey is characterized by a strict round or iteration structure.

However, the rigorous round structure of the Delphi survey may force all expertsinto alockstep treatment of a problem.
Only uniform feedback in each survey round may weaken the asynchrony of the Delphi which allows individuals with
different cognitive abilitiesto parallel contributeto the different aspects of a complex problem. The experts understanding
may also be improved through analyzing sub-global views and considerations.

3. THE DYNAMIC DELPHI SURVEY

In this section, the dynamic Delphi survey is described according to the following two aspects, dynamic feedback releasing
and ‘direct’ expert interaction. Dynamically releasing collective results between survey rounds with the dynamic Delphi
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Figure 3. The procedure of adynamic Delphi survey.

When an online survey is conducted, we may identify three ways of releasing collective results. The first way is the
same as in the conventional Delphi survey: the moderator only releases the collective result after al questionnaires have
been completed in asurvey round. The above collectiveresult is called as the global feedback and it should be accessibleto
al membersin the expert panel. The second way isthat when an individual contribution is submitted, the partial collective
result may be updated and shown to the individual expert. The second way issimilar to an online vote where any individual
has an option to view the pulled opinion before or after his’her vote. However, in the case of a dynamic survey, an expert
can only obtain the partial collective view after his’/her opinion is submitted. Therefore, the preparation time for the next
round survey would be longer. The third way of releasing collective result is that the partial collective result is revealed to
al or some expertsin the middle of a survey round. The partial collective result is called as alocal feedback. Such alocal

view may impact individual experts’ contributions.
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Figure 4. The communication structure of adynamic Delphi survey.

With the dynamic Delphi survey instrument, it implies that some level of direct expert interactions may occur in some
stages of during a survey. The establishment of direct expert interactions must be under the control of the moderator in
order to prevent potential bias and undue social pressure. However, if all information exchanges between experts were
through the moderator, they would be ineffective and difficult. An online communication environment can break through
this dilemma by easily incorporating the use of pen names.'” A pen name can make a person be identified with a set of



attributes without exposing his real status. These attributes may include: expertise, experience, character, viewpoint, and
confidence which are hardly embedded into questionnaires of any form. By introducing direct expert interaction into a
Delphi survey, there are seemingly intuitive advantages. the expert panel can obtain more understanding of why specific
individuals are agreeing or disagreeing with certain concepts?; experts can be prompted to consider their positions more
comprehensively, which may increase the opportunity of forming consensus.

As shown in Figure 3 and Figure 4, there are three independent communication channels in a dynamic Delphi sur-
vey: the survey channel, the feedback channel and the social-emotional exchange channel. The experts' judgements flow
towards the moderator through the survey channel. The feedback from the moderator is released to all experts through
the feedback channel at the end of each survey round. The local feedback may aso be released to al or some experts
through the feedback channel. The surveyed experts may directly communicate with each other under the control of the
moderator. Although the dynamic Delphi survey has around or iteration structure, such around structureis not as strict as
the conventional Delphi survey as collective opinions may be available between round.

On the other hand, although the moderator can decide when the direct interactions can be carried out and who can
directly interact with each other, he/she cannot determine what the experts will talk about. One of a disadvantagesis that
some experts may intentionally or unintentionally expose their viewpoints to those who are still weighing their positions
in asurvey round. This phenomenonis called the individual judgement leaking. The judgemental |eaking may impact the
decision-making of some experts, and may alter the results of a dynamic Delphi survey.

4. THE MEASURESOF THE DYNAMIC DELPHI SURVEY

There are some empirical knowledge on the consensus formation in a dynamic Delphi survey. For example, Salancik 28
reported that bad Delphi questionnaires may yield low consensus; Rowe?” investigated the complex relations of individual
opinion change and judgemental accuracy of the Delphi survey in forecasting. In this section, we study the consensus
formation or the response stability in the dynamic Delphi survey.

4.1. Individual confidence

Individual opinion changes are measurable in terms of personal willingness to alter their judgements over Delphi rounds.

Without considering the panelist’s feelings towards questionnaires, the willingnessis referred to indvidual’s belief in their
own expertise and in their judgements. The belief in personal expertise can be assumed to be invariable during a Delphi.

Thebelief in personal judgement may change when individual s use the opportunity afforded by each Delphi round to reflect

on their own previous judgments or to take the group feedback into account. Although the belief in personal judgement is
unnecessarily related to the belief in personal expertise, we still see them as an independent variable, for their individual

effects are hardly discerned. We call the variable as the individual confidence. According to Rowe, 2° it can be predicted
that high initial confidence will support low propensity to make judgement change over Delphi rounds. The individual

belief changeswill prompt individuals to change their judgements in subsequent rounds.
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Figure5. A quantitative illustration of individual confidence changes of the swingers according to the theory of errors.



In principle, the individual confidence changes can be explained the theory of errors. '  The theory of errorsis seen
as an axiomatic explanation of the Delphi technique.2® By Parenté,?? the Delphi panel can be divided into two sets: the
holdout set and the swinger set. The former are assumed to comprise the more-knowledgeabl e panelists, and the latter the
less-knowledgeable ones. In the face of the group feedback, the swingers will be drawn towards the group view, whereas
the holdouts will be confident of their expertise and maintain their judgements. When the dogmatic and self-opinionated
cases concerned by Mulgrave?! are not involved, we can assume that the holdouts have higher and steady individual
confidences, and their judgements are reliable and will not change over rounds. The swingers are assumed to have lower
and unsteady individual confidences, and their judgements are unreliable to some extent. In order to increase theindividual
confidence, the swingers are inclined to change their opinionstowards the group view. When the individual confidences of
the swingers match or are closed to the ones of the handouts, a consensus or a steady opinion distribution is deemed to be
achieved. Theresult of their effortsis that the judgemental reliability of the swingerswill improve over Delphi rounds and
the group view will subsequently improve.

We also assume that the individual confidence of panelists derives from the self-assessment on their expertise and
judgements, and the external information from which the swingers can realize their relative lack of knowledge. Parenté 23
illustrated that the self-assessment can alone result in improved accuracy of forecasting, but no objective factors can guar-
antee the accuracy of self-assessment. In a conventional Delphi, the information towards the panelists is controlled by
the moderator, which is not always comprehensive in each case. By establishing direct member interaction channels for
socializing among the panel, the dynamic Delphi provides extra opportunity for the swingers to calibrate their individual
confidence. Therefore, we can speculate that the dynamic Delphi may be much morein favor of improving the appropri-
ateness of individual judgement change than the conventional Delphi.

4.2. Feedback

Rowe?” argued that the Delphi can improve judgemental reliability because of the group feedback provided between
rounds. Rowe?> identified a type of group feedbacks which have more profound reasons for the group view, and found
that in the face of the reasons feedback, individual judgement changes tend to be for the better, leading to a reduction in
error.2” On the other hand, the dynamic Delphi can provide more comprehensive information feedbacks for the panelists
by alowing the direct member interactions. However, the uncontrollability of contents of the direct interaction may lead
to more complex outcomes.

If the direct member interaction does not result in the judgemental short-circuit, and is merely ordinary social-emotional
exchange, what the direct interaction transfers can be seen as a reasons supplement of the group feedback. In this case, we
can assume that panelists face roughly the same average degree of opinion pull against their positions. In the conventional
Delphi, the moderator has to alone bear the load of preparing the reasons feedback while in the dynamic Delphi, part of
the workload can be distributed over the whole panel. Hence, the development of reasons feedbacks in the conventional
Delphi obviously costs higher than in the dynamic Delphi.

If the direct member interaction brings the judgemental short-circuit, some uncertainties may be introduced because
the panelists face different degrees of opinion pull against their position in each round. Now we consider the judgemental
short-circuit procedure. In each round of this group process, those panelists who earlier submit their contributions can
access less local feedbacks before making their decisions than other panelists. On the contrary, the later the panelists
submit their contributions, the more local feedbacks they can receive before making their decisions. In order to clarify the
potential issue brought by the “order” of submitting individual contributions, we make the following assumptions: in each
round,

¢ the holdouts will not change their judgements;

o the swingers will not change their judgements unless a holdout has published his judgement before making their
decisions.

We then give an example to illustrate that the accuracy of the judgemental short-circuit procedure relies on the the
order of submitting individual contributions in each round. Assume that there are five individuals participating in the
judgemental short-circuit procedure where one panelist is a holdout and the rest are swingers. We also label the judgement
of the holdout as “correct” and label the initial judgements of the swingers as “error”. In addition, the group process is
assumed to enter the second round.



o If the holdout is the first one submitting judgement, all swingers will change their initial judgements towards the
judgement of the holdout. Correspondingly, the group view will close to the correct judgement.

o If the holdout is the third one submitting judgement, half swingers will not change their error judgements. Conse-
quently, the group view will not be better than thefirst case.

o If the holdout is the last one submitting judgement, all swingers will not change their error judgements. Obviously,
the group view will be the worst among the three cases.

In this section, we analyze the consensus formation and reliability of the dynamic Delphi survey in terms of the theory
of errors. Two variables: individual confidence and feedback are studied in the context of a dynamic Delphi survey. The
individual confidenceis the drive that impelsindividual judgement changes. The feedback reflects the strength of external
factorsin individual judgement changes. Based on these two variables, the potential advantages and disadvantages of the
dynamic Delphi survey in comparison with the conventional Delphi are discussed. In addition, we have to point out that
the conclusions obtained here are only some speculations about the dynamic Delphi survey based on the theory of errors
and the empirical conclusions of the conventional Delphi. They still need to be verified in practice.

5. A QUANTITATIVE ANALYSISOF THE DYNAMIC DELPHI SURVEY

In this section, we will investigate the cost of carrying out adynamic Delphi survey. Most of academic explorations of the
Delphi drew their findings from empirical examinations or application instances. 26 For instance, Linstone and Turoff 18:33
studied the additional opportunitiesadded by the introduction of Computer Mediated Communication Systems (CMC) into
the Delphi. Both of them paid attention to the economic advantages of computerized conferencing over the conventional

Delphi. Synder3! compared the Internet and mail approachesin terms of time and expenditure. Only Dalkey © strived to
develop some mathematically rigorous underpinnings for the Delphi.

Thereare different explanations and measurements of theterm of cost, and each of them is suitable for distinct contexts.
In our study, “round number” is adopted to measure the cost of the dynamic Delphi. Linstone '® reported that in many cases,
three rounds are sufficient to attain stability of responses; further rounds tend to show very little change and excessive
repetition is unacceptable to participants. Obvioudly, cost is related to the mental endurance of individual sfacing repetitive
inquiry. Another issue challenging us is that there is not an explicit correspondence between round number and a Del phi
procedure. Our solution is to establish a mathematical model to stimulate individual judgement changes and the formation
of group view.

Dalkey!? suggested that a process be involved in each round of a Delphi, and it can be expressed as
G =G[I, B, R (1)

where I represents the panel; E the problem space addressed by the Delphi; R the response space; G the group view.
Square brackets are used to emphasize the fact that the formulation of group view cannot be expressed as a simplefunctional
relationship. Our model is an instantiation of (1), which simulates the individual judgement changes and the group view
formulation in the judgemental 1eaking procedure described in Section 3. We first make the following assumptions:

e F =10,1], and ajudgement on E isasdlection from E.
o I ={I;|1<i< N}hasN pandlists.

e M (M > 1) theround numbers.

R={r;;|1<i<N,1<j< M}, wherer;; isthejudgement of panelist Z; in j*" round. In each round, panelists
will in turn submit their judgementsin an order from 1 to V.

ki ; € [0,1] theindividual confidence coefficient of panelist I, in j'" round. The less k; ;, the higher the individual
confidence of I; in j** round. ki1 = O indicatesthat I; isaholdout who will not change his judgement over rounds.
ki1 > Oindicates that I; is aswinger who will change his judgement in subsequent rounds. We further assume that
k; ; isadescending function of 7, i.e. the swingerswill increase their individual confidence over rounds.



e G; the group view developed by the moderator in j " round.

e g, ; thelocal view formed by panelist 7; in 5 round.

The process involved in the 5t round of the judgemental short-circuit procedure can be represented by a set of func-
tional relations:

Individual judgement
rig = Y(rij-1,Gj-1,9i;, kij-1), e
where Y represents the process of individual opinion change. We further assumethat & ; ;_; impelsthe change from
r;,j—1 o7y j, whereas the variational content is determined by r; j_1, G;—1 and g; ;.
Group view
Gj=(ri, - 1 Tnj)s 3
where ® represents the process of extracting the group view from individual judgements.
Local view
9ij = 0(r1g,- - ri-1;), 4)
where ¢ represents the process in which I; develops his own local view in 5" round.

In fact, the model is still suitable for stimulating the conventional Delphi survey described in Section 2 if we exclude the
local view g; ; from the above formulae. In order to use our model to stimulate the judgemental short-circuit procedure
and the conventional Delphi procedure, we need to further instantiate the model.

We first assume that the individual confidence will change according to the following rule in both procedures:

ki =kij-1— 5=, (1> 1), ©)
Particularly, k; j—1 < 57=r meansthat x; ; = 0.
Theindividual judgement changeis estimated by
rij = Tij-1+kij x(Gj —rij-1), or (6)
rig = Tij-1+kij x (G —rij-1)+(9i; —rij-1)]- )
5.1. Scenario I: the conventional Delphi process
Round 1
N T
7,1
Gy = ; ~
Round 2
1
kio = kii— 3
rie = Ti1+kig X (G —1i1). 6))

N
ki (ki2 X 131)
N ) X G- Z - N

Gy = (1+)

i=1 i=1



Round 3

1
kizg = kia— T
riz = Ti2+kiszx (G —1i2),

(1 —kig) X ri2+kisx Ga,

N ks N (kis % 1i2)
Gy = O""Z#)XGQ_ZM'
i=1

4 N
=1
Round j
1
kh;’j = ki7;71 -1+ 2—]
1
rig = Tig-1 = (kig =14 55) X (Gjo1 = rijoa).
N 1
ki’ —1+—j x (G;_ — T
Gj—Gj1 = Z( : Q)N(]l ]1). 9)
i=1

5.2. Scenario Il: thejudgemental short-circuit procedure

Here, we use r; ; represents the initial opinion of panelist I, and use s; ; represents the opinion change of ;. In addition,
S, is used to represent the group view of ;" round.

Round 1
S1,1 = T1,1,
g11 = T1i,.1,
si1 = rig+kig x(gi—11 —1i1), (12>2) (10
i
o St,1

gi1 = Z i

t=1

Sl = Z S]tfl )

N T N k
1 1
= Z ]ZV +Z ]ZV X (gi-1,1 — 1i,1),
=1 =2
N
1
= G1+Z 2 % (gim1,1 — Tin)-
i=2

We now compare s; 1 (10) and r; o (8):

1
Si,1 — T2 = qu,l X (91:—1,1 - 7“71,1) - (ki,l - 5) X (Gl - 7“1:,1)-
gi—1,1 isindirectly related to r; 1, and G is the arithmetic average of r; ; which implies a statistical conclusion:
si1 > Ti2. It means that the change degrees of individual opinions in round one of the judgemental leaking
procedure are usualy bigger than the ones of individual opinions from round one to round two in the conventional

Delphi. Similarly,
N ki kio
S1—Ga=)_ % (gi-11 —ria) = > N X (Gr=ria),
i=2 i=1

which implies a statistical conclusion: S; > Gs.



Round 2

s12 = S11+ k12 x (S1—s1,1).
gi2 = S1,2.
sio = Si1+kig < [(S1—si1) 4+ (gim1,2 — si1)], (12>2) (11)
i 562
9i2 = Zt—
= !
N s
i,2
52 = Z; N’
N N N
_ Si,1 ki X(Sl_szl ko 91 1,2 — 871,1)
S LNt N tY -
=1 =1 =1
N N
ki X S — 9% kz X 11— 3
Sy — 8, = Z 2 ]\; 81 +Z 2 g 1,2 — 8,1). (12)

«
I
—

1=

1

By comparing Se — 51 (12) and G2 — G (9), a statistical conclusion of (S2 — S1) > (G2 — G1) likely exists for
s;,1 isindirectly related to g;_1 o.

Round 3
si3 = Si2+kiz x[(S2—si2)+ (gi—1,3 —si2)], (1>2) (13)
‘s
9i,3 = Z t—
=1
N s
i3
53 = Z; N’
N N
B 852 ki3 x (S2 — 8;.2) kis X (gi—1,3 — Si,2)
- Z N +Z +4 N )
=1 =1
N ks x ( S s ki3 % $i2)
Sy — S, = Z i,3 2 — 72 +Z i,3 gz 1,3 — 1,2. (14)

i=1 i=1

By comparing Sz — 51 (14) and G2 — G4 (9), the statistical conclusion of (S5 — S3) > (G5 — G2) il likely exists.

In this section, we comparatively study a dynamic Delphi survey and a conventional Delphi survey. The resultsimply
that the introduction of the direct expert interaction may damage the performance of the Del phi when experts are impacted
by different local views. Local views produce uneven opinion pull in the panel which resultsin sharp change of individual
opinions and bad convergence of the group views.

6. CONCLUSIONS

In this paper, we propose a variation of the Delphi survey technique, namely, the dynamic Delphi survey instrument. This
variation is derived from the observation that that social-emotional exchangesamong panelists may be of help infacilitating
consensus development and eliminating potential misunderstanding. The panelists are allowed to obtain collective opinions
dynamically, i.e., between each survey round.

We conducted a comparatively study on procedures and characteristics of the conventional Delphi and the dynamic
Delphi method. A set of functional relations are established to describe the process involved in each round of a Delphi
survey. It is suggested that a dynamic Delphi survey may form a consensus quickly. However, a dynamic Delphi survey
may result in sharp changes of individual opinions and worse convergence of the collective group view when panelists are
impacted by different local views. The reason may be that local views produce uneven opinion pull in the panel.
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