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Abstract

Objective: To investigate how consensus is operationalized in Delphi studies and to explore the role of consensus in determining the
results of these studies.

Study Design and Settings: Systematic review of a random sample of 100 English language Delphi studies, from two large multidis-
ciplinary databases [ISI Web of Science (Thompson Reuters, New York, NY) and Scopus (Elsevier, Amsterdam, NL)], published between
2000 and 2009.

Results: About 98 of the Delphi studies purported to assess consensus, although a definition for consensus was only provided in 72 of
the studies (64 a priori). The most common definition for consensus was percent agreement (25 studies), with 75% being the median
threshold to define consensus. Although the authors concluded in 86 of the studies that consensus was achieved, consensus was only spec-
ified a priori (with a threshold value) in 42 of these studies. Achievement of consensus was related to the decision to stop the Delphi study in
only 23 studies, with 70 studies terminating after a specified number of rounds.

Conclusion: Although consensus generally is felt to be of primary importance to the Delphi process, definitions of consensus vary
widely and are poorly reported. Improved criteria for reporting of methods of Delphi studies are required. © 2014 Elsevier Inc. All rights

reserved.
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1. Introduction

A Delphi study is a widely used method to obtain input
from a group of experts [ | —3]. Although initially developed
to predict cold war enemy attack probabilities, the technique
has been widely used across numerous disciplines as a
method to seek expert opinion in an iterative structured
manner. The key features of the method are anonymity be-
tween participants with controlled feedback provided in a
structured manner. Participants then may adjust their initial
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ratings based on feedback from the group in a number of
subsequent iterations [ 1,4]. Although classically the method
seeks to elicit consensus on the topic under study, there are
variations of the Delphi such as the dissensus or Policy Del-
phi that aim to seek a broad range of opinions without
achieving consensus [5].

Although the notion of consensus is fundamental to many
Delphi studies, the definition of what constitutes consensus
is less clear [3,4.6]. Investigators have adopted different ap-
proaches to defining consensus including formal measures
of agreement, degree of uncertainty around a point estimate,
decreases in variance of group responses, or the proportion
of participants agreeing to a particular viewpoint [1,2,6,7].

The objective of this systematic review was to document
the range of definitions of consensus in a representative,
randomly selected, cross-disciplinary selection of Delphi
studies. The rationale for the study was based on the fact
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What is new?

e Definitions of consensus in Delphi studies vary
widely and are poorly reported.

e Attainment of consensus is infrequently used as a
criterion for ending a Delphi study.

e Methodologic criteria are proposed for the report-
ing of Delphi studies.

that although the Delphi technique is widely regarded as a
consensus development technique, our impression from
reading Delphi publications was that achievement of
consensus is often assumed to occur by virtue of perform-
ing a Delphi study. We were concerned that many studies
do not adequately define criteria for achievement of
consensus and that even when consensus has been defined,
it is not always clear whether the prespecified criteria for
consensus have been a factor in deciding when to stop
the Delphi process. We believe that failure to adequately
define and use criteria for consensus challenges the notion
that the results of a Delphi study reflect the consensus of the
group of experts.

2. Method
2.1. Search strategy

The ISI Web of Science (Thompson Reuters, New York,
NY) and Scopus (Elsevier, Amsterdam, NL) databases were
used to conduct the search. The objective of using these da-
tabases was to obtain a cross-disciplinary selection of Delphi
studies. The search was performed using “Delphi” as a text
word term. The results were limited to articles published in
calendar years 2000—2009 in English. The results were ex-
ported into an EndNote X4.0 database (Thompson Reuters)
and duplicates removed via both the duplicate search func-
tion in EndNote and by manually reviewing the list of arti-
cles. All of the studies were assigned a unique identifier
using consecutive numbers from one to the total number of
articles. These articles formed the “‘study population.”

2.2. Selection of publications for detailed review

Using a random number generator, the study population
was randomly sorted and a second sequential number (re-
view number) was assigned to each article. Beginning with
the article with the lowest review number, we reviewed the
abstract of each article sequentially to ensure that the article
described the conduct of a Delphi study. To be selected, the
article was required to describe a study whereby greater
than one participant engaged in an iterative anonymous
process that involved ranking or rating items by qualitative

or quantitative means. Where the abstract was not available,
the full manuscript was obtained for review. We excluded
articles describing the synthesis of results from Delphi
studies or subsequent use of instruments and/or measures
that had previously been developed by a Delphi process,
but not the Delphi process itself. For feasibility reasons, on-
ly the first 100 articles to describe the conduct of a Delphi
study were selected as the “study sample” and subjected to
detailed review.

2.3. Review of Delphi studies

All manuscripts in the “study sample’’ were reviewed us-
ing a standardized datasheet by a single reviewer (I.LR.D.).
Using a random number table, a random selection of 23 ar-
ticles was reviewed by a second reviewer (R.C.G.). In the
development of the datasheet used for the review, the two re-
viewers jointly reviewed a number of Delphi studies from
the study population, which had a review number that was
greater than 2,500 and therefore were unlikely to be included
in the study sample. This was done to ensure usability of the
datasheet and consistency of the review. None of the articles
comprising this “validation data set”” were discussed among
the primary and secondary reviewer before review and quan-
tification of the measures of agreement.

Agreement between the reviewers was assessed using
three key fields and the Kappa statistic. The fields assessed
were: (1) whether the Delphi study had consensus develop-
ment as a goal, (2) whether consensus was defined, and (3)
the reason for ending the Delphi. It was decided a priori that
provided the kappa statistic was greater than 0.8, the review
of the primary reviewer would be considered to be valid and
that double review of all articles would not be performed. In
the event that the Kappa statistic fell below this threshold, it
was planned for the second reviewer to review all articles,
with a third reviewer adjudicating discrepancies.

The primary focus of the review was to document how
consensus was defined. We recorded the description of
consensus from each manuscript and then classified the
various definitions into a number of mutually exclusive
categories. We also specified whether the definition of
consensus was stated a priori in the article and whether a spe-
cific threshold criterion for consensus was provided at that
time. We also examined whether the decision to end the Del-
phi was based on achievement of consensus. If the decision
was not based on consensus, we recorded the primary reason
for ending the Delphi process. The results and discussion
section of the manuscripts were also reviewed to determine
whether the investigators commented on a consensus being
reached. This was done irrespective of whether a definition
for what constituted consensus was provided in the methods
section.

Study characteristics were also collected including:
discipline, region of origin, year of publication, number
of participants, and the number of rounds that the Delphi
study was performed for. Although the intention was not
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to report the overall quality of the Delphi studies reviewed,
we collected four variables that we view to be key indica-
tors of a good quality Delphi study (Table 1). These mea-
sures were summed to create an overall quality score.

2.4. Analysis and interpretation

Initially we had planned, as our primary analysis to only
focus on studies identified as having consensus as their
goal, with a secondary analysis to include all studies. How-
ever, only two studies were selected that did not aim to
address consensus. Consequently, only a single analysis
was performed. However, the two studies that did not pur-
port to assess consensus were excluded from the analyses of
consensus-related issues. Analyses were done with PASW
Statistics Version 17 (IBM SPSS, Chicago, IL).

Our analyses were primarily descriptive, with frequency
counts provided for most variables. We also performed a
limited number of analyses for trends within categorical vari-
ables (chi-square or Fisher’s exact test). These analyses
examined the relationship between measures of consensus,
reasons for termination of the Delphi, and the quality score.
We also explored the relationship between these indicators
and whether the Delphi study was from the health care field
(medicine, nursing, or allied health) or a non-health care field.

3. Results

A total of 3,056 unique manuscripts formed the “study
population.” About 247 of these articles were reviewed to
obtain the 100 manuscripts describing a Delphi process
(Appendix).

Characteristics of the ‘““study sample” are provided in
Table 2. The articles selected were evenly balanced among
the years covered by the review. Almost half of the studies
originated in North America, with studies from Europe mak-
ing up the second largest group. Almost three-quarters of the
Delphi studies were within health care. About 48 of the
studies were completed in two rounds with 42 having three
rounds. All of the studies with a single round had been
planned for multiple rounds, although the predefined crite-
rion for consensus was met on the first round.

3.1. Accuracy of a single reviewer

The level of agreement was excellent on the primary
measures assessed with perfect agreement on whether the
Delphi addressed consensus and whether consensus was

Table 1. Data fields indicating quality of a Delphi study

1. Stopping criteria specified (Yes)
2. Planned number of rounds specified (Yes)
3. Reproducible criteria for selection (Yes)

of participants
4. Criteria for dropping items at each
round

(Yes or not applicable)

Table 2. Characteristics of the 100 studies in study sample

Parameters Number
Year published
2000—-2001 17
2002—-2003 27
2004—2005 12
2006—2007 21
2008—-2009 24
Region
North America 44
Europe 32
Asia 7
South Pacific 6
Middle East 2
South America 1
Multiple regions 8
Field of study
Medicine 40
Nursing 12
Other health care 22
Other science 5
Education 6
Business/economics 15
Number of rounds
1 2
2 48
3 42
4 4
>b 4
Number of participants in final round
<10 14
11-25 40
25-50 24
51-100 12
>100 5
Not reported 5

defined. The kappa was 0.82 for why the Delphi was
stopped. We also assessed agreement on a number of sec-
ondary fields that we deemed to be important for the review
(a priori definition of consensus, was consensus reached,
was the decision to stop based on consensus, and our qual-
ity score measures). Agreement on these measures ex-
ceeded the prespecified criterion of 0.8.

3.2. Consensus and relationship to Delphi process

Table 3 examines the relationship between Consensus
and the Delphi process. A total of 98 of the Delphi studies
had development of consensus as their aim. In the two
studies that did not purport to address consensus, there
was a statement in the methods that the objective of these
studies was to obtain divergent opinions.

Of the 98 studies that had consensus as an objective, a
definition of consensus was given in 72 (73.5%) studies.
This definition was clearly specified a priori in 64 of 72
(89%) studies. However, the criterion for the achievement
of consensus was not specified in 21 of the 72 (33%)
studies. The authors commented on consensus being
reached in 86 (87.8%) of the 98 studies. In 15 of these
studies, aside from a comment that consensus was reached,
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Table 3. Consensus and relationship to Delphi process

Parameters n (%)
Did the Delphi aim to address consensus??

Yes 98 (98)

No 2(2)
Was consensus defined?”

No 26 (26.5)

Yes 72 (73.5)
Was definition of consensus a priori?®

No 8(11.1)

Yes, but not the scale 21 (29.2)

Yes, including the scale 43 (59.7)
Was consensus reached?®

No 12 (12.2)

Yes 86 (87.8)
What was the reason to stop Delphi?”

Number of rounds 70 (71.4)°

Consensus reached 23 (23.5)

Stability of responses 3(3.1)

Unclear 2 (2.0)

Denominators for calculating the percentages are as follows.
@ All 100 Studies.

® The 98 studies that had consensus as an aim.

¢ The 72 studies that provided a definition for consensus.

no definition of consensus was available. Of the 64 studies
where consensus was defined a priori, the authors stated
that consensus was not achieved in only 1 study (1.5%).

3.3. Definitions of consensus

Table 4 lists the various definitions of consensus for the
72 studies where a definition was provided. The table also
specifies whether the definition was a priori and whether a
specific threshold for consensus was provided. The most
common definition for consensus was percent agreement
(25 studies), although a threshold was provided in only half
of the studies. The proportion of ratings within a range was
the next most common definition for consensus (16
studies). Although most studies provided this definition a
priori, consensus was restricted to a limited portion of the
range in half of the studies. Of those definitions based on
a percentage or proportion, the median threshold, when
specified, for determination of consensus was 75% (range:
50—97%).

3.4. Consensus and termination of the Delphi process

Despite consensus being commented on as being
achieved in 88% of the studies, it was only deemed to be
the primary reason for termination of the Delphi process
in 23 (23.5%) studies. In most of these studies (19/23,
82.6%), an a priori definition of consensus was available.
However, in only 14 (60.8%) studies was the fact that the
Delphi would be terminated with the achievement of
consensus stated in the methods. Most Delphi studies were
run for a prespecified number of rounds (71.4%).

The Delphi studies from health care tended to be more
likely to be stopped owing to the consensus being reached
(20/74 vs. 3/26, Fishers exact P-value = 0.08). In fact, of

the 23 studies that were stopped for consensus, 20 of these
were within health care. However, the proportion of studies
commenting that the consensus was reached (20/26 vs. 66/
74, Fishers exact P-value = 0.113) did not differ signifi-
cantly within and outside of health care.

3.5. Proposed quality indicators

Table 5 lists the proposed quality indicators for the 98
consensus Delphi studies. Reproducible criteria for partici-
pants were available in two thirds of the studies. In most
(82.7%), the number of rounds that the Delphi was to be
performed was noted in the methods section of the article.
Criteria for stopping the Delphi process, other than a state-
ment of number of rounds, were present in 15 (15.3%).
These criteria were related to consensus in 14 and stability
of response in 1.

Three-quarters of the studies had a quality score of
either two or three. Only 4 of the 98 studies had a quality
score of four and 3 studies had a score of zero. The quality
score did not appear to be related to whether consensus was
defined or not [)(2 = 2.67, degrees of freedom (df) =4,
P = 0.615] or whether the study came from the health care
field (Xz =3.53, df =4, P =0.473). However, a quality
score of four was associated with a decision to stop based
on consensus. All four studies with this score were stopped
for this reason (x> = 14.81, df = 4, P = 0.005).

4. Discussion

Most Delphi studies were conducted for a specific num-
ber of rounds, without a formal criterion for consensus.
Therefore, when authors conclude, as most did, that the re-
sults of the study reflect the consensus opinion, it would
seem that the achievement of consensus within a Delphi
study is assumed to be an integral part of the technique,
as has been suggested in the literature [1—3,6,7]. The fact
that consensus was not reached in only 1 of the 64 studies
where an a priori definition of consensus was specified, pro-
vides some empirical support for this notion. Despite the
fact that consensus may be the expected outcome of the Del-
phi process, we believe that there is a need to better define
criteria for consensus and to document the degree of agree-
ment together with the results of the Delphi process.

Despite the fact that the most Delphi studies in our
cohort had consensus as their aim, in only a minority of
the Delphi studies reviewed was consensus defined with a
specific criterion. Furthermore, this criterion was the reason
for termination of the Delphi process, usually on the basis
of an a priori definition. However, we believe that an
optimal approach would be to formally define criteria a pri-
ori, for what constitutes consensus rather than assume it to
be an automatic outcome at the conclusion of a Delphi
study. In addition to this, investigators should also specify
alternate stopping criteria, including possibly a maximum
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Table 4. Definitions of consensus
Overall A priori with A priori with

Definition Example number threshold no threshold  Post hoc
Formal measure of agreement Kappa statistic, Crohnbach’s alpha, intraclass 4 4

correlation coefficient, Kendal’'s W
Rand criteria No more than two ratings outside of a three-point 4 4

range including the median. Valid if rated as

7+ without disagreement
Measure of central tendency Median ranking used to indicate groups ranking 8 2 4 2
Percent agreement >80% With same rating 25 11 10 4
Central tendency within a Mean greater than seven on a nine-point scale 2 1 1

specific range (restricted)
Central tendency within a specific Median between seven and nine for appropriate, 5 5
range (unrestricted) one to three for inappropriate, or four to six for

equivocal with a range less than three
Proportion within a range (restricted) 90% Scoring 7+ on a nine-point scale 8 8
Proportion within a range (unrestricted)  75% of the Participants rated 7, 8,9 or 1, 2, 3 8 7 1
Decrease in variance Interquartile range less than three on nine-point 6 4 1 1

scale
Stability < 15% Change in distribution of responses 1 1
Rank Rank order 1 1

number of rounds that the Delphi would be performed. If
studies are to be performed for a specific number of rounds,
then the authors should specify how the degree of agree-
ment of the experts at the conclusion of the study will be
quantified. Clear criteria for dropping or combining items
should also be specified based on the level of agreement
or disagreement with individual items. One of the limita-
tions of a priori specification is that certain items may fall
just below the threshold for what is fundamentally an arbi-
trary cut off. In the event that items, believed to be impor-
tant fell just below the threshold for inclusion in the study,
the authors could consider including these items as posteri-
ori considerations provided that sufficient justification was
provided.

Table 5. Proposed quality criteria for the 98 Delphi studies that aimed
to assess consensus

Criteria Number
Quality score components
Were criteria for participants reproducible?
Yes 65
No 33
Was the number of rounds to be performed stated?
Yes 81
No 17
Were criteria for dropping items clear?
Yes or not applicable 59
No 39
Stopping criteria other than rounds specified?
Yes 15
No 83
Quality score (items)
0 3
1 16
2 37
3 38
4 4

The authors used a wide range of definitions of
consensus as has been previously documented [1,2,6,7].
The most common definition of consensus in this study
was based on percent agreement, followed by the propor-
tion of participants agreeing in a specific rating range.
When consensus was defined by either a measure of central
tendency or proportion for ratings within a range, in 10 of
the 23 studies making use of such a criterion, consensus
was restricted to a specific part of the range. Although this
may be appropriate for particular questions, the definition
fails to account for consensus within other regions of the
scale. Owing to the diversity of topics covered by the Del-
phi method, there is no way to ascertain the validity of any
specific definition of consensus [2].

To our knowledge, there are no validated quality indi-
cators for Delphi studies. We therefore elaborated a set
of four criteria that we propose as quality indicators.
These criteria were selected on the basis of those that
we believe would allow the Delphi study to be replicated
by other investigators. The quality of the studies reviewed,
as judged by these indicators, was moderate. It is, howev-
er, important to recognize that this score is based on what
was reported in the article and may reflect issues with re-
porting, rather than with the quality of the study itself. We
therefore propose that these criteria form a set of sug-
gested elements that should be included in all Delphi
publications.

It is important to acknowledge the limitations of this re-
view. First, our intention in selecting the ISI Web of Science
and Scopus databases, rather than a discipline specific data-
base, was to obtain as much of a cross-disciplinary selection
of publications as possible. Most publications, however,
came from the health care field. It is possible that the reason
for this relates to the fact that Delphi studies outside of health
care field may be less likely to be published in academic
journals. Also, we limited our search strategy to English,
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Table 6. Proposed key methodologic criteria to report in publications
of Delphi studies

Study objective
e Does the Delphi study aim to address consensus?

O Is the objective of the Delphi study to present results (eg, a list or
statement) reflecting the consensus of the group, or does the
study aim to merely quantify the level of agreement?

Participants

e How will participants be selected or excluded?
Consensus definition

e How will the consensus be defined?

e |f applicable, what threshold value will be required for the Delphi to
be stopped based on the achievement of consensus?

o What criteria will be used to determine when to stop the Delphi
in the absence of consensus?

Delphi process
e Were items dropped?

o What criteria will be used to determine which items to drop?

e What criteria will be used to determine to stop the Delphi process or
will the Delphi be run for a specific number of rounds only?

which likely restricted studies from certain geographic re-
gions. It is possible that had a more diverse set of articles
been selected, alternate definitions and uses of consensus
may have been found. Also, although we created a quality
score, no attempt was made to validate this score—which
would be difficult to do given the absence of a ““gold stan-
dard,” and the diverse subjects covered by the Delphi
studies. However, we believe that at a minimum this score
represents a reasonable initial approach for assessing the
quality of reports of Delphi studies in the absence of other
metrics. An additional limitation relates to the fact that all
of the measures captured in this review are based on what
was reported in the manuscript, reflecting that the issues
identified may be one of poor reporting rather than of
conduct of the studies themselves.

5. Conclusion

We believe that there is a need to improve the reporting
of Delphi studies, along the lines of a CONSORT-like
guideline, as is used for randomized controlled trials [8].
We propose that the investigators who undertake Delphi
studies should report a standard set of quality indicators.
Proposed indicators are listed in Table 6. If the aim of
the Delphi study is to elicit consensus, then a clear defini-
tion for what constitutes consensus should be provided a
priori together with threshold values that specify when
consensus is reached. If the investigators plan to only quan-
tify the degree of consensus, but not have consensus as a
criterion to stop the Delphi study, this should also be
explicitly stated.
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