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Abstract
Objectives: To empirically demonstrate how undisclosed analytic flexibility provides substantial latitude for data mining and selective
reporting of consensus in Delphi processes.
Study Design and Setting: Pooling data across eight online modified-Delphi panels, we first calculated the percentage of items reaching consensus according to descriptive analysis procedures commonly used in health research but selected post hoc in this article. We then
examined the variability of items reaching consensus across panels.
Results: Pooling all panel data, the percentage of items reaching consensus ranged from 0% to 84%, depending on the analysis procedure. Comparing data across panels, variability in the percentage of items reaching consensus for each analysis procedure ranged from
0 (i.e., all panels had the same percentage of items reaching consensus for a given analysis procedure) to 83 (i.e., panels had a range of 11%
to 94% of items reaching consensus for a given analysis procedure). Of 200 total panel-by-analysis-procedure configurations, four configurations (2%) had all items and 64 (32%) had no items reaching consensus.
Conclusion: Undisclosed analytic flexibility makes it unacceptably easy to data mine for and selectively report consensus in Delphi
processes. As a solution, we recommend prospective, complete registration of preanalysis plans for consensus-oriented Delphi processes
in health research. Ó 2018 Elsevier Inc. All rights reserved.
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The Delphi technique is a widely used approach to
systematically seek expert and stakeholder opinion on
topics important to future research, practice, and policy
[1e3]. It involves an anonymous, iterative survey process
in which participants respond to a series of written questionnaires interspersed with controlled feedback of the
group’s responses [4]. This structured process facilitates
an efficient and effective way to solicit input from
geographically dispersed stakeholders on important and
potentially complex topics. Recent developments in the
Delphi technique, such as online and Real-Time Delphi
processes, are particularly promising advances for faster,
more cost-effective Delphi processes that involve large
groups of participants [5].
Although the general purpose of the Delphi technique is
to facilitate and structure group communication processes
[3,6], determining the existence of consensus among the
participating stakeholders is often the primary outcome of
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What is new?
Key findings
 Analyzing data from eight online modified-Delphi
panels, we found the percentage of items reaching
consensus to vary considerably depending on the
analysis procedure used to determine consensus,
ranging from no items to almost all items reaching
consensus.
What this adds to what is known?
 Undisclosed analytic flexibility makes it unacceptably easy to data mine for and selectively report
consensus in Delphi processes.
What is the implication and what should change
now?
 Standards and norms for prospectively defining
analysis plans are needed to improve the credibility
of Delphi processes for informing health research,
practice, and policy.
 Delphi researchers should prospectively and
completely register their preanalysis plans in a
publicly available, independently controlled platform that time-stamps entries. Journals and
research sponsors should require prospective registration of Delphi processes as a precondition for
publication and funding.

Delphi processes in the health research literature (the target
audience for this article) [7,8]. Delphi processes typically
ask participants to rate (nonleading and unambiguous)
items in an initial questionnaire, review summaries of
group responses once participants have finished rating
items, and then revise their ratings of items in light of the
results from previous rating rounds [9]. Delphi researchers
continue this process until a stopping rule has been met or a
predetermined number of rating rounds has been completed
[10]. In consensus-oriented Delphi processes, the data
collected during the Delphi process are then analyzed to
determine which items reached consensus among the
participating stakeholders. These consensus-oriented Delphi processes are increasingly influential in health research,
as they are being used to define key terms for rapidly developing health research areas [11], decide core outcome sets
to measure in clinical trials [12], develop reporting guidelines for research articles [13], estimate the prevalence of
health-related conditions [14], and establish priorities for
future research studies [15]. Specifying the analysis procedure for consensus is therefore a critical consideration when
designing consensus-oriented Delphi processes in health
research.

97

1.2. Analytic flexibility in consensus-oriented Delphi
processes
The concept of consensus has been defined in numerous
ways by Delphi researchers [6,16]. Many Delphi processes
in health research specifically seek to determinedand therefore restrict their definitions of consensus todthe items that
have been rated favorably by participants [1,6]. Negatively
rated items, as well as those with responses in the middle
of the rating scale, are consequently less relevantdother
than their use to indicate the dispersion of responses. To
illustrate, Delphi processes to develop reporting guidelines
typically ask participants to rate how important they believe
it is to include each item in the reporting guideline under
development, with the ultimate goal of creating a checklist
of the items that participants rated as most important
[17,18]. In this context, a research team must choose an analysis procedure for determining whether an item has reached
consensus (e.g., a median 7 on a nine-point Likert scale)
that may or may not incorporate an indicator of the dispersion of responses as part of the criteria for consensus (e.g.,
the interquartile range of responses on the nine-point scale
must be no greater than two) [19].
A multitude of different analysis procedures to determine
consensus in Delphi processes exist, but there are no agreedupon standards or guidelines for choosing one analysis procedure over another [6,8,16]. To classify this multitude of
procedures, the most comprehensive overview of consensus
measurement in Delphi processes to date lists three different
types of analysis procedures: subjective decisions by the
research team, descriptive statistics, and inferential statistics
[6]. In health research, descriptive statistical measures are
the most common [1]. These include measures of central tendency (e.g., median, mean), level of agreement (e.g., percentage of participants giving specific ratings to each
item), dispersion of responses (e.g., width of inter-quartile
range), and combinations of the above measures (e.g., a measure of central tendency in combination with a measure of
dispersion) [8,9]. Thus, even when considering only descriptive statistical measures to determine which items have been
rated favorably by participants, a multitude of analysis procedures are currently accepted by the health research community [1]. These analysis procedures differ in their
sensitivity to different distributions of the data [8,20], and
different procedures are specifically intended to involve
more (or less) strict criteria to make it more difficult (or
easy) for items to achieve consensus [21]. As a result, the
set of items that reach consensus has the potential to vary
considerably depending on the chosen analysis procedure.
The multitude of accepted procedures for determining
consensus, and their differing sensitivities to different distributions of the data, leave Delphi processes susceptible
to data mining for and selective reporting of consensus
by health researchers. Without committing to an analysis
procedure in advance of data collection, researchers have
the flexibility to try different analysis procedures to obtain
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a desired result, which jeopardizes the veracity of claims
that the results of the study accurately reflect the consensus
opinion of participating stakeholders [22]. That is, without
prespecifying their analysis procedures in a study registry,
health researchers conducting consensus-oriented Delphi
processes can mine for and selectively report the most
desirable set of items reaching consensusdand even present the reported analysis as the only one conducted. Undisclosed flexibility in data collection, analysis, and reporting
is a growing concern in empirical research [23,24], and initiatives to address such concerns are increasing priority for
the scientific community [25,26]. However, attention to
these biasesdand to the transparent, open, and reproducible research practices (such as study preregistration) [22]
that aim to address these biasesdis currently not normative
in Delphi research. As a result, haphazard and even post
hoc selection of analysis procedures for determining
consensus can threaten the credibility of consensusoriented Delphi processes in health research.
1.3. Study objective
Building on previous studies examining the measurement
of consensus in Delphi processes [9,27], this study pools
empirical data from an actual Delphi process to demonstrate
the considerable variability in the percentage of items reaching consensus as a result of changing the analysis procedure
used to determine consensus. The objective of these analyses
is to highlight how undisclosed analytic flexibility allows
data mining for and selective reporting of consensus, thereby
posing a serious threat to the primary outcome of consensusoriented Delphi processes.

2. Methods
Data for this article come from a project to develop
research priorities for the Patient-centered SCAlable National Network for Effectiveness Research (pSCANNER):
a stakeholder-driven, clinical data research network [28].
pSCANNER is a member of the Patient-Centered Outcomes Research Institute’s national patient-centered clinical research network of learning health care systems
created to harness the power of very large amounts of
health data [29]. As part of pSCANNER stakeholder
engagement activities, we conducted an online modifiedDelphi process (involving eight stakeholder panels) to
explore the existence of consensus on research topics to
be prioritized for future studies conducted using pSCANNER data [30]. Namely, we aimed to determine priorities
of patient-centered outcomes research for three specific
health issues: three panels focused on weight management
and obesity (WMO), three panels focused on congestive
heart failure (CHF), and two panels focused on Kawasaki
disease (KD). Substantive panel findings (including qualitative data analyses) will be published separately.

2.1. Study participants
We recruited researchers, clinicians, and patients or their
caregivers relevant to the condition for each panel. Recruitment strategies involved email, messages to members-only
social media communities, and in-person contact by members of the pSCANNER stakeholder advisory board and clinicians at pSCANNER clinical sites. Informed by previous
research on online modified-Delphi processes, the intended
sample size for each panel was approximately 40 participants [11]. To be eligible, patients had to be either overweight (body mass index 25 kg/m2) for the WMO
panels or diagnosed with heart failure for the CHF panels;
eligible caregivers had to provide care for a child diagnosed
with KD for the KD panels. Researchers and clinicians had
to be involved in research or care for patients with the condition relevant to each panel. Participants also had to be
18 years of age or older, read and write in English, and
be able to use a computer or similar device to access the online system. WMO and CHF each had a clinician-only
panel (panels A and D), a patient-only panel (panels B
and E), and a mixed panel of patients, clinicians, and researchers (panels C and F). KD had a patient-only (panel
G) and a mixed panel (panel H) but no clinician-only panel.

2.2. Research design
We used RAND’s ExpertLens (EL) for all eight panels
[31]. EL is an online modified-Delphi platform that combines rounds of questions with interspersed rounds of statistical feedback and online discussion. EL offers an
innovative approach to online modified-Delphi processes
by allowing participants to answer questions and explain
their responses, as well as discuss results using an asynchronous, anonymous, and moderated online discussion
board. For efficiency of running online modified-Delphi
processes, it automatically analyzes group responses and
displays participants’ previous responses in later rounds,
eliminating the time between rounds needed to generate
individualized reports that detail group responses in comparison to individual participants’ responses. EL has been
used in numerous health research studies that involved online modified-Delphi processes [28,32e35].
Procedures across rounds were consistent across panels;
the only differences were the participants in a panel, the
condition under study, and the research topics being rated.
Participants considered patient-centered research topics for
a given condition (WMO, CHF, or KD) with a particular
aspirational goal in mind (e.g., ‘‘reduce unwarranted hospital readmissions for heart failure by 25% by 2020’’); the
research topics and aspirational goals were the same across
stakeholder panels (patient-only, clinician-only, and mixed
panels) for the same condition (WMO, CHF, or KD). Each
study round occurred over approximately 1 to 2 weeks,
with participants receiving periodic reminders and financial
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incentives (a $300 gift card as a compensation for approximately 4 hours of their time) to maximize engagement.
During a brainstorming round 0, participants suggested
research topics and rating criteria, and they provided feedback on a preliminary list of aspirational goals developed
by the study team. In round 1, participants rated research
topics on five different criteriadinformed decision-making,
collaboration, relevance, impact, and innovation (see
Appendix on the journal’s web site at www.elsevier.com)
don a nine-point Likert scale, in which higher scores indicated more ‘‘favorable’’ ratings (e.g., higher relevance, higher impact). Participants also had the ability to explain or
comment on each Likert scale response using open text
boxes. In round 2, the EL platform automatically calculated
medians and interquartile ranges for each combination of
research topic and rating criteria and displayed these on
bar charts showing the frequencies of all participants’ responses on the nine-point scale. Each participant also saw
their own response highlighted as a red dot on each chart
(see Fig. 1). Participants then engaged in an asynchronous
and anonymous discussion of round 1 results using an online
discussion board within EL. Members of the project team
moderated discussions by posing questions and ensuring participants did not post comments containing personal health
information. In round 3, participants revised their round 1 responses based on reviewing results from round 1 (bar charts
and a list of explanatory comments for each rating question)
as well as all of the round 2 discussion comments.
2.3. Measures
For the current article, we reanalyzed the data from the
final rating round (i.e., round 3) of each panel according to
five descriptive measures commonly used to determine
consensus in Delphi processes reported in the health
research literature [1], namely medians, medians plus
dispersion of responses, means, means plus dispersion of

responses, and levels of agreement. We used various specific thresholds within each of these definitions of
consensus, yielding 25 analysis procedures in total (see
Box 1). The reported analyses only included data for the
participants who completed round 3 (see Table 1).

2.4. Statistical analysis
We first pooled data from all panels to calculate the percentage of items that reached consensus according to the 25

Box 1 Descriptive analysis procedures for
determining consensus
Median alone
1. Median of 7.
2. Median of 8.
3. Median of 9.
Median and a measure of dispersion
4. Median of 7 and an interquartile range (IQR) less
than or equal to 1.
5. Median of 7 and an IQR less than or equal to 2.
6. Median of 8 and an IQR less than or equal to 1.
7. Median of 8 and an IQR less than or equal to 2.
8. Median of 9 and an IQR less than or equal to 1.
9. Median of 9 and an IQR less than or equal to 2.
10. RAND-UCLA Appropriateness Method: median
of 7 or higher and a disagreement index less than
1.21
Mean alone
11. Mean of 7.
12. Mean of 8.
13. Mean of 9.
Mean and a measure of dispersion
14. Mean of 7 and a standard deviation (SD) less
than or equal to 1.
15. Mean of 7 and an SD less than or equal to 2.
16. Mean of 8 and an SD less than or equal to 1.
17. Mean of 8 and an SD less than or equal to 2.
18. Mean of 9 and an SD less than or equal to 1.
19. Mean of 9 and an SD less than or equal to 2.
Level of agreement (percentage of 7e9 ratings on
a nine-point Likert scale)
20. Plurality of ratings (higher percentages of participants gave ratings of 7e9 than 1e3 or 4e6)
21. 50% of ratings.
22. 66% of ratings.
23. 75% of ratings.
24. 80% of ratings.
25. 100% of ratings.

Fig. 1. Example screenshot of controlled, individualized feedback in
round 2.
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Table 1. Study characteristics
Study information

Weight management and obesity

Congestive heart failure

Kawasaki disease

Dates
Number of panels
Number of research topics rated by participantsa
Number of rating criteria per topica
Number we approached to participate
Number of invited panelists who participated
(% of number we approached to participate)
Number of panelists who completed round 3
(% of participating panelists)

MarcheApril 2015
3
9
5
124
99 (80%)

MayeJune 2015
3
7
5
114
85 (75%)

JuneeJuly 2015
2
7
5
113
103 (91%)

82 (83%)

76 (89%)

99 (96%)

Notes: We defined ‘‘number we approached to participate’’ as those whom we sent an invitation and username/password to the ExpertLens system. We defined ‘‘invited panelists who participated’’ as those who accessed round 1. We defined ‘‘panelists who completed round 3’’ as those who
completed the final rating round and therefore whose data we included in our analyses.
a
The research topics and rating criteria can be found in Online Supplement 1.

different analysis procedures for determining consensus and
rank-ordered these procedures from most lenient (i.e., highest percentage of items reaching consensus) to most stringent
(i.e., lowest percentage of items reaching consensus). Then,
we compared the percentage of items reaching consensus in
each individual panel for each analysis procedure (i.e., eight
panels and 25 analysis procedures, for a total of 200 panelby-analysis-procedure configurations).

3. Results
Panels took place from MarcheJuly 2015 (see Table 1).
Of 351 panelists, 287 (82%) answered questions in round 1.

Of these 287 participants, 257 (90%) participated in round
3 and therefore provided data for the current analyses.
The percentage of items reaching consensus varied
considerably by analysis procedure when pooling data from
all panels (see Table 2). The most stringent analysis procedures all required a ‘‘mean of 9’’ to reach consensus; all of
these analysis procedures yielded 0% of items reaching
consensus. The least stringent analysis procedure was a
‘‘plurality’’ of respondents rating an item as favorable,
for which 84% of items reached consensus.
The percentage of items reaching consensus also varied
considerably within individual panels by analysis procedure
and across panels when using the same analysis procedure
(see Table 3). Similar to the analyses pooling data from all

Table 2. Percentage of items reaching consensus (all panels combined)
Measure information

Rank

Descriptive measure

Consensus threshold

Level of agreement
Level of agreement
Median
RAND/UCLA
Median þ IQR 2
Level of agreement
Mean
Mean þ SD 2
Median
Level of agreement
Median þ IQR 2
Level of agreement
Median þ IQR 1
Median þ IQR 1
Mean
Mean þ SD 2
Median
Median þ IQR 2
Mean þ SD 1
Median þ IQR 1
Mean þ SD 1
Level of agreement
Mean
Mean þ SD 1
Mean þ SD 2

Plurality
50%
Med 7
IPRAS
Med 7 þ IQR 2
66%
Mean 7
Mean 7 þ SD 2
Med 8
75%
Med 8 þ IQR 2
80%
Med 7 þ IQR 1
Med 8 þ IQR 1
Mean 8
Mean 8 þ SD 2
Med 9
Med 9 þ IQR 2
Mean 7 þ SD 1
Med 9 þ IQR 1
Mean 8 þ SD 1
100%
Mean 9
Mean 9 þ SD 1
Mean 9 þ SD 2

Percentage reaching consensus

Measure rank

Threshold rank

Total

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

1
2
3
4
5
6
7
8
9
10
11
12
13
14
16
16
18
18
19
20
21
22
25
25
25

84%
79%
76%
76%
62%
60%
46%
44%
39%
36%
35%
28%
24%
16%
9%
9%
6%
6%
5%
4%
3%
2%
0%
0%
0%

Abbreviations: IPRAS, Inter-Percentile Range Adjusted for Symmetry; IQR, interquartile range; SD, standard deviation.
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Table 3. Percentage of items reaching consensus (individual panel data)
Items reaching consensus
across panels

Measure information
Descriptive measure

Consensus threshold

Level of agreement
Level of agreement
Median
RAND/UCLA
Level of agreement
Mean
Median þ IQR 2
Median
Level of agreement
Mean þ SD 2
Median þ IQR 2
Level of agreement
Median þ IQR 1
Median þ IQR 1
Mean
Mean þ SD 2
Mean þ SD 1
Mean þ SD 1
Median
Median þ IQR 2
Level of agreement
Median þ IQR 1
Mean
Mean þ SD 1
Mean þ SD 2

Plurality
50%
Med 7
IPRAS
66%
Mean 7
Med 7 þ IQR 2
Med 8
75%
Mean 7 þ SD 2
Med 8 þ IQR 2
80%
Med 7 þ IQR 1
Med 8 þ IQR 1
Mean 8
Mean 8 þ SD 2
Mean 7 þ SD 1
Mean 8 þ SD 1
Med 9
Med 9 þ IQR 2
100%
Med 9 þ IQR 1
Mean 9
Mean 9 þ SD 1
Mean 9 þ SD 2

Range (lowest to highest)
29%
36%
42%
42%
62%
73%
50%
83%
83%
67%
80%
79%
59%
63%
51%
51%
34%
26%
20%
20%
17%
14%
0%
0%
0%

(71e100%)
(64e100%)
(58e100%)
(58e100%)
(36e97%)
(24e97%)
(44e94%)
(11e94%)
(11e94%)
(24e91%)
(11e91%)
(7e86%)
(7e66%)
(0e63%)
(0e51%)
(0e51%)
(0e34%)
(0e26%)
(0e20%)
(0e20%)
(0e17%)
(0e14%)
(0e0%)
(0e0%)
(0e0%)

Individual panel data
A

B

C

D

E

F

G

H

73%
64%
58%
58%
36%
24%
44%
18%
11%
24%
16%
11%
7%
0%
0%
0%
0%
0%
2%
2%
0%
0%
0%
0%
0%

84%
82%
78%
78%
53%
33%
64%
13%
20%
33%
13%
7%
9%
2%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%

93%
89%
87%
87%
56%
31%
69%
24%
40%
31%
24%
27%
33%
20%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%

71%
69%
60%
60%
49%
26%
54%
11%
11%
26%
11%
11%
17%
0%
0%
0%
6%
0%
0%
0%
0%
0%
0%
0%
0%

100%
100%
100%
100%
97%
97%
94%
94%
94%
91%
91%
86%
66%
63%
51%
51%
34%
26%
17%
17%
17%
14%
0%
0%
0%

74%
69%
66%
66%
51%
37%
63%
40%
34%
37%
40%
26%
34%
26%
3%
3%
3%
0%
0%
0%
0%
0%
0%
0%
0%

86%
80%
80%
80%
71%
66%
57%
69%
49%
63%
54%
43%
14%
14%
14%
14%
0%
0%
20%
20%
0%
11%
0%
0%
0%

89%
83%
83%
83%
74%
69%
54%
60%
43%
60%
43%
29%
14%
14%
14%
14%
3%
3%
17%
17%
0%
11%
0%
0%
0%

Abbreviations: IPRAS, Inter-Percentile Range Adjusted for Symmetry; IQR, interquartile range; SD, standard deviation.

panels, the three most stringent analysis procedures (i.e.,
requiring a ‘‘mean of 9’’) had no variability in the percentage of items reaching consensus (i.e., each individual panel
had 0% of items reaching consensus). In contrast, the
largest range in the percentage of items reaching consensus
across panels for a given analysis procedure was 83: that is,
the percentage of items reaching consensus ranged across
panels from 11% to 94% when using a ‘‘median of 8’’
and ‘‘75% level of agreement’’ as the analysis procedure.
Of the 200 total panel-by-procedure configurations, four
configurations (2%) had all items reaching consensus,
although 64 configurations (32%) yielded no items reaching consensus.

4. Discussion
4.1. Summary of findings
Deciding which analysis procedure to use is a critical
aspect of designing consensus-oriented Delphi processes.
In addition to often serving as the primary outcome of Delphi processes, reaching consensus is frequently the sole criterion for stopping a Delphi process in health
researchdalthough the stability of round results (i.e., consistency of responses between rounds) or a predetermined
number of rounds are considered as more appropriate stopping criteria by experts in the Delphi technique [3,36,37].
Given the importance and influence of consensus

measurement in Delphi processes in heath research, we
built on previous studies examining how study design features can influence the results of Delphi processes to show
how flexibility in the selection of the analysis procedure
can considerably influence which items reach consensus
[8e10,21,38,39]. Specifically, we empirically demonstrated
that different analysis procedures for determining
consensus lead to drastically different results, ranging from
literally all items to no items reaching consensus. In other
words, the set of items that reach consensus can change
significantly based on the chosen analysis procedure.
In their seminal article on false-positive rates in psychology [23], Simmons et al demonstrated how undisclosed
flexibility in data collection, analysis, and reporting allows
psychology researchers the possibility to present nearly
anything as statistically significant. We are concerned that
undisclosed flexibility in data collection, analysis, and reporting of Delphi processes allows health researchers the
similar possibility to present nearly any set of items as
reaching consensus. Given that the analysis procedure used
to determine consensus in Delphi processes is often arbitrarily or not rigorously decided [6], the possibility of
health researchers trying different post hoc analysis procedures and reporting only the analysis procedure with the
most desirable set of items reaching consensus is a legitimate concern. Without preregistering and reporting all of
the attempted analysis procedures and when they were attempted, the extent and impact of researchers trying
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different analysis procedures is nearly impossible for peer
reviewers, editors, and consumers of Delphi research to
assess [22].
4.2. A call to prospectively register analysis plans in
consensus-oriented Delphi processes
For over a decade, health researchers have continually
called for standards to improve the methodological rigor
of Delphi processes [39,40]. To this end, and in light of
our findings and concerns, health researchers should adopt
practices used to address undisclosed analytic flexibility in
other research methods to safeguard the credibility of
consensus-oriented Delphi processes [22]. Otherwise, existing latitude in the selection and reporting of analysis procedures leaves items reaching consensus in Delphi
processes from health research at risk of being (perceived
as) arbitrarydor worse, an artifact of data mining combined with selective outcome and analysis reporting [41].
Health research using Delphi processes can meet this
call by following developments from other areas of health
research in the implementation of transparent, open, and
reproducible research practices [1,12,42]. Of most relevance to the current article, pre-registration of research
studies has been used to improve the credibility of health
research for several decadesdin particular, the credibility
of reported outcomes in clinical trials [43e45]. One reason
health researchers (namely clinical trialists) are expected to
record important information about study design prospectively in public registries (e.g., ClinicalTrials.gov) is to
allow others to compare the outcomes and analyses reported in articles with the outcomes and analyses they
planned to use before the trial began [46]. Prospective,
complete definitions of outcomes and how they will be
analyzed can help prevent (or at least allow the detection
of) post hoc specification searching: that is, conducting
different analysis procedures on the same data set until
the desired results are found and then selectively reporting
these results [24,46,47]. Consequently, prospectively registering clinical trials has become an expected norm and standard by those involved in conducting, publishing, and
sponsoring medical research [48e55].
Although many Delphi processes in health research provide operational definitions of consensus in final articles
[1], there are fewer examples of Delphi researchers preregistering studies or publishing protocols that specify how
they planned to determine consensus before collecting
and analyzing the data [56,57]. Lack of prespecification allows for arbitrary, inappropriate, post hoc, selectively reported, and even purposely biased definitions of and
procedures for analyzing consensus [6]. This norm is a
great concern for the veracity of findings from Delphi processes, given that consensus measurement has been
described by some as the ‘‘least-developed component of
the . Delphi method,’’ varying ‘‘from study to study’’
(p. 310) [58]. We believe preregistration of analysis plans

would improve the credibility and utility of consensusoriented Delphi processes in health research.
We recommend that researchers conducting consensusoriented Delphi processes prospectively and completely register the intended procedure for identifying which items reach
consensus. To be prospectively registered, the analysis procedure for determining consensus for Delphi processes
should be chosen a prioridideally before starting the first
round but at the very latest before completing data
collectiondto improve the validity of findings. In other
words, health researchers conducting consensus-oriented
Delphi processes should commit themselves in advance to
an analytic procedure for determining which items reach
consensus before they see the actual data (or, ideally, before
they even collect the data) [22]. To be completely registered,
the preanalysis plan should precisely describe the essential elements of the analysis procedure for determining consensus
(see Box 2). In addition, registrations should be in a publicly
available and independently controlled platform that timestamps entries. For instance, the Open Science Framework
(https://osf.io/) provides a free, open-source system that Delphi researchers can use to preregister their analysis plans and
store and share full study protocols, materials, code, and final
raw data. Researchers can then compare the information
about the analysis procedure reported in final article to the information about the analysis procedure registered in the preanalysis plan. Researchers should use existing guidance on
reporting completed Delphi processes to provide sufficient
information for comparing the final article to the registered
preanalysis plan [1,12,42], with particular attention in the
final article to any changes from the preanalysis plan in the
items, rating criteria, analytic procedure (measure and
threshold), and data and participants included in the analysis.
To facilitate the preregistration of consensus-oriented
Delphi processes by researchers, other stakeholders in the

Box 2 Minimum set of items to include in
prospectively registered preanalysis plans
for consensus-oriented Delphi processes
1. All items to be rated (e.g., research projects to
prioritize)
2. All criteria on which items will be rated (e.g.,
importance)
3. Type of measure for determining which items
reach consensus (e.g., median plus a measure of
variability in responses)
4. Specific threshold for the chosen measure (e.g.,
median of at least 7 on a nine-point scale and an
interquartile range of less than 2)
5. The data and participants to be used for determining consensus (e.g., all data from all participants who responded in the final rating round).
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scientific ecosystem also play an important role. Most
notably, journal and research sponsor enforcement has been
crucial in improving the rate of prospectively registered
clinical trials [59e61]. Consequently, we also call on journals that publish and research funders who sponsor
consensus-oriented Delphi processes to require prospective
registration of these studies as a precondition for publication and funding.
4.3. Strengths, limitations, and future research
Several aspects of our analysis are worth discussing. First,
numerous types of analysis procedures exist for determining
consensus in Delphi processes [6]. This article focused on
descriptive measures of consensus, given their prominence
in health research; future research could further investigate
the sensitivity of consensus to different subjective and inferential analysis procedures as well [6,9]. In addition, the online
panels we used in this study focused on different health conditions; we thought it was appropriate to pool data across
panels as they were part of the same study, had the same
objective, had similar groups of stakeholders, and used the
exact same rating criteria. Third, we only used data from
the final round of the Delphi process, whereas other descriptive analysis procedures for determining consensus use data
from multiple roundsdsuch as reductions in the dispersion
in data across rounds [62e64]. It is also worth noting that this
study analyzed data from an online, modified-Delphi process
that focused on measuring consensus. Consensus-oriented
Delphi processes taking place online have become particularly
prominent as of late due to their increased efficiency and ability to engage stakeholders from disparate locations [65].
Nonetheless, this type of analysis could be replicated in other
Delphi process formats. For example, as we focused exclusively on measures of consensus, future research could investigate the sensitivity of results to dissent-based analysis
approaches in Delphi processes [20,66]. Moreover, data from
this study (and similar research) [1,6,8,9,36e38] can assist researchers in prespecifying an analysis procedure that is likely
to be strict (or lenient) enough for the aspirations of a given
Delphi process [16]. Future empirical research on this topic
can also provide the foundation for the development of a
comprehensive list of consensus measures and corresponding
analysis procedures [1], ideally combined with information on
how other factors of study design (e.g., number of participants, participant characteristics, number of statements, rating
scales) may influence results [6]. This future empirical
research would complement existing research on other methodological features and biases that can influence the results in
Delphi research [67,68].

5. Conclusion
This study demonstrates considerable variability in the
items that reach consensus in Delphi processes when
changing the analysis procedure used to determine
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consensus. These results highlight how undisclosed analytic flexibility makes it unacceptably easy to data mine
for and selectively report consensus in Delphi processes.
Consequently, a lack of standards and norms for defining
and publicly registering analysis plans in advance
threatens the credibility of using consensus-oriented Delphi processes to inform health research, practice, and policy [6]. We therefore call for the prospective, complete
registration of pre-analysis plans for consensus-oriented
Delphi processes.
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