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Abstract 

Large-scale Delphi surveys on technology foresight started in the 1960s and involve an average of 

about 2000 participants answering, potentially, up to about 450 items. This contrasts sharply with 

the participation and content of the more common, smaller-scale Delphi surveys. Previously, Belton 

et al. (2019) developed “six steps” to underpin a well-founded and defensible Delphi process and we 

apply these steps in a novel evaluation of the quality of 42 large-scale technology foresight surveys. 

Using a detailed analysis of two exemplar studies and a content analysis of all 42 surveys, we explore 

whether such surveys differ systematically from “traditional” smaller-scale Delphi surveys and, if so, 

why this may be and what it may mean for the quality of data produced. We conclude that there are 

some problematic issues within these surveys - to do with (i) data quality in both the numerical 

summarizing of participant’s between-round feedback and in the reporting of final round numerical 

responses, (ii) the infrequent elicitation of rationales to justify participants’ proffered numerical 

responses, and, when such rationales are elicited, (iii) the between-round summary and 

presentation of the rationales. We speculate on the reasons for these design differences in the 

extant large-scale surveys and conclude that extra-survey political influences, such as differing 

objectives and the need to demonstrate wide-ranging expert participation, may be the underlying 

cause. We conclude with considerations and recommendations for the design of future large-scale 

Delphi surveys to enable the underlying process to become better-founded and more defensible to 

procedural evaluation.  

1. Introduction of the use of large-scale Delphi surveys for science and technology foresight 

Since its inception in the 1950s, the Delphi method (Brown, 1968; Helmer, 1967) has been used to 

obtain multiple expert views and perspectives on a given topic while minimising the negative 

psychological effects that impact the quality of judgements made by traditional face-to-face groups 

– especially those with diverse and conflicting opinions (Linstone & Turoff, 1975). There are four 

basic Delphi principles: anonymity, iteration of judgements, controlled feedback of responses to all 

group members including the possibility to change opinion without “losing face” or having to defend 

oneself, and statistical aggregation of individuals’ responses (Cuhls 1998, 2012; Rowe & Wright, 
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2001). Belton, MacDonald, Wright and Hamlin (2019) proposed a six-step approach to design a well-

founded and defensible Delphi process. The steps include advice on: 

1. Setting up the process (determining goals, choosing experts and identifying issues to be dealt 

with in the survey) 

2. Developing question items and response measures 

3. Software delivery choice 

4. Determining feedback to be provided to panellists 

5. Preventing and dealing with panellist drop-out 

6. Analysing and preventing the survey output 

Other, earlier, recommendations for well-designed Delphi applications exist. For example, Nowack, 

Endrikat and Guenther (2011), in a review limited to Delphi-based scenario planning exercises, 

identify three high-level Delphi functions: idea generation, consolidation and judgement. Nowack et 

al. (2011) also provide some specific recommendations, including that panellist anonymity is 

important, that open-ended questions should be used to help design the closed questions used in a 

final Delphi design, and that arguments and ideas should be communicated between Delphi rounds 

to supplement the mean or median statistics that are often used to summarise panellists’ opinions. 

Schmalz, Spinler and Ringbeck (2021) recommend the use of semi-structured interviews with experts 

to help design Delphi question items and that use of personal networks to acquire panellists may 

create bias – such as that of accumulating experts from within the same country - when 

international opinions are, in fact, sought. These authors also note that, to avoid a low response 

rate, the questionnaire distribution should not overlap with holiday periods. Beiderbeck, Frevel, von 

der Gracht, Schmidt and Schweitzer (2021) decompose “potential Delphi features” into three: 

preparing, conducting, and analysing. They note that, for a larger sample of respondents, that the 

panel composition should be examined on a regular basis, i.e., over Delphi rounds, such that any 

imbalance in expert sub-groups is supplemented by the addition of new, representative, panel 

members, mid-Delphi. All of these concerns and recommendations are incorporated within Belton et 

al.’s (2019) comprehensive presentation of their six-step Delphi design framework – which was 

developed with small-scale Delphi applications in mind. 

In many domains, Delphi surveys are used today in a similar form and on a comparable (i.e., small) 

scale to that conceptualised in the RAND corporation’s original 1950s “Project Delphi” (Dalkey & 

Helmer, 1963). For example, in medical research most surveys still involve somewhere between 20 

and 100 panellists and their goal is to reach an acceptable level of consensus about, for example, key 

diagnostic indicators or treatment measures (e.g. Mokkink et al., 2010; Niederberger & Renn, 2019; 

Rahaghi et al., 2020; Rodriguez-Manas et al., 2013). In other surveys, notably policy Delphis, the aim 

is not to reach consensus but rather to find out how diverse and stable alternative opinions are (de 

Loё, Melnychuk, Murray, & Plummer, 2016). 

In contrast to these relatively small-scale applications, in the field of national technology foresight 

very large Delphi panels – often in excess of a thousand experts – have been a consistent feature. 

These studies started in the USA (Gordon & Helmer, 1964) and aimed to make consideration of 

technology futures more widely practiced and subsequently to communicate the topics themselves 

to the nation’s citizens, companies and policy-makers. Communicating with many experts to prepare 

them for things to come was the primary focus and started to be more important than achieving a 

consensus. In fact, stating whether a consensus could be achieved or not was one of the major 

results. This practice spread to Japan, where national Delphi surveys have been kept updated every 

five years since 1971 (STA, 1971). The results of these large-scale Delphi studies are used to both 

underpin and legitimize national priority-setting in science and technology contexts and also serve as 
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a participation tool – by involving experts from different fields in the survey and communicating the 

expert assessments to the public. Importantly, the surveys were (and still are) used to underpin 

resource allocation decisions and set national technology objectives (Cuhls, 1998).  

After the 5th Japanese Delphi application (NISTEP & IFTECH, 1992), the approach was next replicated 

in Germany (Cuhls & Kuwahara, 1994) and, later, other countries copied the same approach (e.g., 

France, UK, South Korea). In short, the use of large-scale Delphi surveys has expanded substantially 

in the last few decades (e.g. Cuhls, 2015a, b, 2016; Cuhls, Blind & Grupp, 1998; KISTEP, 2005, 2017; 

NISTEP, 2005, 2010, 2015, 2019; NISTEP and IFTECH 1992, 1997; Wang, 2015). More recently, large-

scale Delphi surveys have often been utilized in combination with other foresight methods (e.g., 

NISTEP 2010, 2015, 2019). But often, single-round Delphi-like surveys were applied in these 

contexts. For example, the German BMBF Foresight I developed an international technology 

monitoring panel judging twice on new research and technology issues - an approach combined with 

bibliometrics, horizon-scanning, literature analysis, a single round Delphi-like online survey, and 

participative workshops to underpin a single ‘round future’ survey (Cuhls, Ganz & Warnke, 2009).  

In these national foresight surveys, the responsible government ministries (mostly science and 

technology or research and innovation) aimed to use a Delphi process to gain an overview on new 

research fields or potential breakthrough technology - differentiating between those where 

government was able to support further development (incrementally) and those that were awaiting 

a research breakthrough to begin the technology development trajectory. For these reasons, the 

typical national Delphi technology survey is focussed on a wide range of different sectors, split into 

sub-fields. Experts who participate in the Delphi survey have, potentially, a huge number of 

questions about the future to make judgments about. This means that many different experts, with 

particular expertise and interests in specific technologies, are, in practice, needed to make informed 

judgments about the full range of technology statements. Given the difficulty in identifying expertise 

about the future, participating experts are permitted to choose which science and technology 

statements to respond to, based on their interest and self-perceived expertise. 

Utilizing large samples of experts within national Delphi technology surveys can have benefits for 

communication and legitimization and help underpin national priority setting and resource 

allocation. However, it also raises unique challenges compared to the relatively small-scale Delphi 

applications that Belton et al. (2019) were primarily addressing in their six-step prescription for best 

practice. To date, there has been very little research on the specifics of how the Delphi method has 

been operationalised in the large-scale science and technology foresight Delphi exercises, or on the 

relative quality of particular applications. Such studies typically publish lengthy reports that are very 

comprehensive in many respects, yet often provide minimal detail on the methods used. Some are 

very precise in data description (i.e., of the Delphi “yield”) but less detailed in the steps taken to 

achieve the yield or in describing what has been left out (e.g. the UK foresight survey, see 

Georghiou, 1996, where data in the Delphi yield was the focus of their report). As we shall see, the 

exact design of a particular Delphi study (i.e., the steps followed) can have a substantial impact on 

the quality of the output obtained.  

This paper reviews a representative set of large-scale Delphi studies relating to national or 

international science and technology foresight. A preliminary review of the NISTEP (2010, 2015) and 

European Commission (2017) Delphi studies raised some interesting new questions about how 

Delphi is implemented in practice on a large scale, which are of general relevance to the future 

development of the method. The present paper is an exploration of those questions. We evaluate 

our findings in light of Belton et al.’s (2019) six steps of Delphi and highlight some of the potential 

issues raised by the pragmatic methodological choices that have often been made to sample the 
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knowledge of a very large number of experts. First, though, we turn to an in-depth analysis of the 

two large-scale Delphi applications mentioned above. 

 

  

2. Detailed analysis of two illustrative examples of large-scale Delphi surveys 

Two surveys (one strictly a group of surveys) were chosen for detailed analysis: the Japanese 

technology foresight surveys (e.g., NISTEP 2010, 2015, 2019) and the EU’s recent Delphi survey in 

the project BOHEMIA Beyond the Horizon, foresight in support of the next framework programme 

(European Commission, 2017). These surveys were chosen as exemplars since the survey reports 

provided important (for our current purposes) detail on the processes used and, as we shall see, 

they illustrate some interesting methodological issues. 

2.1. The NISTEP Delphi studies 

Japan’s National Institute of Science and Technology Policy (NISTEP) has been at the forefront of 

using very large Delphi surveys to support technology foresight, running 11 Delphi surveys in total 

between 1971 and 2019. The design of these Japanese foresight studies raises two potential 

structural issues in particular.  

First, there is the question of whether the large number of items to answer in NISTEP surveys might 

affect the quality of the responses received. In order to explore the effort required of respondents, 

we examined the first three panels of NISTEP 9 (NISTEP, 2010) on an item-by-item basis. 

Respondents answered, on average, 39 items out of a possible 68: they could choose how many of 

the items they wanted to answer based on their field of expertise. For each item, there were at least 

six response measures to complete, giving a total of 234 questions to answer per respondent. Given 

the number of answers required, negative cognitive effects such as mental fatigue (e.g. Shigihara et 

al., 2013) and/or cognitive overload (e.g. Moreno & Park, 2010) could potentially have impacted 

panellists’ performance.  

Using linear regression analysis, we found a significant association between item position and 

number of responses (p < .001)1 (see Figure 3). For each place further down the list, an item received 

0.79 fewer responses on average. For example, the model predicted that the first item would receive 

185.56 responses, while item 30 would receive 161.86 responses and item 60 would receive only 

138.16 responses. A similar pattern was observed for round 2 responses. This finding raises 

questions about data quality: if fewer people answered later items because they became fatigued, 

the quality (e.g., depth of thought) of participants’ answers may also have diminished as they 

worked their way through the survey. Georghiou (1996, p. 370) reports a consensus amongst 

participants in a UK technology foresight survey that 80 topics was “too many” and had affected the 

response rate. A simple solution that would reduce any order effects – although admittedly it would 

not address the fatigue issue entirely – would be to randomise the order of the items presented per 

participant. This was the approach taken in the FAZIT technology survey (Cuhls & Kimpeler, 2008) 

and in a more recent German Delphi survey on a smaller scale (BMZ, 2020). Randomisation is no 

solution, however, in surveys where the content needs to follow a sequential “golden thread” of 

argumentation – for example, where the respondent is led from more general to more specific 

questioning on an issue. 

 
1 The R2 value was 0.221, indicating that 22% of the variation in number responses can be explained by the 
model. 
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[FIGURE 3 ABOUT HERE] 

Second, where a Delphi survey seeks to involve hundreds or thousands of participants, it becomes 

extremely challenging to manage the feedback of rationales to accompany experts’ numerical 

judgments. Clearly an expert cannot be expected to sift through hundreds of rationales and any form 

of manual collation would present a substantial logistical challenge for survey administrators. One 

option is simply to dispense with rationales and only feed back quantitative data between rounds. 

This is the approach that NISTEP has consistently taken (e.g., NISTEP, 2010, 2015, 2019). Only the 

second NISTEP survey (STA, 1976) appears to have fed back any qualitative data between rounds. 

In its classic form, Delphi aims to improve the accuracy of group judgments through “virtuous 

opinion change”: change of opinions in the direction of a more accurate answer, as distinct from 

inappropriate pressure to conform to a majority view (Bolger, Stranieri, Wright & Yearwood, 2011; 

Bolger & Wright, 2011). Accuracy is an important criterion when Delphi is applied within a 

forecasting context. Exposure to other experts’ arguments rather than just their responses may be 

important in this process (Bolger et al., 2020; Rowe & Wright, 1996; Rowe, Wright & Bolger, 1991; 

but see Rowe, Wright & McColl, 2005). This is especially true in most Delphi contexts, where the 

reasoning behind an answer is not apparent from the answer given. Studies such as NISTEP (2010, 

2015 – see also Cuhls, Blind & Grupp, 1998, 2002) are focused on capturing the range and focus of 

expert opinion on a given topic, rather than on accuracy per se, and so they do not require that a 

Delphi process results in any particular degree of consensus (as is also well-recognised in the context 

of policy Delphis, e.g., de Loë et al., 2016; Melander, 2018; von der Gracht, 2012). However, any 

Delphi process inevitably involves inducing, or testing for, some degree of opinion convergence 

(Rowe & Wright, 1999). Otherwise, a simple one-round survey would suffice. As Figure 4 illustrates, 

from a starting point with widely distributed expert opinions, a group consensus may be possible. On 

other occasions, opinions will coalesce to some degree around a number of different perspectives (a 

stable dissensus, seen in examples like biotechnology or energy, e.g., Grupp, 1995). In all cases, 

however, the opinions within the group are to some degree more clustered at the end of the Delphi 

process than they were at the outset. This clustering phenomenon can be seen in the NISTEP studies 

which report not only the degree of consensus found but also the extent to which convergence of 

opinions occurs between Delphi rounds 1 and 2 (see e.g., NISTEP 2010, 2015) 2.  

[FIGURE 4 ABOUT HERE] 

If we accept that some opinion clustering is the likely effect of any Delphi process, then even where 

accuracy is not the main goal of the process, the validity of the output will be affected by whether 

that clustering reflects experts’ considered reappraisal of their original opinions or simple majority 

influence. Omitting supporting arguments from between-round Delphi feedback can generate an 

artificial level of consensus, in either direction. Imagine that you are a Delphi panellist who gives a 

first-round answer outside the range of the other experts’ answers. After the first round, you are 

given statistics for the other answers as feedback, without any supporting arguments. Two things 

could happen: 

1. You see that most experts disagree with you and decide to change your answer to bring it 
closer to the majority opinion, not because you are persuaded that they are correct (how 
could you be since you don’t know why they disagree with you?) but because of peer 
pressure. Here the process has increased the level of consensus but it may not be legitimate. 

 
2 Also, in some places (e.g. NISTEP, 2015, pp. 11-14), NISTEP surveys report results solely as point-estimates 
(median values), which certainly gives the impression that some kind of consensus has been reached by the 
Delphi process and/or is needed for the purposes of the report. 
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If you had seen the arguments behind the other experts’ positions, you might have 
disagreed with them and maintained your position (See Bolger et al., 2011, for a 
demonstration and discussion of this issue). 
 

2. You see that most experts disagree with you but since you don’t know why, you leave your 
answer as it is. In this case, the level of consensus generated may be artificially low. Had you 
seen the other experts’ arguments, some might have been persuasive or offered a 
perspective you had not considered before, causing you to move your answer somewhat 
(again, see Bolger et al., 2011). 

 
Cuhls, Breiner, & Grupp (1995) reported evidence consistent with option 1 when, in an unintended 

experiment, it was found that self-reported high-level experts were not attracted towards false-

consensus numerical between-rounds feedback, but low-level experts were (see also Cuhls & 

Kuwahara, 1994; Grupp, 1995). 

2.2. New Horizons and the DAD method 

The BOHEMIA project’s New Horizons Delphi study (European Commission, 2017) is an exception to 

the rule of large-scale national-level Delphi reports in that it provides substantial detail on the 

methodology used to conduct the survey. In particular, the European Commission (2017) presents 

an innovative solution to the problem of feeding back rationales to large groups of Delphi panellists: 

labelled “Dynamic Argumentative Delphi” (DAD – Gheorghiu, Andreescu & Curaj, 2014; European 

Commission, 2017; Cuhls 2019, Cuhls et al. 2021). DAD is a real-time Delphi approach, i.e., panellists 

can answer questions, see others’ responses and then revise their original answers all in one session. 

The key advantage of DAD from other real-time approaches is that participants’ supporting 

arguments are collected, dynamically ranked based on the number of votes they receive from 

panellists who have participated to date, and presented to panellists along with the numerical 

responses. Therefore, DAD keeps panellists’ rationales at the heart of the Delphi process which, as 

discussed in relation to the NISTEP surveys, is important for maximizing the validity of any opinion 

change observed between Delphi rounds.  

One of the original aims of Delphi was to improve on judgements made by interacting groups by 

addressing various psychological phenomena or “group biases” that tend to erode the quality of 

such judgements, while retaining the benefits of combining many diverse opinions and perspectives. 

Group biases include the excessive influence of dominant individuals (Jablin & Seibold, 1978; Papke-

Shields, Malhotra & Grover, 2002), majority influence (Asch, 1956; Mackie, 1987), premature 

consensus (a.k.a. “groupthink” – Janis, 1972, 1982), evaluation apprehension (anxiety induced when 

performing a task while being observed by others – Bordia, Irmer & Abusah, 2006; Henchy & Glass, 

1968) and the common knowledge effect (the tendency to rely on information common to all group 

members – Gigone & Hastie, 1993). Many group process losses addressed by classical Delphi are also 

addressed by DAD, such as those mitigated by anonymity or the iterative nature of Delphi (e.g., 

dominance and evaluation apprehension). However, DAD may re-introduce some biases such as 

premature consensus and the common knowledge effect or even induce new biases, for example 

anchoring (Tversky & Kahneman, 1974), and the primacy effect (Hogarth & Einhorn, 1992). We detail 

and discuss each of these issues next. 

In the DAD process (as utilized in the BOHEMIA survey), before answering each question for the first 

time, participants viewed a set of arguments relating to that question, some pre-populated by the 

survey designers and others provided by other participants (the latter were only shown after the 

first 15 real answers had been received). Participants then gave their numerical answer, identified 
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arguments they agreed with and added any other arguments they wanted to make. Once they had 

been through the whole questionnaire, they then had a choice whether to return to the survey a 

second time – in which case, for each question they would see an updated list of arguments and 

have the opportunity to revise their original answer.  

In practice, 594 out of 727 (82%) participants did not return to the survey a second time. For these 

individuals, the Delphi process was, at best, truncated: there was no scope for virtuous opinion 

change, other than as a result of the arguments viewed before giving their initial responses. In 

addition, since participants read others’ responses before providing their own, they are likely to 

anchor on those responses (and adjust too little away from them) rather than producing their own 

answers first and then reappraising based on other experts’ opinions. Many respondents will also 

have chosen existing arguments rather than writing their own – online survey participants tend to 

follow the path of least resistance when this involves fewer keystrokes – and so the range and 

originality of arguments obtained will have been reduced (promoting the common knowledge 

effect). 

Further, the lists of arguments shown to participants before their initial numerical assessments were 

ranked, based on how many previous participants had selected them and displayed in rank order – 

from most to least selections. Presenting such a ranked list raises some specific methodological 

issues. First, participants are most likely to choose and be influenced by the most-chosen rationales 

(i.e., majority influence – Bolger et al., 2011) rather than the inherent quality of the arguments. 

Second, since most-chosen arguments are listed first, those that are popular amongst early 

responders will rise to the top and may therefore have their impact further enhanced as a result (the 

primacy effect), with least-chosen arguments being discounted or ignored. Thus, the practical 

convenience for participants of seeing the most-chosen arguments up-front is, in fact, problematic. 

Use of randomly-ordered rationales could be a simple improvement to the practice used in the 

BOHEMIA Delphi application but has other disadvantages (Cuhls, 2021). 

In the BOHEMIA Delphi, the number of arguments presented with particular question items ranged 

from 2 to 64 and so reviewing them may have resulted in cognitive overload for participants 

answering on some topics. Belton et al. (2021) found evidence that Delphi participants took less time 

to review sets of 18 rationales than sets of 15 or fewer, suggesting a possible change of cognitive 

strategy to reduce effort such as skim-reading or not reading all of the material.  

Lastly, since DAD is a real-time approach, participants can only read and/or get feedback on the 

answers and rationales entered by the participants who participated before they, themselves, 

accessed the survey. For the reasons that we have discussed, first responders may have much more 

influence on the overall Delphi output than those who take part later on in the exercise, while also 

being less open to influence by others since they will have received much less comprehensive 

feedback than late responders. By getting their rationales in first, those early responders could have 

an undue influence over the process compared to the experts who are, for whatever reason, unable 

to participate early in the Delphi exercise (or choose to wait and see a wider range of opinions). 

In summary, the BOHEMIA survey is well-designed and informative but – at least for the 594 

respondents who only visited the website once – did not amount to a full Delphi process. 

Participants responded based on viewing quite different sets of answers and rationales and the 

results combine responses both from those that gave one set of responses and those that visited the 

survey a second time. This may erode the quality of the output data in the sense of understanding 

who influenced what.  

3. Research questions 
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The issues identified in the two case studies summarised in Section 2 raise the question of whether 

these studies are indicative of wider patterns within large-scale technology foresight Delphi surveys. 

This, in turn, led to the formulation of the following research questions: 

1. Do the large-scale Delphis commonly used for technology foresight differ systematically 

from “traditional”, smaller-scale Delphi surveys (as encapsulated in Belton et al.’s (2019) 

framework) and, if so, how? 

2. If so, (a) why are those differences present, (b) what implications might they have for the 

quality of the output generated by such surveys, and (c) what recommendations can be 

offered about (i) when to use a large Delphi survey (given the potential pros and cons) and, 

(ii) how to use (and report) the survey effectively?  

In the next section, we explore these research questions by providing a systematic review of the 

extant published surveys. As we shall see, the extent of detail provided in these is, by contrast to the 

two that we have just analysed, patchy but, at the same time, illustrative of underlying design issues 

and concerns. 

4. Content analysis of large-scale Delphi surveys used for science and technology foresight 

The inclusion criteria for the present review were Delphi studies relating to technology foresight, 

with a national (or international) focus, where more than 100 experts participated, which means in 

most cases that more than 500 were invited to participate. Studies were located based on the 

authors’ pre-existing knowledge and searches in relevant academic databases. All-field database 

searches using the search term [Delphi AND “technology foresight”] of all papers available up to 26 

October 2021 produced 276 and 73 hits in ScienceDirect and Web of Science, respectively. The first 

10 pages of google scholar hits were also reviewed, as well as the first 10 pages of google hits (to 

cover grey literature). Forty-two Delphi studies were identified that met the criteria (see Appendix 

1). 32 of the studies were multi-field surveys, i.e., covering a range of technologies, while the 

remaining 10 were focused on specific fields such as health or biotechnology.  A content analysis was 

carried out, with the studies being coded based on 12 characteristics: survey date and aim(s), 

number of experts in the panel, response rate, location and type of experts selected, Delphi type and 

delivery method, item development, number of items, number of rounds, response measures, 

feedback given, and analysis and presentation of results. This coding allows evaluation of the large-

scale studies against Belton et al.’s (2019) prescription for a well-founded and defensible Delphi 

process. The  42 major Delphi surveys that we review are detailed and summarised in Appendix 1. 

Thirty-two surveys were reviewed based on an original report document; reviews of the remaining 

10 surveys were based on descriptions in peer-reviewed academic journals.  

4.1. Survey dates 

The Delphi surveys reviewed were carried out between 1966 and 2019, as shown in Figure 1.  Thirty-

seven surveys (88%) were carried out over the last thirty years, with a peak between 2000 and 2009. 

 

[FIGURE 1 ABOUT HERE] 

 

4.2. Survey aims 

The surveys’ primary aims were typically centred around assessing future developments or expected 

(or sometimes desired) breakthroughs and challenges for science, technology and innovation (STI) in 

the broader sense (31 surveys), often with the express purpose of assisting the national 
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development of STI policy and the identification of national research and development priorities (26 

surveys)3. Some surveys also sought specifically to identify future opportunities (6) or improve public 

awareness of STI (9) and/or its potential future impact (9), and four surveys explicitly compared their 

own country’s level of STI advancement with other benchmark nations. Most surveys aimed to cover 

a wide range of STI fields but 10 had a specific focus on bioeconomy, healthcare, education or 

security.  

4.3. Number of experts 

The survey reports typically provide figures for the number of individuals invited to participate and 

the number of completed responses received for Rounds 1 and 2 of the Delphi process. However, 17 

of the 42 Delphi reports that we analyzed included only one or two of these important statistics. 

Descriptive statistics are shown in Table 1.  

[TABLE 1 ABOUT HERE] 

4.4. Response rate 

The response rates reported in Table 2 below are based on surveys that reported figures for the pair 

of values needed to calculate the relevant rate (i.e. invitations and R1 responses; invitations and R2 

responses; R1 and R2 responses). Retention of panellists between R1 and R2 was, on average, 

relatively high (74%) and was higher in the later surveys than in the earlier ones (especially the early 

ones delivered using pen and paper).  

[TABLE 2 ABOUT HERE] 

4.5. Location and type of experts selected 

Large Delphi studies were organised in 15 different countries: Japan (12 studies), Germany (10), 

China (3), EU (2), Republic of Korea (2), Turkey (2), Austria (1), Egypt (1), France (1), Hungary (1), , 

Poland (1), Russia (1), South Africa (1), , UK (1), and USA (1). Most Delphi surveys (35) sourced expert 

respondents solely from within the country where the study was organised. Three studies reported 

recruiting experts “worldwide”, one study involved 56 countries, one involved a group of Latin 

American and Caribbean countries, one involved five countries (Germany, Netherlands, Italy, Spain 

and Greece) and one involved two countries (Germany and Japan) directly. There are also survey 

reports in which the results from within a focal country were compared cross-nationally at a later 

stage (e.g. Cuhls, Blind & Grupp, 2002; Cuhls, Breiner & Grupp 1995; Cuhls & Kuwahara, 1994; 

Grupp, 1995). 

A wide range of expert types were consulted from a variety of technology fields that differed to 

some extent depending on the exact focus of the survey. Surveys typically reported that the majority 

of their experts came from academia (sometimes split between research and education) and 

industry, with government and/or other publicly funded bodies also frequently included. Less 

commonly mentioned as sources of expert participants were NGOs, the general public (e.g., 

consumers or interest groups) and journalists. The most common types of experts recruited are set 

out in Table 3. 

[TABLE 3 ABOUT HERE] 

 

 
3 The numbers in this paragraph do not sum to 42 as several surveys had multiple headline aims. 
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The experts were identified in processes that relied mainly on publicly available databases 

(conferences, databases from associations, university registers, trade fair lists etc.). Therefore, the 

identification of NGOs, journalists and general public in the days before the internet (before 2000) 

was relatively difficult and time-consuming. There were no ready-made public lists or addresses 

available at that time. In some cases, co-nomination (a process where people name up to five other 

experts they would like to include) was also used (Nedeva et al., 1995) but was often seen as 

problematic as it only identified the “usual suspects”. With the advent of the internet, a more 

neutral approach to identifying experts and non-experts was possible. For example, lists of 

companies were available, previously classified academic addresses were no problem any more, 

people could be found via social media and patents had to be made public too - which was also a 

source for finding (often private) addresses of experts to participate in Delphi surveys. 

4.6. Delphi type 

Of the 40 surveys that specified the type of Delphi used, 33 were two-round Delphi surveys 

(although one added a workshop and one appears to have used different panels across the two 

rounds, implying that it was not a Delphi survey at all). In initiating the Delphi process, additional 

methods were used in the topic generation phase (today, we would term this part of “Horizon 

Scanning”) and some included a Delphi survey as part of a comprehensive “foresight cycle” (c.f., 

Cuhls, 2019; EFFLA, 2015). There were two three-round Delphi surveys. Five of the surveys used real-

time Delphi approaches, one of which included a kind of second round in order to allow participants 

to review all results and change their original estimations.  

4.7. Delivery type 

Out of 42 survey reports, 38 specified the method of delivery used. Twenty-three surveys were 

delivered using paper questionnaires, while 15 used an online tool. Notably, seven out of nine 

surveys in the last 10 years that reported the method used were delivered online. 

4.8. Item development 

Across the 42 survey reports, item development was generally documented as a rigorous, multi-

stage qualitative process. In a typical item development exercise, initial topics are first identified by 

literature reviews and horizon scanning techniques, often informed by past Delphi surveys and/or 

other foresight work (e.g. interviews and other types of foresight). Next, one or more expert 

committees are recruited: these are often quite large – with 100 or more individuals involved. 

Through workshops and sometimes interviews, the committees produce a longlist of possible items. 

The items are then subjected to an iterative process of selection and refinement until a final set of 

Delphi statements are produced that are viewed to satisfactorily represent the goals of the project. 

4.9. Number of items 

A mean (rounded) of 363 items (SD = 417.64; range = 5 - 1150) were included in the Delphi surveys, 

divided on average across a mean (rounded) of 10 (SD = 9.87, range = 6 - 53) fields or themes. Prima 

facie, these figures suggest that the large number of question items faced by Delphi participants  

may have been off-putting to respondents. However, respondents were often given a choice of 

which item sets or particular items to respond to, based on their level of  interest or self-perceived 

expertise. Clearly, if an individual is only responding to items of interest on the first Delphi round 

then he/she may be more likely to participate in the second Delphi round. But lack of detailed 

reporting in particular Delphi surveys clouds analysis of this important design issue. For example, 

how many items do Delphi respondents typically answer, in practice? What is the average time that 
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respondents devote to answering the total number of self-chosen items? Do respondents find the 

self-choice aspect a positive element of taking part in a Delphi survey? How does the variable 

number of Delphi responses to particular questions impact the processing of between-round 

feedback when this is in the form of reasons/rationales? These are all potentially important 

questions which may be answered in different ways - over time and according to the type of Delphi 

(i.e., utilizing time-based rounds or round-less online delivery of the survey). Some issues may need 

to be explored experimentally, since adding additional questions to a real-world survey would make 

an already time-consuming process even more so and could hamper participation. 

4.10. Measures 

Data on participant response options/measurement were available for 38 of the 42 surveys. All 38 

surveys included multiple numerical response scales. Likert-type scales were used to self-rate 

variables such as the respondent’s expertise (21 surveys), views on the importance of a technology 

(33 surveys) and views of its level of technology advancement (i.e., in the respondent’s own country 

versus in other countries – 10 surveys). In 34 out of 38 surveys, panellists chose from a set of date 

ranges to estimate the time of realisation of new science, technologies or their applications. Multiple 

choice measures were used to record constraints or obstacles faced and/or actions needed (17 

surveys) and several other variables including area of technology impact and factors most influential 

for technology development. Thirty-two surveys also included free-text response measures, which in 

10 surveys were used to record views on actions or policy measures that could help promote 

technology development. Only two surveys collected rationales (or “arguments”) for feedback to 

panellists between rounds, while the others collected free-text comments from respondents that 

were not included in the between-rounds feedback. These free-text responses were used by the 

Delphi administrators to aid their own interpretation of the numerical Delphi responses. In many 

cases, experts offered “arguments” for or against a certain judgement/ attitude or additional 

relevant information. Overall, the free-text comments were important sources of additional 

information that could be used by the Delphi administrators during the survey write-up. As a by-

product, they also served as “valves” for anger or emotions, or space to capture what the expert 

“always wanted to say”. 

4.11. Feedback 

In 38 out of 42 surveys, numerical data were the only feedback provided to panellists between 

round one and round two. Charts and other visualisations were often used, with the most popular 

(18 surveys) being the approach introduced in the early RAND studies (e.g. Helmer, 1967), with a 

“house” representing the spread between 25th and 75th percentile responses. In Figure 2, the white 

shape shows the 25th-75th percentile range after Delphi round one and the second the range after 

round two. Only two surveys out of the 42 reviewed (European Commission, 2017 and Meyer et al., 

2021) fed back rationales along with each quantitative response in a systematic and dynamic way. 

4.12. Analysis and presentation of Delphi output in the survey reports 

All but one survey reported frequency distributions of numbers and percentages of responses in 

each category. These were presented in data tables and/or charts of one kind or another (e.g., bar 

charts, radar charts or line graphs). Item rankings (for e.g., importance of particular technologies) 

were included in 23 surveys and were often broken down and then presented by field or topic. One 

survey broke down the results by panellist region and sector. Thirty-four surveys calculated 

measures of central tendency, almost always reporting the median plus inter-quartile range and 

most commonly visualised using the percentile “house” shown in Figure 2, above. Seven surveys 
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reported mean values and standard deviations/standard errors. There were four mentions of other 

consensus checks being used. Only two surveys analysed rationales (since only those two collected 

them in a systematic, dynamic way); two surveys reported the “free-text” comments collected. 

Every survey included some narrative text, although the level of detail varied considerably across the 

surveys. It is worth noting that the final reports are sometimes constrained by requests for a specific 

output/format from the survey’s funders (e.g., European Commission, 2017).  

 

5. Detailed analysis of the extant large-scale technology foresight Delphi surveys in terms of 

Belton et al.’s six steps 

In the following section, we aim to answer research question 1 by evaluating the 42 Delphi surveys 

that we have reviewed against the six steps of a well-founded and defensible Delphi process, as 

identified by Belton et al. (2019).  

5.1. Setting up the process  

The large-scale Delphi surveys reviewed were all thoroughly and carefully set up. The overall goals 

were often pre-determined by the project and differed widely within the domain of technology 

foresight. It is noticeable that the stated survey aims tend not to address the political context in 

which the surveys were commissioned, nor do they mention any interest in finding consensus (or 

stable dissensus). Generating the issues for consideration was approached in a rigorous, typically 

multi-stage, manner. The expert samples targeted were very large and diverse, in terms of location 

and expertise, with only NGOs and the media perhaps under-represented. Women are also under-

represented in all of the surveys. But this raises the question of “what is representative”? Delphi 

surveys are not representative polls, their aim is different. In some surveys, even the under-

representation of women was representative for the respective RTDI system (Cuhls & Kuwahara, 

1994).  

The notion of expert is generally rather broadly defined and, in most cases, comprises people from 

academia, industry, NGOs, associations or wherever knowledge about the matter can be found.For 

example, private persons often organise themselves into like-minded clubs to help each other or to 

gain knowledge about a certain issue (in Germany: Verein). For all Delphi surveys, the same criteria 

for collecting a broad and rather heterogeneous sample applied. Nevertheless, identifying and 

recruiting a representative sample of experts for a Delphi panel can be challenging and this is all the 

more true for technology foresight projects, where an especially broad spectrum of expertise is 

typically required. In the internet era, it is rather easy to identify experts in public databases but data 

protection restrictions hamper researchers’ ability to approach individuals directly. To really know 

about the expertise of an expert, in most cases, a self-rating was asked for in earlier Delphi surveys 

(e.g. Cuhls, Blind & Grupp, 1998; Cuhls, Breiner & Grupp 1995; Cuhls & Kuwahara, 1994; all NISTEP 

surveys), but has nowadays been abandoned to avoid increasing the burden for participants.  

5.2. Developing question items and response measures 

Our review suggests that this part of the Delphi process is also dealt with carefully – question items 

are developed iteratively by expert committees, using a range of methodologies developed 

specifically for each survey. One possible issue that we have identified relates to the sheer number 

of items and response measures per item that panellists frequently have to work through, which 

mean that cognitive fatigue may be an unrecognised problem. Although note that participants are 

usually allowed their own choice of which questions to respond to – which contrasts sharply with 
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the standard item set typically utilized in small-scale Delphi applications (see Belton et al., 2019 for a 

fuller discussion). 

         5.3 Software delivery choice 

Over the last decade, Delphi surveys have generally moved online and this trend was also observed 

in the surveys reviewed for the present paper. The surveys typically used bespoke software designed 

to fit their specific needs, which is not surprising given their size and complexity. There is existing 

RTD software but it must always be adapted to the context (Aengenheyster et al., 2017). Only five of 

the surveys reviewed used a real-time Delphi approach (Friedewald, von Oertzen & Cuhls, 2007; 

Cuhls & Kimpeler, 2008; European Commission, 2017; Meyer, von der Gracht & Hartmann, 2021; 

Rezk, Radwan, Salem, Sakr & Tvaronavičienė, 2019 – see also BMZ, 2020; Cuhls et al., 2021). As we 

discussed in relation to the European Commission’s (2017) BOHEMIA study, it is as yet unclear 

whether the benefits of real-time Delphi outweigh the potential costs. A real-time methodology may 

be appropriate where there is concern about likely attrition rates between rounds one and two of a 

conventional Delphi (see Belton et al., 2019, for further discussion of this issue). It should not be 

assumed, however, that using a real-time Delphi will save time, since the survey development and 

testing process can be extremely time-consuming. 

5.4 Determining feedback to be provided to panellists 

 Running Delphi surveys on a large scale creates challenges for researchers wanting to include 

rationales as feedback as well as numerical estimates. Two very different solutions are evident 

across the studies reviewed. The majority of studies (e.g., NISTEP, 2010, 2015, 2019) have chosen to 

provide numerical feedback only. The BOHEMIA survey (European Commission, 2017) instead 

sought to incorporate arguments in a streamlined format. Omitting rationales can create ambiguity 

around the cause of any opinion change and validity of any consensus, or continuing dissensus, 

generated. Alternatively, including rationales and managing them in a practical way – especially 

when combined with a real-time protocol – may induce problematic bias linked to order-of-

presentation issues. The DAD method offers one possibility for incorporating rationales without 

making a survey unmanageable in practice. Argument-based Delphi applications without the 

“dynamic” updating aspect (where participants add new arguments or rate previously-added 

arguments) i.e., which simply display previously curated arguments (e.g., BMZ, 2020; Cuhls et al., 

2021), are another possibility. 

As noted, the majority of the Delphi surveys reviewed reported quantitative median plus inter-

quartile range of responses as between-round feedback. Here, the use made of percentile “house” 

displays is helpful as they give a single median and a sense of the extent of any consensus reached. 

However, they assume a normal distribution and hide any bimodal – or multimodal – distributions. 

Consequently, if there is a stable dissensus about, for example, the time for realisation of a given 

technology, this potentially important insight will be lost within the summarised, numerical 

between-round feedback. Importantly, the European Commission (2017) BOHEMIA between-round 

feedback presented the distribution of responses using bar charts – and these can show clearly the 

presence of bimodal distributions (see European Commission, 2017, pp. 19, 21, 56, 86).  

5.5 Preventing and dealing with panellist drop-out 

As we have seen, response rates in Japan are generally much higher than in Europe. As such, 

Japanese experts appear more engaged with the process of their regular Delphi technology foresight 

surveys. One reason for this may be that the organisers mailed a postcard in advance to ask for 

participation. This could have created a certain “duty” to participate – in the past at least. There is 
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evidence that moving to an internet platform in Japan, during the course of the regular NISTEP 

surveys, led to a dramatic drop in response rates. Therefore, using a real-time approach may be 

helpful here to shorten the time-span of the survey but it is unlikely to be a full answer, since 

panellists still have to be motivated to return to the survey a second time in a real-time Delphi 

exercise. Belton et al. (2019) discuss these retention issues in more detail. 

5.6 Analysing and presenting the survey output 

A similar approach was adopted throughout the 42 surveys: descriptive statistics (e.g. numbers and 

percentages or responses in particular categories plus rankings where appropriate) and measures of 

central tendency (median and inter-quartile ranges), typically visualised using percentile “houses” 

around the median or bar charts, with accompanying commentary and narrative conclusions. A few 

surveys reported means and standard deviations, which are not recommended as ways of 

summarising single-item Likert-type response data. The common use made of visual, percentile 

“houses”, is a compelling way of displaying the distribution of answers but these have the 

disadvantage of occluding any multimodal distribution of responses, which may give a false sense of 

consensus, when utilized as between-round summaries of numerical responses or as part of a final 

Delphi survey report. The shape of the house also emphasises the median value (the apex of the 

roof); for a more neutral approach to displaying quartiles, see Celiktas & Kocar (2010), Cuhls, Breiner 

& Grupp (1995), Czaplika-Kolarz, Stanczyk & Kapusta (2009) or KISTEP (2017). Other, more 

informative options (such as violin plots – modified boxplots that also show the probability density 

of data at different values) are likely too difficult to interpret for most Delphi audiences. In short, 

future use of bar charts as well as quartile visualisations will alert both the Delphi panellist and the 

survey report reader to any presence of stable dissensus – as evidenced by a multimodal, second-

round, numerical Delphi yield. 

Having evaluated the 42 surveys reviewed in terms of Belton et al.’s (2019) framework, we can now 

return to our original research questions. As regards question 1 (do the surveys reviewed differ from 

systematically from smaller-scale Delphi surveys?), it is apparent that Delphi has diverged in two 

quite distinct ways from the approach typically taken in other contexts. Most surveys, exemplified by 

the NISTEP programme, feature numerical feedback only and reporting that is more focused on the 

median findings and their implications than the uncertainties or differences of opinion identified and 

experts’ underlying reasoning. On the other hand, the BOHEMIA Delphi , the Meyer et al. study and 

also the recent BMZ Delphi used a real-time approach focused on argumentation and adding 

qualitative information to the statistics. 

This in turn leads us to research question 2. Firstly, why do these differences exist? The answer likely 

relates to the aims of large-scale technology foresight surveys. One issue that emerges starkly from 

our systematic review is that the extant large-scale surveys are less interested in facilitating and 

measuring opinion change than they are in demonstrating consultation with a wide range of experts 

with differing expertise – hence the option of a Delphi respondent choosing questions to answer 

that interest him/her and the inclusion of data from panellists who only provided one round of 

responses. They thus use the survey primarily as a way of communicating with a large number of 

experts. One reason for this focus may be that of extra-survey, political influences e.g., ensuring 

representative national participation, legitimisation of subsequent policy decisions, facilitating 

awareness raising/broadening of other perspectives in particular segments of the expert group, and 

ensuring a sense of procedural justice (i.e., giving airtime) for segments of those technologists who 

might lose out in subsequent national technology funding decisions.  
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Secondly, what are the implications of the typical large-scale Delphi survey design choices for the 

quality of the Delphi output? In the following section, we address this question and provide some 

recommendations for improvement. 

6 General discussion 

The Delphi method has been used successfully for technology foresight for many years, with panels 

comprised of many hundreds or even thousands of experts. Recent Delphi surveys have evolved to 

harness the opportunities presented by the internet and online survey tools to facilitate easy and 

rapid data collection and analysis and present opportunities to enhance Delphi applications. There 

are, however, downsides to developing practical Delphi surveys involving the participation of such 

large panels. This paper has highlighted three potential issues arising from large-scale 

operationalization of the Delphi method.  

First, we identified possible issues with data quality arising from the number of items and response 

measures included in a survey. This is an area that requires further research. For example, Belton et 

al., have argued that the time taken to complete a Delphi survey should be a maximum of half an 

hour.  The cognitive load - or, perhaps, shock - of a participant being presented with 360+ response 

items in a typical large-scale survey (see section 2.9, earlier) cannot be over-estimated, even if 

he/she can choose which items to respond to. Additionally, the fact that the 42 surveys that we have 

reviewed appear to present the 360+ questions in a standard order and format suggests that items 

that a participant encounters later may be less deeply thought about before a (numerical) response 

is made. This issue has been demonstrated in a small-scale Delphi survey by Belton et al. (2021). 

Second, the majority of the surveys reviewed provided only numerical feedback to participants 

between rounds. As discussed above, this approach can lead to artificially high (or low) levels of 

consensus. In our view, future researchers intending to use the Delphi method should think seriously 

about encouraging panellists to include supporting arguments and, where possible, include those 

arguments in the feedback provided between rounds. Additionally, numerical feedback between 

rounds using, typically, “house” visualisations can mask the identification of stability in panellist 

dissensus. 

Our third critique related to the DAD method: without doubt, DAD and other comparable real-time 

approaches (e.g., Airaksinen, T., Halinen, I., & Linturi, H. (2017); Huan-Niemi, Rikkonen, Niemi, Wuori 

& Niemi, J. (2016); Meyer, von der Gracht & Hartmann, 2021)  are a significant step forward since 

they offer the ability to capture and feed back panellists’ rationales in a manageable way. 

Nevertheless, the streamlined real-time process does also create some possible social psychological 

issues. Minor changes to the design could help address some of the issues raised. For example, 

rather than presenting a ranked list of rationales with a number indicating how many panellists 

chose that rationale, the rationales could be listed in a random order without an indication of 

popularity: the BMZ (2020) study found this to be an effective solution. Bolger and Wright (2011) 

provide detail and evidence on the need to remove cues to majority opinions, that will, otherwise, 

generate inappropriate “pull” on less confident panellists’ opinions. 

While the main focus of any Delphi study will necessarily be on the topic on which expert judgement 

is required, there needs to be a wider recognition that the specifics of the method used are 

important, too, and they should accordingly be considered, and reported, in more detail than is 

typically the case in the 42 large-scale studies that we have reviewed. Delphi practitioners should 

always think carefully about the possible unintended consequences of their survey design. Are there 

too many questions? Do we need to incorporate some form of qualitative feedback and, if so, how 
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should this be done? How might the precise survey structure we have chosen affect participants’ 

behaviour and influence the quality of the Delphi output? How can we act to enhance participants’ 

commitment/responses (a difficult issue for any real-time Delphi survey)? In summary, the large-

scale survey report should provide detail about the necessary compromises made and possible 

limitations involved. A change of attitude is perhaps also required amongst consumers of Delphi 

reports. Rather than just looking at the results, there should be more of a critical perspective on the 

particular Delphi process that has been applied. For example: how were the questions generated 

and phrased? What type of rationales were sought (and provided) and in what format? How were R1 

rationales organised for feedback? Was it a real-time Delphi? What proportion of R1 participants 

also completed R2? Of those, how many answers were changed in R2 (how many people made 

changes and how many changes did they make, on average)? Was data quality checked, e.g., by 

looking at the amount of time respondents typically spent on a particular question that they 

encountered at a particular point during their survey response? Was consensus evaluated and if so, 

how? How were the results reported, both to participants and to report readers?  

Only by asking such questions, and evaluating the quality of the answers, will the future design of 

large-scale Delphi surveys become better-founded and more defensible.  The uses of Delphi 

highlighted in the present paper also raise some significant wider issues about the direction of 

Delphi as a method. How far from its ‘classical’ format can it depart without undermining the 

original goal of mitigating group process losses? If large-scale Delphis of the type we have reviewed 

are not really about stimulating movement at least towards more focused group opinions (if not 

consensus), is this a threat to the legitimacy of the method or evidence of healthy evolution in the 

face of changing contexts and requirements? One particular trend is the growing use of real-time 

Delphi, which may raise data controllability and interpretation issues but also provides important 

practical benefits such as enhancing engagement from increasingly overloaded experts.  

Other, more micro, evaluations of the components of particular large-scale Delphi applications are 

also possible. For example, many Delphi practitioners, most recently Beiderbeck et al. (2021), note 

that “accurate wording of statements is central to the quality of Delphi studies”. This conclusion is 

supported by the empirical study of Markmann, Spickerman, and von der Gracht (2020) who focused 

on the question formulation of Delphi statements and noted that the uses of abstract - as opposed 

to “concrete“ - language and lengthy question formulations led to less extreme numerical 

assessments, on average, by Delphi panellists. The cause of this bias, they conclude, is that paper-

based and web-surveys restrict the ability of the respondent to ask for clarification of any 

uncertainty regarding the meaning of a particular question posed. The inference from this recent 

research is that the exact wording of Delphi statements should be tested before a Delphi survey is 

deployed. Retrospectively, this detailed analysis could be applied to the results of the extant large-

scale Delphi surveys – given that the detail is readily available - since the way that a question is 

asked will have an influence on the answer received.  

On an analogous, more micro, level of analysis, Schmalz, Spinler, and Ringbeck, (2021) advocate that 

“deep-level” diversity criteria should be interrogated with the participating expert panellists. For 

example, a person’s values and beliefs – for example about the dangers of a technology - may 

influence judgments of a particular technology’s commercial viability, etc. Spickermann, 

Zimmermann and von der Gracht (2014) explore surface-level diversity (e.g., age, gender, 

organizational position, etc) and deeper-level diversity (e.g., personal values and beliefs) of Delphi 

panel membership in detail and conclude that deeper-level values of panellists should also be 

elucidated and used to ensure true diversity in panel membership. In a similar vein, Loye (1980) 

argues that personality differences within (expert) participants may influence their judgments – e.g., 
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traits of morality, optimism, pessimism, risk-taking propensity, etc. Research of this kind will often 

require an experimental approach - but this can be difficult with group-based methods such as 

Delphi, where each group provides only a single data point. Bolger et al. (2021) proposed a 

laboratory-based protocol for experimentation using simulated Delphi groups - which allows 

individual features of a proposed Delphi survey to be evaluated and so provides an evidence-based 

approach to future survey design issues and choices. 

 

Considerations and recommendations for the design of future large-scale Delphi surveys 

Our review and analysis enable us to identify a number of considerations and recommendations for 

practitioners considering a large-scale Delphi exercise:  

• Determine whether a Delphi process is really necessary to achieve your research goals. If 

opinion change is not of focal interest, a one-round survey or other foresight method may 

be more appropriate.  

• Think carefully about the number of questions and response measures to be included. Is the 

survey likely to be too time-consuming and tiring for your panellists? If so, you risk losing 

them dropping out in the later parts of the survey and the quality of the Delphi yield may be 

degraded.  

• Consider recording and behavioural response measures (often quite straightforward when 

using an online tool), such as time spent on each question and overall, as these measures 

may be helpful diagnostics in subsequently interpreting data quality at particular points in an 

extended Delphi survey 

• Consider structuring the sequence of the questions and statements that you pose - so that it 

is easy for participants to follow the logic of a survey and/or to choose what particular 

sections of the survey to answer. 

• Consider ensuring that  questions/statements are presented in a random order to each 

participant, where this option is possible. 

• Consider including  participants’ proffered rationales in the between-round feedback, if 

possible, since their inclusion will give you confidence that any opinion change is the result 

of some experts being influenced by the convincing arguments of others. These rationales  

will also provide additional information for presenting the results of the Delphi survey yield. 

• Consider asking individual experts to report their own self-rated assessment of expertise 

and/or confidence in their answers. This process is somewhat onerous but can be used, for 

example, as a criterion for including particular experts’ answers in subsequent analysis 

(Meyer, von der Gracht & Hartmann, 2021) or to weight the views of particular experts for 

comparison with unweighted results (Czaplika-Kolarz, Stanczyk & Kapusta, 2009, NISTEP 

1971, 1976; 1992). In short, there is a balance to be struck between your research interest, 

the objectives of the survey, and what the participants can provide in the short time that 

they will be willing to participate in the Delphi survey.  

• When reporting numerical summaries, it is helpful to provide bar charts or other 

visualisation as well as quartile “houses” or similar - so that the eventual readers of the 

survey report can evaluate the distribution of responses more comprehensively. 
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• Using a real-time method can help the Delphi administrator (i) simplify the task of 

summarising the feedback of panellists‘ proffered rationales/arguments and also (ii) 

encourage participation from time-limited participants - but care must be taken to present 

argument-based feedback  in a format that will minimise potential subsequent response 

bias.  

• Ensure that the Delphi report includes the key details of the process followed, such as those 

included in our systematic review, so that readers of a Delphi report can assess the rigour of 

the underpinning methodology - in addition to reading the output of the study. 

In conclusion, our findings further illustrate the methodological challenges that follow from Delphi’s 

lack of a singular, well-defined process. But, as Linstone and Turoff observed (1975, p. 3), Delphi was 

always intended to be a “rich menu of procedures” rather than a single technique.  

As a final point, we note that the empirical approach that we utilised in this paper has limitations: for 

example, the lower limit of 100 experts can be viewed as an arbitrary criterion, and the sparsity of 

reporting in many studies make it difficult to explore all of the structural aspects of our sample in as 

much detail as we would have liked. In addition, our review focused specifically on surveys relating 

to technology foresight – and methodological practices may differ in other application areas. 

Nevertheless, our discussion and suggestions for the design  and reporting of future large-scale 

Delphi surveys will enable the underlying process to become both better-founded and more 

defensible to procedural criticism. It will also allow future systematic reviews to access all the 

important design details to enable more complete comparisons and evaluations of particular surveys 

- so that quality yardsticks, linked to Belton et al.’s six design steps, can be rigorously applied. 
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Tables 

 

Table 1. Descriptive statistics for number of experts involved in the Delphi surveys reviewed 

 Mean number of 
experts(rounded) 

Standard 
deviation 

Range 

Number of experts invited 
to participate (n = 31) 

4375 5915.23 500 – 32411 

Number of responses at 
Round 1 of the Delphi (n = 
37) 

1686 1677.24 116 – 6697 

Number of responses at 
Round 2 of the Delphi (n = 
37) 

1360 1325.81 86 – 5352 

 

Table 2. Descriptive statistics for response rates of the Delphi surveys reviewed 

 Mean 
(rounded) 

Standard 
deviation 

Range 

Response rate R1 (n = 25) 40% 25.53 2.21 – 86.93 

Response rate R2 (as % of 
invitations) (n = 25) 

32% 21.76 0.86 – 74.93 

Response rate R2 (as % of 
R1 responses) (n = 33) 

73% 21.90 15 - 100 

 

Table 3. Affiliations of recruited experts 

Field No. of 
mentions 

Academia 36 

Industry/business 36 

Government/other publicly 
funded body 

28 

NGOs 8 

General public 5 

Journalists 3 

 

 

Figure legends 

 

Figure 1. Delphi surveys reviewed, by date of published report 

 

Figure 2. Example of a percentile “house” visualisation used in Delphi feedback and reports (Source – 

NISTEP, 2010) 

Figure 3 . Scatterplot of the number of Round 1 Delphi responses received by item-order numbering 

Figure 4. Theoretical effect of the Delphi method on degree of divergence of opinions within a group 
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Appendix 1 - Key features of the 34 large-scale Delphi surveys reviewed 

NOTE: In the “Response measures” column, “comments” refers to free-text responses  which are not directly linked to a particular numerical response. 

“Rationales” refers to arguments given in support of a particular numerical response. Full references for the survey reports are given in the Reference List. 

Survey title (source) No. of 
experts: 
R1, R2 
(R1-R2%) 

No. of 
items 
and 
fields 

Delphi type 
(delivery type) 

Response 
measures 

Feedback 
between 
rounds 

Data presented in final 
report  

International Delphi on technology 
foresight for road freight transportation 
(Meyer et al., 2021) 

116, 704 
(82%) 

14 Real-time 
(online 
platform) 

Numerical + 
rationales 

Numerical [+ 
rationales?] 

Narrative text; chart 
with dispersion of 
estimates; ranked list 
of rationales 

11th Japanese Science and Technology 
Foresight Survey (NISTEP, 2019) 

6,697 
5,352 
(80%) 

702 
across 7 
fields 

2-round (online 
platform) 

Numerical + 
comments 

Numerical + 
visualisation of 
percentiles 

Narrative text; data 
tables; charts, graphs, 
rankings 

Delphi on sustainable energy technology 
in Egypt (Rezk, Radwan, Salem, Sakr & 
Tvaronavičienė, 2019) 

350, 190 
(54%) 

180 
across 
14 
fields 

2-round 
(online) 

Numerical only Numerical Data tables; bar charts; 
radar charts; line graph 

New Horizons Delphi Survey in Support 
of EU Future Policies in Research and 
Innovation (European Commission, 
2017) 

1 visit: 
727 
2 visits: 
133 

147 
across 
16 
fields 

DAD: Real-time  
+ “second 
round” (custom 
online 
platform) 

Numerical + 
rationales 

Numerical +  
rationales  

Bar charts; ranked lists 
of rationales 

Republic of Korea 5th Science and 
Technology Foresight (KISTEP, 2017) 

4,133, 
3,621 

276 2-round  
(not known) 

Numerical + 
comments 

Numerical  Averages (unclear if 
mode/median/mean); 
charts of dispersion of 
estimates 

Security Culture 2030 (Gerhold et al., 
2017) 

227, 126 
(56%) 

25 2-round (online 
platform) 

Numerical + 
comments 

Numerical Not known 

 
4 This is the figure for second visits to the website; a further 22% visited 3 times or more. 
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5th round of national technology 
foresight in China (Wang, 2015) 

1,527, 
1,439 
(94%)5 

120 
across 9 
fields 

2-round (paper 
questionnaire) 

Numerical + 
comments 

Numerical – 
figures + 
visualisation of 
percentiles 

Data tables; rankings; 
radar charts 

Global Visions for the Bioeconomy 
(Cuhls, Kayser & Grandt, 2015) 

292, 149 
(51%) 

36 2-round (online 
platform) 

Numerical + 
rationales + 
comments 

Numerical – 
figures + 
graphs 

Data tables; charts; 
rankings 

10th Japanese Science and Technology 
Foresight Survey (NISTEP, 2015) 

4,309, 
1,933 

932 
across 8 
fields 

2-round 
(custom online 
platform) 

Numerical + 
comments  

Numerical  Data tables; charts; 
rankings; clusters; 
scenarios with Manga-
style images 

China foresight on technology for 
photovoltaic industry (Tang et al., 2014) 

?, 300 
(?%) 

43 
across 6 
fields 

2-round (email, 
pen & paper) 

Numerical only Numerical Data table; rankings; 
bar chart 

Final Report of the STELLAR Delphi study 
(Plesch, Spada & Wiedmann, 2012)6 

569, ? 
(?%) 

5 2 rounds with 
different panels 
(not known) 

Numerical + 
rationales 

None (1 round 
per panel) 

Narrative text; data 
tables; line graph  

9th Japanese Science and Technology 
Foresight Survey (NISTEP, 2010) 

3,337, 
2,900 
(87%) 

70 
across 8 
fields 

2-round (paper 
questionnaire) 

Numerical only Numerical – 
figures + 
visualisation of 
percentiles 

Timelines; data tables; 
charts; list of key topics 

Evolution of green automobile 
technology in China (Liu et al., 2011) 

268, 
268? 
(100%7) 

55 2-round 
(format not 
known) 

Numerical only Not stated Data table, bar charts 

Turkey – renewable energy technology 
(Celiktas & Kocar, 2010) 

382, 325 
(85%) 

6  2-round Delphi 
(online) 

Numerical only  Not stated Data tables, charts, 
radar chart 

 
5 Numbers differ between reports and it appears more questionnaires may have been sent out for R2 (3,342) than the number of panellists who completed R1 (1,527). 
6 In our view, based on the STELLAR report this is not a Delphi, as the two rounds used two different groups of experts. However, we have included it in the list for 
completeness since it describes itself as a Delphi study. 
7 It appears there were more respondents in R2 than R1. It is not clear whether all 268 R1 respondents also completed R2. 
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eLAC Policy Priorities Delphi (Hilbert, 
Miles & Othmer, 2009) 

1274 
overall 

30 2+2-rounds 
(online) 

Numerical + 
comments 

Numerical only  Line graphs and data 
table 

Poland technology foresight for energy 
sector (Czaplika-Kolarz et al., 2009) 

750 
invited, 
R2 = 
36.7% 

20 
across 5 
fields 

2-round Delphi Numerical only  Not stated Data tables, bar charts, 
radar charts 

FAZIT – The Future of ICT in Baden-
Württemberg (Cuhls & Kimpeler, 2008) 

681, 428 
(63%) 

31 Real-time 
(custom online 
platform) 

Numerical + 
comments 

Numerical – 
figures + 
graphs 

Charts; data tables; 
narrative text 

Russian Delphi on scientific and 
technological development (Sokolov, 
2008) 

2000+ 
overall 

53 
across 9 
fields 

2-round (not 
stated – pen 
and paper?) 

Numerical only  Numerical  Charts with dispersion 
of estimates; radar 
charts; narrative text 

FAZIT - Future Information Technology 
for the Health Sector (Cuhls, von Oertzen 
& Kimpeler, 2007) 

203, 86 
(42%) 

36 2-round 
(custom online 
platform) 

Numerical Numerical – 
figures 

Data tables; rankings; 
radar chart; other 
charts 

European Perspectives on the 
Information Society (Friedewald, von 
Oertzen & Cuhls, (2007) 

288, 124 
(43%) 

36 Real-time 
(custom online 
platform) 

Numerical + 
comments + 
actions 
 

Numerical – 
figures + 
visualisation of 
percentiles 

Data tables; radar 
charts; rankings; 
narrative text 

FAZIT – Human Beings and Society (von 
Oertzen, Cuhls & Kimpeler, 2006) 

389, 245 
(63%) 

44 2-round 
(custom online 
platform) 

Numerical + 
rationales + 
comments + other 
info 

Numerical – 
figures, 
arrows, heat 
graphs 

Not known 

Korea 2030, Future Perspectives and 
Technology Foresight for Korea (KISTEP, 
2005) 

5,414 
3,322 
(61%) 

450 
across 
10 
fields 

2-round (online 
platform)  

Numerical + 
comments 

Numerical – 
figures + 
visualisation of 
percentiles 

Averages (unclear if 
mode/median/mean); 
charts of dispersion of 
estimates 

8th Japanese Science and Technology 
Foresight Survey (NISTEP, 2005) 

2,659, 
2,239 
(84%) 

Not 
known 

2-round  
(paper 
questionnaire) 

Numerical + 
comments 

Numerical – 
figures + 
visualisation of 
percentiles 

Data tables; radar 
charts; rankings; 
timelines 
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Hungarian National Foresight (Havas, 
2003) 

1400 
invited 

490 
across 7 
fields 

2-round (paper 
questionnaire) 

Numerical + 
comments 

Numerical – 
figures + 
visualisation of 
percentiles 

Data tables; rankings; 
charts 

TUBITAK: Vision 2023 – Agriculture/food 
(TUBITAK, 2003) 

?, 1002 
(?) 

95 Not known 
(paper 
questionnaire) 

Not known Not known Data tables; narrative 
text 

Delphi Austria (Aichholzer, 2001) 1,638, 
1,127 
(69%) 

271 
across 7 
fields 

2-round (paper 
questionnaire) 

Numerical + 
rationales + 
comments + 
actions 

Numerical – 
figures; 
comments + 
actions 

Not known 

7th Japanese Science and Technology 
Foresight Survey (NISTEP, 2001) 

3,106 
invited 

1,065 
across 
16 
fields 

2-round (paper 
questionnaire) 

Numerical + 
comments 

Numerical – 
figures + 
visualisation of 
percentiles 

Charts; data tables; 
rankings; narrative text; 
scenarios 

Delphi ’98: New Foresight on Science 
and Technology, Germany (Cuhls, Blind 
& Grupp, 1998, 2002) 

2,453, 
1,856 
(76%) 

1,070 
across 
12 
fields 

2-round (paper 
questionnaire) 

Numerical + 
comments 

Numerical – 
figures + 
visualisation of 
percentiles 

Narrative text; radar 
charts; bar charts; data 
tables 

Effects of biotechnology on agriculture 
and the food industry (Menrad, Giessler 
& Strauss, 1998) 

726, 522 
(72%) 

71 2-round (paper 
questionnaire) 

Numerical + 
comments 

Numerical – 
figures, 
graphs, arrows 

Charts; data tables; 
rankings; narrative text 

South African Delphi (1997-1999 – report 
now unavailable) 

123, 123 
(100%) 

450 
across 9 
fields 

2-round (paper 
questionnaire) 

Numerical + 
comments 

Numerical - 
heat graphs 

Statistics; charts; 
rankings; narrative text 

6th Japanese Science and Technology 
Foresight Survey (NISTEP, 1997) 

4,868, 
4,196 
(86%) 

1,072 
across 
14 
fields 

2-round (paper 
questionnaire) 

Numerical + 
comments 

Numerical – 
figures + 
visualisation of 
percentiles 

Narrative text; charts; 
data tables; Manga-
style images 

Delphi survey on technological 
development in France over the next 30 
years (Herault et al., 1997) 

2700 
invited 

1,147 
across 
16 
fields 

2-round (paper 
questionnaire) 

Numerical + 
comments 

Numerical – 
figures + 
visualisation of 
percentiles 

Data tables; charts; 
rankings; timelines 
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UK Technology Foresight Programme 
(Georghiu, 1996) 

2,960, 
2,960 
(100%) 

27 
across 6 
fields 

2-round (paper 
questionnaire) 

Numerical + 
comments  

Numerical – 
figures 

Data tables; charts; 
narrative text 

Delphi Report 1995 on the Development 
of Science and Technology – Mini Delphi 
(Cuhls, Breiner & Grupp, 1995) 

1,185, 
864  
(73%) 

164 
across 8 
fields 

2-round (paper 
questionnaire) 

Numerical + 
comments + 
alternatives 

Numerical – 
figures + 
visualisation of 
percentiles + 
comparison 
arrows 

Data tables; radar 
charts; other charts; 
timelines 

Future of the German Health System 
(Jaeckel, Menrad, Reiss and Strauss, 
1995) 

295, 228 
(77%) 

50 2-round (paper 
questionnaire) 

Numerical + 
comments 

Numerical – 
figures + 
visualisation of 
percentiles 

Data tables; charts; 
narrative text 

BMFT Delphi ’93 – Germany-Japan 
comparison (Cuhls & Kuwahara, 1994) 

1,056, 
857 
(81%) 

1,147 
across 
16 
fields 

2 round (paper 
questionnaire) 

Numerical + 
comments  

Numerical – 
figures + 
visualisation of 
percentiles 

Data tables; radar 
charts; rankings; 
timelines 

5th Japanese Science and Technology 
Foresight Survey (NISTEP & IFTECH, 
1992) 

2,781, 
2,385 
(86%) 

1,150  2-round (paper 
questionnaire) 

Numerical + 
comments 

Numerical – 
figures + 
visualisation of 
percentiles 

Data tables; charts; 
narrative text; Manga-
style images 

4th Japanese Science and Technology 
Foresight Survey (NISTEP, 1986) 

2,487, 
2007 
(81%) 

1,071 2-round (paper 
questionnaire) 

Numerical + 
comments 

Numerical – 
figures + 
visualisation of 
percentiles 

Not known 

3rd Japanese Science and Technology 
Foresight Survey (STA, 1982) 

1,727, 
1727 
(100%) 

Not 
known 

2-round (paper 
questionnaire) 

Not known Not known 
 

Not known 

2nd Japanese Science and Technology 
Foresight Survey (STA, 1976) 

2,296, 
1,922 
(84%) 

656 
across 7 
fields 

2-round (paper 
questionnaire) 

Numerical + 
comments 

Numerical – 
figures; 
example 
comments 

Data tables; rankings 
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1st Japanese Science and Technology 
Foresight Survey (STA, 1971) 

2,482, 
2,482 
(100%) 

644 
across 6 
fields 

3-round (paper 
questionnaire) 

Numerical + 
rationales 

Numerical – 
figures + 
visualisation of 
percentiles 

Not known 

RAND Delphi, USA (Helmer, 1967) 500+ Not 
known 

2-round (paper 
questionnaire) 

Not known Numerical – 
figures + 
visualisation of 
percentiles 

Not known 

 


