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Background
- Delphi based technology foresight

• Delphi established in early 1950s as a tool for obtaining a reliable consensus among a 

group experts and a tool for judgmental anticipation of future events (Dalkey and Helmer, 

1962).

• Delphi-based technology foresight exercises have been used for priority-setting and STI 

policy making all over the world (Grupp and Linstone, 1999).

• Recently used in Asian countries for STI policy making; e.g. in Japan (Shengkai et al. 

2017; Kameoka, Yokoo and Kuwahara, 2004), Korea (KISTEP, 2017), China (Li, Chen 

and Kou, 2017), Thailand (APEC, 2016).

• Used all over the world on technologies and industrial sectors e.g. energy (Czaplicka-

Kolarz et al. 2009; Celiktas and Kocar 2010; Nemet et al. 2017).
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Use of Delphi in technology forsight

First dimension – a statement on a topic in quest:

• A typical statement ‘Widespread use of fuel cell driven cars’. 

Second dimension - a number of questions are asked to the statements (reflecting the 

overall aim of the study); e.g.:

• the respondent’s familiarity with the topic of the statement

• timeframe in which the statement is first realised

• the impact of the topic of the statement on the economy

• barriers for the realisation of the statement
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What is a Delphi statement?

• “… a statement is a concise expression of an event, achievement or other phenomenon 

upon which views are sought. 

• In as few words as possible, an unambiguous expression of what the questioner has in 

mind must be achieved, which incorporates any key conditions but which excludes 

separate issues that warrant one or more additional topics.” 

• (Loveridge, Georghiou and Nedeva, 1995). 
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A few examples

Example 1: from the UK Technology 

Foresight (1995):

Widespread exploitation of oil shale and tar sands.

Example 2: highest rated statement in the 

APEC (2017) foresight:

Cybersecurity is the collection of tools, policies, security 

concepts, security safeguards, risk management approaches, 

action arrogance and technologies that can be used to protect 

the cyber environment and organization and user’s asset. 

Organization and user’s assets include connected computing 

devices, infrastructure, applications, services, telecommunication 

systems, and the totally of transmitted and/or stored information 

in the cyber environment.

Cybersecurity strives to ensure the attainment and maintenance 

of the security properties of the organization.

Cryptography is the practice and study of techniques for secure 

communication in the presence of third parties (called 

adversaries). More generally, it is about constructing and 

analyzing protocols that block adversaries; various aspects in 

information security such as data confidentiality, data integrity, 

authentication, and non-repudiation and are central to modern 

cryptography. Modern cryptography exists at the intersection of 

the disciplines of mathematics, computer science, and electrical 

engineering. Applications of cryptography include ATM cards, 

computer passwords, and electronic commerce.

5



DTUDate Title

The problem

• Delphi method as a tool for STI policy-making it not perfect and has been criticized for 

decades (e.g. Brandes, 2009) 

– selection, behaviour, and capability of the panel of experts

– vaguely phrased statements

• Importance of the phrasing of statements seems obvious, but the issue is absent in most 

reviews of the Delphi method (e.g. Rowe, Wright and Bolger, 1991; Belton et al., 2019; 

Flostrand, Pitt and Bridson, 2020)

• Rowe and Wright (2011) have a few recommendations: a) use easy-to-answer questions, 

2) use simple English, 3) use unambiguous wording. Obvious - but not concrete

• Aim of this paper: to examine the existing knowledge and practice of constructing Delphi 

statements and present a novel and more advanced approach

6



DTUDate Title

Existing knowledge and practices related to 

constructing statements

1 Complexity

• As few words as possible (e,g. Loveridge, Georghiou and Nedeva, 1995)

• Optimal number of words in each statement is 20 to 25 (Salancik, et al 1971)

2 Ambiguity 

• Use unambiguous expression (e.g. Loveridge, Georghiou and Nedeva, 1995) 

• Statements that are too vague to allow a single interpretation (e.g. Salancik, et al 1971)

• Statements that are too specific to allow a single description (e.g. Salancik, et al 1971)

3 Respondents (experts)

• For respondents familiar with the content, the length of the description must be short (e.g. 

Salancik et al. 1971)

• For ‘technical writing’ the length of sentences more significant to the readability than the 

number of difficult words (e.g. syllables/word) (e.g. Hull, 1979)
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Complexity & Readability
Learning from technical writing

• Readability: “what makes some texts easier to read than others” 

(DuBay, 2004)

• Automated Readability Index (ARI), developed by US Airforce

(Smith and Senter, 1967), and defined as:

• ARI = (words/sentences) + 9(syllables/words)

• Lower ARI => better readability
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Ambiguity
Stage of development or market penetration

Using numbers 

Quantitative expressions; e.g. market 

shares in percent (Loveridge, Georghiou

and Nedeva, 1995):

• ‘50% of orders for new coal generating 

plant in OECD require gasification or 

other clean coal technology.’

• ‘Development of cost-effective refinery 

processes that meet future requirements 

for clean transportation fuels.’
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Using terms

Definitions from the Japanese and UK 

Delphi surveys:

Elucidation: to scientifically and 

theoretically identify principles or 

phenomena

Development: to attain a specific 

technological goal or complete a 

prototype

Practical use: first practical use of an 

innovative product or service

Widespread use: significant market 

penetration to a level where a product or 

service is in common use
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Ambiguity
Using a simple model of an innovation system

• Development or market stage of the 

technology

• Area of technological or sectoral domain 

of the statement. 

• Generation and transfer of expertise and 

skills => basic knowledge or basic 

technology.

• Area of application or market. 
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                                                                     Strategic Environment 

I n n o v a t i o n  s y s t e m  

Knowledge Supply Knowledge Demand 

Research 

Education Technology 

Users 

Technology 

Developers 
Area of 

technology 

Market or area 

of application 

Basic knowledge 

or technology  
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Ambiguity
Using a simple model of an innovation system

Direct methanol fuel cells (DMFC) as power source for more than 50% of all new mobile 
phones and laptops.

• Development or market stage referring to different stages of development. In this case 
50%.

• Area of technology. In this case fuel cells.

• Basic knowledge or technology applied. In this case direct methanol.

• Area of application or market for the technology. In this case mobile phones and labtops. 

Not all statements can be formulated to contain all elements.
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Existing knowledge and practice of constructing 

Delphi statements

• H1: Readability of a statement increases with decreasing readability index.

• H2: Shorter statements (fewer number of words) improve readability.

• H3: The optimum length of a statement is between 20 and 25 words (contradicts H2).

• H4: Experts’ capability to understand a statement improves with shorter statements.

• H5: The use of figures of a potential market share or cost reduction of a technology 

reduce the ambiguity of the statement.

• H6: The clarity of a statement is improved if four elements are included: 1) development 

or market stage, 2) area of technology, 3) areas of knowledge or basic technology, and 4) 

area of application or market.
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A simple test

• Existing data from the 1994 UK 

Technology Foresight

• 80 statements on Energy and 80 on 

Communication

• Proxy for how well respondents 

understand the statement is defined as 

the st.dev. of respondent’s prediction of 

when the topic of Delphi statement will 

occur

• 1995-99 = 1; 2000-04 = 2; 2005-09 = 3; 

2010-14 = 4; 2015 or beyond = 5. 

Answers with the value ‘Never’ were 

omitted
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Findings - 1

Relationship between standard deviation of 

answers and Automated Readability Index 

(ARI). 

Relationship between standard deviation of 

answers and number of words in the 

statements.
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Findings - 2 

Relationship between standard deviation of 

answers and number of words in the 

statements. Salancik et al.’s claim: 

optimum is 20 – 25 words.

Relationship between standard deviation of 

answers and number of words in the 

statements. Read dots for high average 

expertise; blue dots for low average 

expertise. 
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Findings - 3

Relationship between standard deviation of 

answers and complexity of statements 

expressed as average syllables per words 

in each statement.
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7 recommendations – but not supported!
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1. Formulate statements of between 20 and 25 words.

2. If respondents are familiar with the content of the statement, the length of the statement 

must be shorter.

3. If respondents are less familiar with the content of the statement, the length of the 

statement should be longer.

4. Use of figures of a potential market share or cost reduction (e.g. 50% market share) of a 

technology and not vague formulations as ‘widespread use’.

5. The clarity of a statement is improved if four elements are included: 1) development or 

market stage, 2) area of technology, 3) areas of knowledge or basic technology, and 4) 

area of application or market.

6. Let a few (2 – 5) experts (in a workshop, in interviews) participate in refining the 

statements.

7. Run a test of the final Delphi questionnaire for a narrow group of respondents who are 

willing to give detailed feedback on the statements - and on the layout of the 

questionnaire in general.



DTUDate Title

Conclusions

• Literature has limited quantitative evidence on how best to formulate Delphi statements

• Recommendations on formulation of statement seems to rely on the practitioners’ 

experience and tacit knowledge

• 7 recommendations for improving Delphi statements

Suggestions for future research:

• A systematic survey of practical experience and (tacit) knowledge on formulating 

statements

• Using a larger statistical material might provide improved evidence for the 

recommendations

• Maybe inspiration to gain from the literature on technical communication and readability
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