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The Delphi approach is a central method in technological forecasting. It has been used in thou
sands of scholarly works and extensively outside academia, often in relatively narrowly scoped
case studies. With the notable exception of Japan and a few other countries, broad Delphi studies
run in the context of national-level policy planning are seldom seen. This study presents results on
implementing the long-running Japanese Science and Technology Prediction Delphi survey
developed by the National Institute of Science and Technology Policy (NISTEP) in Finland. This
study reports the implementation of the 702 statement Delphi and on the reflections of the expert
opinion study against quantitative data on Finnish research capabilities. The differences in expert
opinion are discussed between Japanese and Finnish experts and the importance is highlighted
that contextual factors play in responses received from the experts even on extremely global is
sues, such as the development of science and technology. It is proposed that quantitative data can
serve as an important contextualization tool for the expert opinion results.

1. Introduction
Technology forecasting is heavily reliant on the use of experts (Martino, 2003). While more and more data driven methods are
available, the ability of experts to create insights is still in many ways unmatched. This is particularly the case as technological
foresight is more interested in identifying areas of strategic research and emerging technology rather than predicting ones accurately
(Martin, 1995). Relying on an expert’s opinion is subject to various biases, including the subjectivity of the individual participants
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(Bonaccorsi et al., 2020), but being able to involve a broad pool of experts is beneficial due to the crowd participation effect, which can
identify new possibilities (Meissner, 2012). This is particularly the case for broad-based changes and development pathways at a
national level.
For a long time, the Delphi approach has been a central method in expert-based technological forecasting (Landeta, 2006). As a
method, it allows for a non-verbal mode of dialogue, enabling broad views on the topic at hand to be gathered, addressing some
commonly known biases in expert communication. The approach was developed to enable a macro-view of future developments, often
to serve as a type of public good. Seminal case studies, such as Dalkey and Helmer (1963)) on the “strategic bombing of industrial
targets in the U.S”, created an understanding of an issue that would have had broad implications in a country or region. Central to the
approach was creating “a carefully contrived opinion consensus” that would serve as “an acceptable substitute for direct empirical
evidence when the latter is unavailable”. The Delphi has been used in thousands of scholarly works, and outside academia. Inter
estingly Delphi has been used extensively in the medical sciences to reach consensus on aspects such as treatment practices. In
addition, the approach has often been used in relatively narrow scoped case studies (Flostrand, Pitt, & Bridson, 2020).
More seldom have broad foresight studies been run on a national level for policy planning. This is with Japan’s notable exception,
where Delphi has been a central tool in national-level foresight (Cuhls, 2001; Urashima et al., 2012). While other nations have been less
engaged in running broad national-level foresight exercises, Japan has continuously run a Delphi-based technology foresight exercise
since 1971 (Kuwahara, 1999). The Japanese Delphi exercise, run by the National Institute of Science and Technology Policy (NISTEP),
has also been conducted in Germany (Breiner, Cuhls, & Grupp, 1994) and earlier in Finland, but has remained a continuous effort in
Japan. A similar approach has been utilized in South Korea to assess the direction of future research and development activities for a
shorter time period (Shin, 1998). In addition to the long-running processes, similar studies have been conducted in China and Thailand
(Rongping, Zhongbao, Sida, & Yan, 2008; Vathanakuljarus, 2004).
Throughout the history of Delphi, it has mainly remained a qualitative approach. While there have been calls for a more mixed
qualitative and quantitative approach (Day & Bobeva, 2005; Winkler & Moser, 2016) and also some concrete efforts along those lines
(Georghiou, CAssingena Harper et al., 2008; Tapioh et al., 2011; Varho & Tapio, 2013), there is need for studies merging both
qualitative and quantitative approaches, to confirm and verify the results of Delphi studies (Hasson & Keeney, 2011).
This study uses the questions developed by the National Institute of Science and Technology Policy (NISTEP) for the 11th version of
the Science and Technology Prediction (STP) Delphi survey to identify areas of strategic importance for the Finnish innovation system.
The study focuses on evaluating expert views on the Finnish innovation system’s current capabilities compared to the future
importance of different technologies. The aims of the study are threefold.
First, this study reports on the strategic research needs arising from the STP survey implemented in Finland. Second, quantitative
data on Finnish research capabilities is overlaid to confirm and verify expert opinion results, deepen understanding, and discuss the
findings of the large-scale expert process. The scientific scholarly output is used on a national scale as a proxy view of national activity
and the capacity regarding the STP study fields, enabling reflection on the expert opinion findings.
Third, the study focuses on the use of broad national foresight processes and methodological challenges arising when implementing
a robust, well-tested approach in a different national context. The analysis highlights how combining qualitative and quantitative
approaches in Delphi studies is becoming more attainable due to the availability of vast amounts of data, agility, and fast progress of
research and development and the availability of more structured big data to incorporate comprehensive quantitative evolutions. The
study attempts to bring a mixed-method approach into perspective where a combination of qualitative and quantitative is practiced on
a national level.
The following section gives an overview of the Delphi methodology. Following this, the operationalization of the STP Delphi
qualitative and quantitative study in Finland is described in detail. The results are then presented, comparing expert estimations of the
current state and future importance of technologies. In addition, a quantitative approach is put into perspective to complement the
Delphi study and its integration to the qualitative part. The paper ends with suggestions on possible future research directions, focusing
mainly on running large-scale national Delphi studies.
2. Background
The Delphi method has grown to be a central method of forecasting. First used in the Rand Corporation in the 1960 s, the method’s
central idea is to alleviate the challenges of face-to-face human interaction and facilitate dialogue. The first paper on the use of the
Delphi method was published by Dalkey and Helmer (1963). This original paper was followed by Dalkey (1969) work on explaining
the principals of the Delphi study. In the nearly 60 years of Delphi methodology, there is a long list of publications taking advantage of
the method. Depending on the data source and keywords used, there are over 2600 papers using the method (Flostrand et al., 2020).
Using multiple steps, a recent review by Flostrand et al. (2020) identified approximately 550 publications core to the method.
Similarly, in this study, search results for all publications with the terms “Delphi” and “foresight” or “forecast* ” in the Web of Science
database resulted in a similar-sized dataset of 561 Delphi method publications, which is close to the figure by Flostrand et al. (Flostrand
et al., 2020).
To structure the grounding for this study, a co-citation analysis was applied to uncover the Delphi method’s theoretical foundation
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Fig. 1. A co-citation network map of Delphi methodology publications. Note: the analysis was made by using the cited references as the unit of
analysis. Full counting was used for these calculations. The graph shows merged clusters of research produced using the Gephi network analysis
software (Bastian et al., 2009). The cluster labels have been defined by the authors. A figure with individual publications can be seen in Annex 1.

and understand how it applies to the current context. A co-citation analysis (Small, 1973) identifies the shared background of the
publications in datasets enabling an understanding of the core literature where the study departs.1 Analyzing the sample of 561
publication collected for this study using a co-citation analysis run on VOS viewer (van Eck & Waltman, 2010), the research on Delphi
can be divided into four clusters, shown in red, green, yellow and blue in Fig. 1.
At the center of the network is Dalkey and Helmer’s (1963) seminal work, but also the works by Rowe and Wright (1999) and
Linstone and Turoff (1975) that create the foundation of contemporary literature on using Delphi. From the core of the Delphi
literature the four clusters emerge with different origins. The red cluster departs from the Delphi literature in the Technological
Forecasting and Social Change journal. The publications have two clear focuses, scenario development and technological forecasting in
a corporate setting. The most notable examples of this are the highly cited papers by Daim et al., (2006) or Porter et al. (2004)) and the
more recent papers on corporate foresight by Rohrbeck and Gemünden (2011) and Heger and Rohrbeck (2012). The scenario papers in
the cluster focus on methodological aspects (Amer et al., 2013; Börjeson et al., 2006) and the application of scenarios in business
planning (Bradfield et al., 2005). The same stream of literature also includes Martin’s seminal paper on foresight in science and
technology (Martin, 1995) which is linked to the literature on national-level forecasting.
What differentiates the blue cluster is the focus on the organizational decision-making process. Bonaccio and Dalal (2006) review
the implications of the Delphi processes in organizations and Kerr and Tindale (2011) focus on the social psychology of respondent
groups. The green cluster embeds the core literature on the use of Delphi in healthcare studies. Roughly 60% of Delphi publications are
in the healthcare disciplines, making it the largest application area for Delphi studies (Flostrand et al., 2020). The studies depart from
the seminal work on Delphi, but its methodological development for medical research has been broadly published (Hasson et al., 2000;
Keeney et al., 2001; Powell, 2003). For the yellow cluster, the central publication focuses on transforming Delphi for a real-time
environment (Gnatzy et al., 2011; Gordon & Pease, 2006). The challenge with Delphi has been its slow pace and mediating the
process with a computer-assisted and automated approach has been seen as making the method more user friendly. Discussion on the
tools available and challenges of different technology-mediated approaches is still very much ongoing (Aengenheyster et al., 2017; Di
Zio et al., 2017). Interestingly, most methodological papers focus on improving the Delphi process, while far fewer publications focus
on bringing mixed-methods, particularly quantitative, approaches to improve the information shared with experts or to validate the
results (Tapio et al., 2011).
Our study departs from the red cluster in Fig. 1, which also includes prior research publications focusing on the application of the
Japanese Delphi study (Kerstin Cuhls & Kuwahara, 1994). In addition, the red cluster looks particularly at technological foresight (e.g.
Daim et al., 2006; Tseng et al., 2009). While the study focuses on national-level technology, forecasting and creating insights that can
also impact policy, as per the focus of the Japanese and South Korean studies (Choi & Choi, 2016; Kanama, 2013), the study in Finland
was commissioned by Business Finland, the Finnish innovation funding, trade, investment, and travel promotion organization. This
focused the attention of the study on the literature focusing on the industrial application of the technologies.
In Japan, the STP survey has been carried out roughly every five years since 1971, making the current edition of the survey the 11th
time it has been run. The long-running survey has had changes in focus but remains a tool to identify science and technology that can
realize the Japanese vision for the future society. The time horizon is relatively long, particularly due to the interplay with societal
shift. In the current iteration of the survey this has been set to 2040. The STP survey uses an expert panel to advise on relevant
questions. Divided into seven thematic fields of science and technology, 74 experts created 702 statements to serve as the Delphi

1
In a co-citation analysis, two documents are co-cited if there are one or more documents that cite both articles. The weight of the connections is
based on the count of articles that co-cite the two documents. A co-citation analysis creates a network of cited documents rather than linking the
documents in the data set (Garfield, 2001), thus creating a view of theoretical clusters in a given set of scientific documents
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Fig. 2. The Delphi mixed method (qualitative & quantitative) study process.

question pool. These 702 questions are divided into seven fields and relevant subfields, where experts only address questions based on
their self-assessment of expertise. The fields and relevant subfields are described in detail in the method section.
2.1. Evolution of mixed methods in Delphi studies
Martino (1993) pointed out that in forecasting selecting a method is not a decision of choosing one method over another, but
selecting from several suitable methods and using them in combination to approach a chosen problem. More recently, Day and Bobeva
(2005) also suggested the use of qualitative and quantitative vantage points in applying the Delphi method. This call has been
unanswered to a significant extent (Hasson & Keeney, 2011). This even while authors, such as Winkler (2016) highlight that the use of
the quantitative approach in Delphi is an essential tool for the Delphi administrator to gain valuable insights into the results of the
study. Rowe & Wright (Rowe & Wright, 2011) have analyzed the past, present and future of the Delphi approach, and see that a mixed
quantitative and qualitative approach is important for the utility of the results, and that Delphi should be seen as a pipeline of processes
creating an end result.
In recent years, the Delphi literature has shown some steps towards integrating a mixed-method approach. For example, Tapio et al.
(2011) and Varho & Tapio, (2013) use quantitative approaches to enrich the qualitative process of Delphi, ultimately leading to
scenarios. Leveraging the approach, Rikkonen and Tapio (2009) used a “quantitative cluster analysis” in the combination of a more
qualitative content analysis to create scenarios for bioenergy use in agriculture in Finland. Quantitative approaches have also been
used to measure the results of the Delphi rounds. Multiple approaches can be taken, but it is essential that there is a rigorous quan
titative approach to reach consensus (von der Gracht, 2012). Further development of the Delphi results would be to achieve scenarios
or roadmaps (Bloem da Silveira Junior et al., 2018). This is often well-served with quantitative approaches used as an integral part of
the process. To date, however, the approaches to collecting, analyzing and reporting combinations of qualitative and quantitative
4
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Table 1
Fields and Subfields in the STP Delphi Survey by NISTEP.
1
2

Field

Subfield

Agriculture, forestry, fisheries, food, and biology
[Agriculture]
Cities, architecture, civil engineering & traffic
[Infrastructure]

Production ecosystem, Food ecosystem, Resource ecosystem, System platform, Next-generation
biotechnology, Biomass, Safety, security and health, and Communities
Land use and preservation, Architecture, Infrastructure, Cities and environment, Construction production
system, Traffic systems, Cars, rail, marine and aviation, Disaster prevention and reduction technology,
and Disaster prevention and reduction information
Energy conversion, Energy systems, Resource development, Reduce, reuse, recycle (3Rs), Water, Global
warming, Environment conservation (analysis, prediction, evaluation, restoration, regeneration, plan)
and Risk management
Pharmaceuticals, Medical device development, Senescent and noninfectious diseases, Neuroscience,
Health crisis management, Information and health, social medicine, and Basic technology for life sciences
Social design, Data science & AI, Computer systems, IoT & robotics, Networks & infrastructure, Security &
privacy, Service science, Industry, business & management applications, Policy, system design & support
technology, Implementation in the social systems and Interaction
Substances & materials, Processes & manufacturing, Computational science & data science, Advanced
measurement and analysis methods, Applied devices and systems (field of ICT, nanoelectronics), Applied
devices and systems (field of environment and energy), Applied devices and systems (field of
infrastructure and mobility), and Applied devices and systems (field of life sciences and biology)
Space, Oceans, Earth science, Observation and predictions, Elementary particles, nucleus and accelerator,
Quantum beam: synchrotron radiation, Quantum Beam: Neutrons, Muons, Charged Particles, and Optical
and quantum technology

3

Environment, resources and energy [Environment]

4

Health, Medicine and Life Sciences [Health]

5

Information and communication technology,
analytics service science [ICT]

6

Materials, devices & processes [Materials]

7

Space, oceans, earth science & science foundations
[Frontier]

Table 2
Question list of the 11th Delphi survey in the NISTEP.
R&D

Timeframe
Main
challenge

Variable

Definition

Levels

Importance

Overall importance for science & technology and
for society
Japan is competitive compared to other countries

Choose from − 2–2
(very low, low, don’t know, high and very high)

Technology will be realized (anywhere)
Market for the technology will be realized
(anywhere)
Measures to take to ensure and/or enable
realization

Year from 2019 to 2050 with options for “not realizing” and
“don’t know”

International
competitiveness
Technology
Market
Technology
Market

Human resource
Budget
Collaboration
Environment
Regulation
others

approaches have significant variation driven by the purpose of each study (de Loë et al., 2016).
One of the central aspects of Delphi is also to consider whether the expert panel has produced results that make sense. Although it
cannot be assumed that there should be a data source that would confirm expert opinion ex-ante, it is clear that a rigorous study would
be well-served with a quantitatively derived reflection of the results. While studies use a quantitative process to better inform the
administrator or the panelist (Winkler & Moser, 2016); it is clear that further research is needed to create rigor, both qualitative and
quantitative, to confirm and verify the results of a Delphi study (Hasson & Keeney, 2011).
3. Delphi method
The method part of the study is twofold. There is a Delphi study that incorporates expert opinions on the status of technological
capacities and pathways. There is also a quantitative approach to determine the national capabilities in the technological areas studied.
Finally, the combination of both the qualitative and quantitative methods will be examined to benchmark the Delphi results. Fig. 2
illustrates the Delphi study questionnaire implementation process (qualitative part) as well as the quantitative analysis process. The
following subsections will focus on the methodological choices.
3.1. Qualitative approach
Delphi exercises have been conducted in several different ways. In the original work, Dalkey (1969) described the procedure as
consisting of a first-round and several following iterations. The idea is that with the first questionnaire, the respondents are requested
to assess a set of numerical quantities such as dates for future events. The results from the first questionnaire are then summarized, with
the analysis of median, upper and lower quartiles and given as feedback to the respondents. The respondents are then asked, in the
second round, to assess their earlier answers in the light of the aggregated results. Respondents whose answers had deviated
5
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significantly from the median are also asked to justify their answers. In the third round, the counterarguments written by respondents
with “deviating” answers are also given to the respondents and the statistical feedback. In the current study, a two-round Delphi was
used. The first round was exploratory and the second confirmatory of the expert’s views.
The Delphi questionnaire is based on the Delphi framework created by NISTEP. The Delphi process starts with a horizon scan of
research and development issues expected to be realized by 2040. This work, founded on the previous iteration of the process, is done
in subcommittees, called “science and technology topics (S&T topics).” This is followed by the development of the questionnaire to
gather expert opinions regarding their importance, international competitiveness, realization prospects, and policy measures for
realization. Finally, the subcommittees analyze the Delphi results. The NISTEP framework contains 702 S&T topics in 7 fields in 52
subfields. The questionnaire covers a different aspect of technology and society, described in Table 1. The structure and process of the
NISTEP approach is available from NISTEP website (NISTEP, 2019).
In the NISTEP version, the experts were contacted via an online survey and asked to respond to the statements using a questionnaire
framework shown in Table 2. This framework focused on the overall importance, national competitiveness, realization of a technology,
and the policy interventions most impactful to ensure and/or catalyze realization. The NISTEP Delphi was conducted as a 2-round
study, where experts were invited back to re-evaluate the results.
The study in Finland used the same approach as in the original study with minimal modifications. The questions used were the same
as in the original survey, with the exception that the statements were translated into English and statements specifically referring to
Japan were with the most minimal changes possible revised to fit the Finnish context. An example of a modification could be the
statement “Positioning technology with a ≤ 5 cm margin of error in every location in Japan, including underground facilities and
indoors” was revised to Positioning technology with a ≤ 5 cm margin of error in every location in Finland, including underground
facilities and indoors”. The following describes the approach used in Finland.
The logic of the Delphi is that an individual expert will not be able to respond to all fields and subfields, but rather will choose the
areas to respond to based on his/her expertise. In practical terms, the Delphi experts were asked to select a field that aligns with their
expertise. The Delphi experts had the option to opt out of specific subfields, but by default to respond to all. The Delphi was imple
mented using Webropol online questionnaire tool similarly to the NISTEP version.
A pilot study of the Delphi was implemented using the research scientists at the organizing research institute as a respondent group.
The respondents tested the final format of the Delphi by testing the functionality and feasibility of the questionnaire. The pilot
respondent group’s time use was also observed to ensure the respondents’ workload was manageable. Minor modifications to the
Delphi study were implemented, mostly spelling corrections and changes in wording. These helped to speed the Delphi implementation
up and clarify any unnecessary complications.
Central to running a successful Delphi exercise is the ability to include and retain relevant experts throughout the Delphi procedure.
The value of the Delphi emerges from the fact that the statistical aggregate of several individuals is more accurate than a judgment of
just one person. It also moderates the disadvantages of having a group with direct interaction, such as the problem of a dominant
individual (Dalkey, 1969) having undue influence over a discussion. It is thus not surprising that one of the central issues in scholarly
articles on the Delphi method focuses on expert selection and possible biases created by the selected experts (Baker et al., 2006;
Devaney & Henchion, 2018; Ecken et al., 2011; Gudowsky & Rosa, 2019; Welty, 1972). In the STP survey experts were included
broadly from academia, public research organization and private companies. Experience was varied, with participant age categories
ranging from early career to mid and senior experts. The Delphi experts focused on scientists in Finland. The main selection criteria
were that the scientists had released a publication within the last five years and were affiliated with a Finnish organization. Finnish
researchers were identified using the Clarivate Web of Science Core Collection database. In total, 14,221 scholars were identified using
the above criteria. The email addresses of the scholars were retrieved via the email addresses provided in the publications. The key
factor, particularly in a thematically broad Delphi is to enable experts to self-evaluate their expertise. In the survey, this was imple
mented via an opt-out mechanism where the experts can jump select fields and jump over subfields based on their self-evaluation of
their own expertise.
The Delphi experts were invited to participate in a foresight study looking to shape the future of science and technology policy and
explore new possibilities, as put by (Meissner, 2012). The content of the invitation letter sent declared the objectives of the Delphi, as
well as the importance of the experts’ role, and the process of their selection. The letter also provided information on data handling,
steps taken to ensure the privacy integrity of the study, and sought consent for participation. Technically, the Delphi survey was sent in
batches of 1000 respondents two times a day. This was done to limit the burden on the host servers that would receive a significant
number of emails at one time. This means that the full survey was sent in the timeframe of one week. A reminder was sent to the
participants who had not responded twice during the full month that the Delphi survey round one was open for responses.
The first step of the Delphi survey was for the experts to select one of the fields mainly aligning with their expertise. The experts
were then shown questions in subfield batches. Each subfield contains 4–9 individual questions, and prior to accessing the subfield
questions, the experts had the possibility to opt out if the title of the subfields was outside their expertise. For each question, the
respondents were asked to answer eight questions. In total, 278 Delphi experts participated.
For each of the 702 questions, the respondents were asked to respond to several sub-questions that remained the same for all of the
questions. The respondents were first asked to assess their level of knowledge regarding this topic. This was followed by an evaluation
of the significance and competitiveness of the technology. This was done with two questions asking how significant this technology
would be for Finnish society in the year 2050, and how competitive Finland is internationally in this field. The respondents were asked
to answer these two questions via a 5-level Likert-scale (very low to very high). This was followed by two questions on realization and
adoption. First, when the respondent expected the technology to be demonstrated in concrete application anywhere in the world.
Second, when the respondent expected the technology to be widely applied in Finnish society. The question was asked using year
6
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categories starting from now and then in five-year increments until 2050. In addition, there was also a category for later than 2051, one
for the technology not being realized, and one if the respondent does not know. The questionnaire also asked about policy actions
required. This was as done via two questions asking what type of policy actions would be needed for the technology to be realized, and
what type of policy measures would be needed for the technology to be adopted broadly in Finnish society. For both, eight categories2
were offered as well as a category “other”, where respondents could write their own action. Finally, there was an open-ended question
for comments on the topic and suggestions for other policy actions.
The first Delphi round results were analyzed in-depth. For each question, mean values were compiled for each variable and the
policy actions highlighted by respondents were counted. The main variables further analyzed for the second round of the Delphi
focused on how significant the technology would be for Finnish society in the year 2050 (significance) and how competitive Finland is
internationally in the field (competitiveness). In addition, an index value was calculated defined by the three variables. This was
calculated as a product of the significance (1–5 where 5 is very high), Competitiveness (1–5 where 5 is very low) and the expected
application (0–8 where 0 is “will not be realized” and 8 is now).
The goal of the second round of the Delphi was to serve as a confirmatory round for the results. For the second round of the Delphi
the respondents were invited again to select from the seven fields. The respondents were asked to select the same fields they
respondended to the first round. In the second phase, however, the respondents were only responding to the underlying subcategories.
Respondents were shown a table of the aggregated results in each subcategory and asked to evaluate the results at a subcategory level
and answer the following three questions: 1) is the technological advancement accurately described, 2) is the significance of the
technologies accurately described, and 3) is Finland’s competitiveness accurately described? Finally, the respondents had an openended question to provide any and all comments on the aggregate results. In total, 108 Delphi experts participated in the second round.
4. Quantitative analysis
The objective of the quantitative analysis was to provide a frame of reference for the Delphi results by overlaying the data on
Finnish scientific output and impact. A proxy was created for evaluating the effort and focus of Finnish science, ultimately creating a
point of reference for the expert evaluations. This analysis was done using Elsevier’s SciVal3 tool based on detailed scientific literature
and their co-citation network. SciVal is a science map of roughly 96,000 global and unique research fields. The data allows users to
examine science at different levels of research granularity of topics and to visualize various variables such as research performance on
different levels of analysis (country, research topic, publications, time periods). The quantitative analysis is focused on capturing the
current capacity of various technological fields. For that purpose, national scientific publication activity was tapped as a proxy for
evaluating the effort and focus on technological domains.
We used the bibliometric data to isolate Finland’s research activity. There have been over 200 thousand scientific papers from
almost 81 thousand scholars who have received over 3.6 million citations so far during the past decade. Finland’s diversity in research
is high in terms of international collaboration (55% of publications are produced with an international co-author) and there is a wide
distribution of topical research contributions. To capture Finland’s contributed research topics, Scopus’s SciVal tool which has pro
cessed research publications from 1996 to the present was used, and the results were clustered into topics and topic clusters4 using a
direct citation analysis. Fig. 3 illustrates the 1490 (out of 1494) topic clusters of Finnish science using the Scopus All Science Journal
Classification (ASJC). Each node refers to an individual topic cluster in which the disciplines are distinguished by colour, and size
indicates the volumn of publications under the topic cluster.
We used the research topic data in SciVal to identify topics that could be overlayed by the seven fields in the Delphi study. The
original STP study fields descriptions were used as keywords to filter the topical activity found in Finnish science in the 2015–2020
period, creating data on the volume of publications, citation count, researchers, affiliations, and international collaboration for each of
the seven fields. The analysis focused on analyzing the research output of each of the fields to provide information on the current level
of activity in each field. Second, the growth of a field was analyzed to reflect on the trend towards the future. The overlay should give a
perspective on the volume, quality and direction of scientific activity related to each of the seven fields in Finland.
5. Results
During both rounds of the Delphi, the respondents were required to select the field aligning with their area of expertise. Seen in
Fig. 4, these fields represented major disciplinary structures. For the first round, “Agriculture, forestry, fisheries, food, and biology”,
“Cities, architecture, civil engineering & traffic”, “Space, oceans, earth science & science foundations” had a smaller number of re
spondents. The remaining four applications had a higher number of respondents. For the second round, “Agriculture, forestry, fish
eries, food, and biology”, “Environment, resources and energy” and “Space, oceans, earth science & science foundations” accounted for
50% of the invited experts returning to the platform. The four remaining categories had a significantly lower number of returning
experts, with “Health, Medicine and Life Sciences” accounting for the lowest ratio of 20% of the returning Delphi experts.
2
The eight categories were: Developing and securing of human resources, Expansion of R&D budget, R&D base maintenance, Domestic coop
eration, International cooperation, Standardization, Changes in laws and regulations, Actions on ethical issues.
3
SciVal takes a copy of the Scopus database that is then structured to optimally support its metrics and functionality: https://www.scival.com/
4
More detail on SciVal’s method of compiling research topics can be found here: https://wwwelsevier.com/solutions/scival/features/topicprominence-in-science#methodology
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Fig. 3. A visual representation of Finnish science in different research topics (visualization from SciVal).

As Finland implemented the Japanese STP survey in the same format as it is run in Japan, with only significant changes to replace
currency values or locations mentioned in the statements, some questions received only minor attention from the experts. For example,
Finnish experts seldom responded to the statement regarding earthquakes. As seen in Fig. 5, for a sizeable number of the statements the
Finnish survey had only a few experts. This directed the focus onto statements which three or more independent experts had responded
8
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Fig. 4. Respondent number per field for Round 1 and Round 2 of the Delphi study in Finland.

Fig. 5. Density plot of the number of respondents answering to the questions. The statements were most commonly answered by three experts. The
highest number of expert responses per question was 26.

to. Overall, 533 statements from the 702 statements had more than three expert responses, which was set as the minimum number of
expert responses needed to evaluate the statements.
This study’s key focus was on understanding the strategic research needs arising from experts in Finland. This focused the analysis
on an evaluation of the current competitiveness of Finland compared to the expert’s evaluation of the significance of the technology in
the long-term. Particular interest was given to understanding whether strategic research areas could be identified by focusing attention
on areas of research where a significant difference could be seen between the current competitiveness and future significance. Fig. 6
shows a scatter plot of the 533 statements with over three expert evaluations aggregated at the field level. In the figure, which is
overlayed with the overall field in color, the Healthcare statements have a higher average significance and lower competitiveness
highlighting a potentially important strategic element. The competitiveness increases for Agriculture onward and Cities, architecture
and civil engineering, which is the highest area of competitiveness, while is has the lowest significance.
Looking at the same scatter plot at the level of individual statements, seen in Fig. 7, a trend emerges. The analysis suggests that
there is a correlation between the experts evaluations of high significance and low competitiveness. This suggests a discontinuity
between current and required knowledge after the forecasting period. A high negative correlation (r(57) = − 0.653, p = .001) was
9

Futures 140 (2022) 102967

A. Suominen et al.

Fig. 6. Scatter plot of expert opinion averages and the significance of the technology for Finnish society in the year 2050 and how competitive
Finland is internationally aggregated on the field level. Size reflects the number of expert responses.

Fig. 7. A scatter plot of expert opinion averages of the significance of technology for Finnish society in the year 2050 and how competitive is
Finland internationally in this area, with fields highlighted in color.

Fig. 8. Field 1 publication activity of Finland in 2015–2020. TC refers to topic clusters in SciVal.

calculated between the subcategories’ current knowledge and the importance of the subcategory at the end of the forecasting period.
This confirms a trend across different fields that could result from expert perception or actual discontinuity in creating national-level
capabilities in thematically important areas.
The quantitative evaluation of Finnish science was done for each of the seven fields separately. The research topics were extracted
for each field and overlayed on a scaled figure for comparative reasons. A varied number of SciVal topics were captured which were
related to each of the fields through the identification process. For each of the fields, the publication activity for 2015–2020 was
retrieved and their growth was calculated compared to the previous period. Fig. 8 illustrates the retrieved variable for field 1. Each bar
10
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Table 3
Scientific field activity volume and trends in Finland for 2015–2020.
1
2
3
4
5
6
7

Field

Scholarly output

Growth (%)

Agriculture, forestry, fisheries, food, and biology
Cities, architecture, civil engineering & traffic
Environment, resources and energy
Health, Medicine and Life Sciences
ICT
Materials, devices & processes
Space, oceans, earth science & science foundations

3262
3005
1280
4762
3086
1175
2347

-24.23%
13.15%
17.1%
26.06%
8.68%
7.93%
14%

Fig. 9. Qualitative & quantitative evaluation layover map showing field competitiveness and significance.

is a specific topic cluster, for which the volume of publication activity in the period is shown on the left y axes. The growth percentage
of each topic cluster is shown with an orange bar and the values can be read on right y axis. For instance, Topic cluster TC.18 has 950
publications in the 2015–2020 time period and a slight negative growth trend compared to the previous comparable period. The
overall scientific output activity for each field is calculated by the average of all the topic growth or decline trajectory for the
2015–2020 period compared to the previous comparable period. For example, the national capacity in field 1 indicates a positive
growth trend with a valuation of 0.17% growth in scientific output activity. The same analysis has been conducted for all Finnish data
for the seven fields found in the Annex. Table 3 shows the output and average growth for each of the overlayed fields.
To make a comparative analysis between the expert’s opinion collected through the Delphi process and the quantitative analysis of
the fields, linkages are inferred between the scales of both analyses. For the significance, scholarly output valuations in the categorical
view were taken (on the scale low, medium, or high). For the competitiveness scale, the activity trend that averages each topic’s
growth or decline trajectory in each field (with the scales low, medium, or high) was taken. Fig. 9 shows the overlay of the expert
opinion and quantitative analysis in one view.
The overlaid qualitative evaluation and quantitative assessment of the competitiveness and significance of the studied fields offers
comparability between the data and expert opinions. The overlay projection is on a six-quadrant map where the significance and
competitiveness aspects are represented on a spectrum ranging from low, to medium and high. In relative terms, there seems to be a
small distance between fields 1:Agriculture, 3:Environment, 5:ICT and 7:Space, which can be interpreted as a minor variation between
the qualitative and quantitative evaluations. For fields 2:Cities, 4:Health and 6:Materials, the difference between the evaluations seems
to be more pronounced. However, only field 2, the “Cities” field, changes position on both axes.
In six out of seven fields, it can be observed that the experts downgraded the competitiveness or significance of the development of the
field. Obviously, the scale for evaluating the competitiveness is subjective to each expert, but the differences are interesting when focusing
on the aggregates. On the national scale, Finland showed positive relative growth in research related to the three fields, suggesting an
increase in competitiveness. This challenges the experts’ point of view. For example, for the “Cities” field the experts’ evaluation on
competitiveness was optimistic compared to the assessment by the quantitative approach. A negative average trend was observed in the
growth of publications, particularly in the “Cities” field, which was positioned low on the competitiveness spectrum while the experts
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evaluated the field as highly competitive for Finland. This distance might be result for the fact that the “Cities” field is not presented in
scientific publications distorting the quantitative analysis. In the “Space, oceans, earth science & science foundations” field the distance on
qualitative and quantitative assessment is significant and spans both competitiveness and significance. This large change might be the
result of the substantial variation in fields embedded in the field ranging from Space, Oceans, Earth science to Optical and quantum
technology. For field 4, relating to Health, Medicine and Life Sciences, the experts’ average evaluation considers the competitiveness of the
field to be low, while the quantitative assessment on the growth rate of activity indicated it to be on a high competitive level. This gap
suggests that presumably, the experts have not recognised the volume and credibility of the overall Health-related studies, and there is a
subjectivity on certain areas not developed to their full capacity. However, for the field of Materials, devices & processes, experts do not see
high significance, while quantitative evaluation places the field on a high significance spectrum. Based on the quantitative data, Materials,
devices & processes is a relatively big domain in Finnish science with a high volume of research and publications. However, the quantity
and volume of activity in these areas have not been recognized from experts’ perspectives.
6. Discussion
Extensive national Delphi studies that include a broad number of topics are seldom carried out. This is probably in part because the
Delphi, even when run online, is laborious to carry out. The Japanese STP survey has successfully engaged a large pool of experts, but
even more importantly, it has engaged with the policy cycle (Kanama, 2013). The Delphi approach has the ability to contribute to a
national level analysis by providing completely new possibilities (Meissner, 2012). For this, the STP survey has a significant track
record (Kuwahara, 1999). Implementing the same approach in a different geographical setting is not trivial (Kerstin Cuhls & Kuwa
hara, 1994), requiring changes to the Delphi statements, engaging with experts and ultimately influencing the policy cycle.
As seen in Fig. 5, the Finnish experts could not respond to a large portion of the questions. This could be due to the lower response
rate and the fields being less aligned with the Finnish context. The STP Delphi is the result of deep engagement with Japanese
stakeholders to create the baseline arguments. While many of these are universal, many will not translate to a different context. This
poses the question of whether it is possible to transpose the Japanese contextualized Delphi to a different context, such as Finland,
without significant revision to align with the contextual factors. In the experiment done in Finland to run the STP survey as closely as
possible to its original version, only changing mentions of Japan specifically, the regional specificity is highlighted of even general
statements. While the STP survey statements are to a significant extent general in nature this does not limit the need to localize the
statements. This in turn will create issues for comparing the results, which this study strived to do in the results.
This said, one of the most interesting reflections on the results arise from the expert’s responses on a general level. Fig. 7 showed
how the Finnish experts had observed a high negative correlation between the current knowledge on the subcategories and the
importance of the subcategory at the end of the forecasting period. It is proposed that this behavior highlights that in areas of future
significant importance the Finnish experts held a pessimistic view of their current abilities. When these findings are reflected against
the Japanese results, the Japanese experts had a very different outlook in which they observed both a high current capability and high
future importance for most of the studied fields (Urashima et al., 2012, p. 14). In other words, the Japanese experts were highly
optimistic concerning their capabilities, while on the same question Finnish experts were increasingly pessimistic as an area was felt to
be more important. It is assumed that this difference in view is at least partly explained by culture and raises the question of how to
control for it when comparing the results. This needs future research.
An issue also arises with the volume of potential respondents. While Japan has a population of some 126 million, Finland has only 5
million inhabitants. This is reflected in the number of responses, while the STP study received some 5352 responses (Urashima et al.,
2021, P. 14), the Finnish survey had just over 278. If the percentage of experts engaging in the study is compared to the national
headcount of researchers, Japan’s respondent pool is approximately 0.56% of researchers, whereas for Finland the number of re
spondents is 0.47% of the researcher headcount.5 This comparison reflects that 278 respondents would be what would be expected for
Finland or at least proportionally to the number of experts in Japan. There could have been more done to attract additional responses
from researchers in Finland. One of the major mechanisms to achieve this would be to run the survey multiple times, gaining brandvalue, and highlighting to experts that the results have policy implications. These have both been done in Japan, where the results are
known to impact policy and the reputation of the survey has increased the respondent rates three-fold.
This said, and in particular in some areas of interest the potential pool of Finnish expert remains low. This suggests that there is a
threshold only after which a broad Delphi effort is employable. Ultimately this reflects back to the central question in Delphi on expert
selection and retention (ref. Baker et al., 2006; Dalkey, 1969; Devaney & Henchion, 2018), questioning whether the pool of potential
experts is large enough to run an extensive Delphi study. In the European context and for Finland, a practical level of replication of the
STP survey could be the European Union. This said, a European Union exercise could struggle from the cultural dynamics highlighted
above between the Japanese and Finnish experts.
The results from Finland yielded interesting results, mainly focusing on the knowledge dynamics. The study focused on under
standing the dynamics of current capabilities and the need to be competitive in the future. Here the Finnish expert opinion results are
clear, with a strong negative correlation between capabilities and future needs. Future research should better understand if this is due
to expert behavior or whether it represents the true state-of-play. However, the study did make an effort to validate this dynamic by
looking at current level of scientific output and trends.

5

Calculation is based on OECD data available at https://data.oecd.org/rd/researchers.htm
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The mixed-methods approach was able to highlight differences between the expert opinion and quantitative data. While there are
clear scaling issues, these results provide a reference point for the expert opinion results not often seen in Delphi studies. It was found
that the fields of studies had a significant difference between them on one axis, and for one of the fields on both of the axes. These
differences should not be interpreted as either the experts’ or the quantitative data being wrong, but rather as a point of reflection on
why differences exist. The merger of approaches presented in this paper offers an avenue forward and it is proposed that the baseline
created by the quantitative analysis could serve as a valuable control, or at least a contextual variable, to assess differences in responses
between regions.
Additionally, for future research, this study suggests extending the data-driven approach beyond the ex-post evaluation of the
results. Analyzing scientific, patent, news and even social media data can be an excellent way to inform the process of developing
Delphi arguments while complemented with expert understanding of emergent topics and weak signals. Finally, there would need to
be more research on how to fully integrate a data-driven analysis with the qualitative Delphi process, genuinely responding to the calls
for mixed methods foresight processes.
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