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Abstract

The paradigm proposed by Responsible Research and Innovation in the European
Commission policy discourse identifies Public Engagement as a key area for exchange
and dialogue among multiple actors following an inclusive and participatory process.
Two definite set of indicators have already arisen at European level to monitor Public
Engagement activities in the Science and Innovation realm. Our study aims to pro-
pose a deliberative participatory process, which involves selected stakeholders, for
the adaptation of the European indicators to the specific Spanish scientific and inno-
vation context. The methodological procedure is of exploratory nature and will be
based in a combination of, on the one hand, qualitative content analysis techniques for
the in-depth study of the deliberative process and the generation of indicators; and,
on the other hand, a multi-criteria decision analysis technique such as the Analytic
Hierarchy Process for the prioritization of the indicators. The discussion will focus on
the procedure to articulate stakeholders’ values and use them as the basis for creating
a context-based improved list of indicators. Two types of research questions arise: (i)
Is the proposed methodology adequate for the adaptation of the European indicators
to the Spanish context? (ii) What are the main indicators to monitor and to expand
reflection on the public engagement in the Spanish science and innovation?
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1 Introduction
1.1 Responsible research and innovation and public engagement as a key area

Responsible research and innovation (RRI) is an interactive process by which soci-
etal actors become mutually responsive to each other. It aims at the acceptability,
sustainability, and societal desirability of the research and innovation processes and
its saleable products. RRI promotes a proper inclusion of advances on science and
technology in our society (von Schomberg 2012).

RRI as proposed by the European Commission (EC) and the works under the
auspices of the EC, involves six key areas: (i) Public Engagement, (ii) Gender Equality,
(iii) Science Education, (iv) Open Access, (v) Ethics, and (vi) Governance. Thus,
engagement of what they term “societal actors” or “stakeholders” is at the heart of
RRI, being recognised as one of its pillars by the EC (Geoghegan-Quinn and European
Commission, n.d.).

Articulating RRI systems requires the combination of different strategies and meth-
ods, the involvement of different actors (Stilgoe et al. 2013), and the consideration of
context realities (Mejlgaard 2018). That is, RRI poses a great amount of complexity
as regards research and innovation (R&I) practitioners or policy-makers. Hence, the
need for the operationalisation of RRI practices is currently a hot issue.

As Cortifias (2009) stated “society has been private of a fundamental right many
years: the right of knowledge”. Cuevas (2008) in the text Scientific Knowledge, Cit-
izenship and Democracy, explained the relationship between science and citizenship
that had existed until a few years ago. That is, the citizen in science has been an actor
without a voice, who has received the results of scientific practice without giving
his/her opinion about it.

This discourse is currently turning towards a democratic and participatory model,
which seeks a relationship of equality between scientists and the public, and an
informed public debate as the preconditions for forging socially sustainable public
policies need to be translated into new processes of deliberative democracy (Durant
1999).

Two decades ago, Public Engagement (PE) functions were often performed as a
sort of “goodwill exercise.” (Neresini and Bucchi 2011). However, the concept of
PE has been transformed within the last years and a variety of authors confirm that
a general turning away from top—down models of communication towards increased
focus on dialogue-based approaches characterises the development of this field (Bauer
and Allum 2007; Krzywoszynska et al. 2018; Wickson and Carew 2014).

Empirical work shows that there is a great variation among countries and research
institutions in the way they carry out the Public Engagement performance (Neresini
and Bucchi 2011), hence the influence of context. The literature also remarks upon
the risk of abuse of PE as an instrument to drive institutional interests or to inhibit
debate (Macnaghten et al. 2014). To properly manage the inclusion of PE in science
and technology (S&T) practice and policies, a consensual monitoring framework is
still a pending subject. In this paper, an adequate deliberative framework is proposed
on how to create such a PE monitoring system.
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1.2 Approaches to monitoring the progress on public engagement

Some open debates tackle the matter of monitoring RRIin general and PE in particular.
In April 2015, a group of scholars published the Leiden manifesto for Research Metrics
which is based on the premise that “the problem is that evaluation is now led by the
data rather than by judgement. Metrics have proliferated: usually well intentioned,
not always well informed, often ill applied” (Diana Hicks and Wouters 2015). Other
scholars reflect on whether PE challenges the current legitimacy crisis of S&T or it
exacerbates that (Porter et al. 2012; van Est 2011). However, it is not the aim of our
research to make balance or to critic the current discussions about PE, but to shed some
light on the topic with aresearch of exploratory nature. That is, proposing a deliberative
participatory methodology, which will allow discussing the already existing, agreed
upon EU RRI indicators, and adapting them to our national context. That means that
if during our deliberative process any of the previous mentioned appeared, we would
always analyse that discourse with the aim of enriching the creation of the list of PE
metrics (later indicators).

Since the early 90s, some efforts have been carried out to promote the participation
of the general public in the development of scientific and technological initiatives
(Chopyak and Levesque 2002; Joss 1999; Kasemir 2003). We want to highlight the
recent study carried out by Arrizabalaga; Solans-Domenech; Rad6-Trilla and Adam
(2016) in which the authors thoroughly review the related literature in the search for
PE indicators. The research methodology of the study is very systematic and complete
regarding the engagement of societal actors in health research policies at international
level. However, this study has been carried out exclusively at institutional level; that
is to say, it includes indicators that allow an analysis of stakeholder engagement in
research institutions such as universities, research centres, and health research insti-
tutes. Thus, this proposal, on the one hand, leaves out indicators focused on lower
levels of aggregation such as projects or researchers and, on the other hand, those of
higher level of aggregation such as policies.

Other proposals such as Neresini and Bucchi (Neresini and Bucchi 2011) also focus
on indicators on the institutional level, but in this case, they analyse a total amount of
40 European research institutions of different areas of knowledge. They find that while
most research institutions analysed have dedicated resources for PE activities, such
activities are not yet considered essential. They therefore conclude that performance
indicators and standards might prove of great support for institutions and policy actors
only if they are committed to the purpose of public engagement and societal dialogue.

The EC framework programmes are promoters of the development of indicators
for PE at a programme and project level (Meijer et al. 2016); both in a qualitative
perspective (character of PE activities) and in a quantitative perspective (scope of
projects carried out with distinctive PE features). On this account, the RRI Expert
Group was created in 2014 under the umbrella of the EU scientific policy to propose
indicators aimed at monitoring RRI (Strand et al. 2015). Other research initiatives, such
as the Monitoring the Evolution and Benefits of Responsible Research and Innovation
(MoRRI) project (Meijer et al. 2016), address the construction of comprehensive
indicators to measure the implementation of RRI initiatives in European S&T policies.

@ Springer



M. Garcia-Melén et al.

These sets of indicators have been proposed for any research area and for all the
aggregation levels: policy, organization, and project. They have been proposed at a
general European level; however, discussions at national level have still to be fostered
to include national specificities, i.e. the context.

The work we propose in this paper stems from the guidelines proposed in the
document (Strand et al. 2015) where it is suggested the indicators proposed at European
level be adapted to their respective countries. The recommendations stated at the end
of the MORRI project also suggest that the indicators that appear in the final report
are not country-specific and are more appropriate for benchmarking countries (Peter
et al. 2018). Thus, they should be revised to monitor the concrete policy of a particular
country, with all its specificities.

In the particular case of Spain, a few efforts have been made to foster the concept
of PE in our national scientific policy. In the current Law on Science, Technology and
Innovation (Jefatura del Estado 2011), the term “citizen participation” is not always
formalised in the law itself, nor at subsequent strategies and plans based on it, as
a true “participatory approach” (in the sense of providing a formal regulation that
allows citizens to exercise an active role in scientific deliberation). Instead, official
documents tend to show a more conventional approach of “participation”, focused
on the promotion of scientific culture, the social acceptability of science, and the
shaping of a positive image of a Spanish Research, Development and Innovation
system (Revuelta, 2013).

The approach proposed will be based on the following three premises:

o Contextualization: adaptation of indicators to the geographic context: (Mejlgaard
2018; Rafols 2019; Strand et al. 2015)

e Participation and deliberation with a representative group of stakeholders (Haywood
and Besley 2014; Rafols 2019)

e Prioritization: to create a concise list indicators for the policy-makers (Dudo and
Besley 2016; Strand et al. 2015).

Thus, in this paper, we address the following three main goals:

G1—To find out the relevant public engagement aspects from an RRI perspective.

G2—To create a list of indicators able to measure the selected relevant aspects.

G3—To prioritize the indicators to select the most relevant and therefore reduce
the set.

To achieve G1, G2, and G3, a participatory and deliberative process with experi-
enced stakeholders will be carried out. Therefore, the fourth goal of this paper will
be:

G4—To demonstrate that a participatory process with experienced stakeholders is
suitable for the tailoring of the European indicators to the Spanish RRI context.

The final aim being to demonstrate that our participatory procedure can be used for
adapting the indicators to different contexts. To demonstrate the good performance of
the proposed approach, we will use a specific case study with ten Spanish stakehold-
ers. Once the good performance of the methodology has been demonstrated, several
recommendations will be inferred to use it in a more general (and official) context and
with a greater number of societal actors.
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2 Materials and methods

To define a concise list or Public Engagement indicators for the Spanish scientific
context, the following methodology is proposed (Fig. 1). It is based on the MCDA
theoretical framework and consists of 5 steps. We indicate the type of research method
used in each of them.

A preliminary description of the steps is presented in Sects. 2.1-2.5. The results
obtained are presented in Sects. 3.1-3.5.

2.1 Analysis of the current list of indicators in European RRI

A search on the already published lists of EU indicators has to be carried out.

2.2 Selection of a group of Spanish stakeholders

Europe 2020, the European strategy for smart, sustainable and inclusive growth (Com-
mission 2010), identifies civil society, as one of the links that together with the other
actors such as the European Commission, other EU institutions, EU Member States,
and regional and local administrations, must take part in the implementation of the
strategy. These stakeholders should play an important role in the development of
national programmes and in the monitoring of their implementation.

Therefore, one of the key issues of the methodology should be to correctly choose
and include stakeholders identified in this strategy to be aligned with the EU Experts

Step Type of analysis Method used
Review of PE RRI Indicators
1. Analysis of current lists of Qualitative related literature.
indicators Analysis of already existing

European lists

I
[

Mapping of stakeholders
based on type of
organization and
I geographical distribution
v

3. Participatory session to determine
aspects and indicators

I

2. Selection of a group of stakeholders Qualitative

Qualitative Content
Qualitative ! Analysis.
Software NVIVO 12

v Multicriteria Decision
4. Participatory session to prioritize - Analysis Technique AHP
Ry Quantitive e
aspects and indicators Software Superdecisions
[ 2.10.0
5. Feedback on the results Qualitative | Online survey

Fig. 1 Methodological approach
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Group PE strategy. If stakeholders get involved in the development of the indicators,
they will become the “owners” of the monitoring, and therefore, they will more easily
accept them as a valuable tool to improve their performance (Strand et al. 2015).

To endow the results with a higher value, it is advisable to have several experts
take part in solving the problem of prioritization; these specialists are going to act
as “decision-makers”. For this study, we have included stakeholders considering the
following premises: (i) they should belong to the categories mentioned in Strand et al.
(Strand et al. 2015), (ii) an equal geographical distribution of the stakeholders in our
country has to be attempted, (iii) they all have to be familiar with PE initiatives regard-
ing scientific policies and should be among those affected by the ultimate monitoring
procedure, (iv) there should not be any very high performing member in the group,
since groups tend to give more weight to their input during group decision-making
processes (Bonner et al. 2002), and (v) they are willing to participate, that is, have
interest in the issue and availability enough in their agenda to spend 2 days in the
participatory session.

2.3 Participatory session to determine aspects and indicators for PE (Goals 1
and 2)

This is the core part of the methodological procedure. We cannot forget that the aim is to
demonstrate that our participatory procedure can be used for adapting the indicators to
different contexts. As the good performance of the methodology will be demonstrated,
recommendations will be inferred to use it in a more general (and official) context and
with a greater number of societal actors.

To start with, information about the 2 initial lists of indicators at EU level was sent
to the commissioned stakeholders before they came to participate in the sessions. The
facilitators wanted to make sure that they were familiar with all the concepts and terms
related to these PE indicators.

The methodology followed in this step was based on focus group and brainstorming
techniques (Keeney 2012). In a deliberative process, decision analysts seek to integrate
stakeholder values with technical judgments to find acceptable solutions (Belton and
Stewart 2002; Gregory and Keeney 1994). Decisions made without enough social
acceptance may be fragile, reducing the viability of the proposed alternatives (Grimble
etal. 1997; Gutrich et al. 2005). This part of the study focused on a qualitative approach
and a participatory initiative based on the opinions of these relevant actors (Rafols
2019). The following research questions were addressed to the stakeholders at the
beginning of the session and are one of the aims of our research methodology (details
of the procedure are given in a later section):

RQ1. What are the PE-relevant aspects for Spanish science and innovation policies
from an RRI perspective?

RQ2. Which indicators are appropriate to evaluate or monitor the selected relevant
aspects?
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2.3.1 Information collected from the participatory session

To tackle the first research question, we decided to explore the participants’ discussion
in the focus group using qualitative methods. The focus group’s discourse was recorded
and fully transcribed.

To analyse such an amount of information, we conducted the technique Qualitative
Content Analysis for the reduction and interpretation of the data according to Gléser
et al.’s (Glaser and Laudel 2013) method. This strategy of qualitative research was
carried out with the support of NVIVO-12® and consists of three different phases:

1. Identification and data selection: search for relevant information in the group’s
discussions.

2. Creation of a system of categories: following our interpretation, we extracted dif-
ferent parts of a text as relevant, and linked parts of texts to different categories.
Extracting content means separating the relevant information from the text, sub-
suming into categories, and storing it separately for further processing. Our first
level of categories was: co-creation, competence building, and policy. The system
of categories was changing during the processing of data. This was achieved by
adding sub-categories that were a significant part of the discourse.

3. Searching for patterns in the data: pattern recognition is identifying characteristic
combinations of data, which is most easily achieved when data are grouped in
categories and sub-categories. We identified opinions and attitudes in the different
categories with the purpose of detecting repetitions or patterns that differ clearly
from each other.

During the qualitative analysis, facilitators sought feedback regarding the inter-
pretation of data, examining categories and themes for agreement, coherence, and
accuracy. Any disagreements were resolved following a re-examination of the data
and peer debriefing.

2.4 Prioritization of aspects and indicators (Goal 3)

The objective of this phase is to identify the more relevant indicators from the list
obtained in the participatory session to produce a tailored-reduced set of indicators.
Built upon the hypothesis that there are PE indicators more important to consider in
certain S&T policies or projects (Estévez et al. 2013), the aim is to avoid overburdening
policy-makers by discarding those with lesser impact on their policies and programs.
In this phase, we asked the stakeholders to prioritize the PE indicators according to
the specificity of Spanish S&T policies. For that purpose the Multicriteria Decision
technique Analytic Hierarchy Process was chosen (AHP henceforth) (Saaty 1980).
AHP is a measurement theory based on the fact that the complexity of a multiple
criteria evaluation problem can be solved through the construction of hierarchic struc-
tures consisting of a goal and several levels of criteria. In each hierarchical level, paired
comparisons are applied using judgements with numerical values taken form the AHP
absolute fundamental scale of 1-9. These comparisons led to dominance matrices from
which ratio scales are derived in the form of eigenvectors of weight vectors. These
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matrices are reciprocal and positive (4;; = 1/a;;). The synthesis of AHP combines mul-
tidimensional scales of measurement into a single one-dimensional scale of priorities
(Lidinska and Jablonsky 2018). In our case, these priorities will be calculated for the
Public Engagement Indicators.

The AHP method is one of the most extended multi-criteria decision-making tech-
niques. In particular, it has been applied in the RRI field (Ligardo-Herrera et al. 2018,
2019; Monsonis-Paya et al. 2017; Otero-Hermida and Garcia-Mel6n 2018) and, also,
in general PE issues related to policy-making (Bertsch et al. 2016; De Luca 2014;
Higgs et al. 2008; Ignaccolo et al. 2017; Pira et al. 2015). It has the advantage of being
easy to explain to the stakeholders assessing the indicators. This aspect becomes very
relevant when the methodology has the aim of being further generalized to broader
contexts.

More details on the AHP can be found in (Garcia-Meldn et al. 2016; Ishizaka and
Labib 2011; Saaty 1994, 1980; Saaty and Peniwati 2008; Vargas 1990). Although
AHP is a widely used MCDM method, it is not free of criticism (Maleki and Zahir
2013).

The prioritization phase required the completion of AHP-based questionnaires gen-
erated by the facilitators and answered by the stakeholders. The questionnaires were
sent via email and processed with the help of Superdecisions © software.

2.5 Feedback on the results

After processing the responses using Superdecisions software, results were calculated
both for individuals and for the group.

3 Results

In this section, we will present how the methodology was implemented and all the
results obtained during its different stages.

3.1 Analysis of the current list of indicators in European RRI

As mentioned in Sect. 1.2, two lists of already existing PE indicators at EU policy
level [Strand et al. (Strand et al. 2015) and Meijer et al. (Meijer et al. 2016)] were
identified and used as basic references to develop the Spanish indicators.

The Expert Group report (Strand et al. 2015) published in June 2015 provides a list
of PE indicators arranged according to three general aspects: (i) policies, (ii) event and
initiative making, and (iii) competence building. Those indicators were also classified
into perception, process, and outcomes.

The MoRRI report (Meijer et al. 2016) borrows ideas from the evaluation literature.
It introduces the ‘intervention logic model” as a starting point for monitoring various
types of impacts and benefits of RRI. The intervention logic model is based on the
explanatory idea that complex policy problems are characterised by a series of issues
or problems that need to be addressed, a set of inputs which are applied to a series of
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Table 1 Participants

EXPERT Key actor group Area of origin
1 State Centre
2 Region NE

3 University SW

4 Research centre Centre
5 Research centre Centre
6 Research project NE

7 City NE

8 Research centre SE

9 Civil society organization NW
10 University NwW
11 Region NE

12 City NE

activities, which generate outputs which in turn lead to outcomes or the resolution of
the problems (Meijer et al. 2016).

Both the general aspects of the Expert Group list and the phases of the MORRI list
have been used as a starting point for the Spanish context.

3.2 Selection of stakeholders

According to the guidelines determined in Sect. 2.2., 12 stakeholders were recruited
to participate. In Table 1, their group and area of origin are shown. We made sure that
in no case, any of the guests was subordinated to any other of them.

The number of stakeholders from the north of Spain is bigger, because it is where
the richest regions are located and, therefore, the main research centres are based.

A total amount of 20 stakeholders were contacted, but only these 12 were finally
recruited. They were invited to Valencia, where the focus group sessions took place.
Later, they continued working on their own, at distance by means of internet commu-
nication tools.

3.3 Participatory session to determine aspects and indicators for PE

Two participatory sessions were held with the aim of establishing the panel of relevant
aspects and indicators. These indicators were extracted from both the EU lists discussed
in Sect. 3.1 and from the thoughts and experiences of the participants of the sessions
themselves. The sessions were facilitated by some of the authors of this paper. An
in-depth study of the deliberative process was carried out as follows.

During the first session, as an introduction, a brief explanation of the areas covered
by the RRI and the different approaches was offered by the facilitators. The stake-
holders were asked first to work in pairs and then in bigger groups to think about the
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Hierarchical discourse distribution (1lst session)

T - T

Researcher Building
competences competences

Co-creation Citizen competences

M Co-creation M Building competences m Policy

Fig. 2 Tree mapping 1. First session. Discourse distribution

relevant aspects as regards monitoring PE and promoting the development of the RRI
in the Spanish scientific and innovation framework. The three main topics according to
the discourse analysis were co-creation, building competences and policy (see Fig. 2).
These three categories were used as the dimensions to create and to structure the list
of indicators in the second session.

With that, experts answered RQ1: What are the PE-relevant aspects for Spanish
science and innovation policies from an RRI perspective?

The results of the first session were presented at the beginning of the second session.
In this second session, participants were asked to discuss how to turn the set of aspects
into a set of specific indicators; and also to classify them according to the three relevant
aspects obtained. The discourse in this second session was deeper in the specific
aspects of each category (Fig. 3). Experts acknowledged the two EU’s lists of PE-RRI
indicators, as previously introduced, but they did not have to follow them.

At the end of these sessions, all the indicators were organized in a hierarchical tree.
A total amount of 20 indicators were listed for the three relevant aspects. In Table 2, the
complete resulting list of indicators is presented with a detailed description of them,
an analysis of the aggregation level, and the degree of similarity (identical, similar or
new) with the previous proposed EU PE indicators.

We want to highlight a preliminary conclusion regarding this list. New indicators
have appeared that were not in the European lists. This is due to the specificity of the
Spanish national science policy. The EU indicators are too supranational to be applied
in Spain. As commented, they may be more useful for comparisons among countries
(Revuelta 2013).

In addition to the list of indicators generated, both sessions offer very interesting
information to explore. A table with different quotas is provided at the end of this
section to exemplify the information analysed (Table 3).

The following ideas arose through the interpretation of the focus group sessions
(Glidser and Laudel 2013). In Spain, the policy dimension has the greatest weight to
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Hierarchical discourse distribution (2 sessions)

Researcher competences

Programmes and
projects

Building competences

4,55%
Individual incentives Resources rs Citizen competence

M Policy M Building competences M Co-creation

Fig. 3 Tree mapping 2. Both sessions. Discourse distribution

change public engagement in science in accordance with the participants’ discourse
(see Fig. 3).

The discourse about the political dimension focused on the idea of the development
of new kinds of research programs and projects based on: (1) explicit evaluation and
valuation of the knowledge co-creation, (2) openness and transparency projects, (3)
a bottom—up process by which different agents or civil society organizations, think
up and lead research or innovation projects (contrary to projects lead by the scientific
community), and (4) flexibility for the presentation format (breakdown with tradi-
tional extended monographs format). Additionally, in the policy category, participant
interventions concentrated on the importance of economic resources allocation to
encourage co-creation and the need of a specific investment in this topic at different
institutional levels (national, regional, and local).

The second most debated topic was co-creation (see Fig. 3). The main participants’
idea was about the need of a mentality change on both sides (citizens and scientific
community). On the one hand, participants highlight the importance for citizens to
give value to their scientific knowledge, and that citizens acknowledge science needs
their contributions. On the other hand, researchers must trust collective knowledge and
involve citizens during the whole lifespan of their projects, not just at the diagnosis level
or for the data gathering. Participants argued strongly for the necessity of a new kind
of participation and a real prominent citizen role. For this, a reconciliation and unity
between researchers and society is needed. Also, participants stress the importance of
incorporating new individual and collective actors with a special focus on minorities.

The last discursive category was building competences. Most of the discussion
was about competences that researchers should acquire (see Fig. 3) rather than the
citizens’ competences. Participants did not reach a consensus on the type of training
that researchers should have to encourage public engagement (formal and accredited
education or informal). Citizens’ competences were more consensual. They were about
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Table 2 List of indicators. Description and similarity with EU

Code Indicator Degree of similarity with EU indicators

CB Competence building

CBO1 State of science journalism Identical to the Expert Group indicator “State
of science journalism” and similar to the
sixth parameter “training and organizational
characteristics of science journalism in a
country” of the MORRI indicator “Science
communication culture”

CB02 Degree of exposure to scientific Similar to the Expert Group indicators
information (media, social networks, “Museums/Science Centres. Informal
science museums) settings”, “Media coverage” and “Social

media/web 2.0 attention”

CBO03 Horizontal + vertical participation in Identical to the MORRI indicator “Horizontal
science + vertical participation in science”

CB04 Public expectations of involvement Identical to the Expert Group indicator “Public
expectation of involvement” and similar to
the MORRI indicator “Preferences for
participation in decision making concerning
science and technology”

CBO5 % of researchers with training in Similar to the Expert Group indicator

bidirectional communication “Training of scientists/engineers”

CBO06 Participation in networks (committees, New indicator
associations, projects)

CB07 % of projects that develop initiatives with Similar to the MORRI indicator “Specific
schools at institutes and research centres activities with schools and research

institutions”

CO CO-CREATION

COl1 % of projects/initiatives of citizen science Identical to the Expert Group indicator
“Citizen Science Initiatives”

CO2 % of projects/initiatives that identify New indicator

stakeholders of the project/initiative

CO3 Diversity of actors in the New indicator
projects/initiatives

CO4 % of projects of public engagement that New indicator
are evaluated in regard to the public
engagement

COs5 % of people that have participated in New indicator
projects/initiatives of citizen science

CO6 Satisfaction of the expectations of the New indicator
citizens after their participation in
processes of public engagement

PO POLICIES

PO1 Total resources for public engagement Similar to the MORRI indicator “Dedicated

(national level)

resources for PE at institutional level”
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Table 2 (continued)

Code Indicator Degree of similarity with EU indicators
PO2 Formal commitment at national, regional Similar to the Expert Group indicator “Formal
or local level commitment” and similar to the MORRI

indicator “Models of public involvement in
science and technology decision making”

PO3 Existence of incentives for researchers or New indicator
mechanisms for official recognition of
the participation in processes of public
engagement

PO4 Existence of incentives for citizens or New indicator
mechanisms for official recognition of
the participation in processes of public
engagement

POS5 Existence of specific calls for the New indicator
development of projects by citizens or
non-academic organizations

PO6 Participation of non-academics in public New indicator
consultations of normative projects in the
field of science, development and

innovation
PO7 Participation of non-academics in councils ~ Identical to the MORRI indicator “Community
and committees representatives in boards or committees

empowerment and belief in citizens’ abilities to engage in science. Also, participants
remarked the need of a change in the common scientific culture to make it closer to
lay people (see Table 3 for quotas).

With that, they answered RQ2: Which indicators are appropriate to evaluate or
monitor the selected relevant aspects? Afterwards, AHP instruments were designed
based on the findings and analysis of this qualitative research.

3.4 Prioritization: weighting of the aspects and indicators

To identify the more relevant indicators from the list obtained, next step was to prior-
itize them with the AHP technique. As explained, AHP assumes that the items to be
prioritized can be arranged in a hierarchical model. By defining the relevant aspects
and assigning the corresponding indicators, the hierarchy was thereby created.

An AHP-based questionnaire was delivered to each expert. They were required to
pairwise compare indicators based on Saaty’s fundamental scale of comparisons (1.
Equal, 3. Moderate, 5. Strong, 7. Very strong, and 9. Extremely) to rank them. The
responses were processed using Superdecisions® software. The individual and the
group results were compiled.

Inconsistencies were checked, so that ratios were not higher than 0.1. (Saaty 1994).
Two stakeholders (nr. 11 and 12) had inconsistency ratios higher than 30%, they
were asked to reconsider their judgements but even after their second round, and

@ Springer



M. Garcia-Melén et al.

Table 3 Discourse quotes. Example of the different categories according to the discourse

Policy

Policy “A scientific policy that encourages a change towards a more participatory
model (...) incorporate the public engagement as part of the institutional
strategic plans”

Individual incentives “Politicians have to generate incentives (...) incentives for the academic
career and, also, institutional rewards. Incentives have to be based on
economic resources”

Programmes and policies ~ “Calls must be improved a lot (...) if I do a call where I ask people to write a
forty pages document and half in English, it is probably that the society do
not feel part of this call. We need to rethink the calls (...) to be open
enough to capture citizen’s attention”

Resources “At the same level that you obtain funding for materials or to conduct a

survey, you should have resources to develop public engagement”
Co-creation

Co-creation “[it is needed] citizen empowerment in scientific issues. First, they need to
have the knowledge and, then, be aware of their capability to share their
necessities and everything that they consider as important”

Stakeholders “(...) put in value the plurality of knowledge and recognise the value of
those investigations that are carried out outside the academia or research
centres”

Building competences

Building competences “There is a divorce between science and citizens. If you ask someone about
the importance of science, he will tell you that it is important. But it is out
of politeness because he really does not know why it is important”

Citizen competences “(...) competences for the citizen to get involved more and in a better way,
scientific culture, ability to participate in the scientific production...”

Researcher competences “cultural change (...) about the kind of scientific results, scientific
dissemination, what we are doing, how we are doing, how we are going to
present our results or where...”

the high level of inconsistency was maintained. Thus, for prioritizing matters, the
judgements of those two experts were dismissed. Some others presented inconsistency
ratios higher than 15%, but those were easily reduced by double-checking some of
their answers with them. The inconsistencies were mainly found in comparisons within
cluster policies. Some of them were also found in the cluster Competence Building,
and surprisingly, none of them was found within cluster Co-creation.

3.5 Analysis of the results
3.5.1 Analysis of the group results
After having reviewed the inconsistencies and obtained the results, both the individual

results of each participant and the preliminary group results were sent to each expert,
so they could confirm them or, otherwise, modify any of their individual judgments.
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After the consultation, the results of the method were deemed by the stakeholders to
represent what they knew and to convey their experience on Public Engagement of
S&T policies.

With the definitive responses, and as proposed by Krej¢i and Stoklasa (2018), and
Saaty and Peniwati (Saaty and Peniwati 2008), the aggregation of all the individual
judgements was calculated by means of the geometric mean to obtain the prioritization
by the group of stakeholders.

To present the results, we first show the aggregated results by main aspect. Then,
we have arranged the stakeholders in three groups (Table 4): those belonging to: (i)
universities and research centres, (ii) policy-makers of the public administration (state,
region, and city), and (iii) researchers with expertise in PE (research projects of PE,
civil society organizations) as stated in the introduction section. These results are
presented in Fig. SA and B.

These data show that in a given group of stakeholders, such as the one participating
in this study, there are different perceptions about the importance of the indicators
needed to monitor PE in Spanish the scientific context. Besides, as discussed later,
also within a group of alike stakeholders, differences appear, although less remarkable.
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Table 4 Groups of stakeholders

Group Number of experts
@) Universities, research centres 3
Exp. 1,6 and 7
(ii) Administration (policy-makers of the state, region, and city) 3
Exp. 2,3 and 8
(iii) Researchers with expertise in PE (research projects of PE, 4
civil society organizations, and researchers with strong Exp.4,5,9 and 10

contact with sections of the public)

(a) (b)
50% CB.
Competen
45% ce building
0 70%
40% 60%
35% 7
40%
30% 30%
20%
25% %
20% A
15%
0, PO. CO.
10% Policies Cocreation
5%
0% == Universities, research centres
PO. Policies  CO. Cocreation CB. ’
Competence Administration
building

Researchers with PE
expertise

Fig. 5 a Relevant aspects of public engagement in Spain. b Relevant aspects of PE in Spain by groups

According to these results, the most relevant aspect is Policies with a weight of
48,5%, followed by Co-creation with 33,6% and Competence Building with 17,8%.
This is consistent with the importance given to them in the face-to-face sessions (Figs. 2
and 3). Hence, as even the group iii) of PE researchers and civil society organizations
deemed Competence Building aspect less important, the actors’ capability to partici-
pate is estimated sufficient, and the lack of public engagement is more due to the lack
of support and certain barriers.

When analysing the groups’ results in Fig. 5B, we can observe that the group (ii)
of stakeholders who belong to the public administration for science is the one that
has a more homogenous distribution of importance among the three aspects, the first
one being Policy with a 44% of weight, as expected. The universities and research
centres, group (i), also consider Policy to be more relevant, granting it a weight of
65%. This may be due to the financial dependence on the government-funded projects
they carry out. On the other hand, the group (iii) of experienced PE researchers and
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civil society organizations consider Co-creation as the most important aspect with
50% of the weight, which may be due to their first-hand knowledge and claim of the
need to involve citizens and deal with them closely. Therefore, we can conclude that
the results are consistent with the main concern of each group.

Second, we present the prioritization of individual indicators. The results for each
indicator are presented in (Table 5, Fig. 6); both the individual prioritization and also
the whole group prioritization are presented in the table. Also, in Table 5, the indicators
with higher priority which amount to 50% of the weight are highlighted in bold.

This ranking allows us to identify the most relevant indicators to be taken into
account when we want to monitor public engagement initiatives. In previous studies
by the authors, this has been done by identifying the elements of the list that represent
50% or more of the total weight (Monsonis-Paya et al. 2017). The application of this
cut-off rule will allow us to use a tailored-reduced panel of indicators for PE monitoring
purposes, resulting in a more manageable list of items for a limited availability of
monitoring resources (Fig. 7).

Therefore, the final list of proposed indicators to monitor PE in the Spanish science
and innovation policy is

1. POS5: Existence of specific calls for the development of projects by citizens or
non-academic organizations

2. CO6: Satisfaction of the expectations of the citizens after their participation in
processes of public engagement

3. COS: Percentage of people that have participated in projects/initiatives of citizen
science

4. PO3: Existence of incentives for researchers or mechanisms for official recognition
of the participation in processes of public engagement

5. POG6: Participation of non-academics in public consultations of normative projects
in the field of science, development, and innovation

6. PO7: Participation of non-academics in councils and committees

7. PO1: Total resources for public engagement (national level).

The proposed indicators might have different levels of aggregation that is micro-
and macro-level of application, e.g., policies, organizations, and projects. However,
they all are applicable for the country-specific deployment of RRI recommendations
and policies, that is to say, they overcome the problem of the indicators proposed so
far, mainly devoted to the benchmark of the European countries’ performance on RRI.

3.5.2 Analysis of the homogeneity of the judgements

Once we reached this point, we further analysed the performance of the participatory
session to know how homogeneous the group was in its thinking. To find out which
were the pairwise comparison judgments that meant the greatest consensus and which
were the ones that presented the greatest differences. This aspect is relevant if we want
to apply the methodology proposed to different context-based scenarios. To achieve
this, we used the geometric statistical descriptors following the concept of Monogeneity
defined by Saaty and Vargas (2007). Monogeneity relates to the dispersion of the
judgments around their geometric mean, i.e., how homogeneous the judgments of the
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members of a group are for each judgment they give in response to paired comparisons.
This is done by deriving a measure of the dispersion of the judgments based on the
geometric mean

CB2 N
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CO5
PO3 I
PO6 I

PO5

nGj = 1 Xij, (D

being Xij de judgement elicited by stakeholder i for pairwise comparison j.
This measure we need is the geometric standard deviation

@

0g = €Xp

By analysing the result of the geometric standard deviation, we can determine which
of the judgements offer the lowest homogeneity, those that have obtained the highest
geometric standard deviation.

The results of this analysis are presented in Table 6. We present the geometric mean
and standard deviation of each single pairwise comparison.

The following interesting results can be inferred from analysis of Table 6. In the
case of the pairwise comparisons within the Competence building cluster, we can
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Table 6 Geometric standard

deviation for judgements elicited Pairwise Geom Geom
for all the comparisons comparison mean standard
deviation

Comparisons in CBI1-CB2 0.465 2.637
CB cluster CBI-CB3 0.263 2.485
CB1-CB4 0.607 4.684

CB1-CB5 0.440 3.608

CB1-CB6 0.517 3.575

CB1-CB7 0.267 3.632

CB2-CB3 0.448 3.623

CB2-CB4 0.851 4.426

CB2-CB5 0.530 3.629

CB2-CB6 0.750 4.304

CB2-CB7 0.316 3.370

CB3-CB4 2.807 2.196

CB3-CB5 1.764 3.538

CB3-CB6 2.273 3.608

CB3-CB7 0.649 3.563

CB4-CB5 0.719 3.256

CB4-CB6 0.719 3.685

CB4-CB7 0.344 3.262

CB5-CB6 1.052 3.076

CB5-CB7 0.286 2.118

CB6-CB7 0.241 2.521

Comparisons in CO1-CO2 2.273 3.553
CO cluster CO1-CO3 1452 3.236
CO1-CO4 0.950 3.392

CO1-CO5 0.563 3.710

CO1-CO6 0.809 4.225

C0O2-CO3 0.888 3.426

C0O2-CO4 0.683 2.625

C0O2-CO5 0.418 3.260

C0O2-CO6 0.395 2.449

CO3-CO4 0.809 4.565

CO3-CO5 0.429 3.330

CO3-CO6 0.689 3.236

C0O4-CO5 0.974 3.608

C0O4-CO6 0.479 2.989

CO5-CO6 0.783 3.156
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Table 6 (continued)

Pairwise Geom Geom

comparison mean standard

deviation
Comparisons in PO1-PO2 2.350 4.091
PO cluster PO1-PO3 0.701 3.655
PO1-PO4 1.018 4.937
PO1-PO5 0.549 3.828
PO1-PO6 0.782 4.741
PO1-PO7 0.754 3.739
PO2-PO3 0.357 2.560
PO2-PO4 0.517 4.405
PO2-POS5 0.365 4.023
PO2-PO6 0.567 5.240
PO2-PO7 0.487 4.244
PO3-PO4 1.205 3.423
PO3-PO5 0.517 3.149
PO3-PO6 1.016 4.670
PO3-PO7 0.983 4.075
PO4-PO5 0.530 2.782
PO4-PO6 0.823 3.390
PO4-PO7 0.743 3.688
PO5-PO6 2.141 3.144
POS5-PO7 2.197 2.715
PO6-PO7 1.274 2.589
Comparisons CB-CO 0.467 3.140
between clusters  ~g_po 0415 3.055
CO-PO 0.612 3.448

identify the three judgements that have the lowest homogeneity among the different
stakeholders, i.e., comparisons: CB1 vs. CB4, CB2 vs. CB4, and CB2 vs. CB6.

When moving to the Co-creation cluster, we do not notice any very low homo-
geneity. However, in the case of the Policies cluster, we can highlight that many of the
group judgements offer a very low homogeneity among them. This could be due to the
different level of aggregation of some indicators which makes it difficult to compare
them, but also to the discrepancies among stakeholder on the role of policies, consis-
tent with the long discussion in the face-to-face sessions. Thus, a reflection should be
carried out on whether it is appropriate or not to have comparisons between indica-
tors of different levels of aggregation. This aspect becomes very relevant, since the
methodology has the aim of being further generalized to broader contexts. Moreover,
in the first level of pairwise comparisons among clusters, we did not obtain any low
homogeneity.
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Fig. 8 Statistical graphical representation pairwise comparison CBO1-CB02

It is important to remark we have found a coincidence between the inconsistency
of the pairwise comparisons and the geometric deviation of their judgements. Both
inconsistencies and deviations from the geometric mean were mainly found in the
CB and PO clusters. This opens interesting avenues for further research on the AHP
method applied to deliberative participation.

Finally, to analyse these results with more detail, one can also focus in one partic-
ular pairwise comparison and analyse the dispersion of all the judgements elicited for
it. Since the judgements have a lognormal distribution, we have calculated the natural
logarithm of their geometric mean and geometric standard deviation to be able to rep-
resent these results in al linear scale. That way, the statistical graphical representation
is easier to understand. For example, if we concentrate on the pairwise comparison
CBO01-CB02, the results of the judgements of all the stakeholders show (Fig. 8):

In this case, expert 1 was the one who showed the highest deviation from the mean.
Both experts 1 and 2 issued judgements outside the 95% confidence interval.

We propose that this type of post-results analysis be carried out for all the pairwise
judgments to assess the general evolution of the participatory session. This complete
set of results could not be presented here due to space constraints. Nevertheless, for
the analysis of the homogeneity of the group, these geometric statistical descriptors
can only be measured once the judgements are elicited, and therefore, experts cannot
be asked to repeat them again. However, they give us a good understanding of what
and who might go wrong.

4 Discussion

The results presented in the previous section targeted the four main goals of this paper:
G1—To find out the relevant public engagement aspects from an RRI perspective.
G2—To create a list of indicators able to measure the selected relevant aspects.
G3—To prioritize the indicators in order to select the most relevant and therefore

reduce the set.
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G4—To demonstrate that a participatory process with experienced stakeholders is
suitable for the tailoring of the European indicators to the Spanish RRI context.

The outcomes presented in Sect. 3.5 achieve the first three Goals. But then, our final
aim is also fulfilled as the proposal of a deliberative participatory procedure which
involves representatives of the relevant stakeholders, and its combination with AHP
proves to be effective and satisfactory, which is stated in Goal 4.

Thus, our ongoing research can be mentioned as evidence of the viability of actu-
ally engaging stakeholders in, for example, the selection and prioritization of RRI
indicators. Participation beyond a mere dialogue, and clearly beyond just informing
stakeholders about the science practice and its outcomes. Stakeholders are expected
to participate during the lifespan of this research.

The aspects and indicators thereby obtained are mainly quantitative, i.e., they are
more devoted to determining the existence or not of PE, and its intensity, rather than
devoted to assessing its characteristics. While taking advantage of the work of previous
researchers (Meijer et al. 2016; Strand et al. 2015), context determines the proper
approach towards PE. In Spain, quantitative indicators are considered still a necessary
first phase of the monitoring of the PE in S&T, but not enough as discussed by (Diana
Hicks and Wouters 2015). As PE starts off in the Spanish S&T realm, the quality of it
will become the concern of an expected subsequent phase of the monitoring evolution.

The hereby presented methodology allows to go beyond the Top—Down vs Bot-
tom—Up debate for PE metrics. The right selection of stakeholders enables a true
constructive debate among representatives of all actors, in line with (Macnaghten et al.
2014; Strand et al. 2015). As a consequence, non-academic society has had a voice in
PE promotion and monitoring, and this can be easily confirmed in the sort of aspects
and indicators obtained. We believe that the implementation of a PE plan aligned with
those aspects would clearly contribute to the social desirability and acceptability of
research and innovation practices.

Moreover, the methodology is completed with an AHP-based Delphi-like procedure
to continue the debate on the aspects and indicators. By asking the stakeholders to
compare the PE indicators (aspects), questions as feasibility, immediacy, effectiveness,
or reliability of the aspects are further discussed. This way, a prioritization of aspects
can be determined, and a more efficient set of indicators can be arranged. Besides,
the expectable lack of consensus can be dealt with by aggregating the individual
judgements. This aggregation needs not waste the interest of the diversity. AHP allows
a very detailed analyses of all individual preferences, agreements, and disagreements,
contributing to a total transparency of the process.

Discussing the results, in the face-to-face participatory session, besides identifying
the aspects and related indicators, the length of the session was recorded as well as the
intensity and diversity of the comments on each aspect. This way, the main aspects
could be advanced. Indeed, in the subsequent prioritizing phase, the most influential
indicators (aspects) coincided with those topics previously more present and discussed
(see Figs. 3 and 5). The five more influential indicators are all new, i.e., not advanced
in the EU’s lists, proving the need to reflect on the specificities of each context, beyond
merely adapting the already existing proposals of indicators. The sixth indicator PO7
is identical to one proposed by the MORRI project, and the seventh only similar to
another of the same project. In addition to the general results, AHP enables a more
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in-depth discussion about the results, analysing the indicators for each relevant aspect.
For the Competence Building aspect, the indicators considered most relevant are CB03
(21%) and CB07 (30%) (Fig. 9A). On the other hand, indicator CB0O1 can be considered
irrelevant for any of the groups (Fig. 9B).

The administration group ii) clearly has a focus on the projects that have an edu-
cational purpose. The universities, research centre group i), prefers training for the
researchers, and the researchers group highlights their preference for horizontal and
vertical participation. All these figures confirm that the prioritization profile obtained
for the stakeholders responds to their expectations.

Regarding Co-creation aspects, there is no indicator that clearly stands out from
the rest, CO6, COS, and CO1 being the most relevant ones Fig. 10A). In this case, the
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preference profiles for the three groups are more similar. However, the high importance
that universities and research centres give to CO4 should be highlighted (Fig. 10B).

Regarding the Policy aspect, in Fig. 11B, we can see that stakeholders’ groups ii)
and iii) generally favour indicator POS5, and no other in particular. However, group i)
favours PO1, and again no other indicator in particular. As a result, PO5 stands out on
average, as previously discussed (Fig. 11). Hence, the need for a change in the calls
is seen as very relevant for those who elaborate the proposals, and those who would
benefit from it.

5 Conclusions

In this paper, the results of a participatory methodology used to define a list of RRI
Public Engagement indicators generated by Spanish stakeholders for the Spanish sci-
entific and innovation context are presented. The final list obtained could be used
as a corner stone to operationalise the promotion of Public Engagement in a more
Responsible Research and Innovation. That means to foster policy-making initiatives
from an RRI perspective, and to enhance the co-creation with an effective participa-
tion of society in science. Such initiatives might be applied in the realm of the project,
institutions and citizenship, which enable a wide variety of uses such as evaluation,
learning, and comparison.

The aim of the present research has been answered. On the one hand, we have
proposed a functional methodology that allows a participatory identification of the
main aspects of the Public Engagement in S&T, and their indicators, for a particular
context. Thus, we both put forward a method, we involve the main stakeholders, and
we obtain context-based results, as demanded by other (Mejlgaard 2018; Stilgoe et al.
2013). The European indicators can be tailored to our national science and innovation
policy context.
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The Spanish panel of indicators is easy to manage by the scientific managers. It
differs from the already existing European panels, since new context-based indicators
appear, which suggests again new initiatives from an RRI perspective. Also, the new
indicators are in line with the specificity of Spanish national science policy; the existing
EU indicators may be too wide-ranging to be applied to a single country. They are more
useful for comparisons among countries. Moreover, this new panel of indicators is more
focused on the measurement of RRI initiatives at different levels of application, micro-
level (projects, individuals) and macro-level (policies, programmes), in comparison
with the already existing EU indicators. This suggests the need to open a debate about
the PE perspective of the EU, because these new indicators could promote the debate
if indicators such as Existence of incentives for researchers or mechanisms for official
recognition of the participation in processes of public engagement could be considered
contributions for the European RRI state-of-the-art rather than national particularities.
To bring some light on these issues, further research in other European countries should
be fostered.

To establish an order of relevance of these indicators, the AHP multi-criteria deci-
sion technique has been used. A trade-off is necessary between including as much
importance (weight) as possible and keeping the list of elements simple. The approach
based on a fixed cut-off 50% percentage has allowed to select the indicators in the
most relevant positions. This way, the final set of indicators is easier to manage by the
scientific managers.

Furthermore, another conclusion of our research is that we need to build on and con-
tinue the work instigated to ensure continuous data collection and further assessment
and refinement of the PE indicators. This should lead to appropriate operationalisation
of these indicators based on three objectives: aims, feasibility, and levels.

The technical efforts described in this paper need to be extended to allow a more
complete understanding of the diverse and complex relationships between Public
Engagement policies and practices and their societal, democratic, economic, and sci-
entific benefits (AIMS).

These theoretical advances in combination with continuous data collection will
inform the iterative learning processes needed to create a mature monitoring system
with indicators and metrics that are robust, realistic, feasible, and easy to implement
(FEASIBILITY).

Country-level monitoring allows national policy-makers to evaluate a country’s
position with respect to its targets, and other countries’ performance. However, under-
standing the patterns and effects of policies requires a thorough understanding of
organizational structures. In the context of monitoring, indicators are applied at a spe-
cific organizational level: national policies, organizations, research groups or projects,
and individuals. The list of indicators produced during our research include different
levels of aggregation, for example, public administration, universities and research
centres, projects, and individuals. The distinction between micro-level (projects and
individuals) and macro-level (public administration, research centres, universities)
helps us to deal with the pressure between the effort to develop ‘sophisticated indi-
cators’ and the need for simplicity and transparency to democratise science, as stated
in responsible metrics approaches. These approaches recommend a focus on sophis-
ticated indicators at the macro-level, because simple indicators often do not have the
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required level of validity, and these indicators may, therefore, provide experts with a
distorted world view (Waltman and van Eck 2018). However, simple indicators should
be used in micro-level contexts, since they can reveal the relevant aspects. Besides an
indicator that does not allow the expert to understand why it produces a particularly
high or low ranking, would not be useful: “Keeping indicators simple ensures that
experts can truly reflect on what indicators tell them and can take this into account in
their expert assessment” (Waltman and van Eck 2018). (LEVELS).

There should be another debate on responsibilities related to monitoring and future
policy-making based on these indicators, for example, to decide about social, scientific,
and professional legitimacy that managers should have to measure and assess the
results and to formulate new scientific policies (ROLES).

Finally, and regarding future developments of this research, we want to emphasize
that the methodology proposed has the aim of being further generalized to broader
contexts. Our next step will be to explore its application to the specific case of RRI
and RIS3. (Regional Innovation Smart Specialization Strategies), which is a more
regional-oriented approach.
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