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Abstract  
 
The main objective of this thesis is to improve understanding of citizen 
participation in science in Spain. Specifically, it analyses the 
characteristics of current participatory practices and the opinions and 
attitudes of two of the main actors involved (scientists and citizens). 
The research has been divided into three studies based on qualitative 
(semi-structured interviews) and quantitative (questionnaires) 
methodologies. The main results suggest that activities of citizen 
participation in science require solid scientific communication 
throughout the process, as well as prior planning and training (for 
participants and for researchers). The results indicate that Spanish 
researchers do not fully know their publics. However, scientists 
consider that they have a responsibility in science communication and 
public engagement activities. Spanish civil society organizations 
participate to a less extent in science and do not know their own 
potential to produce more socially relevant research. 
 
 
 
 
 
Resumen  
 
Esta tesis tiene como objetivo principal mejorar la comprensión sobre 
la participación ciudadana en ciencia en España. En concreto, analiza 
las características de prácticas participativas actuales y las opiniones y 
actitudes de dos de los principales actores involucrados (científicos y 
ciudadanos). La investigación se ha dividido en tres estudios basados en 
metodologías cualitativas (entrevistas semiestructuradas) y cuantitativas 
(cuestionarios). Los principales resultados sugieren que las actividades 
de ciencia participativa necesitan una buena comunicación científica a 
lo largo de todo el proceso, así como planificación y formación previas 
(para los participantes y para los investigadores). Los resultados indican 
que los investigadores españoles no conocen del todo a su público. Sin 
embargo, consideran que tienen una responsabilidad en la 
comunicación de la ciencia y las actividades de public engagement. Las 
organizaciones de la sociedad civil española participan poco en ciencia 
y no conocen su propio potencial para producir una investigación 
socialmente más relevante. 
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Preface  
 
 

There is a global trend for a broader, more inclusive and open science 
where citizens play an active role in research, innovation and 
governance. This new approach of science production implies a 
structural change in the science and technology system as well as a 
change in the science-society relationships. In this context, there is a 
need for more research to better understand this situation and scientists’ 
and citizens’ perceptions and limitations in order to propose effective 
solutions to foster citizen participation in science. 

This thesis analyses citizen participation in science in Spain, a country 
very active in scientific research that is recently promoting society 
inclusion in this process. The investigation of this thesis is organized in 
three studies that have contributed to better understanding the current 
situation by analysing for the first time in Spain three key aspects: 1) 
Current participation practices in science, 2) Scientists’ perceptions of 
Spanish society and 3) Civil society organizations’ managers’ 
perceptions of participating in science. 

This research has revealed aspects of citizen participation in science that 
were unknown until now. Among others, the study identified training 
needs (both for citizens and for investigators or coordinators of 
participatory activities) and the need for better science communication 
at different levels (and with different objectives) throughout the entire 
research process.  

We have also detected important differences between the perceptions 
of Spanish scientists about the public and what is included in official 
reports of public perception of science in Spain. Specifically, these 
differences relate to the sources of information used by the public, the 
level of public recognition that science and researchers receive, the level 
of scientific education and the level of interest in science and 
technology.  

The findings also suggest that civil society organizations are unaware of 
their own knowledge and potential in producing a more socially relevant 
science. There is a need to solve the divergence of objectives, research 
continuity and lack of communication between civil society 
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organizations and the academia to foster citizen participation in the 
science and technology system. 

The research carried out during this thesis have contributed to better 
understanding citizen-science relationships in Spain. Therefore, the new 
knowledge generated with this thesis can be taken into account to 
propose strategies to foster citizen participation in science. To face the 
challenges detected and better understand the situation, the author of 
this thesis proposes future research lines. 
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CHAPTER 1. INTRODUCTION 
 
 
 

 

“Never doubt that a small group of thinking and committed citizens can change the 
world. In fact, they are the only ones who have succeeded”. 
 
Margaret Mead 
Anthropologist 
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1.1 Interest of the topic 

Citizen participation in socially relevant issues is something that 
humanity has been seen throughout its history. Democracy is one of the 
clearest examples in which the participation of citizens in their own 
governance is revealed. 

However, how this participation is carried out, the level of involvement 
of citizens and even who can participate in these processes varies among 
time and different societies. The rise of the Internet has increased the 
organization and participation of our societies. Therefore, modern 
society has a huge potential to exert social pressure and thus put specific 
issues on the political agenda.  

Throughout history, we can see clear examples of how, in addition to 
the political agenda, society can influence the course of scientific 
research in different topics. For example, the strong social movements 
of women activists regarding breast cancer therapies in the 1970s, of 
AIDS patients in the 1980s or the movement against climate change led 
by Greta Thunberg in 2010’s. The recent COVID19 pandemic has put 
in the spotlight scientific research as a source of evidence for decision 
making in daily lives more than ever. 

In the last decades, various philosophical-political movements have 
emerged seeking for a more inclusive and participatory production and 
governance of science (e.g., responsible research and innovation, 
quadruple helix model of innovation or open science). The main goal 
of those movements is to carry out a more democratic science aligned 
with the objectives, needs and expectations of society. Political 
institutions, both international and local, are promoting this new 
approach of scientific production.  

Nevertheless, this implies a structural change in the science and 
technology system as well as a change in the mentality and science-
society relationships during the research process. Under these 
circumstances, there is a need for more research to better understand 
the situation and the different actors’ perceptions and limitations in 
order to propose effective solutions to foster citizen participation in 
science.  

This thesis therefore seeks to analyse this issue in Spain, a country very 
active in scientific research that is recently promoting the inclusion of 
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the society. Concretely, it assesses current participatory practices in 
Spain and the perceptions of the main actors involved, scientists and 
civil society. 

 

1.2 State of the art  

The main purpose of this section is to explain the background and 
relevance of the framework of this thesis. It starts with an overview of 
the current socio-political movements that frame citizen participation 
in democracy and governance. Followed by the state of the art in citizen 
participation in science and its current approaches, potential benefits 
and challenges. Subsequently, there is an analysis of the main actors 
involved and their roles in such participatory processes. It finishes with 
a brief overview of the Spanish context is included. 

 

1.2.1 Democracy, governance and citizen 
participation 

Citizen participation is a key element of democratic cultures, as without 
participation there is no real democracy. However, who we consider 
citizens, who can participate, and how they participate in political and 
governance decision-making, are elements that have substantially 
changed throughout history.  

Movements that promote an increasingly active role for citizens in 
democracy, such as participatory democracy, deliberative democracy or 
participatory culture, have sprouted up in the last two centuries. Below, 
a brief overview or each movement is presented. 

a) Participatory democracy 

The concept of participatory democracy emerged in the United States 
in the 1960s. This conception of democracy was focused on the 
potential of self-development and the rejection of the idea that 
individuals are inherently incapable and incompetent of making socially 
effective decisions (Dahl 2005; Hilmer 2010). 
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This vision of participation specifically refers to equal participation in 
the decision making, and “political equality” refers to equality of power 
in determining the outcome of decisions (Pateman 1970). Its 
mechanism can be defined more precisely as a political model that 
facilitates citizens' ability to associate and organize in a way that they 
can directly influence public decisions. 

What is important in this vision is to make decisions in conditions of 
equality but how to transform these decisions into a political reality was 
left unspecified. This has been highlighted as the main weakness of this 
tradition (Mansbridge 1983), and it contributed to the gradual decline in 
interest for its underlying political approach during two decades. 

In the late 1990s and early 2000s, the concept of participatory 
democracy reappeared strongly following the local views of democracy 
against the prevailing trend of globalization. At this time, this concept 
includes all forms of democratic participation (e.g., popular 
consultations, citizen referendums, participatory budgeting, 
neighbourhood or community councils etc.)  directly involving citizens 
in the policy making processes (Hilmer 2010). This contributed to the 
association of citizen participation in democratic processes as a form of 
empowerment. 

However, citizen participation in democracy requires acknowledgment 
of the exercise of power on the one hand, and active education in 
citizenship on the other (Smith 2009). Thus, participatory democracy is 
mainly focused on promoting new relations with citizens and is 
increasingly seen as a way to contain and widespread deficit of 
consensus and loss of effective mediation between civil society and 
political institutions (Hilmer 2010). 

 

b) Deliberative democracy 

In the first half of the 1980s Joseph M. Bessette (1980) coined the term 
“deliberative democracy” which was supported by some 
constitutionalist scholars and philosophers of law (Bohman and Rehg 
1997; Manin 1987). From then until now deliberative democracy has 
become an umbrella expression for various approaches, which still 
share the following assumptions (Bächtiger et al. 2018; Visser 2018):  
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1) What matters in democracy is constructing collective 
decisions through public dialogue and shared argument.  
2) The importance of deliberation consists in increasing the 
epistemic and cognitive base for decision making and the 
legitimacy of political decisions. 

This vision requires creating arenas of discussion that possess the 
characteristics for promoting efficient and legitimate deliberation 
among different stakeholders (e.g., consensus conferences, citizen 
panels, citizen assemblies etc.). Experiences on deliberative democracy 
highlighted forms of participation and engagement based on the idea of 
“citizen representatives” or “mini publics” (Urbinati and Warren 2008) 
contributing to the formulation of policy decisions. But there are also 
proposals of open and inclusive deliberative arenas that complement 
political representation by valorising opinions, interests and forms of 
competence and knowledge production that cannot be handled by 
policy-makers or political institutions (Davies et al. 2012).  

However, for this vision to be effective, active citizen participation 
becomes central in deliberative processes to translate its normative idea 
of democracy into a practical exercise of governance. Not all forms of 
participatory democracy are necessarily of a deliberative type but, in 
practice, there is a huge variety of participative processes that include a 
relevant deliberative dimension. 

c) Participatory culture 

According to Jenkins et al. (2009), participatory culture can be 
understood as “a culture with relatively low barriers to civic 
engagement, strong support for creating and sharing creations, and 
some type of informal mentorship where experienced participants pass 
along knowledge to novices”. In such cultures, members believe that 
their contributions are relevant and feel some degree of social 
connection among themselves (Jenkins et al. 2009). 

At the same time, the democratization of knowledge and recent surge 
of new technologies also opens up opportunities in the field of public 
participation in the form of co-creating knowledge (Stilgoe, Lock, and 
Wilsdon 2014). Internet has promoted the expansion of this 
participatory culture as well as the possibilities it offers by becoming a 
unique medium of participation, interaction and democratization 
(Porlezza 2019). However, there are different manifestations of 
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participatory culture such as affiliations, expressions, collaborative 
problem solving or circulations (Jenkins et al. 2009) that don't 
necessarily need to take place in a virtual environment. Despite its 
differences, all aforementioned participatory approaches have in 
common an active role of citizenship in knowledge and art production 
or in decision making.  

Probably the greatest example of participatory culture is Wikipedia and 
its community. This encyclopaedia is completely created by voluntary 
participation because it was designed to allow citizen content 
contribution and community participation (Xu and Li 2015).  Of course, 
there are differences on the degree of participation among community 
members, but it is something inherent of any kind of citizen 
participation.   

There are also experiences of formal citizen participation (e.g., citizen 
consultations, citizen representations etc.) in political decision making. 
For example, the citizen council of the German-speaking community of 
Belgium (Niessen and Reuchamps 2019), a permanent system of 
political participation that allow citizens decide each year on specific 
topics (e.g., childcare). There are similar experiences with citizen 
assemblies in Ireland (Farrell, Suiter, and Harris 2019) using 100 citizens 
for a number of important constitutional changes on topics such as gay 
marriage or abortion.  

But also there are examples of volunteer participation in deliberative 
approaches involving decision making. For example, to determine local 
budget allocations in Barcelona (Serramia et al. 2019) or in Ukraine 
(Volodin 2019). And also to undertake major public projects such as the 
rebuilding of New Orleans after Hurricane Katrina (Weil, Rackin, and 
Maddox 2018), where citizens were involved in drafting and approving 
the plan. We can also found examples of citizen involvement in science 
such as patient advisory boards that help pharma companies by 
providing input into clinical trials designs and execution (Anderson, 
Benger, and Getz 2019) or citizen contributions in biodiversity 
conservation. Perhaps the best known example of this last citizen 
involvement is the amateur birdwatching contributions, a very large 
community with a long tradition which has increased its activity with 
the rise of the internet (Moss 2005). 
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All this supports the idea that participation in decision making processes 
that affects individual and collective interests is a basic element of 
democratic citizenship (Baum 2015). Furthermore, it is a matter of 
cognitive justice (Irwin 2001) and fulfils the reported will of society to 
acquire more responsibility in decision making (Rogers 2006). In fact, 
public participation in knowledge production and its governance can be 
considered a democratic right of modern citizenship (Liston 2019). 

These structural changes in democracy, as well as the increase in 
participatory culture, among citizens are the ideal breeding ground for 
promoting citizen participation in any social construct and its 
governance. And this is the moment when we have to start considering 
science, and its production, as a construct of society. Therefore, an area 
that cannot be exempt from citizen participation. It thus appears that 
science governance and production is no exception to the broader 
participation imperative placed on our democracies (Godden 2017). 

 

1.2.2 Citizen participation in science 

Science as a profession, and as a social institution, has a history in which 
the articulation of concerns about the science-society relationship has 
been constant (Gregory and Lock 2008). To what extent society should 
perform this legitimating role has been under long-term debate 
(Gregory and Lock 2008). On the other hand, until recently, the 
scientific community has been isolated from society and still prevails 
the idea that non-scientific citizenship cannot contribute to the 
construction of scientific knowledge (Jensen and Holliman 2016; 
Metcalfe 2019; Seethaler et al. 2019; Simis et al. 2016).   

By the end of the 20th century, “science and society” was a matter for 
government policy and during the past decade the involvement of non-
scientists in research has engaged an increasing number of academic 
researchers in a new scenario of science production (Strasser et al. 
2018). Greater participation of citizens in the orientation of research 
and/or in the production of knowledge is valued for the sake of 
democracy, a vision supported both in theory (Wylie 2015) and, in 
practice, for global strategic policy reasons (Hockfield 2018). There is a 
general trend towards broader, more inclusive and active participation 
of different social groups in science and technology, as can be seen in 
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the greater diversity of research and coordination activities around the 
world (Hockfield 2018; Mejlgaard et al. 2018). 

This new paradigm of scientific production involving citizens implies 
an epistemological change that goes beyond placing science in a broader 
human, social and cultural context. Citizen participation in science 
requires a structural change in the way of producing new scientific 
knowledge that affects, on the one hand, the work of scientists and, on 
the other, the mutual influences between science, technology and 
society. 

However, there are still many discrepancies in how this non-scientific 
involvement should be done, different understandings of what 
participation in science is and what kind of stakeholders should be 
engaged in the research process. In the following subsections, the 
current panorama of the different socio-political movements regarding 
science-society relationship is presented. Secondly, a reflection on 
communication roles in participatory process is included. Then, we 
present the different categorizations of citizen participation in science. 
Finally, an overview of the potential benefits and main challenges of 
participatory approaches of science production is detailed.  

a) Science-society relationships 

During the last decade, some social opinions on scientific and 
technological issues have shaped decision making regarding scientific 
policies, for example, in the case of genetically modified food and the 
trade of genetically modified organisms (Berg and Lidskog 2018; Buiatti, 
Christou, and Pastore 2013). Also, strong social movements regarding 
antiretroviral drugs pricing in developing countries (e.g., HIV/AIDS 
treatment) have led to the formulation of specific laws to transform the 
market (Kapstein and Busby 2016). 
 
How public attitude towards science and technology affect science-
related areas of public policies can also be seen in the installation of 
wireless smart meters. Such meters promise numerous environmental 
benefits, but they have been installed without fully consideration of 
public acceptance which, once installed, has led to some social 
movements that reject this technology (Hess and Coley 2012). Another 
example is the phenomena of Greta Thunberg and Fridays for Future, 
which has prompted unprecedented numbers of young people from all 
over the world to join the movement against climate change (Fisher 
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2019). This influence is important beyond its potential impact on 
climate policy because it is creating a cohort of citizens who will be 
active participants in democracy (Fisher 2019). 

Such inclusion of society in scientific processes and their governance 
has been formally promoted by different movements of 
democratization of science. Three of the main movements are described 
below: 

i) Responsible research and innovation 

Since 2010, the term “responsible research and innovation” (RRI) has 
gained increasing policy relevance. In particular, within the European 
Commissions’ Science in Society program, framed within the European 
Union Horizon 2020 initiative. The RRI concept is based on the idea of 
a shared responsibility of science production and its governance.  

The most referenced definition of RRI, both in literature and in 
European Commission speech, is probably the one coined by René Von 
Schomberg (2011).   

 “Responsible Research and Innovation is a transparent, 
interactive process by which societal actors and innovators 
become mutually responsive to each other with a view to the 
(ethical) acceptability, sustainability and societal desirability of 
the innovation process and its marketable products (in order to 
allow a proper embedding of scientific and technological 
advances in our society)”  

RRI has been also described by Stilgoe et al. (2013) as “taking care of 
the future through collective stewardship of science and innovation in 
the present”. They also divided their framework in four dimensions of 
responsible innovation: anticipation, reflexivity, inclusion and 
responsiveness. 

At the same time, there are institutional definitions that refers to the 
same concept as, for example, the proposed by the European 
Commission (2014): 

“Responsible Research and Innovation means that societal 
actors work together during the whole research and innovation 
process in order to better align both the process and its 
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outcomes, with the values, needs and expectations of European 
society”  

The European Commission identified six key issues under RRI 
umbrella: ethics, gender, public engagement, governance, open access 
and science education. Figure 1 offers an overview of the six key issues 
and Stilgoe et al. (2013) four dimensions. 

The beauty and complexity of this concept is that it is both a 
philosophical concept and a principle of research and innovation policy. 
Despite not having a single definition, RRI represents a movement for 
change of the current science and technology system and has been built 
upon the intersections of various movements and disciplines, some of 
them of long-standing tradition (e.g., ethics, research integrity, gender 
equality, public engagement…). But, above all, RRI seeks to achieve a 
more socially robust scientific knowledge, and that science production 
is seen by society to be both transparent and participative (Gibbons 
1999). 

 

Figure 1. RRI diagram including the Stilgoe et al. (2013) four dimensions and the 
European Commission six key issues (2014). Source: own elaboration. 

 

Thus, RRI can be understood as a revolutionary movement to improve 
science production and its governance beyond mandatory, but it also 
receives strong institutional support both from international (especially 
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European Commission) and national organizations. Those institutions 
support the dissemination of RRI, and its integration into professional 
routines, in the higher education of future scientists, engineers and 
other professionals involved, affected by or interested in research, 
development and innovation.  

ii) Quadruple helix model of innovation 

Our current society is divided into different sectors. According to the 
most widespread triple helix model, those considered to be the most 
relevant in innovation processes are; academia, industry and the public 
sector. The biggest difference between the “quadruple helix model of 
innovation” movement and previous conceptions is that it considers 
society as the forth, and main, actor in the innovation system 
(Carayannis and Campbell 2009). 

With the inclusion of civil society, the model becomes a “quadruple 
helix” and the terminology changes towards “citizen-driven 
innovation”, “co-creation” or “crowdsourcing”, among others. This 
terminology is used because the objective of innovation becomes 
development and regional growth, seeking general solutions to society's 
problems, and not individual products independent of social needs 
(Lindberg, Lindgren, and Packendorff 2014). 

 

Figure 2. Quadruple helix model of innovation based on Lindberg et al. (2014) 
representation. Source: own elaboration. 
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The new model seeks to break the traditional barriers of dialogue 
between government, industry, academia and civil society, by bringing 
together its multidisciplinary views in an environment that promotes 
teamwork, collaboration and the exchange of ideas (Carayannis and 
Campbell 2009). Civil society not only uses and applies knowledge and 
demands innovation in the form of goods and services, but also 
becomes an active part of the innovation system (Schütz, 
Heidingsfelder, and Schraudner 2019). 

iii) Open science 

Open Science represents a new approach to the scientific process based 
on cooperative work and new ways of diffusing knowledge by using 
digital technologies and new collaborative tools (European Comission 
2020). Essentially, the “open science” movement covers the entire 
production cycle of scientific knowledge, including the conception, data 
collection, processing, publication and distribution, or reuse, and 
evaluation of results (Gallagher et al. 2019).  

Gallagher et al. (2019) proposed six core principles of open science 
summarized in Figure 3: 

 

Figure 3. The six core principles of open science proposed by Gallagher et al. (2019). 
Source: own elaboration. 

This is not a new concept, although the agreement on this term and its 
widespread use is relatively recent because it has been preferred by the 
stakeholders (European Commission 2015). Open Science seeks to 
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extend the principles of openness to the whole research cycle, fostering 
sharing and collaboration of all kinds of scientific knowledge as early as 
possible and making scientific data and production accessible to 
everyone (Vicente-Saez and Martinez-Fuentes 2018; Woelfle et al. 
2011).  

“All kinds of scientific knowledge” means articles in scientific journals, 
data, code, online software tools, questions, ideas, speculations, 
mistakes and anything that can be considered knowledge.  And “as early 
as possible”, implies that very often there are other factors (e.g., legal, 
ethical, social ...) that must be considered before sharing knowledge.  

One of the main arguments behind Open Science is that scientific 
knowledge is a product of social collaboration and its ownership 
belongs to the community (Fecher and Friesike 2014). But also, that 
scientific outputs generated by public research are a public good that 
everyone should be able to use at no cost (Fecher and Friesike 2014). 

 

These three philosophical-political movements put citizens in an active 
role during the scientific process, whether from the conceptualization 
of research, during research, or in the communication of results and 
decisions based on evidence. What is clear is that there is a general trend 
in those scientific production models that implies both structural 
changes in the system itself and changes in the mentality and roles of 
the different actors involved.  

b) Communications roles in science participatory processes 

One of the main changes in this new scenario of science production is 
the role of communication. The participation, negotiation and public 
communication mechanisms are tools that allow scientists to gain the 
trust of stakeholders and maintain the dynamics of the research process. 
In short, the communication model needed to contribute to 
participatory processes in science places communication and dialogue 
as the main tool for interaction between actors and therefore,  a key to 
successful research projects (Fernández Beltrán and García Marzá 
2017). 

The traditional science communication is mostly unidirectional, thus to 
carry out such participatory processes it is necessary to add a greater 
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degree of interaction between researchers and publics. According to 
Perrault (2015) and Alcíbar (2015), the unidirectionality of the “Public 
appreciation of science and technology” model must be overcome. In 
this model the flow of information goes from the scientists, that act as 
the active disseminator and the one who controls the meaning of “the 
scientific” and “the non-scientific”, to the public, who is a passive 
deposit of information. This model is also known as a “model of 
cognitive deficit” or “scientific literacy” (Brossard and Lewenstein 
2010).  

This model coexists with others that offer a greater interaction such as 
the “Public engagement with science and technology” model that 
conceives communication as a two-way flow between science and the 
public and emphasizes the need to establish mechanisms that favour 
dialogue between science and society (Brossard and Lewenstein 2010). 
That’s why it is also known as a “dialogue model”. However, despite 
the bi-directionality, there are still some problems in this model as it 
continues to separate science and society. Even when it tries to establish 
a dialogue between them, science is still considered as a fixed knowledge 
without cracks towards which the public must move to engage with 
(Alcíbar 2015). 

On the other hand, the “Critical understanding of science in public” 
model is based on establishing channels so that the public can achieve 
a critical understanding of the scientific phenomenon and, therefore, 
can question and respond to the pros and cons (Horst 2008). In this 
model, also known as the “deliberation model” (Horst and Michael 
2011), scientific knowledge and its dissemination continue to matter, 
but more emphasis is placed on how that knowledge is socially used. 
An aspect directly linked with the aforementioned philosophical-
political movements on science production and governance. 

Scientific participatory processes require a continuous two-way 
communication, thus communication itself has become a key tool in 
order to establish, maintain and strengthen relationships between all 
actors involved (Trench 2006). Communication can even be the basis 
for the effective achievement of citizen participation projects based on 
deliberation (Ott and Knopf 2019; Roberts 2004) or those seeking 
citizen participation in science governance (Hagendijk and Irwin 2006). 

Although all the above-mentioned models involve different 
communication actions, they have coexisted over time and continue to 
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do so today. The different ways of understanding the science-society 
relationship and science communication are complementary and enrich 
each other. Thus, without a more informative communication it is 
difficult to establish a real and contextual dialogue. 

In this sense, the development of participatory scientific processes 
requires a public communication of science and technology that takes 
into account both the critical training of citizens and the establishment 
of a dialogue between science and society throughout the research 
process. Thus, to successfully develop a citizen participation project is 
necessary to understand science production and governance as an 
interactive part of society and considering that both scientific, and non-
scientific, forms of knowledge have value. Therefore, the deliberation 
model seems to be the most appropriate communication approach for 
such processes. 

c) Levels of citizen participation in science 

Science-society relationship has shifted from deficit to deliberation 
model (Smallman 2018). A variety of other terms have been used in 
current literature to designate practices that fit with the 
abovementioned understandings of science-society relationships 
including "citizen science", “public participation”, “amateur science”, 
“community based research” or “social participation in scientific 
research” (Kullenberg and Kasperowski 2016; Strasser et al. 2018). 
Despite the differences that may exist between these terminologies, all 
of them refer to participatory practices aiming at including non-
scientists in the creation of scientific-technical knowledge. 

According to Baum (2001) citizen participation can be understood as 
“citizen involvement in public decision making”. But what “citizens” or 
“participation” mean may differ among individuals. For example, under 
the label “citizens” we can include either organized communities such 
as civil society organizations, companies or professional associations, or 
just individuals. When using the term “public” or “citizen” it is 
important to consider that we are actually referring to “multiple publics” 
(Besley and Nisbet 2013): different groups of people with diverse 
interests and perceptions on a given topic. 

Similarly, the term “participation” remains open to multiple 
interpretations. It may involve observation, consultation or production 
in science related issues either political decisions or along a research 
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project. The main important thing is that the citizen participation 
concept represents remedial efforts to involve inactive citizens or 
strategic groups of people in active practices (Baum 2001) such as 
decision making or knowledge production.  

Hence, “participation” in science covers a large diversity of non-
scientists (individual citizens, non-governmental organizations, groups 
of patients, etc.) involvement with the production of scientific 
knowledge and science governance (Cooper and Lewenstein 2016; 
Eitzel et al. 2017). Thus, “citizen participation in science” encompasses 
any form of active non-scientists’ participation in the research process 
to generate science-based knowledge, from setting the research agenda 
by asking research questions, to collecting data, analysing the results 
and/or contributing to decision making (Bonney et al. 2009; Lewenstein 
2004; Lidskog 2008).  
 
Arnstein (1969) described a “ladder of citizen participation” in political 
and technical processes that classifies them along a spectrum from non-
engagement of citizens to a total commitment. Arnstein starts her 
analysis with levels of non-participation, then moves to degrees of 
tokenism with informing, consultation and placation, and finally reaches 
degrees of citizen power with partnership, delegated power and citizen 
control.  
 

 

Figure 4. Composition of the ladders of citizen participation proposed by Arnstein (1969), 
Wiedemann and Fermers (1993) and Smyth (2001). Source: own elaboration. 
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This ladder focuses on political power relationships but has led to the 
development of other typologies such as the ones proposed by 
Wiedemann and Femers (1993) or Smyth (2001) that also classify 
citizens’ role in communication and public participation as a gradient 
ladder. Wiedemann and Femers adapted Arnsteins’ theory to their 
consideration of environmental decisions about hazardous waste 
management (Carver 2001). Figure 4 presents a composition of the 
three ladders: 

Moreover, the ladder of participation defined by Smyth (2001) and 
described by Carver (2001) reflects an online application of Arnstein’s 
ladder of citizen participation. In this approach, Carver also points out 
that for many organizations the possibility to move to a two-way 
communication is difficult due to a communication barrier. This barrier 
is mainly conceived as a sophisticated technology solution that needs to 
process and analyse information. 

Following this categorization of public participation as a gradient 
Haklay (2013) proposed four levels to encompass the diversity of citizen 
participation in science (see Figure 5). In terms of understanding 
participation in scientific research as involvement in all stages of the 
scientific process, level one is the most basic, while level four is the most 
comprehensive (Haklay 2018).  
 

 

Figure 5. Categorization of public participation in science proposed by Haklay (2013) 
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Citizen participation in science can be found from participating in 
crowd-sourcing programmes for collecting data to co-construction of 
knowledge and of research questions through deliberative processes 
(Schrögel and Kolleck 2018). The element that remains constant in this 
participation gradient is the active role of the public and what varies, 
depending on the level of participation, is the degree of commitment of 
the participants to the project.  

The categorization proposed by Hacklay is very useful, but it focuses 
mainly on the processes of scientific production and not in its 
governance. So, it does not contemplate a purely deliberative citizen 
participation (e.g., debates around legislation or decision-making in 
scientific-technical fields). However, both Arnstein and Wiedemann 
and Fermers include this type of participation at the highest levels of 
their gradient and, therefore, in the levels of greater commitment. 

Of course, a deliberative approach is necessary at Hacklay’s levels 3 and 
4, at least to define the problem and / or during the analysis of the 
results. Therefore, a mainly deliberative activity demands a similar 
cognitive engagement that the one included in those levels. Perhaps, 
such kind of activities fit more at level 3 since participation does not 
occur throughout the research process. 

d) Potential benefits of citizen participation in scientific 
processes 

Participation in decision making that affect individual and collective 
interests is a basic element of democratic citizenship (Baum 2015). 
Furthermore, it is a matter of cognitive justice (Irwin 2001) and fulfils 
the reported will of society to acquire more responsibility in decision 
making (Rogers 2006).  

One of the greatest benefits of citizen participation in science is that if 
people from different social backgrounds with different personal 
experiences are given the power to frame research questions it will result 
in the production of a different kind of knowledge (Strasser et al. 2018). 
Thus, public participation in research can highlight the “undone 
science” (Frickel et al. 2010) proposing new research and socially 
relevant questions in areas that have been largely unexamined 
scientifically (Strasser et al. 2018). 
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For example, claims made by women health activists in the 1970s 
(Kohler 2002), by AIDS patients in the 1980s (Epstein 1995) or by 
neighbours in the 1990s (Brown 1997) were based on their personal 
knowledge of their own bodies or physical environment. Their claims 
had enough value to overcome their professional marginality and 
challenge scientific consensus (Strasser et al. 2018).  

As Alan Irwin (1995) claimed “science should address the needs and 
concerns of citizens, and seek to meet those needs”. Active citizen 
participation in science implies a research model in which, instead of 
waiting for these voices to rise when there is a problem, communities 
are invited to participate and express their concerns from the beginning. 
In this way, people can bring to science such things as local contextual 
knowledge and real-world geographic, political, and moral constraints 
generated outside of formal scientific institutions (Cooper and 
Lewenstein 2016). 

Contrary to the traditional view of science as an arcane activity and of 
scientists as a closed, elitist circle, approaches that encompass citizen 
participation in science production open it to society as a means of 
“democratization of science” (Stilgoe, Lock, and Wilsdon 2014). This 
requires that in such processes non-scientists contribute to the 
production of scientific knowledge, often in projects with science 
education as an associated goal or a by-product (Strasser et al. 2018). 
Sometimes, this educational objective is necessary for participants to 
acquire a basic common knowledge (e.g., how to collect data, how to 
interpret data etc.) before participating. In other occasions, education is 
a secondary goal associated with the idea of promoting scientific literacy 
or scientific culture. 

The active participation of members from different sectors, and with 
different forms of knowledge in finding the solution to a given problem 
helps promote the vision of a shared future (Jacobi et al. 2017), as well 
as a better understanding of scientific and technological processes 
(Stilgoe, Lock, and Wilsdon 2014). This participatory research approach 
may foster a citizenship that embraces science and technology, 
empowers the public to critically use the scientific tools to solve some 
of its problems and promotes scientific modes of reasoning among 
citizens (Strasser et al. 2018). 

Also, citizen participation in research improves the feeling of belonging 
by all members (Calder 2002), and can make decisions more 
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knowledgeable and legitimate for science governance. For example, 
Bernauer and Gampfer (2013) reported that the popular legitimacy of 
global climate governance decreases when civil society is excluded and 
increases when civil society is added. Similar results were reported by 
Doh and Guay (2006) regarding environmental institutions in Europe 
and in the United States, combining the activism of non-governmental 
organizations with their corporate strategies to meet their social 
responsibilities.  

Taking all this into account, seems that a more participatory approach 
in the investigation process and its governance is not only necessary to 
achieve real democracy, but can also be beneficial for the scientific 
output itself. It is important to keep in mind that the opening of science 
to society (and vice versa) implies a change in the research system and, 
of course, in the roles of the different actors involved. In conclusion, 
more research in this area is needed in order to better understand the 
present situation and propose strategies to effectively foster citizen 
participation in science. 

e) Challenges and limitations of citizen participation in 
science 

Despite all the potential benefits of including society in the science and 
technology system, there are also some challenges or limitations of 
citizen participation in science. Perhaps the greatest challenge of this 
kind of initiative lies in the development of collective and integrated 
knowledge among scientists and the other stakeholders included in the 
research process (Cornell et al. 2013; Jacobi et al. 2017).  

To do so, a key aspect is to establish fruitful relationships between the 
different stakeholders involved. In such processes the need for direct 
engagement between scientists and the public increases, especially in 
higher levels of participation (Haklay 2013). In this context, it is 
paradoxical that most scientists have never received training on 
communication skills, public engagement methodologies and/or how 
to establish collaborative relationships (Brownell, Price, and Steinman 
2013; Revuelta 2018). Therefore, their intuition, innate capacity for such 
tasks, or experience will determine their ability to participate in these 
activities (Revuelta 2018). In current literature, the risk of this situation 
has been highlighted and the need to promote such kind of training to 
scientists has been raised (Leshner 2007; Mulder, Longnecker, and 
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Davis 2008; Rensberger 2009; Revuelta 2018; Sharon and Baram-
Tsabari 2014). 

Furthermore, most researchers have not been trained in the 
epistemology of science and, generally, have spent most of their time 
studying and producing science, so they have not had the opportunity 
to reflect deeply on the relationships between science and society 
(Duschl and Grandy 2013). Therefore, in addition to training future 
generations of researchers in communication strategies, it would also be 
interesting to train them in the nature of science to promote this change 
in the science and technology system. The term "nature of science" 
usually refers to questions about what science is, how it works, what its 
epistemological and ontological foundations are, as well as the features 
of scientists' work as a social group and science-society relations and 
influences (Acevedo Díaz, García-Carmona, and Del Mar Aragón 
2016). The sociological aspects of the nature of science are also present 
in the reasoning, arguments and decisions of people when they face 
current scientific questions that affect them on a daily basis (García-
Carmona, Acevedo-Díaz, and Aragón 2018). Therefore, acquiring this 
type of knowledge seems adequate not only to have a better 
understanding of science and its publics, but also to train scientists 
capable of successfully carrying out citizen participation projects in 
science. 

A lack of some resources also challenges citizen participation in science. 
In such participatory projects scientists need to play their role as experts 
but also act as facilitators and be devoted to perform more demanding 
conceptual work than in their routine tasks (Haklay 2013). Moreover, 
participatory projects are more time and energy demanding (Powell, 
Colin, and Powel 2009). Consequently, the research process usually is 
slower relative to more traditional research projects. Hence, it is 
necessary to assign specific human and financial resources to tasks that 
are not included in researchers’ regular work (Kullenberg and 
Kasperowski 2016). Institutional support is also needed in order to 
sustain this kind of projects (Powell, Colin, and Powel 2009).  

Scientific output is not always the main goal of citizen participation 
projects. As a consequence, scientific results may not be published in a 
traditional way (e.g., scientific journals) and they can fall outside the 
scope of scientific and scientists evaluation (Kullenberg and 
Kasperowski 2016). For science participatory processes to make a 
difference, such activities must become part of the researchers routine 
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practice and also need to be professionally recognized (Besley et al. 
2018; Sanz Merino and Tarhuni Navarro 2019). 

Often, in such projects participants do not represent a wide range of 
groups, interests or perspectives (Ott and Knopf 2019). Unfortunately, 
there are limited surveys of participatory projects aiming to analyse the 
participants profile. Still, those available are from online projects where 
participation is decentralized and suggest that the participants are 
predominantly white, young and middle class men (Curtis 2014; 
Raddick et al. 2010; Reed et al. 2013). Hence, special efforts are 
necessary to recruit participants and design broadly representative 
processes in which all participants exercise similar power (Baum 2015).  

In 2006 Nielsen framed the 90-9-1 rule for participation inequality. 
According to him the proportion of registered people in social media 
or online communities who do not contribute can reach 90% of the 
total number of participants. Of the remaining participants, 9% 
contribute infrequently and just 1% contribute most to the knowledge 
production. Other authors claim that such participation inequalities are 
also present in both online and offline participatory projects (Haklay 
2018; Jennett et al. 2016; Strasser et al. 2018). 

On the positive side, in this pattern of participation some citizens are 
highly committed and they are not just contributing to the project, they 
are also becoming experts (Jennett et al. 2016). On the negative side, 
such inequalities demonstrate that deep citizen commitment is limited 
and, even in the most successful projects, the actual number of 
participants that are highly engaged is small (Haklay 2018; Strasser et al. 
2018). 

Moreover, constant demands for community consultation and 
engagement in participatory processes without an adequate return may 
result in “consultation or participation fatigue” which may deter citizens 
from participating in future projects (Hayward, Simpson, and Wood 
2004; Porlezza 2019). Thus, it would be necessary to take actions to 
avoid duplication of resources and effort, and establish transparent 
procedures to use the findings of previous and similar projects (Rasheed 
and Abdulla 2020). 

Of course, more research is needed to fully understand these hurdles 
and propose possible solutions to overcome them. Some of those 
limitations are analysed in chapters 3, 4 and 5. 
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1.2.3 Main actors of participatory practices in 
science 

Below, an analysis of the main actors involved (scientists, civil society 
and other stakeholders such business sector and policy makers) and 
their roles in such participatory processes is presented.  

a) Scientists 

In any kind of research process, the role played by science practitioners 
acting as experts is decisive. But they are not only a key actor in scientific 
production, scientists are also increasingly present in the field of public 
communication either acting as sources of information or directly as 
communicators. The citizen participation in science processes require a 
change in the traditional researchers-public relationship during the 
research process. And, as we have seen, science communication is a key 
tool for the proper development of this type of project. 

Greater experience in public engagement activities is associated with a 
better understanding of the public and with a more open-minded view 
on how communication with other stakeholders should be structured 
(Besley and Nisbet 2013; Davies et al. 2009). Scientists’ that have a 
better understanding of publics prefer dialogical or two-way 
communication approaches rather than the idea of filling a knowledge 
vacuum (Besley and Nisbet 2013). This type of more deliberative 
approach is what is needed to carry out participatory scientific 
production processes. 

Despite science communication activities being organized and managed 
by communication professionals, the participation of scientists is also 
expected (Bauer and Jensen 2011). Researchers’ participation in public 
engagement activities is one of the things that the public values most, 
because they talk from a first person perspective and with a deep 
knowledge of the topic (Revuelta 2014). However, the vast majority of 
professionals from scientific disciplines have never received training in 
science communication, public engagement or collaborative strategies 
(Brownell, Price, and Steinman 2013; Revuelta 2018). 
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In addition to this lack of training, other barriers can restrain the 
participation of scientists in participatory processes such as lack of time, 
lack of support and lack of professional recognition (Sanz Merino and 
Tarhuni Navarro 2019; Besley et al. 2018;  Illingworth and Roop 2015; 
Gascoigne and Metcalfe 1997). As a response, numerous initiatives have 
been issued to support scientists’ involvement in public engagement. 
These initiatives range from adding dissemination requirements to 
grants to creating a more favourable social and professional context for 
science-society relationships (Palmer and Schibeci 2014). For example, 
rewarding researchers for their public engagement activities or using it 
as an evaluation criterion. 

Moreover, there are other contextual factors which may be disincentives 
to the involvement of researchers in participatory processes. For 
example, the increasing competitiveness in the research sector forces 
scientists to spend more time on research and publication work and the 
growing efforts necessary for scientists to get funding. In addition, the 
so-called “Carl Sagan Effect” is still in force. It means that it is still 
thought that if researchers participate in outreach activities, they are 
losing their time, or that they are doing it simply to attract attention. 
Fortunately, this negative view is disappearing, especially among 
youngest scientists (Besley et al. 2018). 

On the other side, Besley and Nisbet (2013) reported that scientists 
strongly believe they should have an active role in public debates, 
especially with policy makers. Bentley et al. (2012) studied the situation 
with climate change scientists and reported similar results especially 
when a substantial disjoint may exist between scientific findings and the 
impact they have on the public. 

There is a need for exploratory research to better understand the 
interaction between scientists and the public. If citizen participation in 
science is going to be promoted, we need to understand researchers’ 
views, opinions and attitudes towards the public and their role in public 
engagement activities. 
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b) Civil society 

It is clear that when we talk about citizen participation in science, 
citizens themselves are a central actor in this research model. However, 
involving individual citizens in science production and governance is 
not always the most effective approach. That is why many of the 
participatory approaches propose organized civil society as one of the 
main stakeholders. 

Civil society organizations (CSOs) can act as platforms that collect 
social opinions and as spokespersons of society's concerns. According 
to Hojnacki (1999) stakeholder theory, CSOs can develop power, 
urgency, and legitimacy. Thus, we can consider that CSOs are important 
actors who can realize the promise of participatory research being 
responsive to the real world (Smismans 2008).  

Moreover, CSOs can be seen as “alliance-brokers between public and 
policymakers” (Mercer and Green 2013). Thus, such organizations may 
be able to use their position to influence the resolution of public policy 
issues including those related to science and technology (Rainey, 
Wakunuma, and Stahl 2017). 

According to the European Science Foundation (2013), CSOs expertise 
should be included at the research project level. Not only to fulfil the 
traditional CSOs’ dissemination role to the public (Mercer and Green 
2013) but also to benefit from the sectoral knowledge and oversight that 
CSOs can provide in research (Ahrweiler et al. 2019; Bernauer and 
Gampfer 2013). Furthermore, establishing arenas that promote 
scientific dialogues to unite scientists with other social actors offer the 
opportunity to understand and jointly analyse global problems in order 
to inform decision making (Malyska, Bolla, and Twardowski 2016; Welp 
et al. 2006). 

In the last decade, there have been several initiatives to stimulate public 
participation in research and to embed participative processes in 
research governance (European Commission, 2014). However, despite 
being a central actor in participatory approaches, the term “civil society 
organization” is not well defined (Ahrweiler et al. 2019; Rainey, 
Wakunuma, and Stahl 2017). There are terms such as “voluntary”, 
“third sector”, “charities” or “non-governmental organizations” that 
have similar and/or overlapping characteristics that may be regarded as 
CSOs (Nugroho 2011). 
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Also, and more worryingly, there is no consensus of the specific roles 
that CSOs should play in research (Steen-Johnsen, Eynaud, and 
Wijkström 2011). Nevertheless, Ahrweiler et al. (2019) reported that the 
CSOs’ role in research and innovation projects is much more 
multifaceted (e.g., data providers, providers of access to the research 
field, providers of specific domain expertise, etc.) than is currently 
assumed. 

On the other side, other authors have questioned the involvement of 
CSOs in science. For example, Krabbenborg and Mulder (2015) claimed 
that the role of "early warning of potential risks" given to CSOs and 
their activism as "opponents of scientists" and "developers of 
negotiation technology" can be problematic in the early stages of open 
discussions. Indeed, De Saille (2015) calls attention to the power 
differences between CSOs. Likewise, Taminiau (2006) and Elzen et al., 
(2011) consider that CSOs are not very influential by themselves. 
Rather, they are only influential when they work together with other 
actors such as policy-makers, companies or regulators (Elzen et al. 
2011). 

However, what really matters is that if citizen participation in science is 
going to be a reality, CSOs are a necessary key actor. Thus, it is necessary 
to understand this actor (at local and global level), their perceptions 
about their role in scientific production, and the limitations and needs 
that must be solved to promote their involvement. 

c) Other key stakeholders 

The potential of research and innovation as transforming elements is 
unquestionable. That is why numerous political strategies have focused 
their efforts on increasing and improving their research and innovation 
systems, thereby increasing capacities of the country or region. 

According to the quadruple helix model of innovation (Carayannis and 
Campbell 2009), all sectors play an important role in this knowledge 
society. Thus, in addition to scientists and civil society, there are other 
important stakeholders to consider in science and its governance. It 
means that the role of the private or business sector and policy makers 
are also relevant in the processes of science and technology knowledge 
generation. 



 

 30 

Exploring how the business sector relates to scientific and technological 
information can offer a useful explanatory framework, not only to 
describe the map of the current situation, but also to identify possible 
barriers to research and innovation carried out by companies or used by 
them. This will be crucial for the alignment between the needs and 
values of different actors (including society and academia) and the 
processes in which the business sector participates. This last aspect is 
closely related to the idea of co-responsibility and co-creation on which 
the concept of RRI is focused (Von Schomberg 2011). 

Both RRI and the quadruple helix approaches consider science 
governance a key output of citizen participation projects. Thus, policy 
makers and public administration representatives must be involved as a 
relevant actor. Moreover, many citizen participation practices do not 
have scientific output as their main goal, the first objective usually 
consists of providing scientific evidence to influence political decision 
making or propose an operational solution to a problem (Kullenberg 
and Kasperowski 2016).  

However, this thesis assesses this issue mainly focusing on an 
exploratory analysis of Spanish scientists’ (Chapter 4) and Spanish civil 
society’s (Chapter 5) perceptions. Of course, more research is needed 
regarding the abovementioned other key stakeholders to fully 
understand the Spanish situation. 
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1.2.4 Brief summary of the Spanish context 

The history of science-society relations in Spain is closely related to the 
science system history itself. It was not until the definitive end of the 
dictatorship in 1975, with Dictator Franco’s death, that Spanish 
democracy started. 

Democracy facilitated the country’s entrance to the European Union 
and consequently Spanish science became internationalized and able to 
access European funding. The Spanish autonomous communities 
implemented their own research, development and innovation 
(R&D&I) plans. The Ley de la Ciencia (Spanish Law of Science) 
contributed to the professionalization of research and access to regular 
funding. Spanish science entered the international circuit, becoming 
increasingly competitive. Between 1981 and 2003 the number of 
scientific publications signed by Spanish authors indexed in the Institute 
for Scientific Information (ISI) increased from 3382 to 24737 (Gómez 
et al. 2006). The investment in R&D&I increased from 0.43% to 1.1% 
of gross domestic product (Gómez et al. 2006). Research centres and 
universities also increased their communication to the media (press 
releases, interviews, etc.) because they were more productive in research 
and were competing more strongly among themselves. Consequently, 
mass media disseminated more than before the achievements of 
Spanish scientists to society.  
 
During the 1990s and the beginning of the 21st century large science 
infrastructures were built, more resources were invested in research, and 
good working conditions attracted high-level scientists back to the 
country. This budgetary growth was halted by the economic crisis that 
began in 2007 which lasted a long time in Spain (Regalado 2010). The 
new Law of Science was established in 2011 and proposed a series of 
actions to ensure that research is given enough resources and autonomy 
but many of the key points have not been complied with and the 
Spanish science system remains economically weakened (Pain 2013). 
Terms such as “science communication”, “the public communication 
of science” or “science journalism” were practically unknown in the 
country prior to the last decade.  

In the last two decades, there have occurred some changes in Spain’s 
approach towards science and society integration. In 2007 the Spanish 
Foundation for Science and Technology (FECYT), a public agency 
from the Spanish Government, constituted the Spanish Scientific 
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Culture Units (UCCi). These are structures formally recognized by the 
Spanish government and integrated into universities, research centres 
or entities in the research and development system. Amongst the main 
functions of these units are the communication of research and 
innovation results, the general dissemination of scientific and 
technological knowledge, the guidance and training of research 
personnel in the dissemination of science, and the research on science 
communication, public engagement or science-society relationships 
(Lopez and Olvera-Lobo 2017). These units are key agents in the 
dissemination of science and innovation in Spain and provide a crucial 
service for improving and contributing to the training, culture and 
scientific knowledge of citizens (Capeáns, López, and Gonzalo 2012). 
At present there are 79 UCCi in Spain (Lopez and Olvera-Lobo 2017). 

Moreover, since 2009 the FECYT launches each year a national call to 
fund projects to promote scientific culture. This call is still the main 
instrument for science communication and promotion of scientific 
culture projects in Spain (Lopez and Olvera-Lobo 2017). Despite the 
increase in efforts towards dissemination in recent decades, Spain is still 
one of the European countries with least scientific culture (OECD 
2016). 

Public organizations in Spain now more often target public engagement. 
However, the inclusion of citizens in science and technology production 
is not as developed as in some other European countries (MoRRI 
consortium 2018). For now, scientists’ involvement in scientific 
participatory projects is not included as an evaluation criterion. Thus 
citizens are involved only to a minor extent, and the organizational 
landscape enabling engagement of citizens is not well developed 
(MoRRI consortium 2018).  

Nevertheless, the tendency is to align Spain’s strategy with the 
European guidelines to move towards a deeper inclusion of society in 
the scientific process (Hockfield 2018). The European Union strategy 
is to move towards a deeper inclusion of society in the scientific process. 
In this context, the analysis of citizen participation in science activities 
in Spain and the impressions of the different actors involved are needed 
for a better understanding, but also to be able to propose effective 
strategies to foster such relationships.  
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1.3 Objectives and hypothesis 

This thesis hypothesises that most researchers do not know their public 
or the utility of involving them in science. Civil society organizations 
neither know the science and technology system, nor their potential or 
how they can intervene in it. Only if we know the opinions and attitudes 
of both actors, can we develop tools to foster the effective 
implementation of citizen participation in science. 

Thus, the general objective of this thesis is to analyse the characteristics 
of current citizen participation in science activities and the opinions and 
attitudes of the actors involved. The specific objectives are as follows: 

1. To identify current good practices of citizen participation in 
science activities and analyse their characteristics. 

2. To identify the researchers’ perception on the knowledge and 
attitudes of Spanish citizens regarding science. To contrast them 
with data from the FECYT biannual survey of public 
perception of science. 

3. To analyse the opinions and attitudes of Spanish researchers on 
public engagement in science. 

4. To analyse the opinions of Civil Society Organizations (CSOs) 
managers on their role in the Spanish research process. 

 

1.4 Structure of the thesis 
 
In order to achieve the general objective and the four specific 
objectives, as well as to test the hypotheses formulated in the previous 
section, the author of this thesis has carried out an investigation that has 
been divided into three studies. The overall methodology used is 
described in Chapter 2. 

Following the compendium thesis modality, each study has been 
presented in an independent chapter (Chapter 3-5) which together form 
the block results of this thesis. Each of these chapters corresponds to 
an article of a peer-reviewed journal, either published, currently in press 
or under review. 
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At the beginning of each chapter, a page with the exact reference of the 
journal in which these studies have been published, or in which they are 
being reviewed, has been included. The author of this thesis is the first 
author of all publications. 

This thesis has been carried out from October 2016 to July 2020. 
However, the studies presented are not organized chronologically but 
according to the objectives to which they respond and to give cohesion 
to the argumentation of the doctoral thesis. Table 1 gives an overview 
of the three chapters that present thesis’ results, the objectives to which 
they respond and the journal in which are submitted.  

 Title Objective Journal and 
status 

Chapter 3 
Characteristics of Spanish 
citizen participation 
practices in science 

Obj. 1 

Journal of 
Science 

Communication 
(under review) 

Chapter 4 

Scientists’ opinions and 
attitudes towards citizens’ 
understanding and their role 
in public engagement 
activities 

Obj. 2 & 3 PLOS ONE 
(published) 

Chapter 5 

Social participation in 
science: perspectives of the 
Spanish civil society 
organizations 

Obj. 4 

Public 
Understanding 

of Science 
(accepted) 

Table 1. Outline of the structure of thesis’ results and their relation with thesis’ objectives 

 

Following the results block, there is a joint discussion of the overall 
research (Chapter 6), a conclusions section (Chapter 7) and a final 
section with a reflection on thesis contributions and future impacts 
(Chapter 8). 
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CHAPTER 2. METHODS 
 
 
 
 
 
“Every so often, in the midst of chaos, you come across an amazing, inexplicable 
instance of civic responsibility.” 
 
Kurt Vonnegut 
Writer 
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2.1 Context  

Throughout this thesis, citizen participation in science in the Spanish 
context has been studied. This is interesting on the one hand, to gain a 
better understanding of the science-society relationship in Spain, a 
country very active in scientific research and which is recently 
promoting the inclusion of society in the research process. And, on the 
other, to allow comparisons with other research in countries with 
similar social realities to see the situation they are in, detect deficiencies 
or strengths, points of improvement etc. 

 

2.1.1 Participants 

This thesis had a total of 1069 participants. The individuals that 
collaborated with this study have different profiles. 16 participants are 
coordinators of citizen participation practices carried out in Spain 
during the period 2015-2017. Furthermore, 1022 participants are 
researchers living and working in Spain participating in research and 
development projects funded by the Spanish Ministry of Science, 
Innovation and Universities during 2013 and 2014. Finally, 31 CSOs 
managers or delegated representatives with decision making power also 
collaborated with this thesis. In all three studies the gender perspective 
and the geographical distribution have been taken into account in the 
composition of the sample. Table 2 summarizes the sample. 

Chapter Participants Description 

Chapter 3 16 Coordinators of citizen participation practices 
(2015-2017) 

Chapter 4 1022 
Researchers participating in research projects 
funded by the Spanish Ministry of Science 
(2013-2014) 

Chapter 5 31 CSOs managers or delegated representatives 
(2017) 

Table 2. Summary of the sample 



 

 38 

2.1.2 Advisory boards 

An advisory formed by members of different Spanish scientific culture 
units (Capeáns, López, and Remiro 2012) was constituted for each study 
of this thesis. In chapters 3 to 5 a detailed description of the advisory 
board composition and contributions to the study is included. 

However, in all studies, these units were key due to their local 
knowledge of the reality within different parts of the country. But also 
especially due to their ability to contact the study subjects (e.g., 
researchers), identify CSOs managers and propose good practices of 
citizen participation in science to be included in the studies. 

 

2.2 Data collection instruments and analysis 

Qualitative methodologies (semi-structured interviews) and quantitative 
methodologies (online questionnaires) have been used. Chapters 3 to 5 
explain in detail the methodology of each study.  In each chapter the 
reason for having selected one or another methodology is explained, as 
well as the specific details of its application and analysis. This section 
therefore presents a general summary. 

 
 

2.2.1 Data collection instruments 

Different data collection instruments have been used for the purpose 
of each study of this thesis: 

- Semi-structured interviews were used as a qualitative data 
collection instrument to deep in individuals’ perceptions on 
different issues. 

- Anonymous online questionnaires with quantitative closed 
questions were delivered and collected to assess researchers’ 
perceptions of the public and their role in public engagement. 
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a) Semi-structured interviews 

Each interview protocol was developed in close consultation with the 
advisory board and intentional sampling was used to select the 
interviewees (see Chapter 3 and Chapter 5 for more detailed 
information). Once the interviewees were identified, we sent them an e-
mail describing the project and invited them to participate in an 
interview. Up to three follow-up emails and/or phone calls were made 
to solicit participation from those who did not respond.  

Before participating, all interviewees were informed of the nature of the 
study and the data processing policies, and they freely gave their 
consent. All of them were free to answer each one of the questions as 
well as to stop participating at any time. All the interviews were 
conducted between June 2017 – July 2018. The average interview took 
48 minutes to complete, with the range spanning from 25 minutes to 78 
minutes. All of them were recorded and naturally transcribed; once the 
first draft of the transcription has been made, all irrelevant sounds were 
eliminated, as well as grammatical errors when speaking, doubts, filler 
words, pauses or unnecessary repetitions. This is the most common 
type of transcription of qualitative research. 

b) Online questionnaires 

The specific questions of the survey were developed in close 
consultation with the advisory board. The survey design incorporated 
the key indicators and certain questions used in surveys on public 
understanding of science, such as those carried out every two years by 
the FECYT in 2016 or the Science and Engineering Indicators report, 
published by the National Science Board of the United States in 2018, 
in order to be able to compare the answers. The survey also included 
new questions to provide a broader knowledge as well as certain socio-
demographic questions (see Chapter 4 for more detailed information). 

The questionnaire was accompanied by an informative email specifying 
the purpose of the study and the use that was to be made with the data 
that the participants provided. Respondents were free to choose 
whether or not to answer any particular question. Before submitting 
their answers, respondents had to check that they have received 
informed consent. The average survey duration was approximately 15 
minutes. 



 

 40 

2.2.2 Inductive qualitative content analysis 

The inductive qualitative content analysis approach was used in order 
to analyse the qualitative data from the semi-structured interviews with 
the support of the research software Atlas.ti (versions 7.5 and 8.4). This 
approach is a technique to classify written or oral materials into 
identified categories or similar meanings. It is based on the 
interpretation of the content of text data through the systematic 
classification process of coding and identifying categories or patterns to 
describe the meaning of qualitative material (Schreier 2012). This 
methodology is useful to represent a systematic and objective 
description of the phenomena.  

A sequential analysis of the interviews was carried out, and 
observational notes were included in the transcription of the interviews. 
All the qualitative data of this thesis has been reduced to codes or 
concepts that describe the research phenomena by creating categories, 
i.e., groups of content that share a commonality (Elo et al. 2014). The 
specific categories presented in the results section have been inductively 
determined from the interview data.  

Investigator triangulation and peer debriefing were the strategies used 
to ensure reliability. This first strategy involved the use of more than 
one researcher during interview analysis to have a more detailed and 
balance picture of the situation. The thesis author and a member of the 
research team worked as coders in coding the interview transcripts. 
They first coded a sample of interviews as a means of calibration, then 
worked independently achieving a high degree of reliability. 
Discrepancies were discussed and resolved between coders and the 
thesis co-directors.  

Peer debriefing was used to ensure the collection of valid information. 
The first author did the first round of analysis of the code compiles, the 
thesis co-directors reviewed the analysis and added their interpretations. 
The joint categorization resulting from this process was shared with the 
corresponding advisory board and presented in internal seminars with 
the research team. Their inputs and feedback were also integrated into 
the final results analysis. 
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2.2.3 Statistical analysis 

All quantitative data of this thesis has been analysed by univariate and 
bivariate analysis using a descriptive statistical approach. Moreover, to 
analyse the correlation between the quantitative variables a Pearson’s 
chi squared test has been performed. In all cases, the used statistical 
software was Statistical Package for the Social Sciences (SPSS), version 
23. 

Throughout the entire study, the variables gender, age or field of 
research have been analysed for each of the questions included in the 
online questionnaire (see Chapter 4 for more detailed information). 
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Abstract 
 
A new regime of science production is emerging from the involvement 
of non-scientists. The present study aims to improve understanding of 
this phenomenon with an analysis of 16 interviews with Spanish 
coordinators of participatory science practices. The results indicate a 
majority of strategic and captive publics and point to communication as 
a key tool for the development of successful practices. Five key 
elements of the degree of integration required to develop a citizen 
participation in science practice were analysed: derived outputs, level of 
participant contribution, participation assessment, practice replicability, 
and participant and facilitator training. Proposals for strategies to 
remove barriers to citizen participation are the study’s principal 
contribution. 
 
Keywords: Citizen participation, Participation and science 
governance, Public engagement with science and technology 
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3.1 Context 

During the past decade, the involvement of non-scientists in research 
has engaged an increasing number of researchers in a new regime of 
science production. Greater citizen involvement in research processes 
and knowledge production is valuable to democratic societies, a premise 
supported both for reasons of philosophy (Wylie, 2015) and global 
strategic policy (Hockfield, 2018). There is a general trend towards the 
broader, more inclusive and active participation of different societal 
groups in scientific projects, as can be seen in the tremendous diversity 
of research and coordination activities worldwide (Mejlgaard et al., 
2018;  Hockfield, 2018). 

The science-society relationship has been promoted by distinct 
movements for the democratisation of science, such as the “responsible 
research and innovation” (RRI) model, based on the concept of shared 
responsibility (Stilgoe, Owen, and Macnaghten, 2013). Similarly, the 
“quadruple helix model of innovation” considers society the fourth and 
principal actor in the innovation system, together with science, policy 
and industry (Carayannis and Campbell, 2009; Schütz, Heidingsfelder, 
and Schraudner, 2019); while the “open science” movement seeks to 
make scientific data and production accessible to everyone (Vicente-
Sáez and Martínez-Fuentes, 2018; Woelfle et al., 2011). 

In the last few years, a number of changes have occurred in Spain’s 
approach to integrating science and society. However, the inclusion of 
citizens in science production is not as developed as in some other 
European countries (MoRRI consortium, 2018). Currently, the 
involvement of scientists in participatory projects is not included as an 
evaluation criterion, hence citizen involvement is limited, and the 
organisational landscape enabling the engagement of citizens is not well 
developed (MoRRI consortium, 2018). Nevertheless, the trend is to 
align Spain’s strategy with European guidelines through greater 
inclusion of society in the scientific process, as we can see from the 
various calls to promote citizen science projects (Hockfield, 2018). 

Participation in decision-making that affects individual and collective 
interests is a basic element of democratic citizenship (Baum, 2015). 
Furthermore, it is a matter of cognitive justice (Irwin, 2001) and fulfils 
the reported will of society to acquire more responsibility in decision-
making (Rogers 2006). Potential benefits are associated with the 
promotion of such science-society relationships.  
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For example, the active participation of members from different sectors 
and with different areas of knowledge in finding the solution to a 
problem helps to promote the vision of a shared future (Jacobi et al., 
2017), and improves understanding of scientific processes (Stilgoe, 
Lock, and Wilsdon, 2014a). Citizen participation in research increases 
feelings of belonging (Calder, 2002), shines a spotlight on new research 
and socially relevant questions (Frick el et al. 2010), and enhances 
knowledge and legitimacy in science governance decision-making 
(Bernauer and Gampfer, 2013).  

The inclusion of civil society organisations (CSOs) in scientific 
processes is useful to gain the sector knowledge and broad view that 
civil society organisation research can provide (Ahrweiler et al. 2019; 
Bernauer and Gampfer 2013). Moreover, by establishing scientific 
dialogues that connect researchers to social actors, representatives of 
companies, CSOs and politicians are given the opportunity to come 
together to analyse and understand global problems and make decisions 
accordingly (Malyska, Bolla, and Twardowski 2016; Welp et al. 2006). 
Citizens themselves can also reap potential benefits from such 
participatory processes, acquiring skills, knowledge, social capital, and 
power (Baum, 2015). 

However, much disagreement remains about how this non-scientific 
involvement should be conducted, with different understandings of the 
nature of participation in science and the kind of stakeholders that 
should be engaged in the research process.  

 

3.1.1 What is citizen participation in science? 

Citizen participation can be understood as citizen involvement in public 
decision-making (Baum, 2001). Different conceptions of “citizens” and 
“participation” exist, however. Citizens may be individuals, organised 
communities such as CSOs, or even companies or professional 
associations. using the term “public” or “citizen”, it is important to 
consider that we are actually talking about “multiple publics” (Besley 
and Nisbet, 2013). 

Participation, on the other When hand, may involve observation, 
consultation or production in science-related issues, research projects 
or political decisions. Most importantly, the citizen participation 
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concept denotes remedial efforts to involve inactive citizens or strategic 
groups of people in decision-making activities (Baum, 2001). It thus 
appears that science is no exception to the broader participation 
imperative placed on our contemporary democracies (Godden, 2017). 

The relationship between citizens and science has shifted from deficit 
to dialogue (Smallman, 2018). Similar approaches regarding this 
relationship between science and society are found under the labels 
“citizen science”, “public participation” or “social participation in 
scientific research” (Kullenberg and Kasperowski, 2016). These 
concepts appear almost simultaneously in two areas: social sciences and 
natural sciences (Kullenberg and Kasperowski, 2016).  

In natural sciences, these terms are usually reserved for data collection 
and volunteer assistance (Bonney et al., 2009), whereas in social sciences 
they refer to representative stakeholder engagement in policy processes 
(Kullenberg and Kasperowski, 2016). At the same time, the 
democratisation of knowledge and recent surge of new technologies 
opens up opportunities for the co-creation of knowledge and 
innovation through public participation (Stilgoe, Lock, and Wilsdon, 
2014b).  

In the current literature, “citizen science” covers a diversity of forms of 
non-scientist participation (individual citizens, non-governmental 
organisations, groups of patients, etc.) for the production of scientific 
knowledge and good science governance (Cooper and Lewenstein, 
2016; Eitzel et al., 2017). Thus, all these society-science approaches 
encompass any form of active, non-scientist participation in the process 
of research to generate science-based knowledge, from setting research 
agendas by asking research questions, to collecting data, analysing 
results and contributing to decision-making (Bonney et al. 2009; 
Lewenstein 2004; Lidskog 2008). 

The diversity of these participative practices can be classified along a 
spectrum from minimal citizen engagement to total citizen commitment 
as proposed in Arnsteins’ ladder of participation (1969). Thus, social 
participation in science can be found from participating in crowd-
sourcing data collection programmes to co-construction of knowledge 
and research questions through deliberative processes (Schrögel and 
Kolleck 2018). Haklay (2013) proposed four typologies to classify 
citizen participation in science, which are summarised in Table 3: 
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Level Citizens’ role Description 

Level 1. 
Crowdsourcing 

As sensors 
(volunteered 
computing).  

Participation is limited to the 
provision of resources, and 
cognitive engagement is 
minimal. 

Level 2. 
Distributed 
intelligence 

As basic interpreters 
(volunteered thinking).  

Participants are asked to take 
some basic training and then 
collect data or carry out a 
simple cognitive activity. 

Level 3. 
Participatory 
science 

In problem definition 
and data collection.  

Participants take part in 
problem definition and data 
collection, but require expert 
assistance to analyse and 
interpret the results. 

Level 4. 
Collaborative 
science 

In problem definition, 
data collection and 
analysis.  
 

Participants can choose their 
level of engagement and may 
be involved in the analysis and 
publication or utilisation of 
results. 

Table 3. Levels of citizen participation in science proposed by Haklay (2013) 

 
3.1.2 Multiple objectives of citizen participation in 
science 

The principal goal of many citizen participation science practices is not 
the production of scientific output. Rather, the first objective often 
consists of creating data to provide evidence to support the proposal of 
an operational solution, influence political decision-making, or launch 
legal processes to solve a problem (Kullenberg and Kasperowski 2016).  
Some of these initiatives emerge from problems identified by 
communities, often related to environmental issues of pollution, health 
hazards, species conservation, water and air quality, or draining of 
natural resources (Brulle and Pellow 2006; Leung, Yen, and Minkler 
2004; Macey et al. 2014). Even though these initiatives emerge from 
outside scientific institutions, they rely on scientific procedures for 
collecting, validating, analysing and interpreting data (Macey et al. 2014; 
Ottinger 2010), and scientific content is often co-produced between 
professional scientists and citizens (Kullenberg and Kasperowski 2016). 
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Other examples of citizen participation in science projects add an 
educational objective to the scientific one. Some of these initiatives aim 
to improve scientific literacy, increase scientific knowledge in a specific 
field, or even construct a scientific citizenship (Árnason 2013; S. R. 
Davies and Horst 2016). These types of objectives are found in top-
down projects, initiatives proposed by the establishment that seek to 
include the lay public in the research process (Powell, Colin, and Powel 
2009). Thus, students, schools and the educational community are one 
of the publics most involved in these participatory approaches. 
However, given that student participation is rarely voluntary, but rather 
the result of agreements with teachers and schools, students can be 
considered a “captive public” (Fayard 1987). 

Most participatory projects, therefore, tend to pursue multiple 
objectives: scientific, socio-political and, often, educational. 

 
 

3.1.3 Challenges of citizen participation in science 

The greatest challenge of this kind of initiative lies in developing 
collective and integrated knowledge among scientists and other 
stakeholders included in the research process (Cornell et al. 2013; Jacobi 
et al. 2017). Participants in participatory processes rarely represent a 
wide range of groups, interests or perspectives (Ott and Knopf 2019). 
Special efforts are therefore necessary to recruit participants and design 
processes in which diverse participants are similarly represented (Baum 
2015).  

Constant demands for community consultation and engagement in 
participatory processes without an adequate return may result in 
consultation or participation fatigue, which may deter citizens from 
participating in future projects (Hayward, Simpson, and Wood 2004; 
Porlezza 2019). It will be necessary to take action to avoid duplication 
of resources and effort, and establish transparent procedures for using 
the findings of previous, similar projects (Rasheed and Abdulla 2020). 
To carry out successful participatory practices, much effort has to be 
invested in establishing fruitful relationships with the different 
stakeholders involved. Especially with higher levels of participation, the 
need for direct engagement between scientists and the public increases 
(Haklay 2013). Such processes require continuous two-way 
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communication to establish, maintain and strengthen this engagement 
(Trench 2006). Communication can even be the basis for the effective 
performance of citizen participation projects focused on either 
deliberation (Ott and Knopf 2019; Roberts 2004) or science governance 
(Hagendijk and Irwin 2006).  

Participatory science projects are often time and energy intensive, 
requiring institutional support to sustain them (Powell, Colin, and 
Powel 2009). Especially where scientists need to act as facilitators as 
well as experts, and perform more demanding conceptual work than 
mere routine tasks (Haklay 2013), the research process tends to be 
slower and specific resources (both human and financial) need to be 
allocated to tasks that are not part of the scientists’ regular work 
(Kullenberg and Kasperowski 2016). 

In this context, it is paradoxical that the vast majority of scientists have 
never received training in communication skills, public engagement 
methodologies, or how to establish collaborative relationships with 
non-scientists involved in scientific initiatives (Brownell, Price, and 
Steinman 2013; Revuelta 2018). The current literature has drawn 
attention to the risks of this situation and the need to promote the 
provision of training to scientists (Leshner 2007; Mulder, Longnecker, 
and Davis 2008; Rensberger 2009; Sharon and Baram-Tsabari 2014). 
Given that scientific output is frequently not the only objective of this 
type of citizen participation project, scientific results are not always 
published in the traditional way (i.e. in scientific journals) and may 
therefore fall outside the scope of scientific output and scientists’ 
evaluations (Kullenberg and Kasperowski 2016). For participatory 
science processes to make a difference, such activities must become part 
of the researchers’ routine practice and must also be professionally 
recognised (Besley et al. 2018; Sanz Merino and Tarhuni Navarro 2019). 

All this supports the need for exploratory research to improve 
understanding of how participatory practices are being carried out and 
make future recommendations for encouraging effective citizen 
participation. The authors have identified four key requirements for the 
development of effective citizen participation practice: derived outputs, 
level of participant contribution, participation assessment, and practice 
replicability.  
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In this study, we address citizen participation in science in the Spanish 
context and explore the degree of incorporation of these four key 
requirements, posing the following research questions: 

RQ1: Who are the main stakeholders involved in citizen 
participation practices? 

RQ2: What is the role of communication in these practices? 
RQ3: To what extent are the key requirements incorporated in 
citizen participation practices? 
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3.2 Methods 

To answer these questions, we conducted 16 semi-structured interviews 
with coordinators of citizen participation practices carried out in Spain 
from 2015 to 2017. The selection criteria were developed considering 
the diversity of levels of citizen participation, based on the 
categorisation proposed by Haklay (2013). 

An advisory board comprising 10 members of 10 Spanish scientific 
culture units, which are structures formally recognised by the Spanish 
government and based at universities and research centres (Capeáns, 
López, and Remiro 2012), was constituted. These units were key to the 
study due to their local knowledge of the research reality in different 
parts of the country and, in particular, their ability to identify potential 
citizen participation practices for inclusion in the study. The scientific 
culture units were chosen taking into account their geographical 
distribution and previous working connections (Table 4). 

University or research 
centre City Autonomous 

community 
University of Seville Seville Andalusia 

University of Cordoba Córdoba Andalusia 

University of Zaragoza Zaragoza Aragon 

AZTI-Tecnalia Pasaia, Guipuzkoa Basque Country 
National Research Centre 
on Human Evolution 
(CENIEH) 

Burgos Castile and León 

University Jaume I Castellón de la Plana Community of 
Valencia 

Polytechnic University of 
Valencia Valencia Community of 

Valencia 
Polytechnic University of 
Madrid Madrid Madrid 

University Carlos III Madrid Madrid 

Seneca Foundation Murcia Murcia 

Table 4. Entities to which the advisory board belongs 

  



 

 55 

The advisory board collaborated with the research team throughout the 
study regarding the definitions of the “citizen science” concept, study 
dimensions, revision of the semi-structured interview scripts, and 
selection criteria of the interview candidates. We also relied on their 
experience during the discussion of the results, thus ensuring the 
reliability of the interpretations. 

 

 

3.2.1 Sampling 

First, we agreed with the advisory board an operational 
conceptualisation of a “citizen participation in science practice” to begin 
with the selection. For this study: A citizen participation practice is the 
active involvement (opinion, data collection, interpretation of results 
and/or decision-making) of individuals or social groups in different 
phases of a scientific research project. 

Having established the definition, we reviewed the abstracts of the 
practices funded by the annual Spanish Call for the Promotion of 
Scientific Culture during the period 2015–2017 to identify those that 
fitted our concept of citizen participation in science. This call is the 
principal instrument for projects within the area of science 
communication and promotion of scientific culture in Spain (Lopez and 
Olvera-Lobo 2017). It is launched each year by the Spanish Foundation 
for Science and Technology (FECYT), a Spanish government agency. 
We broadened the search with a literature review and advisory board 
knowledge. A total of 32 practices fitted our definition. 

In a first analysis of these 32 practices, we identified various types 
according to the body responsible, whether representative of the 
academic or scientific sector, the business sector, the public 
administration, or civil society. After taking this and the level of 
engagement of the participatory practices into account, we selected a 
sample of strategic individuals. 

Having identified potential interviewees, we sent them an e-mail 
describing the project and inviting them to take part in an interview, 
following up with up to three further emails and phone calls to solicit 
participation from the non-responders. An additional effort was made 
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to contact civil society and public administration coordinators to obtain 
a more diverse sample. We made contact with a total of 24 coordinators: 
18 responded, 2 declining to take part. Interviews were therefore 
conducted with 16 people (see Table 5). 

No. 
Coordinator profile Practice description 

Gender Occupation Sector Practice description 

1 Female Researcher Scientific 
sector 

Level 2: Research project on the 
tiger mosquito and yellow fever 
mosquito expansion. 
Participants contribute by 
collecting and sending mosquito 
pictures and exact locations 
through an app. 

2 Male 
Institutional 
communicat
or 

Scientific 
sector 

Level 3: Project that fosters 
nanoscience debate between 
citizens and other stakeholders 
to reach conclusions and joint 
solutions for improved 
legislation. 

3 Female Researcher Scientific 
sector 

Level 2: A participatory space in a 
museum to promote collective 
stewardship of research activities 
(e.g. seismology research project 
or device development for 
people with diabetes). 
Participants contribute by 
collecting data. 

4 Male 

Public 
engagement 
projects 
manager 

Public 
administrat
ion 

Level 3: A participatory space in a 
museum that fosters 
collaboration between different 
actors from different fields to 
build a prototype (e.g. an 
engineering product, specific 
software etc.). 

5 Male Researcher Scientific 
sector 

Level 3: Project to analyse and 
promote “science shops”, a 
vehicle for creating spaces for 
dialogue and interaction on 
sustainability between citizens 
and the scientific community. 



 

 57 

Participants help identify 
pressing problems. 

6 Male Researcher Scientific 
sector 

Level 4: Research project on 
mental health. Participants 
contribute by helping to 
elaborate research questions and 
objectives, acting as study 
subjects and collaborating in the 
design of solutions. 

7 Female Manager 

Civil 
society 
organisatio
n 

Level 2: Research project on air 
pollution. Participants contribute 
by collecting data on urban air 
quality on their usual routes. 

8 Male Researcher Scientific 
sector 

Level 2: Research project on light 
pollution. Participants contribute 
by analysing and categorising 
satellite images. 

9 Female Manager Scientific 
sector 

Level 3: Project to promote end-
of-degree projects in 
collaboration with third sector 
entities. Participants take part as 
study subjects or contribute by 
identifying research questions 
and objectives, and collecting 
data. 

10 Male 
Institutional 
communicat
or 

Scientific 
sector 

Level 4: Research project on air 
pollution. Participants 
collaborate by identifying 
research objectives, in data 
collection, data processing and 
results communication. 

11 Male Manager 
Public 
administrat
ion 

Level 1: Research project on 
climate change. Participants 
install weather stations in their 
homes and provide data. 

12 Female Manager 

Civil 
society 
organisatio
n 

Level 4: Project to restructure a 
zoo. Participants collaborate in 
the identification of elements to 
improve, in the proposal of 
solutions and in decision-
making. 

13 Female Manager of 
public 

Scientific 
sector 

Level 3: Research project on the 
prevention of sexually 
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engagement 
projects 

transmitted diseases. Participants 
collaborate in the definition of 
research questions, data 
collection and communication 
of results. 

14 Female 

Manager of 
public 
engagement 
projects 

Business 
sector 

Level 4: Project to promote 
collaborative research on 
environmental issues. 
Participants collaborate in 
identifying a problem, collecting 
data, proposing solutions and 
communicating the results. 

15 Male Researcher Scientific 
sector 

Level 3: A participatory space in a 
public library, in which 
participants collaborate in co-
creation activities using 
technology to increase cultural 
heritage and knowledge (e.g. 
developing artificial intelligence 
algorithms). 

16 Female Researcher Business 
sector 

Level 2: Research project on 
water pollution. Participants 
collaborate by collecting data on 
drinking water quality to develop 
a community map. 

Table 5. Sample description 

 
The average age of the interviewees was 45 years (SD=7.5), and there 
was an equal distribution of male (n=8) and female (n=8). All the 
interviewees had completed a higher education degree programme 
(n=16). Before agreeing to take part, all were informed of the nature of 
the study and the data processing policies, and freely gave their consent. 
All the participants were free to answer only the questions they chose 
to answer and to withdraw from the study at any time. 
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3.2.2 Data collection and processing  

The research team developed a semi-structured interview protocol (see 
Figure 6) to answer the stated research questions. One interviewer 
conducted face-to-face or Skype interviews, according to the 
interviewee’s preference. All the interviews were conducted from June 
to July 2018. The average interview took 42 minutes to complete, within 
a range from 25 minutes to 73 minutes. All the transcriptions were 
reviewed by the authors. 

 

Figure 6. Interview protocol 

 
 
3.2.3 Data analysis and interpretation 

A sequential analysis of the interviews was carried out, and 
observational notes were included in the transcription of the interviews. 
Inductive qualitative content analysis was used to analyse the data and 
interpret its meaning with the support of Atlas.ti (version 8.4) research 
software. This research method reinforces the systematisation and 
objectivity of describing and quantifying phenomena (Schreier 2012), 
according to which we reduced the data to concepts that describe the 
research phenomena by creating categories, that is, groups of content 
that share a commonality (Elo et al. 2014). Triangulation, peer 
debriefing and member checking were the strategies used to ensure 
reliability. 
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3.3 Results 
 

3.3.1 Stakeholders involved in citizen participation 
practices in science 

From the interviews, we identified three kinds of stakeholders involved 
in citizen participation practices in science; we summarize them in Table 
6. 

 
Stakeholders 

involved Description Frequency 

Strategic 
participants 

References to concrete groups of people 
who have some kind of specific 
characteristic that makes them ideal to be 
members of the practice. 

12/16 

Captive 
participants 

References to groups of people who do not 
make the decision to participate in the 
project themselves, usually students, as 
stakeholders involved in the practice. 

8/16 

Generic 
audience 

References to generic groups of people 
(e.g., general public or interested persons) 
as stakeholders involved in the practice. 

1/16 

Table 6. Qualitative results of the stakeholders’ involvement in citizen participation 
practices in science, analysed through a categorization system 

 

a) Strategic participants 

On 12 occasions, interviewees mentioned groups of people with 
specific characteristics as participants in the activity. For example, there 
were mentions of “researchers” (e.g. Interviews 2, 7, 10, 14), “scientists” 
(e.g. Interview 7), “researcher networks” (e.g. Interview 8), “academia” 
(e.g. Interviews 1, 15), “universities” (e.g. Interviews 5, 8), and “research 
centres” (e.g. Interviews 5, 8, 14) as examples of stakeholders involved 
in the activity. 

There were also mentions of other kinds of stakeholders such as “public 
sector” (e.g. Interview 1), “government” (e.g. Interview 1), “public 
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administration” (e.g. Interview 6), “city council” (e.g. Interviews 7, 10), 
“politicians” (e.g. Interview 12), or “people with decision-making power 
within the government” (e.g. Interview 13). There were also some 
mentions of “citizens” (e.g. Interviews 2, 5, 12), “civil society 
organisations” (e.g. Interview 1), “citizen associations” (e.g. Interview 
5), “neighbourhood associations” (e.g. Interview 15), “patient 
associations” (e.g. Interview 6) or “NGOs” (e.g. Interview 13) as 
examples of stakeholders from civil society. 

But we also found some references to specific societal actors linked to 
or interested in the specific activity, such as “private companies” (e.g. 
Interview 1), “journalists” (e.g. Interview 5), “doctors and health 
personnel” (e.g. Interview 6), “cyclists and taxi drivers” (e.g. Interview 
7), “teachers” (e.g. Interviews 8, 9), or “cultural institutions” (e.g. 
Interview 10). For example, one interviewee said: 

In our case, we have representatives from academia, the 
public administration, the library network, library users, 
local neighbourhood associations and a group of small 
companies and businesses in the area who have also taken 
part. (Interview 15) 

Despite the diversity of actors mentioned, we have included all these 
references in the same category because they all identify a strategically 
selected audience to achieve the objectives of the practice. 

b) Captive participants 

In the course of the interviews, there were 8 mentions of sizeable 
groups of people who definitely did not themselves make the decision 
to participate in the project. For example, one interviewee mentioned 
“actors in the educational world such as teachers and their students” 
(Interview 1) as the main stakeholders involved in the practice. Similarly, 
we found references to “schools” (e.g. Interview 7, 14), “students” (e.g. 
Interviews 9, 10, 13, 14, 16) or “educational community” (e.g. Interview 
3). Here is an excerpt from one interview: 

The primary audience is the educational community, that 
is, teachers and schools. The main bulk is older children, 
from 12 or 13 years old. But throughout the project they 
are working with the city council, local associations, 
businesses, etc., to identify a problem, improve it, and fix 
it. (Interview 14) 



 

 62 

All these references have students as one of the main stakeholders, who 
are principally involved in data collection (e.g. Interviews 1, 7, 10, 13, 
14, 16). However, they are accessed through teachers or schools that 
decide to participate in the project. Thus, the students are a captive 
audience taking part in the activity as part of their educational process. 
 

c) Generic participants 

One interviewee made reference to generic groups of people as main 
stakeholders. For example, we found references to the “general public” 
(e.g. Interview 11) or “any type of interested person” (e.g. Interview 11) 
without specifying what kind of social groups they had integrated into 
their practice: 

No, there is no specific profile. Any kind of interested 
person is welcome to join us. (Interview 11) 

 
 
3.3.2 Communication role in citizen participation 
practices in science 

In this section, we have included all the answers that interviewees gave 
us about the role of communication in their participatory activity (Table 
7). 

 
Communication 

role Description Frequency 

Dissemination 

References to communication as a 
tool for dissemination purposes: 
results, conclusions, processes or 
the project itself. 

12/16 

Strengthening of 
relationships with 
stakeholders 

References to communication as a 
tool to establish or maintain 
relationships or engagement 
among participating stakeholders. 

6/16 

Table 7. Qualitative results of the communication role in citizen participation practices in 
science, analysed through a categorization system 
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a) Dissemination  

On 12 occasions during the 16 interviews, we found references to 
communication as a tool for dissemination purposes. For example, one 
interviewee explained to us that their communication strategy “is 
basically focussed on communicating what we are doing, what we have 
achieved, to disseminate and improve the knowledge of citizens and 
participants” (e.g. Interview 1).  

Some interviewees mentioned publishing “results” (e.g. Interview 4), 
“conclusions” (e.g. Interview 2) or “the entire process of the project” 
(e.g. Interview 7) on the project or institution’s website. There were also 
mentions of the dissemination of project results, conclusions or 
processes through social media networks in general (e.g. Interviews 4, 
5, 12), or specific mentions of the network used, such as Twitter (e.g. 
Interviews 1, 6), Facebook (e.g. Interview 1), YouTube (e.g. Interview 
2), online blogs (e.g. Interviews 1, 4) or Instagram (e.g. Interview 14).  

Several coordinators mentioned using “press releases” (e.g. Interviews 
7, 8, 11, 14) to disseminate their project to a wider audience; other 
interviewees mentioned that the project had appeared in the media with 
the same intention. For example, there were mentions of “press 
impacts” (e.g. Interview 7), appearing in “newspaper reports” (e.g. 
Interviews 4, 7), in “TV news” (e.g. Interviews 7, 14) or in “magazines” 
(e.g. Interview 4). Six interviewed coordinators also made reference to 
specific project outputs such as “reports” (e.g. Interviews 1, 2, 4, 6), 
“policy briefs” (e.g. Interview 13) or “videos” (e.g. Interviews 2, 6) 
published in open access and used for dissemination purposes. One of 
them even mentioned filming a documentary of the entire project: 

A documentary was filmed throughout the project. In this 
documentary, there were three protagonists and we were 
the theme. In other words, the sequences focused on 
explaining our work to achieve the objective of the 
project. (Interview 7) 

During the interviews, we also came across mentions of the 
organisation of “events” (e.g. Interviews 2, 7, 10, 11), “conferences” 
(e.g. Interview 2, 13), “workshops” (e.g. Interviews 4, 13) or “talks” (e.g. 
Interview 6) to disseminate the project or its results.  
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b) Strengthening of relationships with stakeholders  

Five of the interviewees referred to communication as a key tool for 
connecting with the stakeholders involved in the practice. Some of them 
mentioned using communication to “maintain participants’ 
engagement” (e.g. Interview 12) during the course of the project, to 
provide “participation feedback” (e.g. Interview 1, 2, 11) or to 
“motivate volunteers” (e.g. Interview 7) to join or continue with the 
project:  

 I was responsible for keeping volunteers informed at a 
particular level, that of research results, which could not 
be published, but which were important for them to know 
to maintain that motivation. I was constantly in touch 
with them, at their entire disposal for any difficulties that 
might arise, to avoid, as far as possible, that no one left 
the project and that the volunteers stayed on board with 
the operation as long as possible. (Interview 7) 

It is interesting to highlight that some interviewees specifically mention 
that results or conclusions were “discussed” (e.g. Interview 6), 
“commented on” (e.g. Interview 6), “interpreted” (e.g. Interview 6) or 
“validated” (e.g. Interview 2) during specific meetings with participants:   

We have also written a report, which we publish in open 
access on our website. We have also organised a series of 
talks. For example, the next one will be in October. And 
with the participants there, we will discuss the results, we 
will interpret them together. (Interview 6) 

Despite their differences, all the references in this category cite 
communication as a necessity to the effective performance of the 
project. 
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3.3.3 Key requirements for citizen participation 
practices in science 

This section contains the results regarding the degree of integration of 
the stated key requirements for citizen participation practices. Table 8 
offers an overview of the analysis of the 16 interviews. Throughout the 
interviews, we identified a fifth requirement, the training of participants 
and facilitators, which was not covered in the original protocol. 

 
Key 

requirement Description Frequency 

Derived 
outputs 

Contributions to the science and 
technology system as part of the 
outputs of the citizen participation 
activity, such as scientific publications, 
policies, plans, or suggestions to 
improve the project itself. 

13/16 

Levels of 
participant’s 
contributions 

Different degrees of stakeholders’ 
active participation during the 
practice, such as data collection, 
opinion collection or decision-making. 

11/16 

Participation 
assessment 

Evaluation of the participation 
through, for example, interviews, 
surveys or analysis of the final 
product. It also includes data 
validation mechanisms of participants’ 
contributions. 

11/16 

Training of 
participants 
and/or 
facilitators 

Training of participants and 
facilitators as a prerequisite 
to the ability to carry out the practice 
correctly. 

9/16 

Replication 
of the 
practice 

Replication of all or part of the 
practice in other contexts, countries or 
cities. 

9/16 

Table 8. Qualitative results of the degree of integration of the different key requirements 
for citizen participation practices in science, analysed through a categorization system 
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a) Derived outputs 

Of all the interviewees, 12 mentioned contributions to the science and 
technology system as part of the outputs of the citizen participation 
activity, such as scientific publications, policies, plans or suggestions to 
improve the project. For example, some of them specifically referred to 
“scientific impact” (e.g. Interview 1), “scientific publications” (e.g. 
Interviews 8, 15), “publication of papers” in scientific journals (e.g. 
Interviews 1, 2, 6, 11, 13), publication of “scientific reports” (e.g. 
Interviews 1, 7) or communications at “scientific conferences” (e.g. 
Interviews 10, 11, 14):  

Our project has had a scientific impact. At least three new 
records in Spain and three scientific articles, authored by 
project coordinators and citizens, have been published. 
(Interview 1) 

On the other hand, one interviewee considered that scientific 
publication was not in line with the primary aims of the participatory 
activity: 

Of course, we always publish or disseminate the results 
on the most open platforms possible. But we would never 
consider writing a paper to a scientific journal like Science 
or Nature because it goes against the culture we want to 
transmit. (Interview 4) 

There were also mentions of other contributions beyond the scientific 
community. Some of the coordinators interviewed referred to 
contributions to public policies in general:  

Citizen science, as well as providing useful data for 
research, may also have an influence on public policy, 
influence decision-making, and so on. (Interview 16) 

However, we also found references to specific measures from the 
practice. For example, “concrete recommendations for European 
legislation” (e.g. Interview 2), “technical reports” for the European 
Commission (e.g. Interview 8,) or local governments (e.g. Interview 13), 
“a report with management guidelines for public administration” (e.g. 
Interview 6, 12), or use of the information collected through the 
practice to carry out specific actions: 
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The results of the project have transcended an urban 
project in our city: the transformation of a large 
boulevard, with four car lanes, into an area dedicated to 
pedestrians, bicycles, with restricted movement of cars. 
Keep in mind that this is a critical site, an urban axis, and, 
in principle, the decision could have generated a lot of 
controversy. (Interview 7) 

The data we collect allows us to be aware of the situation 
and be able to trigger civil protection protocols if 
necessary. (Interview 11) 

Two interviewees even mentioned that the data collected in these 
participatory practices led them to somewhat modify the project itself: 

 We realised that the participants are much more 
interested in the use of these data for monitoring and 
control purposes than for science. So we decided to 
involve the public sector, which is responsible for 
monitoring and controlling the species in cities and 
towns, to use this data in monitoring and control 
programmes. (Interview 1)  

 During the process, we discovered errors in our own 
software, which had been exploited by some participants, 
including some who only got involved to get the grant 
and weren’t interested in taking part in the citizen science 
project. But it helped us to improve our software and 
helped us better understand what may motivate some 
people to take part. (Interview 8) 

 

b) Levels of participants’ contributions 

In this category, we include all mentions to the different degrees of 
participation identified throughout the interviews. Six out of the 16 
coordinators interviewed mentioned data collection as the primary 
contribution of the participants in the project. The way in which data is 
acquired differs depending on the activity, for example, “sending 
pictures and exact locations through an app” (e.g. Interview 1), or 
installing and using a specific device to acquire and send data (e.g. 
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Interviews 7, 10, 11). Beyond this, one interviewee referred to data 
interpretation as the principal contribution of participants:  

Participants receive a series of images and have to look at 
them, interpret what each of the elements that appear in 
them are, label them and send them to us. (Interview 8) 

There were two mentions of stakeholder participation throughout the 
entire project: 

We and the different social actors conduct the research 
together. Not only do they take part in the data collection, 
they are there from the first moment the problem is 
studied, the question is defined, etc., until the end, with 
co-decision at every moment. (Interview 13)  

Two interviewees referred to the collection of participants’ opinions on 
a specific topic as the primary objective of their practice. One 
coordinator mentioned “to capture the main perceptions of a small 
group of citizens and relevant stakeholders” (e.g. Interview 2) and “to 
create a list of needs and values behind each of the applications we 
discussed during the process” (e.g. Interview 2), while another 
mentioned “collecting signatures” (e.g. Interview 12) as a means of 
opinion collection.  

Another two interviewees mentioned using opinion collection to 
identify research objectives (e.g. Interview 6, 9) or determine research 
design (e.g. Interview 9).  

What we do is go to a specific community and decide with 
them what to investigate in relation to their context and 
their group concerns. We use game theory to make an 
intervention in the public space, which allows us to collect 
this information. (Interview 6) 

A total of 4 out of 16 interviewees mentioned participation in decision-
making throughout the practice. For example, there were mentions of 
using “collaborative methodologies for co-creation” (e.g. Interview 4) 
during the project, working in groups “to decide on the research 
objectives” (e.g. Interview 13), “to discuss the best idea” (e.g. Interview 
10), or even “vote for the elements to be included in the proposal at a 
popular assembly” (e.g. Interview 12).  
 



 

 69 

c) Participation assessment 

Only 8 interviewees responded that they were evaluating the 
participation practice. Some referred to “surveys” (e.g. Interviews 4, 12, 
13), “interviews” (e.g. Interview 16) “analysing the final product” (e.g. 
Interview 10) or “qualitative assessment” (e.g. Interview 10) as 
examples of such evaluation. However, other interviewees mentioned 
assessment of the level of “satisfaction” (e.g. Interviews 8, 14) as the 
only evaluation process of the activity carried out: 

We have carried out non-formal, non-scientific surveys, 
but simply to analyse the degree of satisfaction with the 
activity. And, in general, the teachers and the children 
have been quite satisfied. (Interview 8) 

There were also mentions of no evaluation at all (e.g. Interview 6) and 
comments regarding the need to improve or systematise the evaluation 
of the participation and the activity itself (e.g. Interview 4): 

We should try to improve the evaluation, do it every year 
to make it a little more systematic, precisely to be able to 
compare results from previous years and see the 
successes, the mistakes and the changes made. (Interview 
4) 

Five interviewees referred to the need to supervise participants’ data 
(e.g. Interviews 1, 3, 10, 11) or interpretations (e.g. Interview 8) as a 
quality control before using them in the research process: 

The photographs that citizens send us are reviewed by 
experts, to ensure that they are the correct species. 
(Interview 1) 

If we detect an out-of-range value, we contact the 
collaborator to correct this. Most likely it is a machine 
calibration problem. If it is not possible to contact or 
correct it, we label it as invalid data in the database. After 
performing a monthly quality control, we compare data 
labelled as invalid with data from the same geographical 
area. (Interview 11) 

 



 

 70 

d) Training of participants and/or facilitators 

In 9 of the 16 interviews, when asked the question, “What did the 
participants have to do?”, the coordinators spontaneously mentioned 
training as a prerequisite to the ability to carry out the practice correctly, 
referring mainly to the training of participants in a specific aspect. For 
example, interviewees mentioned “a preliminary two-day practical 
seminar” (e.g. Interview 4), “very intense training” (e.g. Interview 7), 
and “a training guide” (e.g. Interview 10) for participants. Six of these 
mentions come from coordinators of activities in which participants 
were involved in data collection. Some interviewees mentioned a train-
the-trainer approach (e.g. Interviews 1, 2, 10), or the need to “develop 
a training unit for schools” (e.g. Interview 7) to achieve the objectives 
of the practice:  

Because we work with the educational sector, we train 
teachers so that students can also collect data and draw 
conclusions from the state of the municipality. (Interview 
1)  

We teach a group of students how the app and the device 
work, then these students are able to teach their 
classmates how to do it. (Interview 10) 

Other interviewees specifically mentioned the importance of training 
experts and organisers. For example, we found mentions to the need to 
“provide scientists with training on how citizen science works” (e.g. 
Interview 8) or to “provide us, the organisers, with training in 
democratic participation in science” (e.g. Interview 12).  

The initial training that the organisers received was very 
important. Our activity is part of an European project, 
and some of the partners are experts in this type of 
methodology, so they gave us a seminar to learn how to 
stimulate discussion and encourage participants to speak, 
and how to extract the information they provide. 
(Interview 2) 
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e) Replication of the practice 

Nine interviewees mentioned that their practice, or part of it, has been 
or could be replicated in other contexts, countries or cities. For 
example, some interviewees mentioned interest from “other research 
groups” (e.g. Interview 1), “other researchers” (e.g. Interview 16) or 
“other museums” (e.g. Interview 14) to implement the same or a similar 
project in other countries. Other interviewees mentioned knowing that 
the methodology used in their practice “has been replicated in other 
Spanish locations” (e.g. Interview 4, 7) or “internationally” (e.g. 
Interview 4), sometimes with “different objectives” (e.g. Interview 7, 
10):  

At first it was a super local, single-city project, then we 
got more funding and replicated the method in other 
cities nationwide. Now we are setting up a consortium 
and the idea is to go to the international level, try to find 
financing for a European project. (Interview 16) 

 
Throughout the interviews there were also some references to 
“methodological publications” (e.g. Interview 1, 13), sharing 
methodology and experiences in “conferences” (e.g. Interview 4) or the 
use of “professional networks” (e.g. Interview 11) to promote 
replication: 

We have proposed a new methodology to improve 
understanding of what could be a fairer and more 
equitable community care model. This is the principal 
innovation we offer that may be useful for other groups, 
research fields or entities. (Interview 6) 
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3.4 Discussion 

To the best of the authors’ knowledge, this is the first exploratory study 
analysing citizen participation practices to have been conducted in 
Spain. The study will offer interesting insights into the reality of citizen 
participation practices in science in Spain, a country very active in 
scientific research and currently promoting the inclusion of society in 
the research process. However, given that this is a qualitative and 
exploratory study, our findings cannot be considered representative of 
all Spanish citizen participation practices. 
 

3.4.1 Stakeholders involved in citizen participation 
practices in science 

Most of the interviewees mention a series of audiences or stakeholders 
identified according to the project’s objectives. Different objectives 
mean different audiences (Kullenberg and Kasperowski 2016), and 
different social actors may be involved to a greater or lesser degree in 
the different phases of the project (Chilvers 2013). 

As reported in the results section, the main stakeholders of several of 
the practices analysed were students or the educational community. 
Since many participatory projects also have an associated educational 
aim (Árnason 2013), the participation of the educational community 
may seem appropriate. This public is generally associated with projects 
in which large-scale data collection is key to participation and large 
numbers of people are needed. By involving stakeholders from the 
educational community, large numbers of participants can be recruited 
for the project with only a moderate recruitment effort. 

However, we must not forget that the members of this group are often 
a captive public, since participation is usually decided by teachers or 
schools and is linked to the teaching programme. Thus, the students 
themselves do not volunteer to take part. Nonetheless, if we consider 
that a fully developed citizenship should incorporate science literacy and 
scientific practice, including the educational community in participatory 
science projects could foster scientific modes of reasoning among 
future generations of citizens (Strasser et al. 2018).  

A study on the implementation of citizen participation projects in 
science in Catalonia (Spain) reports that students would like to continue 
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taking part in such projects, but preferably mainly at school, rather than 
individually or with family members (RecerCaixa 2016). Further study 
will be necessary to determine whether the fact of taking part in 
participatory science activities during their school years influences 
citizens’ willingness to take part in such democratic activities in the 
future.  

Although most of the interviewees mentioned the selection of strategic 
publics, in some interviews the coordinators still viewed the public 
involved in their projects as a single entity. Greater experience in public 
engagement activities is associated with greater understanding of 
multiple publics (Besley and Nisbet 2013). The inclusion of multiple 
publics in participatory science activities promotes the analysis of 
problems from different perspectives and the search for joint solutions 
for a shared future (Jacobi et al. 2017; Malyska, Bolla, and Twardowski 
2016; Welp et al. 2006), raises research questions and previously 
uncontemplated lines of research (Frickel et al. 2010), and increases the 
legitimacy of science governance (Bernauer and Gampfer 2013).  

Previous works have revealed that younger generations of scientists 
tend to receive more specialised training in such activities (Llorente et 
al. 2019). Our hypothesis is that including more formal training for 
scientists in science and society relations could foster a more realistic 
view of the public and help to boost citizen participation projects in 
science. 

 

3.4.2 Role of communication in citizen participation 
practices in science 

Communication plays a key role in participatory projects. It is essential 
for project dissemination, results, conclusions and derived outputs as 
well as for participant recruitment. It is also necessary for maintaining 
and strengthening stakeholder– coordinator relationships. 

A participatory science process needs to be understood as a two-way 
commitment. By participating, citizens accept a commitment to the 
research team; at the same time, the research team makes a commitment 
to the participants. This means that there should be no participation 
without return, either in the form of shared knowledge, recognition in 
derived products, or specific actions linked to the objectives of the 
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project itself, beyond the scientific objective (Kullenberg and 
Kasperowski 2016). Communication is an essential tool to enable this 
to take place. 

Although communication, public engagement and collaborative 
strategies are fundamental elements in the professional life of scientists 
with significant social implications, most Spanish universities do not 
include training in these skills in science degrees (Revuelta 2018). 
Therefore, greater efforts for better training for future scientists 
regarding communication skills and how to establish such relationships 
are needed. 

 

3.4.3 Degree of integration of the key requirements  

This study analyses the degree of integration of the four key 
requirements for developing citizen participation in science practice: 
derived outputs, level of participant contribution, participation 
assessment, and practice replicability. Following analysis of the 
interviews, we added a fifth requirement: training of participants and 
facilitators. 

The derived outputs of such practices are very different (scientific 
publications, policies, plans, concrete actions, etc.) and will depend, 
above all, on the specific objectives of each project. Citizen participation 
in science activity must make some kind of contribution to the science 
and technology system. The participation of citizens must respond to a 
specific objective and result in the co-production of some type of 
output. Otherwise, participation cannot be considered an element of 
democratic citizenship (Baum 2015) or a matter of cognitive justice 
(Irwin 2001), nor would it be responding to the social demand for a 
more active role in these processes (Rogers 2006). 

As we have seen, citizens can participate in science along a spectrum 
from collecting data to co-construction of knowledge and research 
through deliberative approaches (Schrögel and Kolleck 2018). Thus, the 
common element in this broad range of participation is that the citizen 
plays an active role during the process. However, the current literature 
suggests that a large part of the scientific community continues to 
consider the deficit model the best way to approach the public (Jensen 
and Holliman 2016; Metcalfe 2019; Seethaler et al. 2019; Simis et al. 
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2016). This approach implies a passive audience and a perception of the 
capacities of the public incompatible with a participatory, co-production 
approach. 

Even so, researchers more active in public engagement activities have a 
better understanding of the public and their ability to take part in 
knowledge co-production processes (Besley and Nisbet 2013). Previous 
studies have revealed that Spanish scientists consider public 
engagement activities a shared responsibility among institutional 
communication departments, journalists and researchers (Llorente et al. 
2019). This conceptualisation of public engagement as a 
multidisciplinary activity involving collaboration among different actors 
is also consistent with the participatory approaches analysed here. 

In general, there is a lack of assessment, with confusion between 
evaluation of the participatory activity itself and evaluation of 
participant satisfaction. Although the evaluation of citizen participation 
in science has evolved in recent years, there is a lack of consistent 
evaluation criteria for systematic and transparent assessments of success 
and failure (Haenssgen 2019).  

We consider that the evaluation of the participatory activity should be 
conceptualised from the beginning of the project, since it is the only 
way to verify whether the participatory process is meeting the stated 
objectives as well as citizen participation in science good practice 
standards (Haenssgen 2019; Jensen and Holliman 2016). This type of 
evaluation may exceed the competences of the research staff. However, 
most practices that include data collection or interpretation have 
established mechanisms for validating the contributions of non-
scientists to the project.  

As discussed in previous sections, many of these participatory practices 
also include an objective related to learning or the acquisition of new 
knowledge or tools. It should not surprise us, then, to find that training 
is a key element of citizen participation in science. However, there are 
two types of training to carry out an efficient citizen participation 
practice. 

Depending on the level of participation, there will be a need to train the 
stakeholders involved (to acquire common basic knowledge for data 
interpretation, use of specific software or tools, etc.) to enable them to 
take part. Meanwhile, training the members of the research staff in 
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participatory strategies and public understanding of science will be 
equally important and necessary. 

As for all types of scientific production, the participatory methodologies 
used in citizen participation processes should be able to be replicated in 
other contexts, countries or cities. In the results reported in the previous 
section, we can see that this is an element that is usually taken into 
account in this type of project. Notwithstanding, replicability should be 
considered from conceptualisation of the project. 

 
 

3.5 Conclusions 

In view of the potential benefits for science and technology processes 
associated with citizen participation, there is a need to understand the 
nature of the practices currently being carried out. In this article, we 
have addressed the Spanish context through a qualitative approach with 
the aim of providing an exploratory view of citizen participation in 
science. As such, our conclusions should not be overinterpreted. 
Further research is needed to fully understand Spanish citizen 
participation in science and our suggestions should not be taken as 
definitive, but rather as the focus for potential strategies to foster 
science–society relationships.  

We analysed the degree of integration of what we consider the five 
requirements for the development of a citizen participation in science 
practice: derived outputs, level of participant contribution, participation 
assessment, replication of the practice, and training of participants and 
facilitators. Such requirements need to be addressed before starting the 
participatory process in order to allocate the necessary resources, both 
human and economic, to cover extra duties beyond the researchers’ 
routine tasks.  

Depending on the degree and type of involvement expected of the 
participants, it will be necessary to include training prior to 
commencement of the practice. Equally important is to anticipate the 
collaborative methodologies training needs of the research team. There 
is also a need to train facilitators of participatory science activities with 
respect to the importance of these processes and the methodologies 
needed to assess these processes. Otherwise, it will be impossible to 
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verify whether the participatory process is meeting the stated objectives 
as well as good practice standards for citizen participation in science. 

In participatory practices, extra effort must be invested during the 
conceptualisation phase to identify the potential stakeholders, the most 
appropriate recruitment and engagement strategies, and the expected 
level of commitment to the project. For this to be carried out 
successfully, training on how to establish collaborative relationships will 
be necessary. 

Communication has been revealed as a key tool for the successful 
development of citizen participation practices in science, both for 
dissemination and for strengthening relationships with stakeholders. 
We believe that, in addition to the training already discussed, there is a 
need for multidisciplinary teams with solid knowledge of the scientific 
and technical elements to perform the project, as well as the skills 
required to enact communication, public engagement, co-production 
and deliberation strategies. 

Until citizen participation in science becomes a reality, the existing 
barriers – such as lack of time, resources, recognition and training – 
must be taken into account and efforts made to promote solutions. The 
main contribution of this study consists of the strategies proposed to 
reduce those barriers. 
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Abstract: 
 

The increasing perception that public communication in science and 
technology is an important tool to create a knowledge society is 
encouraging numerous public engagement activities. However, too little 
is known about scientists’ opinions of and attitudes towards the 

public with whom they interact during these activities, especially in 
southern European countries such as Spain. If we want to establish an 
effective dialogue between science and society, we need to be aware of 
the opinions and perceptions that both parties have of each other. In 
this study, we address this issue by focusing on 1022 responses to a 
survey conducted among scientists in Spain to discover their views of 
the public, and we then compare these responses with data from other 
national surveys on the public’s understanding of science. 

The results show that approximately 75% of Spanish scientists think 
that the general public has a serious lack of knowledge and 
understanding of scientific reasoning, although scientists do recognize 
that science interests the public (73%). Scientists believe that the public 
values the scientific profession to a lesser extent than suggested by 
public surveys: on a scale of 1–5, survey respondents rate their valuation 
of the scientific profession at 4.22, whereas scientists rate the public’s 
valuation of the profession at 3.12, on average. Significant differences 
were detected between scientists’ perceptions of how citizens are 
informed about science and what citizens report in surveys. The 
challenge for the future is to narrow this gap in order to help scientists 
gain a better understanding of the public and their interests and to make 
public engagement activities more effective. 
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4.1 Introduction 

Scientific innovations are deeply embedded in social life: in the 
economy, in policy choices, and in how people care for themselves and 
how they use environmental resources. It is primarily for this reason 
that public communication in science and technology is increasingly 
seen as an important tool for creating a knowledge society. Indeed, in 
recent years, great importance has been placed in Europe on outreach 
and science dissemination activities (European Comission 2014; Felt 
2007; Hockfield 2018), and most strategic documents describing 
research and development of the European Union and its member 
countries (including Spain) highlight the need to establish a dialogue 
between citizens and scientists (Felt 2007; Van der Hoven et al. 2013). 
Over the last two decades, as interest in involving the public in research 
and innovation processes has increased, so has concern that these 
processes be implemented responsibly. This movement of 
responsibility, labeled responsible research and innovation (RRI), has 
been defined by Stilgoe et al., (2013) as “taking care of the future 
through collective stewardship of science and innovation in the 
present”. 

Public communication of science tends to adopt different approaches 
that can be grouped into three models: dissemination model, dialogue 
model and conversation model (Trench 2008). The last model can be 
understood as "public engagement with science” and refers to a wide 
range of interactions that provide opportunities for mutual learning 
between scientists and members of the public (European Commission 
2007). Mutual learning refers not just to the acquisition of knowledge 
but also to increased familiarity with a wide range of perspectives, 
frameworks, and worldviews (Von Schomberg 2011). The challenge is 
therefore to encourage a deeper and more systematic engagement with 
civil society groups and the wider public.  

For public engagement to make a difference, it must become part of the 
routine practice of this new concept of responsible science (European 
Commission 2007). Despite the fact that calls for funding research 
(both from Europe and the Spanish government) increasingly include 
communication as a key issue, researchers’ involvement in such 
activities remains voluntary (Revuelta 2018). Moreover, most 
researchers do not receive specific training in these areas either as 
undergraduates or during their subsequent training as scientists 
(master's, doctorate, etc.)(Besley et al. 2018; Brownell, Price, and 
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Steinman 2013). Therefore, most researchers do not have specific 
consistent knowledge about effective strategies of scientific 
communication or about studies of social perceptions of science 
(Revuelta 2018). Therefore, their intuition, innate capacity for such 
tasks, or experience will determine their ability to participate in these 
activities. A substantial number of changes in Spain’s approach towards 
integrating science and society have occurred in the past few years. For 
example, public organizations in Spain now more often target public 
engagement. However, the inclusion of citizens in science and 
technology is not as developed as in some other European countries 
(MoRRI consortium 2018). Public engagement is not an evaluation 
element, citizens are involved in research and innovation to a minor 
extent, and the organizational landscape enabling engagement of 
citizens is not well developed (MoRRI consortium 2018). Nevertheless, 
the tendency is to align Spain’s strategy with the European guidelines. 

The European Union strategy is clearly to move towards a deeper 
inclusion of society in the scientific process. In this context, public 
engagement activities are key, as is the willingness of scientists to take 
part. If the scientific community wants to establish an effective dialogue 
between science and society, it is important to be aware of the opinions 
and perceptions that both parties have of each other.  

In this study, we address the issue of mutual opinions and perceptions 
by focusing on Spanish scientists’ views of the public and their role in 
public engagement activities. We compare these views to the results of 
previous national surveys on the public’s understanding of science from 
Spain and from Europe. We use the term “scientist” to refer to the 
broad range of individuals from across scientific, medical and 
engineering fields who are working in research and employed by 
universities or research institutions. 

 

4.1.1 What motivates scientists to be involved in 
science communication activities? 

Unfortunately, there is scant literature that specifically analyzes Spanish 
scientists’ motivation to participate in science communication activities. 
Martin Sempere et al. studied this issue among scientists based in 
Madrid. The authors concluded that scientists are motivated by a wish 
to improve public interest and enthusiasm for science, the public’s 
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scientific culture, and public awareness and appreciation of science and 
scientists (Martin-Sempere, Garzon-Garcia, and Rey-Rocha 2008). 
However, scientists may also be motivated by a sense of duty, especially 
in the case of senior researchers (The Royal Society 2006). Other studies 
suggest that the motivation is especially strong in the case of health 
science researchers, as they seek to promote medical science within the 
public sphere (Watermeyer 2012). 

Dunwoody et al. and Besley et al. studied American scientists as public 
communicators. The primary motivation that scientists became 
involved in engagement activities were socials norms, a personal 
commitment to the public, good feelings of personal efficacy and 
professional obligation, and a desire to contribute to the public debate 
(Besley, Oh, and Nisbet 2013; Dunwoody, Brossard, and Dudo 2009). 
These findings indicate that researchers strongly believe that they 
should have a role in public debates. Bentley et al. studied the situation 
with climate change scientists and reported similar results especially 
when a substantial disjoint may exist between scientific findings and the 
impact they have on the public (Bentley et al. 2012). Nonetheless, Besley 
et al. showed that scientists from the United Kingdom specifically view 
policymakers as the most important group to engage with, rather than 
the general public (Besley and Nisbet 2013).  

De Boer et al. also reported that Irish food safety experts have little 
confidence in the public’s understanding of and ability to deal with 
scientific information and practices (De Boer et al. 2005). Other studies 
suggest that scientists engage with the public without reflecting on their 
own status as part of the public and act in accordance with their own 
linguistic and social domain (Cook, Pieri, and Robbins 2004). This 
context leads researchers to favor the deficit model: one-way 
communication activities designed to educate the public and defend 
science from misinformation (The Royal Society 2006). In contrast, 
scientists least prioritize communication that seeks to build trust and 
make the information imparted resonate with the public (Dudo et al. 
2016).  

Collins et al. studied scientists’ usage of social media (Twitter, 
Facebook, LinkedIn or blogs) and concluded that researchers perceive 
numerous potential advantages to using social media in the workplace 
(Collins, Shiffman, and Rock 2016). However, most scientists consider 
social media to be useful to communicate with other scientists rather 
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than suitable for science communication to the general public (Collins, 
Shiffman, and Rock 2016). 

Torres Albero et al. studied the Spanish situation and concluded that a 
contrast exists between researchers' desire to disseminate knowledge 
and the limitations derived from a low degree of interest in science in 
broad sectors of the Spanish society, together with professional 
promotion policies that do not give priority to science communication 
activities. The authors coined the term “trapped in a golden cage” to 
characterize the situation of scientists in Spain, who see no need for 
public engagement because they perceive little public demand for it. 
This situation led Torres Albero et al. to conclude that Spanish scientists 
are “trapped between the need to engage in dissemination activities 
from a moral standpoint and a social and professional environment 
(lack of time and of academic recognition) that is hardly conducive to 
these activities” (Torres-Albero, Fernández-Esquinas, et al. 2011).  

 
4.1.2 Why do scientists need to understand public 
perceptions? 

As seen above, the traditional one-way approach to the science-society 
relationship still predominates in communication and outreach 
scenarios. However, many members of the public already understand 
basic scientific facts and concepts and therefore resist the presumption 
that they are not able to understand. Thus, “scientific education” alone 
may be insufficient for such citizens (Davies 2008a). 

Sociodemographic factors such as gender, social background or 
ideology likely play a key role in how scientists view different 
dimensions of the public sphere (Besley and Nisbet 2013). These factors 
and others may also impact how scientists interact with the public and 
what they want to achieve by participating in these kinds of interactions 
(Besley and Nisbet 2013; Blok, Jensen, and Kaltoft 2008).  

Some works reveal that scientists’ perceptions of the public vary 
according to the scientists’ experience (Besley and Nisbet 2013; Besley, 
Oh, and Nisbet 2013), field of research (Grand et al. 2015) and funding 
(Burningham et al. 2007). Greater experience in public engagement 
activities is associated with a better opinion of the public and with a 
more open-minded stance regarding how communication processes 
should be structured (e.g., dialogue or two-way communication rather 
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than the idea of merely filling a knowledge vacuum) (Besley and Nisbet 
2013). This range of perceptions entails that the term “public” is 
constructed in many different ways; indeed, it is important to consider 
“multiple publics.” 

Some studies show that when scientists have closer contact with the lay 
public, they acquire a more nuanced view of this particular public and 
of the corresponding process of communication (Davies 2008a). 
Torres-Albero et al. described the average profile of Spanish scientists 
who are involved in disseminating scientific findings as males who are 
over the age of 40 and working in the highest professional category. 
Scientists who are not involved in public engagement activities, 
however, were also predominantly male but older (Torres-Albero, 
Fernández-Esquinas, et al. 2011). We have to take into account that this 
study was carried out in 2011 and that the profile of the typical scientist 
who participates in science communication in Spain may have changed 
since then. For example, early career researchers may have a key role in 
science communication as Donkor et al. reported in their studies with 
climate researchers from the United Kingdom and South Africa 
(Donkor et al. 2019). However, as far we know, there are no more 
recent studies addressing this issue in Spain. 

 
4.1.3 Public surveys about science and technology 

Several countries have launched studies to investigate the characteristics 
of the relation between science and society so that appropriate strategies 
for improving the effectiveness of scientific dissemination can be 
designed. One such example is the Pew Research Center report (Funk, 
Rainie, and Smith 2015), which focuses on a comparison of the views 
of the general public and scientists from the American Association for 
the Advancement of Science (AAAS). Another prominent example is 
the Science and Engineering Indicators report, last published in 2018 
by the National Science Board of the United States; this biennial report 
provides a broad base of quantitative information about science, 
engineering, and technology, including public attitudes and 
understanding. In Europe, the European Commission regularly carries 
out opinion polls regarding science and technology (European 
Commission 2005, 2010b) and on specific topic such as biotechnologies 
(European Commission 2010a) or climate change (European 
Commission 2008). In Spain, every two years, the Spanish Foundation 
for Science and Technology (FECYT) analyzes the relationships 
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between science, technology and society through a survey (FECYT 
2017).  

In these studies, the survey questions are usually designed following six 
key indicators included in the three main dimensions of scientific 
literacy described by John D. Miller in 1998: information, interest, 
knowledge, understanding, opinions and attitudes and confidence. 

The biannual surveys of FECYT provide data on the public 
understanding of science in Spain (FECYT 2017) based on these 
indicators. However, there are no data on scientists’ understanding of 
the perceptions of the public or of civil society organizations regarding 
scientists’ role in the research, development and innovation process or 
on Spanish scientists’ actual understanding of the public. 

This gap supports the need for exploratory research to better 
understand the interaction between scientists and the public. If we want 
to promote public engagement and science dissemination, we need to 
understand researchers’ views, opinions and attitudes towards the 
public. Therefore, the present study sought to answer the following 
research questions: 

RQ1. What are the opinions and attitudes of Spanish scientists 
towards the public? 

RQ2. What are the opinions and attitudes of Spanish scientists 
towards public engagement with science? 

RQ3. Are Spanish scientists’ views in line with data available in 
Spain on the public’s understanding of science? 
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4.2 Materials and methods 

All the participants of this research were informed about the study and 
asked to sign a written consent. All of them were free to answer each 
one of the questions as well as to stop participating at any time. 

The population studied consisted of researchers living and working in 
Spain participating in research and development projects funded by the 
Spanish Ministry of Science, Innovation and Universities during 2013 
and 2014. Accordingly, we can ensure that people participating in the 
study have lived and worked in Spain for a certain period of time and 
that they have been involved in a research project funded by the Spanish 
government. Henceforth, we will call this population "Spanish 
scientists."  

The study is focused on Spain due to the need for a better 
understanding of the reality in Spain, a country where scientific 
communication is very active but that nonetheless remains largely 
absent from the international literature on the topic. 

To answer our research questions, the study was carried out in two 
phases: a first exploratory phase in which 14 semi-structured interviews 
were carried out with Spanish researchers to determine the scope of 
study and a second phase based on an online questionnaire completed 
by Spanish researchers.  

The study was conducted as a collaborative process between the 
research team (the authors and 2 masters’ students who only collaborate 
in data collection) and a working group composed of 14 representatives 
of Spanish Scientific Culture Units, which are structures formally 
recognized by the Spanish government and based at universities and 
research centers. These structures act as intermediaries between their 
host institutions and citizens with the main aim of promoting scientific, 
technological and innovation culture though different types of activities: 
scientific communication, outreach, training, etc. These units are key 
agents in the dissemination of science and innovation in Spain and 
provide a crucial service for improving and contributing to the training, 
culture and scientific knowledge of citizens (Capeáns, López, and 
Gonzalo 2012). 
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Table 9 summarizes the institutions that selected a representative as 
part of this working group: 
 

University or research centre City Autonomous 
community 

University of Seville Seville Andalusia 
University of Zaragoza Zaragoza Aragon 
National Research Centre on Human 
Evolution (CENIEH) Burgos Castile and 

León 

University Jaume I Castellón de la 
Plana 

Community of 
Valencia 

Polytechnic University of Madrid Madrid Madrid 

University Carlos III  Madrid Madrid 

University of Cordoba Córdoba Andalusia 

International University of La Rioja Logroño La Rioja 

Seneca Foundation Murcia Murcia 

University of the Basque Country Leioa-Bizkaia Basque 
Country 

AZTI-Tecnalia Pasaia, 
Guipuzkoa 

Basque 
Country 

Institute for Bioengineering of 
Catalonia Barcelona Catalonia 

Open University of Catalonia Barcelona Catalonia 

Pompeu Fabra University Barcelona Catalonia 

Table 9. Working group institutions. 

The working group collaborated with the research team throughout the 
study in several key points: definition of the study dimensions, revision 
of the script of the semi structured interviews, determining the survey 
design and the sample selection. We also relied on the experience of the 
working group during the discussion of the results to ensure the 
reliability of the interpretations. The units of scientific culture were 
selected taking into account the geographical distribution of the 
researchers in the country.  

 



 

 91 

4.2.1 Scope of study 

To map the different views, define the scope of the study, and devise 
the specific questions to be included in the online survey, we conducted 
14 semi-structured interviews. The main objective of these interviews 
was the qualitative exploration of scientists’ views on different subjects 
related to our research questions, such as the public interest in science 
and technology, the public perception of scientists’ profession, the 
public image of science and technology, the scientific cultural level of 
citizens, how the public is informed about science, and their role in 
public engagement activities.  

The specific script of the semi-structured interview was prepared 
following the guidelines of Martín Izard (2010) and was devised jointly 
by the abovementioned working group and the research team. Before 
participating, representatives were informed about the study and asked 
to sign a written consent form. The research team developed a semi-
structured interview protocol and two interviewers conducted face to 
face or Skype interviews. All the interviews were recorded, transcribed 
immediately, and shared with the research team. For reasons of privacy 
protection, the names of the representatives and the organizations have 
been anonymized. Feedback was also obtained from the working group 
associated with the project. One researcher from each unit’s institution 
was interviewed during the spring of 2016.  

We interviewed seven men and seven women. In choosing the sample, 
we took into account research experience (over or under 10 years 
working in research), the degree of involvement in public engagement 
activities (participating in more than or fewer than 3 activities per year) 
and the research field. Each member of the Spanish Scientific Culture 
Units included in our working group suggested one researcher from 
their university or research center according to the selection criteria 
noted above. Finally, we included researchers from the fields of biology, 
engineering, paleontology, veterinary science, physics, mathematics and 
chemistry to gather a diversity of views. Researchers from social 
sciences and humanities were not included, but the research team 
decided that the variety of disciplines was wide enough to perform this 
exploratory study. 

Based on these semi-structured interviews and our research questions, 
the study explores the following themes: 



 

 92 

• Scientists’ opinions of and attitudes towards the public: How scientists 
perceive public interest in science and technology, how 
scientists view public understanding of science and technology, 
and the public image and perception of scientists and the 
profession. In this section, we also analyze how scientists 
believe the public is informed about science and technology-
related issues (RQ1 and 2). 

• Scientists’ opinions of and attitudes towards their role in public engagement 
activities: How scientists should be involved in science 
dissemination (RQ3). 
 

4.2.2 Survey design 

The specific questions of the survey were developed in close 
consultation with the working group. The survey design incorporated 
the key indicators and certain questions used in surveys on public 
understanding of science, such as those carried out every two years by 
the FECYT (2017) or the Science and Engineering Indicators report, 
published by the National Science Board (2018) of the United States, in 
order to be able to compare the answers. The survey also included new 
questions to provide a broader knowledge as well as certain 
sociodemographic questions.  

The exact wording and complete questionnaire are available in S1 
Questionnaire. Specifically, questions 2, 3, 5, 6 and 8 of the 
questionnaire are inspired by the public perception surveys of the 
FECYT (2017). Of these questions, questions 3, 5 and 6 are the same 
questions that the FECYT used in their survey. Of course, the wording 
has been changed since the FECYT study focuses on the responses of 
society, whereas our study focuses on the responses of researchers. 
Question 4 is inspired by a question from the Science and Engineering 
Indicators report. Similarly, readjustments were made in the wording 
due to the difference in the target audience in the two studies. Questions 
1, 7, 9 and 10 were defined by the research group taking into account 
the scope of the study and researchers’ responses in the exploratory 
interviews. 

The final online questionnaire consisted of nine questions about 
researchers' perceptions of society, seven of which were multiple-choice 
questions in which the researchers had to select the option that best 
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suited their opinion. In the other two questions, the scientists were 
asked to indicate their degree of agreement based on a Likert scale. In 
addition, a tenth multiple-choice question asked the researchers which 
professionals should be involved in science dissemination. The 
questionnaire was accompanied by an informative e-mail specifying the 
purpose of the study and the use that was to be made with the data that 
the participants provided. Respondents were free to choose whether or 
not to answer any particular question. Before submitting their answers, 
respondents had to check that they have received informed consent. 
The average survey duration was approximately 15 minutes.  

 
4.2.3 Survey sampling 

According to data from the Statistics Institute of the Spanish 
Government (Instituto Nacional de Estadística 2014), the number of 
Spanish researchers dedicated to research and development was 
122,235, a figure representing the maximum size of the study 
population. We did not take into account scientists working in 
commercial companies, who, according to the Statistics Institute, 
number approximately 45,000 people in Spain (FECYT 2017). Thus, 
the study inferences concern scientists working in public universities or 
research centers.   

Adhering to the tailored design method (Dillman et al. 2009), each 
member of the working group made three contacts with members of 
the sample of their institution over approximately four weeks and sent 
e-mail reminders once responses from the first invited contact had been 
received. Finally, the online survey was distributed to 5554 scientists 
from the working group institutions. The response rate was 22%, 
resulting in a final data set of 1022 scientists (sampling margin of error 
of approximately 3% and a 95% confidence level). The response rate to 
online questionnaires is usually relatively low, but this response rate is 
consistent with those reported for other online surveys of expert 
communities (e.g., Dudo et al. 2016). Moreover, this is a descriptive 
study that does not seek to analyze precise differences between 
participants but, rather, to provide a group description. The online 
survey was sent during the autumn of 2016.  

The data were weighted to ensure that the demographics of the sample 
reflected the underlying population of scientists; that is, we have taken 
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into account factors such as gender (60% male and 40% female), age, 
research experience, and field of study (see Table 10). The field division 
used is the one provided by the Spanish Ministry of Science, Innovation 
and Universities. 

 

Age group N % of the 
sample 

Under 24 years old  42 4 
25 to 34 years old 257 25 
35 to 44 years old 274 27 

45 to 54 years  280 27 

55 to 64 years old  139 14 

Over 65 years old  30 3 

 

Level of experience N % of the 
sample 

1 to 10 years  335 33 

11 to 20 years  268 26 

21 to 30 years  279 27 

31 to 40 years  112 11 

Over 41 years  28 3 

 

Field of study N % of the 
sample 

Exact and natural sciences  374 37 

Engineering and technology  241 24 

Medical sciences  228 22 

Agricultural sciences  37 4 

Social sciences 108 11 

Humanities 34 3 

Table 10.  Age, research experience and field of study. 
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To study the relationships between the different variables, we 
performed Pearson's chi-squared test with the statistical software 
Statistical Package for the Social Sciences (SPSS), version 23. 
 

4.3 Results 

4.3.1 Scientists’ views of public interest in science 
and technology 

As we noted in previous sections, the question regarding public interest 
in science and technology was defined by the research team taking into 
account the researchers’ responses in the exploratory interviews and 
questions on the same topic proposed in the FECYT study (2017). 

During these interviews, the answers included in Table 11 were 
mentioned enough times (in more than 7 interviews) to be considered 
as an item for study. The wording of answer 4 "No, Spanish society has 
no interest in knowing more about science and technology" derives 
from the idea that, usually, when one is interested in something, one 
wants to "know more" about the subject. This same action of "wanting 
to know more" appears in the FECYT studies noted above related to 
society's interest in science and technology issues (FECYT 2017). 
Approximately 73% of the scientists surveyed considered that Spanish 
society is interested in science and technology issues (Table 11).  

Do you consider that Spanish society is interested in knowing more 
about scientific and technological issues? 

 Female Male Total 

Yes, Spanish society is interested in science 
and technology 11.5% 15.1% 13.7% 

Yes, Spanish society is interested only in 
health, food and applied science 35.6% 28.3% 31.2% 

Yes, Spanish society is interested in science 
and technology but has a lack of 
understanding 

29.7% 27.0% 28.1% 

No, Spanish society has no interest in 
knowing more about science and technology 23.1% 29.5% 26.9% 

Table 11. Scientists' views of public interest in science and technology (total and according 
to gender). 
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However, more than one-third think considered the interest is only 
related to applied science or specific topics, such as health or nutrition. 
Women support this view more strongly than men (36% vs. 28%, 
p = 0.001). Additionally, 28% of the sample asserted that despite being 
interested in this field, the public has a lack of understanding of science 
and technology. The percentage of women supporting this view is also 
slightly higher than that of men (30% vs. 27%, p = 0.001). 
 
The view that the public has no interest in science and technology was 
slightly more common in men than in women (30% vs. 23%, 
p = 0.001). There were also differences by field of study: those working 
in the engineering and technology fields (33%) were less confident 
about public interest in science and technology than were scientists in 
the other groups (p = 0.001). Scientists working in the humanities 
showed more positive views (38%), especially regarding public interest 
in applied science (p = 0.001). 
 

4.3.2 Scientists’ views about the public image of 
science and technology as a priority 

One of the most classic indicators of the degree of commitment of 
citizens to science is whether they consider public spending in this area 
a priority. The answers of scientists to the corresponding question are 
listed in Table 12. 

 
Do you think that public funding for science and technology is a 
priority for Spanish society? 
Yes, Spanish society considers public investment in science and 
technology to be a priority 8% 

Yes, but public investment is accepted more in applied science 
than in basic science 35% 

No, Spanish society does not consider public investment in 
science and technology to be a priority 57% 

Table 12. Scientists' views on the public prioritization of public investment in science and 
technology. 
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Of the sample, 57% agreed that Spanish society does not consider 
public investment in science and technology to be a priority. This view 
was more commonly supported by male than by female respondents 
(61% vs. 53%, p = 0.002). Over a third of the respondents indicated 
that society accepts this type of investment more readily in applied 
science than in basic science. In this case, female respondents were 
slightly more positive than males (41% vs. 31%, p = 0.002). 
 

4.3.3 Scientists’ views of the public knowledge and 
understanding of science and technology issues 

As shown in Table 13, with respect to the cultural level of Spanish 
society in terms of science and technology compared with that in other 
European countries, most of the sample (75%) reported that it is low 
or very low, with only 1% viewing it as high or very high. There were 
no statistically significant differences by gender, experience or research 
fields. 

 
What would you say is the level of scientific culture in Spain 
compared to other countries in the European Union? 

Very low 17.5% 
Low 57.8% 
Normal 23.3% 

High 1.3% 

Very high 0.1% 

Table 13. Scientists' views of the level of scientific culture in Spain. 

Table 14 summarizes scientists’ answers to a question on the capacity 
of citizens to correctly choose the best way to test the effectiveness of 
a treatment against high blood pressure. Most of the scientists surveyed 
think that a quarter of Spanish society could answer this question 
correctly, whereas 21% of them consider that Spanish society is not 
capable of answering this question correctly. This opinion was shared 
more widely among men than women (24% vs. 17%, p = 0.037). As the 
age and research experience of the scientists surveyed increased, the 
confidence in Spanish society’s ability to respond to questions of this 
kind decreased (16%, 17%, 26%, 27% and 36%, p = 0.019). 
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Some questionnaires regarding public perception of science 
include questions such as these: 
Imagine that two scientists want to know whether a given substance 
is effective against hypertension: 

• Scientist A proposes studying 1000 people with hypertension 
by giving the substance to all of them and observing how 
many people experience a decrease in their blood pressure. 

• Scientist B proposes studying 1000 people with hypertension 
but giving the substance to only 500 people (leaving the 
other 500 to follow their usual treatment) and observing how 
many individuals in each group experience a decrease in 
their blood pressure. 

Which of the two scientists proposes the best way to test the drug? 
Do you consider that society is able to answer this question 
correctly? 
Less than a quarter of Spanish society can answer this 
question correctly. 21% 

A quarter of Spanish society could answer this question 
correctly. 55% 

Half of Spanish society could answer this question 
correctly. 22% 

More than half of Spanish society could answer this 
question correctly. 2% 

 

Table 14. Scientists' views of public understanding of a scientific process (role of a clinical 
trial). 
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4.3.4 Scientists’ views of the public perception of 
scientists and their profession 

We replicated a question devised by the FECYT by asking scientists to 
indicate how Spanish society values 11 different professions on a scale 
of 1 (poorly valued) to 5 (highly valued). As we can see in Figure 7, 
Spanish scientists believe that athletes are the professional group valued 
the highest by the public and politicians the group valued the least. 
Spanish scientists also consider that scientists are less highly valued than 
doctors, engineers, judges, businesspeople and lawyers, with scientists 
ranked in seventh position. There were no statistically significant 
differences by age, gender, experience or research fields.  

 

 

Figure 7. Scientists’ views of public valuing of professions. 

 

To gain further knowledge about scientists’ perceptions of the public 
recognition of their profession, we asked them to select the opinions 
that were most closely aligned with their own opinions from a list of 
options derived from FECYT surveys. The exact wording and 
responses are shown in Table 15. Most answers reflect scientists’ 
perception that their job is not valued enough by the public.  
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Mark the statement that best fits your opinion 

Spanish society feels that research is a male-oriented 
profession. 14% 

Spanish society believes that research is an underpaid 
profession. 37% 

Spanish society sees research as a profession lacking in job 
stability. 46% 

Research is useful to Spanish society, but the public does 
not consider it to be a priority. 88% 

Spanish society does not see research as a profession that 
is useful to society. 18% 

Table 15. Scientists’ views of the public perception of issues related to scientists. 

 
Other facets of the same perception can be seen in Table 16. Notably, 
only 3% of respondents considered that “society has a real image of the 
actual work of the researcher,” while the option “society has a 
stereotypical image of the researcher” was chosen by 79% of 
respondents. The latter view was held by 85% of researchers from the 
fields of exact and natural sciences, by 80% of those in engineering and 
technology, but only by 31% of scientists from the humanities. 
 
 
Mark the statement that best fits your opinion 
Spanish society respects and values scientists as pillars of 
modern society. 12% 

Spanish society considers that scientists are a social point of 
reference, but only in their respective fields. 60% 

Spanish society has a stereotypical image of researchers as mad 
scientists, eccentric, very clever, capable of solving anything 
but disconnected from real life. 

79% 

Spanish society has a realistic perception of the actual work of 
researchers’ routines, i.e., reading and writing scientific articles, 
looking for funding, etc. 

3% 

Table 16. Scientists’ views of the public perception of scientists. 
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4.3.5 Scientists’ views of how the public is informed 
about science and technology 

Asked about “how society is informed about science and technology,” 
the majority of scientists selected the press and TV (see Figure 8).  

Less experienced scientists (fewer than 20 years in research) and the 
most experienced scientists (more than 40 years in research) tended to 
consider TV as a less important channel for information. If scientists’ 
views are correct on the less commonly used means of information, 
there is a high potential to increase the use of informative activities, 
books, and institutional channels. 

 

 

Figure 8. Scientists’ views of how the public is informed about science and technology 
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4.3.6 Scientists’ views of their role in public 
engagement activities 

We also assessed who scientists thought should be involved in science 
communication and public engagement activities. They could choose 
more than one option from the list shown in Table 17. Their answers 
suggest there is broad potential to strengthen collaborations among 
researchers and communication specialists. There were no statistically 
significant differences by gender, age, experience or research fields. 

In your opinion, who should communicate or disseminate science 

and technology? 

Research staff 69% 

Specialized communication staff linked to the research 

center or university 
87% 

Journalists or specialized communicators 74% 

No one 1% 

Table 17. Scientists’ views of who has to communicate or disseminate science and 
technology. 

Moreover, there was a clear inverse relationship between scientists’ age 
and having received some training in science communication (Figure 9) 
(p for trend <0.001).  
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Figure 9. Training in scientific communication. 

 

4.4 Discussion 

The results show that Spanish scientists think that the general public 
has a serious lack of knowledge and understanding of scientific 
reasoning, although researchers recognize that science interests the 
public. Researchers also believe that the public’s valuation of the 
scientific profession is low and that the press is the most widely used 
source of information. Spanish scientists consider communication and 
dissemination of science to be a shared responsibility among research 
staff, institutional communicators and scientific journalists.  

There is broad potential to strengthen collaborations among researchers 
and communication specialists, for example, by funding programs for 
science communication activities, through awards for science 
journalism, formal recognition of communication activities in the 
scientists’ curriculum’, etc. The clear increase in training in science 
communication of younger researchers further supports the 
possibilities of current efforts to educate researchers in science 
communication. 

As we reported in previous sections, Spanish scientists have a quite 
positive perception (73%) of the level of public interest in science and 
technology. The last survey of the FECYT (2017) shows a slight 
increase in the degree of interest in science of 7% from the 2008 survey), 
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although interest is still low. Similar data were also reported by the 
Eurobarometer survey “Scientific research in the media”: only 23% of 
the surveyed Spaniards showed interest in scientific research, placing 
this topic in fourth place, while in other countries such as Sweden, 
Greece, France, Belgium, Cyprus and Luxembourg, it is ranked in first 
place (Revuelta 2014). Thus, Spanish scientists have a more positive 
perception of the level of public interest than those observed in other 
public surveys (see Figure 10). 

 

 

Figure 10. The perceived level of interest in science and technology by society in general 
(FECYT and Eurobarometer data) and scientists (our data). 

 
 
The last FECYT report concluded that the areas in which citizens would 
increase public spending were mainly health and education, while 
science and technology were ranked in sixth place (FECYT 2017). This 
report also shows that 53% of the surveyed Spaniards believe that the 
level of commitment of the Spanish government to research is 
insufficient.  

However, other factors to be taken into account are the economic 
situation of Spain in the last few years and how the recession influenced 
priorities in public spending to cover other social needs. As we have 
seen, 57% of the surveyed scientists agreed that Spanish society does 
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not consider public investment in science and technology to be a 
priority. With this in mind, our results suggest that scientists’ views of 
this issue are more negative than those of the rest of society (see Figure 
11). 
 

 

Figure 11. Prioritization of public spending in science and technology by society in general 
(FECYT data) and scientists (our data). 

 

The view of the public as uninterested and incapable of understanding 
scientific research was also reported by Besley and Nisbet (2013). Our 
impression is that this perception leads scientists to think that society 
does not have the necessary skills to understand how important public 
investment in science and technology truly is.  

We note a concept that commonly appears in the researchers' 
responses: scientists tend to consider the public to be much more 
knowledgeable and sensitive in relation to scientific issues that affect 
them directly. 

In general, Spanish scientists think that the public has a lack of scientific 
culture. Comparing these results with those provided by the FECYT 
(2017) shows that the view of scientists is clearly less positive than the 
public’s self-view (see Figure 12). As we can see in Figure 12, the 
majority of the surveyed scientists agreed that Spanish society has a low 
(option chosen by 58% of scientists) or very low (18%) level of scientific 
culture. In contrast, the results of the FECYT study (2017) show that 
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most members of the Spanish society consider their own level of 
scientific culture to be normal (42%), or lower (31%) than the level of 
other European countries . 

 

 

Figure 12. The perceived level of scientific culture in Spain compared to other European 
countries by society in general (FECYT data) and scientists (our data). 

 

Some studies of scientists’ views of the public showed that the most 
widespread view among researchers is that the main barrier to a greater 
understanding of science among the public is a lack of science education 
(Besley and Nisbet 2013). This is also in line with the traditional deficit 
model of science communication that sees scientific illiteracy as the key 
problem (Davies 2008a). 

In our study, some scientists pointed out that the lack of knowledge of 
science does not contradict or interfere with public interest in knowing 
more about science and technology. This position goes beyond the 
deficit model, which attributes public skepticism or hostility to science 
and technology to a lack of understanding resulting from a lack of 
information.  
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Understanding how clinical trials work implies a knowledge of the 
nature of science and key elements such as the need for control or 
replication to validate a study. However, the results from the present 
study suggest that scientists, especially men, feel that most of the 
Spanish population does not have the capacity to understand specific 
scientific knowledge, such as clinical trials. The Science and Engineering 
Indicators report published by the National Science Board (2018) offers 
results regarding the same question on public understanding of 
scientific experiments similar to the views of Spanish scientists.  

The exact same question was not answered by Spanish society, but the 
last FECYT survey (Fundación Española para la Ciencia y la Tecnología 
(FECYT) 2017) included a different question regarding clinical trials 
with several answers to choose from, where the majority of the 
population did not know the scientific procedures, which is also in line 
with the scientists’ predictions in our survey. Of course, more studies 
are needed on the degree of understanding of Spanish society on 
different scientific concepts to understand the reality of the situation. 
However, the main finding is that Spanish scientists consider that the 
majority of Spanish society is not able to understand key aspects of the 
scientific process. 

Older researchers, who are not as involved in public engagement 
activities as younger ones, have a more traditional view of the public 
(Davies 2008a) based on the deficit model. Such results are consistent 
with the typical Spanish scientists involved in dissemination activities 
described by Torres-Albero, et al. (2011). Moreover, our study also 
shows that younger scientists tend to have more formal training in 
science communication than their older colleagues. Therefore, training 
in communication or public engagement could be beneficial for 
improving scientists’ perceptions of the public since it could ensure a 
more realistic understanding of who the public are and what the public 
want. 

Comparing our results with those from the last FECYT report (see 
Figure 13), we can see that Spanish society values scientific professions 
more than researchers believe (FECYT 2017). 

Moreover, studies on changes in the public recognition of professions 
indicate a growing level of recognition of doctors, scientists and 
teachers and, most recently, of engineers (FECYT 2017). Thus, Spanish 
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society ranks all professions related to science and technology (doctors, 
scientists and engineers) among the most highly valued groups.  

 

 

Figure 13. The perceived level of public recognition of professions by society in general 
(FECYT 2016 data) and by scientists (our data). 

 

It appears that in Spanish society, the scientific profession enjoys a high 
level of recognition, yet some studies suggest that scientists do not 
believe so (Revuelta 2018). Other studies related scientists’ view to a 
concern about being identified as a potential target of criticism; they 
also related such a view with the belief that the public would 
misunderstand any attempt at communication and either make the 
scientists look bad or misuse their work (Davies 2008a).  

These views could be related to those reported by scientists in our 
survey, where scientists consider that society does not have a true image 
of researchers because the public is not familiar with their profession. 
These views were especially supported by researchers in the field of 
exact and natural sciences, which is perhaps the field of study with the 
least amount of direct contact with society. Despite this perception, 
scientists also believe that society considers them as a point of reference 
in their respective fields. 
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However, as we can see in Figure 14, the press is seen by scientists as 
the most widely used source of information, while considerably less 
than half of society actually considers this (Fundación Española para la 
Ciencia y la Tecnología (FECYT) 2017) to be the case. This 
perception could be due to the great importance that universities and 
research centers give to press clippings as a measure of their impact in 
mass media. 

 

 

Figure 14. The perceived main sources of science and technology information by society 
(FECYT 2016 data) and by scientists (our data). 

The data show that scientists consider that scientific communication is 
a shared responsibility among the institutional communication 
departments, journalists and researchers. A higher proportion of 
scientists in our survey considered that the communication and 
dissemination of science were the responsibility of other specialists 
rather than of researchers. However, some studies have observed that 
the public places a high value on the participation of scientists in this 
kind of activity normative (Ecklund, James, and Lincoln 2012). We must 
also bear in mind that in Spain, participation in public engagement 
activities is virtually always voluntary and that scientists involved seldom 
receive formal recognition for this work. Our findings suggest that 
scientists’ efforts could be better recognized institutionally and 
academically, and perhaps also socially; this would not only legitimize 
public engagement efforts but also make them normative (Ecklund, 
James, and Lincoln 2012).  
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4.5 Conclusions 

Overall, our findings provide an overview of Spanish scientists’ 
opinions and attitudes towards citizen’s understanding of science and 
on scientists’ own role in public engagement activities. The findings thus 
enable us to identify the differences and to propose strategies to 
improve citizen participation in the research process. 

 

4.5.1 Opinions and attitudes of Spanish scientists 
towards the public  

Many scientists in Spain still believe that the lack of public scientific 
knowledge is the key hindrance to society being involved in public 
engagement activities. This belief fits better with a one-way 
communication approach than with approaches focusing on mutual 
learning processes or public engagement activities.  

However, it is the latter approach that is currently being promoted by 
many institutions and organizations worldwide, including Spain. 
Knowing what Spanish scientists think about the public is key to 
promoting rapprochement between the scientific community and 
society. On the one hand, we believe that it is necessary to increase 
researchers’ knowledge of public perception of science and technology. 
A good option to do this would be through training programs included 
in formal scientific education (undergraduate degrees, master's and 
doctoral programs). 

On the other hand, if the science and technology system truly wants to 
encourage the involvement of researchers in public engagement 
activities in science, these types of actions should be formally 
recognized for career promotion.  

 

4.5.2 Opinions and attitudes of Spanish scientists 
towards public engagement in science 

Scientists consider public engagement activities to be a shared 
responsibility among institutional communication departments, 
journalists and researchers. The advantage of this situation is that 
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Spanish scientists have a willingness to participate in scientific 
communication activities. In addition, they consider that scientific 
communication is a multidisciplinary activity involving collaboration 
among different actors. 

Despite this, we have seen that scientists’ confidence in public capacities 
decreased with increasing age. This finding is more related to the deficit 
model approach described above than to participatory activities such as 
public engagement. However, other studies have reported that a greater 
contact with science communication and experience in outreach 
activities improves views on public abilities and capacities (Davies 
2008a). Therefore, it is plausible that these findings are explained by a 
relative lack of experience in such activities by the oldest cohorts of 
scientists; this process also seems likely in countries other than Spain. 
Therefore, we believe that promoting mutual learning and public 
engagement activities by the scientific institutions and funding agencies 
is crucial to improve this situation. 

We also observed that younger generations tended to receive more 
specialized training in scientific communication. Our hypothesis is that 
including formal training in science communication and public 
understanding of science during a scientist’s research career could foster 
a more realistic view of the public and help to boost public engagement. 
Obviously, more research must be carried out to better assess this issue. 

 

4.5.3 Differences between Spanish scientists’ views 
and public understanding of science 

There are some differences between the perceptions of scientists 
analyzed here and the perceptions of the public collected in the biannual 
reports of the FECYT (2017). Specifically, these differences relate to 
the sources of information used by the public, the level of public 
recognition that science and researchers receive, the level of scientific 
education and the level of interest in science and technology.  

Identifying these differences in perceptions is important to propose 
strategies that improve the relationship between the scientific 
community and society. For example, if scientists know what sources 
of information the public uses the most, they are probably more willing 
to participate in scientific communication activities that may have an 
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impact on these channels. Similarly, awareness of the level of social 
valuation that their profession has can influence the scientists’ 
perception of the public. This may also favor the willingness among 
scientists to participate in public engagement activities. 

The challenge for the future is to explore how to close such gaps in 
perceptions so that scientists can have a better understanding of the 
public and its interests and carry out public engagement activities 
efficiently. Through these kinds of activities, scientists can enter into 
discussions with a wide range of stakeholders, allowing questions and 
concerns to be better understood and addressed. By doing so, scientists 
can connect different points of view, change aspects of their work, and 
make it more relevant to society.  
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Abstract:  
 

There is a general trend towards the more active, broader and more 
inclusive participation of different stakeholders in science. The civil 
society organizations (CSOs) inclusion in scientific process is being 
promoted, however there are few approaches to understand CSO roles 
in research. This study is based on the analysis of 31 semi-structured 
interviews with Spanish CSO managers and representatives.  

Our main results regarding the current relationship between CSOs and 
the research system are: A) CSOs mainly participate in science within 
one single research moment and they are unaware of their potential. B) 
Lack of resources, mutual knowledge (among CSOs and Academia) and 
capabilities are the identified barriers for CSOs’ participation. C) There 
is a need to strengthen links between CSOs and research by training in 
collaborative methodologies and communication skills, promoting 
participatory research, increasing mutual understanding about the 
research system and the third sector, and aligning research and CSOs’ 
objectives. 
 
Keywords: Participation and science governance, Public engagement 
with science and technology, Social inclusion, Co-responsibility 
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5.1 Introduction 

Over the past 20 years, new spaces related to science and innovation 
have been established, which has promoted the inclusion of members 
of the general public. The debate about the relationship between science 
and society gives importance to the concept of the "democratization of 
science", which is closely related to the idea of “co-responsibility” on 
which the concept labelled “responsible research and innovation” (RRI) 
is based (Stilgoe, Owen, and Macnaghten 2013).  

There is a general trend towards the more active, broader and more 
inclusive participation of different stakeholders in scientific-technical 
projects in a wide variety of research and coordination activities 
throughout the world (Hockfield 2018; Mejlgaard et al. 2018). For 
example, the quadruple helix model of innovation recognizes society as 
one of the actors in the innovation system (Schütz, Heidingsfelder, and 
Schraudner 2019), together with science, policy and industry. Similarly, 
the growing “open science” concept can be understood as “transparent 
and accessible knowledge that is shared and developed through 
collaborative networks” (Vicente-Saez and Martinez-Fuentes 2018). 
The inclusion of greater public involvement in research and innovation 
processes has also been promoted by the European Commission 
program Horizon 2020 (2014) and the governments of many countries, 
such as those of Australia (Halpin 2012), Latin American countries (A. 
Smith, Fressoli, and Thomas 2014), and India (Chakraborty and 
Giuffredi 2020).  

In this sense, the public attitude towards science and technology seems 
to have affected science-related areas of public policies, such as those 
pertaining to global warming, the prices of antiviral drugs in developing 
countries, wireless smart meters or the trade of genetically modified 
organisms (Buiatti, Christou, and Pastore 2013; Doh and Guay 2006; 
Hess and Coley 2012). During the last decade, some social opinions on 
scientific and technological issues have shaped decision making 
regarding scientific policies, for example, in the case of genetically 
modified food (Berg and Lidskog 2018). Another example is the 
phenomena of Greta Thunberg and Fridays for Future, which has 
prompted unprecedented numbers of youth to join the climate 
movement around the world (Fisher 2019). This influence is important 
beyond its potential impact on climate policy because it is creating a 
cohort of citizens who will be active participants in democracy (Fisher 
2019). 
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All these social-inclusion trends hold that the responsibility in science 
and innovation is shared and that scientists, researchers’ funders, 
innovators and other societal actors have a collective responsibility in 
science governance and scientific knowledge production (Stilgoe, 
Owen, and Macnaghten 2013). René von Schomberg also suggested 
that the condition of co-responsibility provides the ground of 
responsiveness among and between actors in research (Von Schomberg 
2011). Thus co-responsibility implies explicit commitments and mutual 
obligations of all actors (Stilgoe, Owen, and Macnaghten 2013) and can 
only be reached with broader stakeholder engagement in technical and 
scientific projects (Hockfield 2018; Mejlgaard et al. 2018). 

All society-science relationships encompass any form of active non-
scientists participation (individual citizens, non-governmental 
organizations, groups of patients, etc.) in the process of research to 
generate science-based knowledge, from setting the research agenda 
(Rowe and Frewer 2004) by asking research questions, to collecting 
data, analysing the results and/or contribute to decision making 
(Bonney et al. 2009; Lewenstein 2004; Lidskog 2008). The diversity of 
these participative practices might be classified along a spectrum from 
minimal engagement of citizens to a total commitment as proposed in 
Arnsteins’ leader of participation (1969). Thus, social participation in 
science can be found from participating in crowd-sourcing programs 
for collecting data to co-construction of knowledge and of research 
questions through deliberative processes (Haklay 2013; Schrögel and 
Kolleck 2018). 

 
 
5.1.1 Civil society organizations as key stakeholders 
for public engagement 

The inclusion of stakeholder groups in research processes improves the 
feeling of belonging to the research by all the members (Calder 2002). 
An example of this is Bernauer and Gampfer’s study, which reported 
that the popular legitimacy of global climate governance decreases when 
civil society is excluded and increases when civil society is added 
(Bernauer and Gampfer 2013). 

Similar results were reported by Doh and Guay (2006) regarding 
environmental institutions in Europe and the United States combining 
the activism of non-governmental organizations (NGOs) with their 
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corporate strategies to meet their social responsibilities. According to 
Frickel et al. (2010), these types of strategies can place in the spotlight 
the “undone sciences” which are investigations that civil society 
organizations (CSOs) identify as being worrying or worthy of attention 
but are not being carried out. Indeed, the greatest challenge of this type 
of initiative lies in developing collective and integrated knowledge 
among scientists and the other stakeholders included in the research 
process (Cornell et al. 2013; Jacobi et al. 2017). 

Civil society organizations (CSOs) can act as platforms that collect 
social opinions and as speakers of society's concerns. According to 
stakeholder theory (Hojnacki 1999), CSOs can develop power, urgency, 
and legitimacy. This suggests that CSOs are important actors who can 
realize the promise of participative research and be responsive to the 
real world (Smismans 2008). The active participation of members from 
different sectors and with different forms of knowledge in finding the 
solution to a given problem helps to promote the vision of a shared 
future (Jacobi et al. 2017), as well as a better understanding of scientific 
and technological processes (Stilgoe, Lock, and Wilsdon 2014) and the 
fulfilment of the reported will of society to acquire more responsibility 
in decision making (Rogers 2006). 

CSOs are seen as “alliance-brokers between public and policymakers” 
(Mercer and Green 2013), which implies that these organizations may 
be able to take advantage of their position to influence the resolution of 
public policy issues, including those related to science and technology 
(Rainey, Wakunuma, and Stahl 2017). 

This ability to participate in agenda setting at the policy level is reflected 
in the idea that CSOs’ expertise should be included at the research 
project level (European Science Foundation 2013), not only to fulfil the 
CSOs’ traditional dissemination role to the public and societal groups 
(Mercer and Green 2013) but also to obtain the sectoral knowledge and 
oversight that CSOs can provide in research (Ahrweiler et al. 2019; 
Bernauer and Gampfer 2013). Moreover, by establishing scientific 
dialogues that unite scientists with social actors as representatives of 
companies, NGOs and politicians offer the opportunity to understand 
and jointly analyse global problems and make decisions accordingly 
(Malyska, Bolla, and Twardowski 2016; Welp et al. 2006). 

There have been numerous attempts to stimulate participation in 
research and to embed participative processes in research governance 
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(European Commission, 2014). Despite being central to the co-
responsibility approach, the term “civil society organization” is not well 
defined (Ahrweiler et al. 2019; Rainey, Wakunuma, and Stahl 2017). 
Terms such as “voluntary”, “third sector”, “charities”, and “non-
governmental organizations” have overlapping characteristics and may 
be regarded as CSOs (Nugroho 2011). 

Furthermore, there is no consensus on the specific roles that CSOs 
should perform in science and technology research (Steen-Johnsen, 
Eynaud, and Wijkström 2011). However, it has been reported that the 
role of CSOs in research and innovation projects is much more 
multifaceted (data providers, providers of access to the research field, 
providers of specific domain expertise, etc.) than is currently assumed 
(Ahrweiler et al. 2019). 

On the other hand, some authors have questioned the importance of 
CSOs in research and innovation systems. For example, Krabbenborg 
and Mulder (2015) considered the role of CSOs as that of an early 
warning sign of potential risks and that this role of “scientists’ 
opponents” and “nego-technology developers” may be problematic in 
open early-stage debates. De Saille (2015) calls attention to power 
imbalances among CSOs. Similarly, Taminiau (2006) and Elzen et al., 
(2011) alluded that CSOs do not have much influence on their own. 
Rather, they are only influential when they are aligned with other actors 
such as policy-makers, companies or regulators (Elzen et al. 2011). 

Nevertheless, given the high potential that CSOs may have in research, 
it is necessary to determine the current situation between these 
organizations and the science and technology system to make future 
recommendations for encouraging the effective participation of such 
organizations. 

5.1.2 The Spanish third sector at a glance 
 

The third sector can be understood as the set of “organizations which 
are not part of the traditional private sector nor of the public sector” 
(Defourny 2013). In Spain, this mostly includes social cooperatives, 
charities, mutual societies, associations, foundations and other labor-
oriented enterprises (Monzón and Chaves, 2012). The other two major 
terms used in Spain to refer to those entities have been “nonprofit 
organizations” (Corral-Lage, Maguregui-Urionabarrenechea, and 
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Elechiguerra-Arrizabalaga 2019) and “social economy” (Chaves-Avila 
et al. 2016), which are also used by European Union institutions and in 
some European countries such as Portugal, Greece, Belgium and 
France (Monzón and Chaves 2012). This study focuses on Spain 
because it is more accessible to the authors than other countries but also 
due to the need for a better understanding of the third-sector reality in 
this country. 

The third sector in Spain comprises 27.962 entities (Gómez Crespo and 
Cobo 2019), has 1.3 million volunteers and employs 644,979 persons 
(Ruiz et al., 2015). The Spanish third sector is composed of a large 
variety of organizations that we can divide into the following 4 groups 
(Ruiz et al., 2015): 

• First-level entities: associations and foundations and base entities 
that do not group with others; 

• Second-level entities: federations and entities that group with other 
entities (associations and foundations); 

• Third-level entities: confederations and entities grouping together 
several federations; and 

• Singular entities: entities at any level that have their own 
characteristics in terms of legal nature, degree of 
implementation, historical presence and recognition and social 
notoriety. 

The Spanish third sector is formed mainly by entities within the first 
level (92%) such as Asociación Española Contra el Cáncer. Second- 
(e.g., Federación Española de Enfermedades Raras) and third-level (e.g., 
Plataforma del Voluntariado Español) organizations are a minority 
within the sector (7.7%) (Fundación Luis Vives 2012). Of all these 
organizations, three are considered “singular entities” (ONCE, Cruz 
Roja and Caritas) that represent the majority of the third sector 
volunteers and the employed paid staff (Price Waterhouse Coopers 
Foundation 2018; Ruiz Vilafranca et al. 2015). The singular 
organizations are, when examined at a great distance from the rest, the 
most senior ones (almost 100 years), but we cannot forget that these are 
entities with special characteristics that are far from the average of the 
third sector entities in Spain (Fundación Luis Vives, 2012). 

Moreover, heterogeneity is a general feature of the Spanish third sector. 
The collaboration between Spanish third sector organizations is almost 
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nonexistent, although they sometimes build alliances regarding lobbying 
activities or cooperate in specific areas (Chaves-Avila et al., 2016). 

Currently, the policy environment in Spain is highly decentralized and 
complex; public policies, funds and services come from national, 
regional and local governments (Sánchez-Hernández and Glückler 
2019). Additionally, the third sector has difficulties with building long-
term partnerships with these governments (Chaves-Avila et al., 2016). 
The European guidelines and the lines of action and inclusion of society 
in the scientific process can easily reach large international CSOs, 
platforms or networks of organizations (Ahrweiler et al. 2019). 
However, most Spanish CSOs are small entities that belong to the first 
level (Fundación Luis Vives 2012). This implies that their level of action 
is local, that they have less staff and, generally, that they have scarce 
purchasing power (Corral-Lage, Maguregui-Urionabarrenechea, and 
Elechiguerra-Arrizabalaga 2019; Ruiz Vilafranca et al. 2015). 

As we have seen, a central problem affecting the understanding of CSO 
participation in scientific research stems from lack of clarity regarding 
definitions and the nature of their participation (Ahrweiler et al. 2019; 
Rainey, Wakunuma, and Stahl 2017). Due to the potentially beneficial 
contribution that CSOs may have in the research and innovation 
processes, there is a need to understand their current participatory 
nature, limitations and expectations to propose effective engagement 
strategies. 

This study therefore seeks to answer the following research questions: 

RQ 1. What is the current state of CSO participation throughout 
the R&D&I process? 

RQ 2. What are the barriers or limitations to enhancing such 
participation? 

RQ 3. What kind of relationship do CSOs wish to have with the 
science and technology system (if they want to have any)? 

  



 

 123 

5. 2 Methodology 

To answer these questions, we conducted 31 semi-structured interviews 
with CSO managers and delegated representatives based in Spain. The 
selection criteria were developed considering the different kinds of 
CSOs in Spain. We set up an advisory board specifically for this project, 
the specific details and degree of involvement with the study can be 
found in supplemental information. 

 

5.2.1 Sampling 

Intentional sampling was used to select the interviewees, and we 
selected a sample of strategic subjects based on their position (managers 
or delegated representatives with decision-making capacity) and the 
distribution of Spanish third sector entities (Fundación Luis Vives 
2012), with the aim of including all the diverse social points of view as 
grouped by the following organizations: animalists, environmentalists, 
patients, parents, consumers, LGBTI+, etc. We wanted to include 
managers of the three singular entities that represent the majority of the 
third sector volunteers in Spain (Ruiz Vilafranca et al. 2015) in our 
sampling, but finally one of the three managers declined to be part of 
the study. All the organizations ultimately included in the study are non-
profit. 

Once the CSO representatives were identified, we sent them an e-mail 
describing the project and invited them to participate in an interview. 
Up to three follow-up emails and phone calls were made to solicit 
participation from those who did not respond. An additional effort was 
made to identify representatives working with traditionally 
underrepresented groups. Finally, 62 CSO representatives were 
contacted. Of these, 33 responded, two declined to be part of the study 
due to lack of time or interest, and interviews were completed with 31 
people.  

In Table 18, we summarize the final sample. More detailed information 
regarding the sample can be found in supplemental material. 
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Type of CSO Number of entities 
First-level entities 19 
Second-level entities 7 
Third-level entities 3 
Singular entities 2 
Total 31 
Scope of action Number of entities 
Social 16 
Environmentalist 7 
Patients 8 
Total 31 

Table 18. Sampling description 

The average age of the interviewed representatives was 49 years 
(SD=14), and there were more male (n=18) than female (n=13) CSO 
managers or representatives. Most interviewees had completed a higher 
education degree (n=26), and most of them had been linked to the CSO 
for more than 5 years (n=25). Before participating, all were informed of 
the nature of the study and the data processing policies, and they freely 
gave their consent. All of them were free to answer each one of the 
questions as well as to stop participating at any time. 

 
 
5.2.2 Data collection and processing 

The research team developed a semi-structured interview protocol 
following the guidelines of Silvia Rabionet (2011). The complete 
interview questions can be found on supplemental material. Two 
interviewers (the first author and a research team member) conducted 
face-to-face or Skype interviews according to interviewee preferences. 
The first interviewer conducted 22 interviews, and the second 
conducted 9 interviews. All the interviews were conducted between 
June and September 2017. The average interview took 54 minutes to 
complete, with the range spanning from 46 minutes to 78 minutes. 
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5.2.3 Data analysis and interpretation 

A sequential analysis of the interviews was carried out, and 
observational notes were included in the transcription of the interviews. 
Inductive qualitative content analysis was used to analyze the data and 
interpret its meaning with the support of the research software Atlas.ti 
(version 7.5). This research method represents the systematic and 
objective means of describing and quantifying phenomena (Schreier 
2012). To do so, we reduced the data from interviews to codes or 
concepts that describe the research phenomena by creating categories, 
i.e., groups of content that share a commonality (Elo et al. 2014). The 
specific categories presented in the results section have been inductively 
determined from the interview data but, of course, our interpretation 
reflects previous categorizations such as the ones regarding different 
levels of public participation in science (Arnstein 1969; Bonney et al. 
2009; Haklay 2013; Lewenstein 2004; Lidskog 2008; Rowe and Frewer 
2004; Schrögel and Kolleck 2018). 

Investigator triangulation and peer debriefing were the strategies used 
to ensure reliability. This strategy involved the use of more than one 
researcher during interview analysis to have a more detailed and balance 
picture of the situation. The two interviewers worked also as coders in 
coding the interview transcripts. They first coded a sample of interviews 
as means of calibration, then worked independently achieving a high 
degree of reliability. Discrepancies were discussed and resolved between 
coders and the other two authors.  

Peer debriefing was used to ensure the collection of valid information. 
The first author did the first round of analysis of the code compilation, 
the second and third author reviewed the analysis and added their 
interpretations. The joint categorization resulting from this process was 
shared with the advisory board and presented in two internal seminars 
with the research team. Their inputs and feedback were also integrated 
in the final results analysis. 
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5.3 Results 

In this section we present the results of the analysis of the interviews. 
In the following tables the main identified categories are described, we 
grouped interview references that fully coincide in their meaning with 
each category. If an interviewee makes more than one reference to the 
same concept throughout the interview, it is only quantified once. 
Frequencies has been used as a support resource for the results 
descriptions, since it is a qualitative research what is really valuable is 
the meaning that these concepts have which is detailed in each 
subsection. 

 
5.3.1 Current participation in R&D&I 

We grouped all interviewees mentions regarding different kinds of 
participation in science in categories that share a commonality. Table 19 
summarizes the different categories, findings and frequencies of this 
dimension of study from all the interviews. 
 

Category Findings Freq. 

Unspecific 
collaboration

s 

Refers to different types of collaborations with 
universities, companies or other entities linked 
to R&D&I (agreements, internships, etc.). 

17/31 

To be 
subject of 

study 

The representative, the members of the CSO or 
the CSO itself participate as subjects of research 
studies (interviews, clinical trials, etc.). 

11/31 

To collect 
data 

The CSO or its members participate in the 
process of field work or data collection for an 
investigation carried out by an external 
institution. 

9/31 

To carry out 
research Research carried out directly by the CSO. 9/31 

To fund 
research 

The CSO funds research related to its area of 
interest by seeking funds, awarding prizes or 
subcontracting other institutions to conduct 
research. 

7/31 

To advise 
The representative, the CSO or some of its 
members have been consulted or are part of 
groups of people who advise in some way 

7/31 
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researchers or research projects that are related 
to the area of interest of the organization. 

To train 

The representative, the CSO or its members 
participate in training activities at the university 
or in the research environment (conferences, 
master classes, mentoring, courses, etc.). 

7/31 

To not 
participate in 

research 

The representative of the CSO considers that the 
organization does not participate in any way in 
the research system. 

10/31 

Table 19. Qualitative results of the "current participation in R&D&I" dimension of study, 
as analysed through a categorization system 

a) Unspecific collaborations 

On 13 occasions throughout the 31 interviews, we found references to 
some type of connection with universities, hospitals, research centres, 
companies or another entity linked in some way to research. However, 
these references were nonspecific. For example, there were references 
to “internships for scholars who work or develop research” at the CSO 
itself (e.g., Interview 19) or “students doing their PhD” (e.g., Interview 
5). In this case, a formal link with the university or research centre would 
normally be required, but the interviewee has not given more 
information about it. 

Other examples include mentions of being "in contact" (e.g., Interviews 
23, 27, 29) with different entities or of "collaborating" (e.g., Interviews 
6, 12, 21), “connecting” (e.g., Interviews 17, 29) or “participating” (e.g., 
Interview 5) with them. Some interviewees also mentioned some 
“agreements” with universities or other research entities (e.g., 
Interviews 8, 16, 25, 31), which also usually require a formal connection. 
However, in any of these mentions is the nature of the CSOs 
participation in research specified. 

“In fact, right now, at this moment, we are collaborating 
with the University and the Ministry of Health and Social 
Services in research; that is, in the preparation of the next 
state volunteering strategy.” (Interview 21) 

“We are in contact with a research centre, we are in 
contact with the Ministry of Economy and 
Competitiveness, we are in contact with the Ministry of 
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Agriculture, in its different lines, and also, well, we are in 
contact with universities. Well, I insist that our approach 
is to avoid the suffering of these animals as far as possible, 
where possible, and taking into account who is doing it, 
this forces us to be in contact with researchers.” 
(Interview 27) 

During the interviews, 4 CSO representatives made some reference to 
the usefulness of the research or innovation in their organization. These 
references may have been general about research and science (e.g., 
Interview 7) or about research in the specific field of action of the 
organization they represent (e.g., Interviews 13,14). 

“From our point of view, science can do much to 
improve the death of human beings by applying all kinds 
of technology, care and comfort at the end of life at a 
chemical level, not only at the orthopedic level...” 
(Interview 13) 

In an organization of patients closely linked to the research, the manager 
made specific reference to the inclusion of the research in the action 
plan or strategic plan of the CSO. 

“Yes, it is included in our strategic plan; therefore, the 
research is in all the documents: in our annual operative 
plan, in the web page, in the memories, in the dossiers... 
It is a key aspect of our association.” (Interview 15) 

b) To be subject of study 
 
The reference of participation in the science and technology system as 
a subject of study, for both the CSO itself and the associates or 
volunteers, was quite common. This is especially true regarding patient 
associations (e.g., Interviews 7, 12, 15), some of which even reported 
specific knowledge of the technical terminology, as we can see in the 
following quotes: 

“We have also collaborated on European projects at the 
research level by volunteering ourselves for post-clinical 
trials.” (Interview 15) 
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“If you need celiac people, we participate in that way. We 
do not have a laboratory, but we can contribute with other 
resources that they do not have.” (Interview 7) 

We found it interesting that one of the interviewed managers indicated 
that people from the CSO are used as "tools" during investigations 
(Interview 5). On the other hand, there were some managers who 
referred to their participation in the "testing" of certain products to 
know the effect that they have on a specific group of people. 

“All that is part of a macro project; it is a research project 
in which the part we collaborate with is the testing and 
searching for solutions; we manage the incorporation of 
users with different profiles and then the testing. We 
verify the effect that each product or technology 
development has on disabled people.” (Interview 2) 

There were also several CSO managers who related their participation 
in the research process by “giving information about the institution” (e.g., 
Interviews 14, 18, 22) or being interviewed by researchers (e.g., 
Interviews 1, 10). One of the interviewees even commented about 
"allowing researchers to stay in the same place as the residents so they can 
know their needs, or another type of observational work." (Interview 16) 
 

c) To collect data 
 
All the interviewees who made some reference to their connection with 
science and technology by referring to field work spoke of “collecting 
data or information" (e.g., Interviews 1, 8, 18, 29), “recording interviews” 
(e.g., Interview 19), “passing information" (e.g., Interview 11, 22, 28) or 
"developing the project" (e.g., Interview 16). Many of these cases are from 
environmental organizations, but this type of reference also appeared in 
relation to other kinds of organizations that are always linked to more 
social investigations and in reference to questionnaires or interviews 
that the CSO itself makes for an external entity (generally a university) 
that demands this information and analyzes the results. 

“We have a type of collaboration in which we collect a lot 
of important data about partner organizations. Data of all 
kinds; financial, human resources, activities... and we 
make this information available to researchers of the 
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university so that they can make their analyses, extract 
data...” (Interview 8) 

d) To carry out research 

From the interviews, different types of investigations carried out by 
CSOs were identified. However, we grouped them all in the same 
category because we believe that the common meaning shared by all is 
the direct involvement of these organizations in a complete 
investigation, i.e., from establishing the objectives of the analysis to the 
publication of results. Another interesting point that emerged from the 
data is the emphasis made by many of the interviewees that their 
research is "purely social" (e.g., interview 13), even those CSOs who later 
comment about solid collaboration with research structures such as 
universities, hospitals or research centers (e.g., interview 9, 15, 24). 

The majority of directors of CSOs who referred to the research carried 
out by their own organization meant research within the scope of their 
organization or with the aim of actually determining the status of their 
associates within a particular aspect of their scope: 

“Right now, we are conducting a study among our 
associates that seeks to determine the real picture of 
people with rare diseases: access to diagnosis, access to 
treatment, knowledge, coordination formulas; that is, 
social research.” (Interview 15) 

Other entities, eminently third-level entities, have performed their own 
research for a long period of time; some of them also referred to the 
fact that the results of this research have not yet been published. This 
indicates, in part, knowledge of how the research process works. 

“We have been collecting data for 10 years, and we have 
volunteers who are analyzing this information so that in 
the future, we can publish the results. But it is a purely 
social investigation.” (Interview 13) 

On the other hand, there are also larger associations with a greater 
research trajectory, for example, research carried out by the CSO in 
association with other research entities such universities. 

“We have been doing research at the academic level here 
in Spain and at the European level with other entities; this 
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first approach has allowed us to open a line of work that 
has been financed with public and private funds.” 
(Interview 30) 

e) To fund research 

Throughout the interviews, we also saw the linkage of CSOs as 
"charities", i.e., organizations set up to provide help and to raise money 
for those in need. However, 7 respondents referred to specific research 
funding that generally implies either giving money to a research entity 
(e.g., Interviews 12, 15, 16), hiring qualified personnel to carry out their 
own investigation (e.g., Interviews 8, 17), and even in some cases, 
specific calls for awards or grants for researchers (e.g., Interviews 2, 7). 
We found that this type of link with the research is more widespread 
among patient associations than other kinds of CSOs. 

“At this foundation, what we do at the moment is look 
for funds to endow research projects with resources.” 
(Interview 15) 

“No, the foundation does not give money to science; we 
hire or give some economic help to a person who has the 
talent to get into the project.” (Interview 17) 

“We give some research awards to support them 
economically so that they can continue researching.” 
(Interview 7) 

f) To advise 

During the interviews, CSO representatives made reference to either 
themselves, the CSO or some of its members who have been consulted 
or are part of groups of people who advise in some way researchers or 
research projects. 

Many times, an advisory board was not specifically mentioned, but the 
interviewees referred to a “consortium of people” (e.g., Interview 2), to 
"giving their opinion or information" (e.g., Interview 12, 19, 22) or to 
"giving support" (e.g., Interview 7) to research projects or research teams. 
In some cases, there were references to a more formalized collaboration 
that involve the writing of or, at least, collaboration about the drafting 
of terms of reference by which future research will be governed (e.g., 
Interviews 8). 
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“Different groups of research on celiac disease in Spain 
have asked us to support their projects. They give us the 
research proposal, and we give them an opinion. So, yes, 
we are hand in hand with the research projects that are 
being carried out.” (Interview 7) 

References to this type of collaboration with research are very diverse. 
Even so, we have unified them in the same group because their global 
meaning lies in the fact that the views or perceptions of the CSOs are 
integrated or, at least, taken into account during the research process. 

g) To train 

In reference to the question "Do you participate in research?", seven of 
the 31 interviewees mentioned their participation in training. This 
suggests that, for them, training activities focused on researchers 
(whether in the university or in other entities such enterprises or 
research centres) are part of their relationship with the science and 
technology system. 
 
As seen in the following quotes, we found references to formal 
relationships with universities in which the CSO itself designs a whole 
course within a degree (e.g., Interviews 9, 12, 13, 18) or teaches 
voluntary training (e.g., Interview 21); there were more nonspecific 
references to "masters classes" (Interview 15) or “conferences” 
(Interview 14). 

“We are doing training for volunteer trainers in 
competitions. But we are doing it with a university and 
with specialized volunteer centres in other countries.” 
(Interview 21) 

“Group 9 is an association of nine public universities of 
autonomous communities where there is only one 
university […] and they proposed for us to design an 
entire course for which these universities will offer 
optative and free-elective credits.” (Interview 9) 

h) To not participate in research 

When we asked specifically about the respondents’ collaboration with 
the research, 10 of the 31 managers of CSOs indicated that they did not 
participate in any way. However, after several more questions, some of 
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them ended up mentioning or explaining some kind of collaboration or 
connection with research (e.g., Interviews 5, 6, 8), generally social 
research. Despite these differences, we found it interesting to group all 
the opinions in the same category because they all shared the feeling of 
not being involved at any time in the research process. 

“We, as an organization, are not involved in the research; 
It's too pretentious to call what we do “research”. That is, 
we do policy analysis, budget analysis, but to call it 
research would be too pretentious, I think.” (Interview 8) 

“No. We have collaborated with other associations to do 
some kind of project, but not research.” (Interview 4) 

 
 
5.3.2 Limitations to participating in R&D&I 

From the analysis of the interviews, we identified three categories 
regarding the limitations of CSOs regarding participating in R&D&I. 
Table 20 summarizes the categories, findings and frequencies of this 
study dimension. 
 

Category Findings Frequency 

Lack of 
resources 

Refers to the limited resources of the CSO 
(financial, personnel, time...) as a major 
constraint for not participating in R&D&I. 

11/31 

Lack of 
mutual 

knowledge 

Refers to the ignorance about the activity of the 
CSO by the research entities or the lack of 
knowledge by the CSO about the possibility of 
participating in R&D&I issues and/or the lack 
of communication between the two actors. 

10/31 

Lack of 
capabilities 

Refers to the lack of skills (of the representative 
or members of the CSO) needed to conduct 
research. 

2/31 

Table 20. Qualitative results of the "limitations to participating in R&D&I" dimension of 
study, analysed through categorization system 
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a) Lack of resources 

The limited resources of the CSO, such as financial (e.g., Interviews 5, 
8, 13, 20, 21), personnel (e.g., Interviews 11, 29) or lack of time (e.g., 
Interviews 2, 8. 10, 11, 18, 23), seemed to be a major constraint for not 
participating in research. 

“The problem is the limitation of resources, basically, of 
economic resources. All the economic resources are for 
human resources… availability of time… Well, the more 
resources, the more things we do.” (Interview 20) 

“We are very few people! This limits us a lot.” (Interview 
11) 

b) Lack of mutual knowledge 

In this category, we have grouped all the interviewees' mentions of the 
following: the lack of communication between the CSOs and the 
research entities (e.g., Interview 1, 22, 27), the lack of knowledge of the 
mechanisms needed to be able to participate in research (Interviews 4, 
6, 14, 28), ignorance about the investigations that are being carried out 
(e.g., Interview 27) or the lack of knowledge about the activity of CSOs 
by the research entities (e.g., Interviews 5, 13, 15). It was decided to add 
all these ideas in the same category because, despite their differences, 
they share a common meaning of ignorance that could be improved or 
reduced with better communication. 

For example, some CSO managers claimed that they “are not able to 
transfer well the potential that CSOs have for research” (Interview 22) 
or that “research and NGOs are two worlds that live separately and 
speak different languages” (Interview 27). Other interviewees referred 
to their own ignorance of how to participate in science, or they admitted 
that they have not considered it until now. 

“It is due to ignorance, not knowing where to go or how 
to offer our participation.” (Interview 4) 

“Our organization is more focused on activism and, 
perhaps, we have not thought about that possible 
collaboration with the world of research.” (Interview 14) 
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This conception of two isolated worlds was also found when 
interviewees talked about the "lack of knowing or lack of interest of 
trained professionals to do research in this area" (Interview 13). One 
interviewee even said that they do not participate in research because 
the sector to which their association is dedicated is "unlikely to be 
interesting for an investigation" (Interview 5). It is also important to 
note that one CSO representative blamed the lack of research on the 
social reluctance associated with the scope of action of their 
organization (child sexual abuse): 

“We work under a taboo area […] This means that there 
are no investigations. The taboo is present even in those 
places [hospitals, universities] where they should 
investigate; this is curious, but real.” (Interview 1) 

c) Lack of capabilities 

Only two of the interviewees mentioned the lack of knowledge or lack 
of specific abilities needed to carry out research as a limitation to 
participation. This can be seen in the following quotes: 

“The problem is who among all of us is prepared to 
participate. Because here, we're not researchers.” 
(Interview 12) 

“I do not consider myself qualified for research, nor am I 
of the right age to start all this.” (Interview 6) 

The fact that only 2 of the 31 interviewees refers to the lack of skills of 
the CSO members to carry out an investigation may reflect an 
overestimation of the CSO's capabilities. 
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5.3.3 Ideal relationship between the CSO and the 
R&D&I system 
 
From the interviews, we identified five categories that refer to the 
relationship that CSO managers would like to have with the science and 
technology system. Table 21 summarizes them. 
 
 

Category Findings Frequency 

To 
strengthen 

links 

Refers to strengthening the links between CSOs 
and the R&D&I system by stronger 
communication, formalized relationships 
and/or aligned objectives. 

11/31 
 
 

To 
request 
more 

research 

Refers to the need for more research carried out 
by agents external to the CSO either at a generic 
level or in the specific field in which their CSO 
works. 

5/31 

To be 
consulted 

Refers to the need for CSOs to be consulted on 
research topics related to their area of interest, 
either by forming part of a formalized advisory 
committee or through more informal 
consultations. 

4/31 

To be 
involved 

in 
R&D&I 

Refers to the willingness of the CSO to 
participate in the R&D&I process by getting 
involved in the research, whether by carrying 
out field work, collecting data or as a "guinea 
pig" or subject of study. 

3/31 

To 
develop 

their own 
research 

Refers to the willingness to carry out research 
activity within the CSO itself, including 
becoming a research centre 

1/31 

Table 21. Qualitative results of the "ideal relationship between the CSO and the R&D&I 
system" dimension of study, analysed through categorization system 

a) To strengthen links 

Throughout the interviews, we identified different needs that should be 
solved to strengthen the links between CSOs and the R&D&I system. 
For example, the need to “improve communication” (e.g., Interviews 7, 
9, 11, 23, 27), to have a “fluid relationship” (e.g., Interview 5), to 
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“strengthen relationships” (e.g., Interview 25) or “a greater proximity” (e.g., 
Interview 9) between scientists and NGOs were mentioned. 

“I think there should be a more fluid relationship with 
these entities, either those that finance, or those that 
execute research, which would be more logical. If there 
are people specialized in research, let them do it, but with 
our demands. And there is no fluid communication right 
now.” (Interview 5) 

Some CSO managers mentioned the need to establish “formalized 
relationships” (e.g., Interviews 24, 28) and “synergies or institutional 
relations” (e.g., Interview 15) or even the need to “reduce or solve the 
difference of the objectives between CSOs and research entities” 
(Interview 20) or a “greater continuity of the research projects” 
(Interview 24). We have grouped all these needs in the same category 
because they share the will to improve these relationships. 

b) To request more research 

From the analysis of the interviews, we can say that there is a need for 
more research carried out by agents who are external to the CSO, such 
as researchers at universities, hospitals or other research structures. 
Some interviewees mentioned research as a generic need (e.g., Interview 
12), but most of them requested more research in the specific field of 
the CSO (e.g., Interviews 1, 5, 13, 14). 

“There are practically no neuroscience or neuroimaging 
studies on what happens in a person's body when they are 
dying because it is only studied from the point of view of 
the absence of health and, therefore, it is a failure.” 
(Interview 13) 

c) To be consulted 

Some interviewees mentioned their intention to be part of a “formalized 
advisory board” (e.g., Interview 15) or, at least, “to be consulted” (e.g., 
Interviews 1, 3, 12) on research topics related to their area of interest. 
Moreover, they considered that this could “make and effective change” 
(e.g., Interview 1) and that it is a “need for the future” (e.g., Interview 
12). 
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“We want to be part of an advisory committee at the 
research level that also allows us to start future concrete 
lines of work within the association to open research 
projects” (Interview 15) 

“I think that all the people who are fighting against that 
can also be an active part of these changes, of that 
investigation, so that these professional people have a 
whole series of ideas and proposals and so that we can 
make an effective change. It is very necessary.” (Interview 
1) 

d) To be involved in R&D&I 
 
Three of the interviewees mentioned being a “guinea pig” (e.g., 
Interviews 12), “being used” (e.g., Interview 26) or “contributing with 
concrete data” (e.g., Interview 14) as the relationship that they want to 
establish with research. All these mentions shared the idea of 
participating directly in the research by providing data as the subjects of 
study or through field work. 

“Can we participate in an active way, as a federation, in 
research? …. Other than as being guinea pigs… I do not 
see another possibility.” (Interview 12) 

“I would love for companies to see us as an option, for 
example, for testing their R&D&I… that is, we represent 
many women who have many problems, from sclerosis to 
maternity… therefore, anyone who developed a product 
and wanted to use us as a guinea pig, it would be fantastic, 
and I think that should be the relationship we should 
have.” (Interview 26). 

e) To develop their own research 

One of the managers interviewed talked about the willingness to carry 
out research activity within the CSO itself: 
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“I would love to go one step further and become a 
technology center. Of course, we would continue to be a 
foundation with the same statutes and activity but take 
that step further as a technological center, with a stable 
team of professionals dedicated to the line of research 
that we would establish. Now, we are working with 
researchers, managers, coordinators at universities or 
companies. But they are the ones who develop it; we want 
to be owners of the research. (Interview 2) 

It is important to bear in mind that this reflection was made by a 
representative of a large CSO, with many affiliates and volunteers and 
with great economic potential. 

 

5.4 Discussion 

As far as the authors know, it is the first time that an exploratory study 
on CSOs-science relations has been carried out in Spain. This is 
interesting on the one hand, to gain a better understanding of the reality 
of Spain, a country very active in scientific research and which is 
recently promoting the inclusion of society in the research process. And, 
on the other, to allow comparisons with investigations in countries with 
similar social realities (Italy, Portugal, Greece, etc.). However, we must 
bear in mind that this is a qualitative study with an exploratory intention, 
our findings cannot be considered as representative of all the CSOs in 
Spain. 

 

5.4.1 Current participation in R&D&I 

The CSO representatives’ interview analysis suggests that CSOs are 
actually participating in science, mainly through unspecific 
collaborations such as agreements and internships, as the subject of 
study or in data collection. This participation also includes advising 
research or research projects, funding research, participating in training 
activities and even carrying out their own research activities. However, 
many of the nonspecific relationships (e.g., research stays or students 
doing their PhD) mentioned in the interviews require an agreement, or 
some kind of formal relationship between the CSO and the academy. 
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The connection of academia, productive sector and CSOs for scholar 
or professional training is a valuable collaboration for all sectors. Of 
course, more research is needed to fully understand CSOs participation 
in science and how this participation is distributed among their scope 
of action. 

Ahrweiler et al. reported that CSOs mainly participate in European 
research projects “to provide expert knowledge” and that project 
coordinators seemed to assign to CSOs a more passive role than that of 
other partners (Ahrweiler et al. 2019). Much of information regarding 
the CSOs’ participation in science that emerged from the interviews 
refers to a one-time participation. Therefore, it seems that CSOs 
participate only in a research moment (with funding, as a subject of 
study, data collection, etc.), but they are not involved throughout the 
process, and it seems that they are even less involved in defining 
objectives. Co-responsibility can only be reached with broader 
stakeholder engagement in technical and scientific projects (Mejlgaard 
et al. 2018). This implies a much closer relationship, i.e., being part of 
the research, which means being involved in the whole process. Thus, 
more efforts are needed to promote CSO inclusion in the entire 
research process to be aligned with effective collaborative strategies. 

We consider it interesting to highlight that the CSOs’ participation in 
training activities was focused on research personnel. The CSO 
representatives understand this kind of collaboration as a way of 
participating in research. The sectoral knowledge and oversight that 
CSOs can provide in research (Bernauer and Gampfer 2013) could be 
a key issue in these training sessions. Of course, more research is needed 
to determine their nature and content. 

On the contrary, a large part of the interviewees considered that they 
are not participating in research in any way; this is true even for those 
who ended up mentioning or explaining some kind of collaboration 
with research. This last condition is more widespread among CSOs that 
collaborate with universities in social research (for example, gathering 
field data, answering questionnaires or being interviewed). It seems that 
many of the interviewed managers do not see the value of their 
knowledge and do not consider these collaborations to be important or 
as participating in research.  

Perhaps closer relationships with researchers or agreements with 
research entities are needed. Therefore, it is crucial for CSOs to become 
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aware of their own potential for research. Only if both parties are aware 
of the mutual benefits of working together can we align efforts to build 
a more socially responsible science through transdisciplinary research. 
This implies that some efforts have to be made to promote CSO 
knowledge on science-related processes as well as collaborative 
methodologies to participate in research (Värmland County 
Administrative Board 2018). 

 

5.4.2 Limitations to participating in R&D&I 

The need for funding and the lack of time, training, CSO purposes and 
communication have been identified as the barriers to participating in 
research among interviewees. These issues should be addressed if CSO 
participation in science and technology is to become an integral part of 
scientific practice, as co-responsibility movements currently conceive to 
be the case. 

The majority of Spanish CSOs are small local entities that are 
understaffed and have low economic capacity (Ruiz Vilafranca et al. 
2015). Thus, the lack of personal and economic resources are intrinsic 
limitations of the third sector in Spain. Moreover, attracting funding 
from big funding bodies (e.g., the European Commission) would often 
require adopting their policies, thereby limiting the freedom of CSOs to 
maneuver (Ahrweiler et al. 2019). It is difficult to think of a solution for 
reducing this barrier beyond promoting the benefits that a CSO can 
have when participating in research. 

However, the lack of knowledge between the scientific community and 
CSOs reported in the interviews is a barrier that could more easily be 
reduced. Although communication, public engagement and 
collaborative strategies have a fundamental role in the professional life 
of scientists and significant social implications, most of the universities 
in Spain do not include these skills in science degrees (Revuelta 2018). 
Therefore, greater efforts for better training for future scientists 
regarding communication skills and how to establish such relationships 
that more align with co-responsibility objectives are needed. 

Another possible solution could be to create formal communication 
channels so that CSOs know how they can participate in research, that 
such collaborations are wanted and, especially, that they are useful and 
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beneficial for both parties. We believe that this type of effort should be 
encouraged from the government (local and national) and from the 
scientific institutions themselves (universities or research centres). 

5.4.3 Ideal relationship with the R&D&I system 

CSO representatives referred to formal associations with research 
entities through agreements to develop research work (undergraduate, 
masters or doctorate projects) or as part of advisory boards. However, 
different needs should be met to strengthen the links between CSOs 
and the science and technology system, including the lack of 
communication, the divergence of objectives, research timing and the 
lack of continuity. 

The inclusion of CSO representatives as part of research advisory 
boards is closely related to the concepts of co-responsibility and the idea 
of democratization of science (Hockfield 2018). Furthermore, this fact 
merges the co-responsibility trend towards broader stakeholder 
engagement in technical and scientific projects with the willingness of 
CSO representatives to promote research within their scope of action. 

Community-based research has increasingly been seen as having the 
potential to overcome some of the challenges of more standard research 
approaches, thereby strengthening the rigor and utility of science for 
community applicability (Lucero et al. 2018). We believe that a good 
way to try to strengthen the relations between the scientific community 
and CSOs is to promote this research approach. For example, 
universities can encourage it in final degree projects and masters’ theses 
or even in doctoral programs. This kind of collaboration already exist 
in Spain, but could be foster and promoted among both science 
students and local CSOs. 
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5.5 Conclusions and future research 

Due to the potentially beneficial contribution that CSOs may have in 
science and technology processes, there is a need to understand their 
current participatory nature, limitations and expectations to propose 
effective engagement strategies. In this article we have addressed the 
Spanish context by a qualitative approach with the aim to have an 
exploratory vision of the CSOs-science relationship. As such, our 
conclusions should not be over interpreted: further research is needed 
to fully understand Spanish CSOs participation in science and our 
suggestions should not be taken as definitive but rather as the focus for 
potential strategies to foster science-society relationships.  

Our findings suggest that the analyzed CSOs are mainly participating in 
science in a singular moment of the research. Thus, it seems that if 
public participation in science is going to be promoted, there could be 
beneficial to empower CSOs about the importance of their potential 
and sectoral knowledge. Moreover, all movements devoted to foster 
science-society relationships require including society from the 
beginning of the research process to build a more socially responsible 
science through transdisciplinary teams. To do so, we think that specific 
training programs regarding collaborative methodologies to accomplish 
such research approaches, both for CSO staff and researchers, can be 
beneficial.  

The lack of funding, time, training, mutual knowledge and 
communication have been reported as the barriers for CSO 
participation in research. We consider that specific training for future 
scientists regarding communication skills, public engagement 
methodologies and how to establish collaborative relationships more 
aligned with co-responsibility can help to overcome some of these 
barriers. Additionally, we consider that it is important to establish 
formal channels for CSO inclusion in research. Also, promoting, among 
the CSOs, a better knowledge about the nature of science and research 
system could help to overcome these barriers. 

Our findings suggest that the divergence of objectives and the lack of 
communication, research time and continuity should be solved to 
strengthen the links between CSOs and the science and technology 
system. We consider that, for example, community-based research 
approaches could be promoted through final degree projects, master 
theses or doctoral programs to foster CSOs-science relations. 
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5.6 Supplemental material 
 
5.6.1 Advisory board description 

An advisory formed by 10 members of 10 Spanish scientific culture 
units, which are structures formally recognized by the Spanish 
government and based at universities and research centres (Capeáns, 
López, and Remiro 2012), was constituted. These units were key to the 
study due to their local knowledge of the reality within different parts 
of the country and especially due to their ability to identify potential 
CSOs for inclusion in the study.  

Table 22 summarizes the institutions that formed part of this advisory 
board: 
 

University or research centre City Autonomous 
community 

University of Seville Seville Andalusia 

University of Zaragoza Zaragoza Aragon 

National Research Centre on Human 
Evolution (CENIEH) Burgos Castile and León 

University Jaume I Castellón  Community of 
Valencia 

Polytechnic University of Madrid Madrid Madrid 

University Carlos III  Madrid Madrid 

University of Cordoba Córdoba Andalusia 

International University of La Rioja Logroño La Rioja 

Seneca Foundation Murcia Murcia 

AZTI-Tecnalia Guipuzkoa Basque Country 

Table 22. Advisory board institutions 
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This advisory board collaborated with the research team throughout the 
study regarding several key points, namely, the definitions of the study 
dimensions, the revision of the scripts of the semi-structured interviews 
and the selection criteria of the candidates to be interviewed. We also 
relied on their experience during the discussion of the results and thus 
ensured the reliability of the interpretations. The units of scientific 
culture were selected by taking into account previous working 
connections and diversity of geographical distribution with the aim to 
have a broader view of other Spanish sectors.  
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5.6.2 Interview guidelines 

INTERVIEWEED PROFILE 
Name and surname: 
Level of studies: 
Age: 
Professional position: 
Time of labour linkage with the CSO: 
 
CSO PROFILE 
CSO name: 
CSO type: 
Location: 
Objective of the CSO: 
Number of affiliates: 
 
RQ1 - Current state of CSO participation throughout the R&D&I 
process 

• What is the purpose of your social organization / association? 
• Does the entity you represent participate in research? 

o How has this participation been?  
• When did the entity you represent participate in research? (ideas for 

research, definition of objectives, providing data, interpreting results, 
etc.) 

o Who conducted the research? 
• Do you have any type of formal relationship established with entities 

that carry out research (universities, hospitals, research centres, etc.)? 

RQ2 - Barriers or limitations to enhancing CSOs participation in 
research 

• Has there been any reason that limited the entity's participation in 
research? 

o What reasons? 
o Can you give me an example? 

RQ3 -  Ideal relationship with R&D&I system 

• How do you think your entity's participation in research could be 
enhanced? 

• With what type of contributions do you think your entity can 
collaborate in research? 
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5.6.3 Sample description 
 

Interview 
number Gender Type of CSO Scope of action 

1 Female First level entity Patients 
2 Male Singular entity Patients 
3 Male First level entity Patients 
4 Male First level entity Environmentalist 
5 Female Second level entity Social 
6 Male First level entity Social 
7 Male Second level entity Patients 
8 Female Second level entity Social 
9 Male First level entity Social 
10 Male Third level entity Social 
11 Female First level entity Social 
12 Male Second level entity Social 
13 Female First level entity Social 
14 Female First level entity Social 
15 Female Second level entity Patients 
16 Male Third level entity Patients 
17 Male First level entity Patients 
18 Female Second level entity Social 
19 Male  First level entity Social 
20 Male First level entity Social 
21 Female Third level entity Social 
22 Male Singular entity Social 
23 Male First level entity Patients 
24 Male First level entity Environmentalist 
25 Female Second level entity Social 
26 Female First level entity Social 
27 Male First level entity Environmentalist 
28 Female First level entity Environmentalist 
29 Male First level entity Environmentalist 
30 Male First level entity Environmentalist 
31 Female First level entity Environmentalist 

Table 23. Sample description 
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CHAPTER 6. GENERAL DISCUSSION 
 
 
 
 
“L'art c'est moi, la Science c'est nous” 
“Art is I; Science is we” 
 
Claude Bernard 
Physician 
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The three studies that made up this thesis have contributed to better 
understand the current situation of Spanish citizen participation in 
science. Concretely, our findings provide an exploratory view of current 
citizen participation practices in science. As far as the author knows, is 
the first time that scientists’ perceptions of public has been studied in 
Spain and the same goes for the analysis on CSOs’ participation in 
science. Therefore, the new knowledge generated with this thesis can 
be taken into account to propose strategies to foster citizen 
participation in science. 

In Chapters 3 to 5 a detailed discussion for each study is included. This 
section therefore presents a summary of the general discussion and a 
relation of the reported results with the starting hypotheses. 
 

6.1 Characteristics of Spanish citizen participation in 
science activities 

As it is described in Chapter 3, the nature of the current Spanish 
participatory practices in science has been analysed through 16 semi-
structured interviews to coordinators of such activities. This qualitative 
approach was aimed to have an exploratory vision of the stakeholders 
involved, the communication role in such practices and the degree of 
integration of the key requirements to develop a citizen participation in 
science practice. 

 

6.1.1 Degree of integration of the key requirements 

We have analysed the degree of integration of four key requirements: 
derived outputs, levels of participant’s contributions, participation 
assessment and practice replicability. Besides, after the interviews’ 
analysis a fifth requirement has been included: participants’ and 
facilitators’ training. Such five requirements must be taken into account 
in the project conceptualization phase, in order to allocate human and 
economic resources to those tasks not included in researchers’ routine.  

As we have seen in Chapter 3, participatory processes in science may 
require a training phase. Depending on the degree of participants’ 
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involvement it will be necessary to train them in specific skills (e.g., to 
data collection, analysis or interpretation). But also is important to 
anticipate the training needs of the research team in collaborative 
methodologies. Moreover, our results show that there is a huge 
confusion between participation assessment, data validation and assess 
satisfaction. Therefore, facilitators of such practices should be trained 
on methods to assess participation.  

To carry out successful participatory practices is necessary to invest 
extra efforts in tasks that may exceed the competences of the research 
staff (e.g., identification of the potential stakeholders, engage 
participants, evaluation of the participation etc.). Of course, this may 
require a better training in such skills. But another approach, could be 
the creation of multidisciplinary teams to guarantee that there are 
people with the scientific-technical knowledge necessary to carry out 
the project and experts in communication, public engagement, co-
production and deliberation strategies working in the same participatory 
project. 

As reported in Chapter 4, Spanish scientists consider public engagement 
activities as a shared responsibility among institutional communication 
departments, journalists and researchers. This view of public 
engagement as a multidisciplinary activity that involves collaboration 
with diverse actors is consistent with the participatory approaches of 
science production. However, current literature describes that a large 
part of the scientific community continues to consider that the best way 
to approach the public is through the deficit model: one-way 
communication activities designed to educate the public and defend 
science from misinformation (Jensen and Holliman 2016; Metcalfe 
2019; Seethaler et al. 2019; Simis et al. 2016). 

This last understanding implies a passive audience and a bad perception 
of public’s capacities that don’t match with a participatory approach. 
Because participatory science must have an active citizen involvement 
that ends up with a contribution to the science and technology system 
either to respond to a specific research objective or to co-produce an 
output (e.g., legislation, decision-making etc.). 
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6.1.2 Public involved 

This study has shown that although most of the coordinators of 
participatory practices in science mentioned the selection of strategic 
publics, some interviewees still consider the public involved in their 
projects as a single entity. However, in most cases the strategic public 
was students or the educational community which can be considered as 
a “captive public” (Fayard 1987) because the decision of participating 
was made by their teachers or schools.  

As the inclusion of multiple publics in participatory science is necessary 
(Bernauer and Gampfer 2013; Frickel et al. 2010; Jacobi et al. 2017; 
Malyska, Bolla, and Twardowski 2016; Welp et al. 2006), is important 
that coordinators of such practices are able to identify the different 
publics that better fit with their project objectives. As Besley and Nisbet 
(2013) reported, researchers that have more experience in public 
engagement activities tend to also have a better understanding of 
multiple publics. We consider that including training in public 
engagement in scientists’ career could help to have a more realistic view 
of publics. 

 

6.1.3 Communication role 

According to our results (see Chapter 3), communication plays an 
essential role for the citizen participation practices in science 
development, both for dissemination and for strengthen relationships 
with stakeholders. Despite that communication, public engagement and 
collaborative strategies have a fundamental role in the professional life 
of scientists, most of the universities in Spain do not include such 
training in science degrees (Revuelta 2018).  

Similar results have been reported in Chapter 5 regarding the lack of 
communication between CSOs and academia. For citizen participation 
in science become real there is a need to promote the skills and value of 
science communication among researchers. However, as we have seen 
in Chapter 4, Spanish younger scientists tend to receive more 
specialized training in science communication and public engagement 
activities.  
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6.2 Scientists’ perceptions on citizens and their role 
in public engagement 

Until now, very little was known about Spanish scientists’ perception of 
their public. The study reported in Chapter 4 analyses 1022 answers to 
an online survey and provides an overview of Spanish scientists’ 
opinions and attitudes towards citizens’ understanding of science and 
on researchers’ role in public engagement activities. Such findings 
enabled us to identify the differences between scientists’ perceptions of 
public and citizens’ perceptions of science in order to propose some 
strategies to improve citizen participation in the research process. 

 

6.2.1 Differences between Spanish scientists’ views 
and public understanding of science 

Most of the Spanish scientists still believe that the main barrier to 
society being involved in citizen participatory projects is the lack of 
knowledge and understanding of scientific reasoning. This perception 
is aligned with the above-mentioned deficit model (Seethaler et al. 
2019). However, the participatory approaches of science production 
that are promoted worldwide are the ones focused on mutual learning 
and processes of co-creation of science (such the ones analysed in 
Chapter 3). Therefore, to citizen participation in science become real 
we need to improve both the citizen understanding of science but also 
the researchers’ perception of publics capacity and understanding. 

We have identified differences between researchers’ perceptions and 
attitudes of the public and how the public responds in the FECYT 
surveys (2017). Mainly, these differences relate to the information 
sources used by the public, the level of researchers’ recognition and the 
actual level of science education and interest in science and technology. 

Scientists’ views regarding science and researchers’ recognition as well 
as public’s level of science education are more negatives than the 
Spanish citizens’ views reported in FECYT surveys. On the other hand, 
Spanish researchers consider that public is more interested in science 
and technology than what is reported in public perception of science 
studies. Being aware of such differences is useful to propose strategies 
to improve science-society relationships. 
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6.2.2 Spanish scientists and public engagement in 
science  

Spanish scientists consider that science communication and public 
engagement activities are a shared responsibility among them, 
institutional communication offices and scientific journalists. This 
implies that there is a broad potential to strengthen collaborations 
among researchers and communication specialists to integrate 
multidisciplinary teams to carry out citizen participation projects as we 
suggested before. 

Moreover, we have observed an increase in science communication 
formal training among younger generations. And also, that scientists’ 
confidence in public capacities decreased with increasing age, this view 
again is more aligned with a deficit model approach.  Torres-Albero et 
al. (2011) described the average profile of Spanish scientists involved in 
science communication: middle-aged men working in higher 
professional category. Thus, our findings may be explained by a relative 
lack of experience in such activities among the oldest cohorts (over 55 
years)  of scientists,  this also seems likely in other countries (Besley and 
Nisbet 2013). Our hypothesis then, is that including formal training in 
public understanding of science, public engagement and science 
communication in research careers could help to improve this situation. 
Of course, more research must be carried out to better assess this issue.  

 

6.3 Civil Society Organizations’ perceptions on their 
role in the Spanish research process 

As described in Chapter 5, this is the first time that an exploratory study 
on CSOs-science relations has been carried out in Spain. This qualitative 
study has been done through 31 semi-structured interviews to managers 
or delegated representatives of CSOs organizations based in Spain. 
However, we must bear in mind that this is a qualitative study with an 
exploratory intention, our findings cannot be considered as 
representative of all the CSOs in Spain. 
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6.3.1 Current participation in R&D&I 

Most of the analysed CSOs are actually participating in science in a 
single research moment (with funding, as a subject of study, data 
collection, etc.), but they are not involved through the process, and even 
less in defining objectives. Moreover, many of the interviewed managers 
are not aware of their knowledge and do not consider their 
collaborations with academia to be important or as “participating in 
research”. This last perception was more widespread among CSOs 
participating in social research (e.g., gathering field data, answering 
questionnaires or being interviewed). 

However, effective citizen participation in science can only be reached 
with broader stakeholder engagement in the whole process (Mejlgaard 
et al. 2018). Thus, it is necessary for CSOs to become aware of their 
own potential to build a more socially responsible science. To be able 
to it, more efforts are needed to promote CSOs knowledge on science-
related processes, to build a closer relationship with academia as well as 
establish collaborative methodologies for other stakeholders to 
participate in research.  

 

6.3.2 Limitations to participating in R&D&I 

CSO main action, lack of funding, time, training and knowledge 
(between scientific community and CSOs) are the identified main 
barriers to participating in research among interviewees. Lack of 
personnel and economic resources are intrinsic of Spanish CSOs; small 
local entities, understaffed and with low economic capacity (Ruiz 
Vilafranca et al. 2015). Thus, the only think that can be done to 
overcome this barrier is to promote the potential benefits of CSOs 
participation in research. 

On the other hand, the lack of mutual knowledge between scientific 
community and CSOs (both reported in Chapter 4 and 5) could be 
reduced by improving communication. This can be done at an 
institutional level (e.g., creating formal communication channels) or by 
improving training on communication and collaborative skills among 
future scientists. Of course, both approaches need governmental 
support (local and national) but also a strong institutional commitment 
from universities and research centres. 
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6.3.3 Ideal relationship with the R&D&I system 

As reported in Chapter 5, different needs should be met to strengthen 
the links between science and CSOs (e.g., lack of communication, 
divergence of objectives, research timing and lack of continuity). Most 
CSO representatives mentioned formal associations with academia to 
develop research work or being part of advisory boards as the main way 
to contribute in research. 

Such inclusion is closely related to the co-responsibility concept and the 
idea of democratization of science (Hockfield 2018) but also is aligned 
with the CSO’s willingness of promoting research within their scope. 
We consider that the “community-based research” approach can have 
the potential to overcome some of these challenges such divergence of 
objectives and lack of continuity. According to Lucero et al. (2018), this 
research approach can strengthen the rigour and utility of science for 
community applicability. Thus, a possible approach to foster CSOs-
research institutions’ relationship could be to promote this kind of 
research among young scientists (e.g., masters’ theses or doctoral 
programs). 

 

6.4 Relation with the starting hypotheses  

The study reported in Chapter 3 and discussed in this section allows us 
to better understand the current citizen participation practices that are 
being carried out in Spain. As we have seen in Chapter 4 and also 
discussed in this Chapter, there are discrepancies between what Spanish 
scientists think the public perceives and what are actually Spanish 
society’s perceptions of science. Hence, most researchers do not 
completely know their public, their capacities or the utility of involving 
civil society in science production. 

On the other hand, as reported in Chapter 5 and discussed here, most 
of the CSOs managers or representatives are not aware of their own 
knowledge and the potential that they and their organizations have to 
foster a more socially relevant science. Moreover, we have identified a 
series of limitations that needs to be overcome to promote CSOs 
inclusion in research. Perhaps one of the most important, is the need 
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for better communication to let CSOs know how they can intervene in 
science production. 

With all this we can consider that the starting hypotheses of this thesis 
have been confirmed. In addition, the studies that constitute this thesis, 
despite its limitations, provide new results to date and, therefore, greater 
knowledge and understanding about citizen participation in science in 
Spain, as well as about the perceptions of two of the main actors 
involved (researchers and civil society). However, further research is 
needed to fully understand it. Thus, our findings should not be taken as 
definitive, but rather as the focus for potential strategies to foster 
science-society relationships. 
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CHAPTER 7. CONCLUSIONS  
 
 
 
 
“Discourse and critical thinking are essential tools when it comes to securing progress 
in a democratic society. But in the end, unity and engaged participation are what 
make it happen.” 
 
Aberjhani 
Historian and poet 
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Our research has allowed us to better understand the state of citizen 
participation in science and the perceptions of researchers and 
managers of civil society organizations (CSOs) in the Spanish context. 
This section outlines the main conclusions of the three studies that 
made up this thesis. 

Regarding Spanish citizen participation practices: 

• Five key requirements to develop a practice of citizen 
participation in science requirements need to be addressed 
before starting the participatory process in order to allocate 
necessary resources (both human and economic) to the out of 
the researchers’ routine tasks: Derived outputs, levels of 
participant’s contributions, participation assessment, practice 
replicability and participants’ and facilitators’ training. 

• Participatory processes should take into account specific 
training needs: 

o for participants, depending on the degree and type of 
involvement, on specific scientific concepts or research 
skills. 

o for the research team, depending on the experience 
and/or background, on collaborative methodologies. 

o for facilitators on methodologies to assess the 
participatory process itself. 

• Communication has been revealed as a key tool for the 
successful development of citizen participation practices in 
science (both for dissemination and for strengthening 
relationships with stakeholders). 

• In participatory practices it is necessary to invest an extra effort 
during the conceptualization phase to identify the strategic 
stakeholders, the most appropriate strategies to recruit or 
engage participants and the expected level of commitment to 
the project. 
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Regarding scientists’ perceptions of the public and their role in public 
engagement activities: 

• Many scientists in Spain still believe that the lack of public 
scientific knowledge is the key hindrance to society being 
involved in public engagement activities. 

• Confidence in the public capacities is lower among the most 
senior cohorts of researchers. 

• There are some differences between the perceptions of 
scientists analysed and the perceptions of the public collected in 
the biannual reports of the FECYT. Specifically, these 
differences relate to the sources of information used by the 
public, the level of public recognition that science and 
researchers receive, the level of scientific education and the level 
of interest in science and technology. 

• Scientists consider public engagement activities to be a shared 
responsibility among institutional communication departments, 
journalists and researchers. 

• Younger generations of scientists tend to receive more 
specialized training in science communication. 

Regarding CSOs managers’ perceptions of participating in research: 

• CSOs are mainly participating in science in a singular moment 
of the research and not during the entire process. 

• CSOs managers are unaware of their own knowledge and 
potential in producing more socially relevant research. 

• The lack of funding, time, training, mutual knowledge and 
communication are the main barriers to CSO participation in 
research. 

• There is a need to solve the divergence of objectives, research 
continuity and lack of communication between CSOs and the 
academia to foster citizen participation in the science and 
technology system. 
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CHAPTER 8. CONTRIBUTIONS AND FUTURE 
IMPACTS  
 
 
 
 
“Every kid starts out as a natural-born scientist, and then we beat it out of them. 
A few trickle through the system with their wonder and enthusiasm for science intact.” 
 
Carl Sagan 
Astronomer and science communicator 
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Although citizen participation in science has been always a complex 
issue to treat, this thesis gives some evidences and reflections in the 
Spanish context. The main contribution of this work are the suggestions 
of potential strategies to overcome the identified barriers and challenges 
to foster participatory science.  

Therefore, in this section such recommendations are summarized as 
well as the future research lines and thesis contributions to the 
sustainable development goals. 

8.1 Recommendations to foster citizen participation 
in science 

The findings of this thesis open the door to consider some strategies to 
foster citizen participation in science. First of all, the particularities and 
the multidisciplinary knowledge necessary to carry out participatory 
projects in science require an institutional commitment and even a 
governmental one. Such processes demand extra efforts for 
coordinators often out of the researchers’ routine tasks. This implies 
that official recognition (e.g., to include specific items as evaluation 
criteria for hiring staff, career promotion or in funding calls, etc.) is 
needed in order to foster this research approach. 

The role that communication plays in science-society relationships has 
been revealed as crucial for effective citizen participation projects. In 
this regard, promote training in communication skills among 
researchers could be a good approach to prepare future generations to 
carry out participatory processes. Such training could also prepare 
scientists to better understand publics and the potential benefits of 
citizen integration in science production.  

There also has been highlighted other training needs such collaborative 
methodologies or methods for participation assessment that also could 
be integrated in research careers or, at least, offered to those researchers 
interested. Institutional actions promoting multidisciplinary 
collaboration between communication, outreach or public engagement 
departments and research groups could also enhance the effectiveness 
of this kind of research.  
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The results of this study suggest that CSOs are currently participating 
in science in a very limited way. It is important that scientific institutions 
take communication actions specifically aimed at CSOs to make them 
aware of the potential they have to produce a more socially relevant 
science. Moreover, institutional channels to foster CSOs inclusion in 
research (e.g., community based research approach) should be 
promoted both among researchers and CSOs. 

 

8.3 Future research lines 

After completing this research, various future research lines have been 
identified in which the author of this thesis is committed to moving 
forward. Thus, the proposed future is: 

• To continue with the analysis of citizen participation projects in 
Spain to detect changes, progress and improvements in its 
implementation. 

• To study the motivations, incentives, barriers and challenges 
that Spanish researchers have to engage in participatory 
scientific processes to be able to propose effective actions to 
enhance citizen participation in science. 

• To continue studying the relationships of CSOs with the 
Spanish science and technology system, both of their managers 
and of partners and volunteers. 

• To conduct an exploratory analysis of the relationship of the 
other main stakeholders (business sector and policy makers) 
with science and technology to better understand the Spanish 
situation. 

• To analyse different approaches to teaching science 
communication, public engagement and collaborative strategies 
to identify and promote the most effective way to train 
researchers to conduct participatory science. 

All the aforementioned lines of research need to be integrated into 
future studies to fully understand the science-society relations in Spain. 
  



 

 167 

8.2 Sustainable development goals’ contributions 

It is desirable that all research contribute to some extent to one or more 
of the Sustainable Development Goals (SDGs). A previous reflection 
of how the work carried out in scientific or social research can influence 
society, allows align the research outputs with the SDGs. Therefore, this 
thesis cannot remain indifferent to these objectives. 

The 17 SDGs are the heart of the 2030 Agenda for Sustainable 
Development, adopted by all United Nations Member States in 2015. 
This agenda is an urgent call for action by all countries in a global 
partnership towards sustainability. And the SDGs are all global 
challenges facing humanity to achieve sustainability by 2030 (see Figure 
15).  

 
Figure 15. Sustainable Development Goals, United Nations infographic  

The 17th goal “partnership for the goals”, clearly identifies all levels of 
organization of society as key actors in the social transformation 
involving the adoption of the SDGs. This goal also calls for 
collaboration as the only way to move towards sustainability. Of course, 
all entities devoted to research are called to action through the 
incorporation of the SDGs into its missions but even more in this 
specific target. This is especially clear when it comes to academia and 
the three core missions of the university: 

• Teaching for the transmission of knowledge, values and skills, 
• Research and innovation to generate new knowledge and new 

solutions to the problems posed by society, 
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• Social responsibility, which includes the return to the knowledge 
society and the answers to the problems it raises. 

As we have seen in previous sections, all this thesis seeks to gather better 
knowledge of science-society relationships to foster citizen participation 
in science. This new scenario of science production through citizen 
participation needs communication and co-creation skills to produce a 
more socially relevant science. Such kind of science, therefore, requires 
alliances and partnerships between different stakeholders (both locally 
and globally). 

Even though there is no specific target included in this 17th SDG that 
perfectly fits with participatory science production, such approaches 
can foster a more socially relevant science, innovation and governance. 
This is completely aligned with the main SDGs objective, to 
collaboratively construct a better future. The citizen participation 
approaches analysed in this thesis are closely related to the five key 
competencies described by the United Nations to achieve sustainability 
(United Nations 2012). Specifically, with the following ones: 

• Systemic thinking competency: The ability to recognize and 
understand relationships, analyse complex systems, think about 
how systems are integrated into different domains and scales, and 
deal with uncertainty. 

• Strategic competency: The ability to collectively create and 
implement innovative actions that promote sustainability at the 
local level and beyond. 

• Collaboration competency: The ability to learn from others, to 
understand and respect the needs, perspectives and actions of 
others (empathy), to understand others, to identify and be 
sensitive to them (empathic leadership), to address conflicts in 
groups and facilitate collaboration and participation in conflict 
resolution. 

• Integrated problem solving competency: The global capacity to 
apply different conflict resolution frameworks to complex 
sustainability problems and to generate possible viable, inclusive 
and equitable solutions that promote sustainable development. 
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Therefore, the main contribution of this thesis in this regard is the 
analysis and proposals of strategies for the implementation of a co-
creative model of science production and governance. 
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