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Abstract

:

An ethos of Responsible Research and Innovation (RRI) has been promoted in the last decade, especially within European research. The broad objective is to ensure that research and innovation activities align with society’s needs and expectations. In parallel, citizen observatories seek to mainstream citizen science as a valid paradigm for scientific investigation but additionally as a model for increasing societal participation in local democracy and policy definition. This paper explores how precepts of RRI have permeated research in citizen observatories. The methodology adopted is that of a scoping review. Results confirm a relatively simple adoption of RRI principles. However, the adoption is uneven and shallow, perhaps reflecting the ongoing evolution of both RRI and the citizen observatory model. It is recommended that the diverse actors charged with the definition, design, validation, and deployment of citizen observatories unambiguously integrate, promote, and report on how the RRI principles are reflected in their activities.
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1. Introduction


Citizen Observatories (COs) have emerged in the last decade as a vehicle to facilitate and promote the adoption of citizen science [1]. A broad interpretation of citizen science is envisaged, for example open innovation in healthcare [2]. Moreover, COs are not necessarily coupled to just the one scientific domain. Rather than solely focusing on traditional science-focused initiatives in collaboration with the professional scientific community, the CO seeks to foster community engagement. Such engagement is manifested in diverse ways—contributing to policy definition, fostering a sense of ownership in the stewardship of the environment, and crucially, promoting more meaningful involvement in the democratic process. Another essential objective is enabling further progress toward the UN Sustainable Development Goals (SDGs) [3]. Successful COs are prototyped, developed, and deployed in diverse application domains, for example, in water quality [4], weather [5], and disaster risk reduction [6]. Data from COs may be conflated with that from other sources, for example, satellites [7], to demonstrate added value.



COs are now at a critical stage in their development cycle. In the next few years, the CO concept will become mainstream, evolve, or be replaced by another model of participatory engagement. Indeed, it remains to be seen if research in COs has now passed its peak. There are reasons to be optimistic—citizen science is a cross-cutting initiative in the current Horizon Europe research programme; thus, more deployments can be realistically expected. However, COs are not immune to best-practice principles in research and innovation and must therefore adapt, complement, and align with best practices. One of the most significant policy initiatives in the European research landscape in the last decade is Responsible Research and Innovation (RRI) [8].



RRI has emerged as a concept, policy, and code of practice in the last decade. The concept is embedded in the European Research Area (ERA) [9] and has diffused beyond Europe. RRI seeks to align the public good with research and development [10] and currently constitutes an integral component of the EU Horizon Europe programme. Likewise, COs must be cognisant of the obligations conferred by RRI. Given the crucial stage in the evolution of COs and the importance of COs going forward, it is opportune to ask to what degree research in COs has reflected and manifested RRI principles. This paper seeks to answer this question through the instrument of a literature analysis.



This paper is structured as follows: Section 2 presents a background to the evolution of COs and RRI, after which the review question is fully articulated. Section 3 presents the methodology for answering the research question. Results are presented in Section 4 and discussed in Section 5. Future work is considered in Section 6, after which the paper is concluded.




2. Background


Citizen science has a long and distinguished history. Weather watching and bird counts are well-documented citizen science activities. It is often forgotten that the era of the professional scientist is a relatively recent phenomenon. In recent decades, there has been an upsurge in interest in citizen science. Developments in ICT and especially smartphones have proved transformational, offering novel platforms for public engagement. Many benefits accrue from having a public awareness of science, not least an ability to confront many of the global challenges of this time [11]. In Europe, a framework to promote the uptake of citizen science has emerged—namely, the Citizen Observatory (CO).



In South America, the term citizen observatory has been used since the 1990s. For example, the Citizen’s Observatory of Education (Observatorio Ciudadano de la Educación), is a publication informing public opinion on education policies [12]. However, the European Union has adopted and popularised the concept in its various research programmes since approximately 2010. Calls for prototypes, demonstrators, and implementations began at the end of the FP7 programme and continued throughout Horizon 2020, especially in the Science with and for Society (SWAFS) initiative. Currently, COs are included in Horizon Europe but more as a cross-cutting theme. For a detailed description of those projects funded under the various EU schemes, see: [13,14,15].



Citizen science and COs are tightly coupled concepts but not synonyms; subtle but vital differences exist in their goals. Citizen science is often regarded as a paradigm of scientific enquiry. However, such a singular view is quite restrictive, and a plurality and diversity of interpretations have been observed [16]. COs often encompass scientific research but prioritise policy and governance to create synergies with external actors to address community issues [17]. It is often implicitly assumed that such matters pertain to environmental monitoring, but this need not be the case. COs can also incorporate different models of participatory science, including Volunteered Geographic Information (VGI) and community-based monitoring.



No uniform definition of a CO exists; however, that of Rathnayake et al. [18] (p. 326) serves as a working definition: “Citizen observatories can be defined as socio-technical constellations designed to make people who are nonprofessional scientists empowered entities”. An alternative interpretation is offered by Liu et al. [19] (p. 1), who consider the essence of a CO as a “process that involves environmental monitoring, information gathering, data management and analysis, assessment and reporting systems”. Gonda et al. [20] (p. 9) prioritise collaboration and collaboration, envisaging a CO as a “collaborative and participatory effort by an interdisciplinary team that collects data from organisations, networks, and citizens with the objective of filling information gaps”, in this case, information concerning COVID-19 in Nicaragua. To date, contributions by COs include increased citizen engagement, environmental monitoring, improved dialogue between citizens and public authorities, and contributed valuable scientific knowledge, among others [14].



Successful COs are enabled by the commitment and engagement of all relevant stakeholders, from citizens to policymakers. However, many obstacles exist. Where there is a need for repetitive measurements, for example, complementary in situ data for remote sensing, the inherent strength of the community could be a weakness [1]. For land cover classification, citizen scientists’ diverse interpretations of semantics and affordances demanded consideration [21]. While the laudable objective of improving citizens’ scientific literacy is often highlighted, increasing the professional scientists’ knowledge of citizens as experts is of utmost importance [22]. A critical need to define pathways to enable data-informed decision making, for example, in transformations to sustainability that encompass socio-cultural contexts and practices, has been identified [23]. Fundamentally, the credibility of citizen science as a research paradigm is sometimes questioned. Elliott and Rosenberg [24] argue that, philosophically, these reservations are irrelevant in a general sense in that the quality of citizen science cannot be decoupled from the specific research context.



Professional scientists regularly encounter scenarios that can provide severe obstacles for the citizen science community. For example, ethical dilemmas concerning information management may pose significant difficulties in light of ownership, privacy, and security concerns. For COs, such issues are omnipresent, and thus, responsibilities and consequences—both intended and unintended—need careful consideration [25]. A synergy exists between open science and citizen science. However, a tension exists between openness and the need for data protection, which could hinder their mutual progress [26]—citizen science in the health domain is a case in point [27]. Thus, while the potential of citizen science and COs to confront grand societal challenges is acknowledged, there is a fundamental need for high-quality data practices as well as aligning data with decision making [28]. Data challenges may be best considered within the context of Responsible Research and Innovation.



2.1. Responsible Research and Innovation


Responsible Research and Innovation (RRI) has become central to EU policy in the last decade [29,30]. It was a cross-cutting theme in the H2020 programme. Concerns were expressed that RRI would not feature in the current Horizon Europe programme [31]; however, this is not the case. In the EU context, RRI has its roots in the early framework Programmes, including FP7, for example, the RRI Toolkit (https://rri-tools.eu/, accessed 12 June 2022). Work continued in the H2020 Science with and for Society (SWAFS) initiative. In this programme, the RRI concept has been further refined and extended by developing the MoRRi indicators [32]. A detailed description of the evolution of RRI is beyond the scope of this discussion. For a thorough treatment, the interested reader is referred to Owen et al. [8].



Broadly speaking, RRI seeks to align European research and innovation with the needs of society. An operational definition of RRI within an EU context is offered by Meijer and van de Klippe [32] (p. 171): “A process where all societal actors (researchers, citizens, policy makers, business representatives, third sector organisation representatives, etc.) work together during the whole R&I process in order to better align R&I outcomes with the values, needs and expectations of European society”.



However, a variety of definitions of RRI may be found in the literature; see, e.g., Schomberg [33]. Moreover, it must be emphasised that RRI is not just an EU initiative. However, its contextualisation to other regions, for example, the Global South, remains a work in progress [34]. Moreover, its dimensions are open to debate; Szymanski et al. [35] argue that RRI should learn from multispecies studies and expand its definition of stakeholders to include animals and plants.



Despite significant progress, problems remain, especially with the operationalisation of RRI. Interest in RRI originally grew from an observation that innovation was perceived as being disconnected from the societies it served. However, innovation is only beneficial if it meets societal needs economically, environmentally, and sustainably [36]. Indeed, synergies exist between RRI and the quadruple helix model of innovation [37]. Nevertheless, intrinsic difficulties exist with the concept as no agreed definition exists. This may be attributed to RRI being an evolving construct; see, e.g., Rip [38]. Alternatively, if RRI focuses on producing science for the public good, critical questions arise as to its epistemic nature or what the public good entails [10]. For researchers, such a lack of clarity is problematic. RRI within the context of the EU initiatives is essentially a prerequisite for funding. Nonetheless, significant flexibility in interpreting and implementing RRI exists for the actors on the ground. Such flexibility is understandable at this stage of the evolution of RRI; however, a lack of agreed metrics hinders the mainstreaming and monitoring of RRI, and an increased need for additional methodological information concerning RRI practices has been identified [39].



Traditionally, RRI was synonymous with six keys: public engagement, gender equality, science literacy and science education, open access, ethics, and governance. However, the issue of governance was perceived as problematic and was excluded [38]. Hence, for many researchers, RRI is a cross-cutting theme consisting of five keys. However, how the keys were implemented and measured was particular to individual projects.




2.2. Study Rationale


Currently, there is a concerted effort to mainstream citizen science in EU research. Thus, RRI must be considered in both citizen-driven initiatives as per the CO model and in collaborations with professional scientists and other societal actors. At present, it is unclear how RRI has permeated CO initiatives and been manifested therein. Understanding this gap will lead to a deeper understanding of what remedial actions might be taken by CO initiators to improve the contribution of citizen science to societal priorities, including policy development. Thus, the following research question was formulated: How has the influence of RRI been manifested in Citizen Observatory initiatives, as documented in the research literature? To answer the research question, the advice of Munn et al. [40] is adopted. Here, the authors recommend scoping reviews where the research question is imprecise and seeks to identify knowledge gaps, clarify concepts, and investigate research practices. Such reviews may be regarded as an independent study, consolidating knowledge and giving an overview of this body of knowledge such that progress may be assessed and avenues for further research identified [41].



In this paper, we identify emerging evidence for the adoption of RRI with COs. This research synergises with the systematic review undertaken by Rathnayake et al. [18]. Here, the authors undertake a detailed mapping of CO initiatives in environmental monitoring, drawing interesting findings concerning civic participation, data management, and societal implications. Though these themes naturally overlap with this study, RRI themes were not explicitly considered.





3. Methodology


This review is reported in line with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses extension for Scoping Reviews (PRISMA-SCR) [42,43]. The study was conducted in late 2021.



3.1. Eligibility Criteria


The key criterion for consideration for inclusion in this review was the inclusion of the term “citizen observatory” or equivalent in the title, abstract, or keywords. All papers were either from a journal or conference proceedings, or a chapter in an edited book. As such, all articles were peer-reviewed, thus ensuring quality. Exclusion criteria included the paper being an extended or poster abstract. Documents that were not available for downloading or written in English were likewise excluded.




3.2. Search Strategy


Three exemplar electronic databases were harnessed: the well-known Scopus and Web of Science databases [44] and EBSCO. Scopus is amongst the foremost bibliographic databases of peer-reviewed literature, including science and technology, arts and humanities, and social sciences. The Web of Science is an interdisciplinary database encompassing several individual bibliographic databases, for example, the Science Citation Index (SCI). EBSCO provides access to an extensive range of citation databases, e-books, and e-journals, including business and economics journals. There is an overlap in records between all three databases. Google Scholar was assessed; as experienced by Lasda Bergman [45], many duplicates were returned, so it was not used.



The search terms were (“citizen observatory” OR “citizens observatory” OR “citizen observatories” OR “citizens observatories”). These terms were applied to the title, abstract, and keywords. All records were exported in BibTex and imported into Citavi 6. Duplicates were removed as part of this process. Papers were then retrieved electronically as PDFs through the university library using the EZProxy web proxy server.




3.3. Selection of Sources of Evidence


An initial screening exercise excluded papers that were irrelevant to the study, for example, extended and poster abstracts, editorials, and other short entries such as those in magazines. A second more thorough screening involved a complete reading of the title, abstract, and keywords. Here, theoretical papers, for example, describing software frameworks, were identified and excluded. Articles were excluded if they did not include a practical citizen engagement dimension. In cases where such engagement was perceived as minimal, the paper was included for a thorough, detailed analysis.




3.4. Synthesis of Results


All studies were initially clustered according to whether they addressed each of the five keys synonymous with RRI, namely public engagement, gender equality, science literacy and science education, open access, and ethics. In the cases of gender and ethics, it was a binary decision. The situation was more complicated for the other keys in that synonyms for the terms education or literacy might be used. Thus, only when each paper was read was a final decision made concerning its RRI focus, noting that cluster membership is not mutually exclusive.




3.5. Study Selection


After duplicates were removed, a total of 129 papers remained for screening. After the initial screening of citations, 43 papers were removed. A more detailed screening resulted in a further 38 papers being removed. Finally, 86 studies were considered suitable for a complete detailed analysis. After a full analysis of the papers from the perspective of the RRI keys, a total of 48 articles were considered for full inclusion in this review. See Figure 1 for a PRISMA 2020 flow diagram.




3.6. Limitations


The focus of this study is unambiguously on citizen observatories. It does not include singular studies in citizen science, participatory research, crowdsourcing, VGI, or equivalent. The three databases are exemplary, but no claim is made that the corpus underpinning this review is complete and exhaustive. The grey literature did not inform this analysis. It is possible that more recent material such as project deliverables or preprints was published in open archives such as Zenodo or arXiv. Thus, there is a risk of academic bias in this study. Finally, all papers are in English, so some international studies may be overlooked.





4. Results


Each of the five RRI keys is now considered individually, detailing how the CO literature details and reports on each.



4.1. Open Access


Adoption of open access practices has surged in recent years. Research that is publicly funded is often under an obligation to be made freely available for all. Many in the research community see open access as a channel for disseminating project results. In this way, impact is increased and measured using a variety of metrics. Over 48% of the publications are available in an open access format, confirming a trend to open access and that this process remains ongoing.



Open data seek to make datasets open to all and are often assumed as best practice within citizen science. The need for open global datasets remains urgent; it is estimated that only 50% of the SDG indicators are recorded, and that the available datasets are frequently out of date [46]. While the potential for citizen science to contribute remains significant, the risk of stereotyping citizen scientists as mere data collectors may limit the potential of COs [3]. Data quality remains an omnipresent issue with data collected by COs. To counteract negative perceptions, Liu et al. [19] advise focusing on accuracy and uncertainty, privacy and security, and qualitative and quantitative indicators. However, despite potentially larger errors and uncertainties, Tian et al. [47] consider COs a valuable but alternative source of information in incidences of urban pluvial flooding. Gharesifard and Wehn [48] investigated motivations for sharing weather data. Trust was identified as a critical indicator of willingness to share data. Motivations reported include reducing risk, benefiting wider society through knowledge creation, and the perceived moral obligations. Interestingly, previous experience was identified as an indicator of trust.



Having collected data, a key question facing COs concerns the practicalities of making the data available. Weather enthusiasts offer a model that could be aspired to. There is a long tradition of weather watching that even predates the well-known Audubon Christmas Bird Count. Moreover, the technology is well-advanced, and amateur weather enthusiasts have a wide variety of online platforms where they can upload their observations. Thus, while there is an initial and longer-term monetary investment, the cost associated with data sharing is minimal [5]. Moreover, the data can then be automatically consumed by various popular weather networks, thus becoming an integral source of weather information [49]. However, for other citizen science initiatives, the problem is more complex. Few projects have official links with public or policy institutions outside of the well-known citizen science initiatives. The Citclops CO developed a public interface through which data could be downloaded [50]. The COBWEB CO provided data to a Local Environmental Record Centre (LERC), part of the UK National Biodiversity Network.



Aligning with the spirit of open access, some CO’s have harnessed open hardware and software platforms. Thus, any CO or citizen science initiative could replicate the methodology, at least in principle. KdUINO is a DIY kit based on the open-source Arduino platform that enables continuous monitoring of light attenuation throughout the water column [51]. Here, data can be visualised in near real time on an interactive map. SmartFluo follows a similar model [52]; this device can be manufactured using 3D printing techniques and is thus attractive as a frugal technology and open labware platform [53]. From a software perspective, there has been an understandable emphasis on open-source software. To maximise data access, an adherence to open standards is often manifested. The CitiSense platform is archetypical, adopting international standards for geospatial data, e.g., the OGC Web Feature Service (WFS), open web interface technologies, e.g., Representational State Transfer (REST), and standard encoding formats, such as JSON [54].




4.2. Public Engagement


As citizen participation is a key aspect of the CO model, it is the dimension of RRI that is most visible in CO research. Such participation is identical to that fostered in classic citizen science. However, the objective of citizen engagement in COs is more directed toward obtaining evidence for informing policy and enabling informed decision making that is more cognisant of the realities in the community. Enabling processes are bottom-up, participative, collaborative, and oriented towards problem articulation and solution generation. Such processes are not necessarily ICT-mediated; instead, public meetings, workshops, and social media also contribute [55]. Motivations for participation vary and include, for example, personal interest and altruism. Nevertheless, the most successful projects are those where citizens directly benefit [56].



Documented flood monitoring and water governance are typical of the approaches that COs has adopted in general. In the case of flooding, the WeSenseIT CO explored participation as experienced by citizens and authorities, harnessing face-to-face interviews and focus groups across three different countries [57]. Here, physical meetings were identified by citizens as occurrences with the highest impact on decision making. Likewise, the divergent roles ascribed to and assumed by citizens influence the dynamics of participation, the perception of local authorities, and the contribution to water governance [58]. In the case of flooding, the need for public participation has been acknowledged in policy, namely the European Flood Directive 2007/60/EC. Fundamental to involvement in a CO is its usability; Degrossi et al. [59] report on the user-centred design of a CO for floods in Brazil.



Pargman et al. [4] consider the potential of the CO as a model for the management and stewardship of water. A co-design approach solicited multistakeholder input via semi-structured interviews and workshops. Similar to the flood management scenario outlined above, a recurring theme concerning the disparity in expectations between citizens and policymakers emerged. The need for a critical mass of participation for stakeholder engagement was observed. Nevertheless, a critical observation concerned the difficulties in bringing the diverse stakeholders together when seeking to provide them with a space for deliberation. This intrinsic need for comprehensive, active multistakeholder, multidisciplinary dialogues was also observed by Liu et al. [19].



Community Champions were pioneered by the GROW CO. Serving as ambassadors on the ground, they liaised with local communities, offering support and training. Moreover, ambassadors acted as intermediaries between participants on the ground and the CO development team [60]. The establishment of communities in thirteen EU countries testifies to this model of facilitating community engagement. The Osservatorio del Mare a Molfetta is unique in that it was founded by volunteers interested in coastal and marine biodiversity [61]. It is an excellent example of a bottom-up CO initiative, but one that actively collaborates with the professional science community. Participation is open to motivated individuals who use their own devices to participate in an underwater visual census. The LandSense CO sought to stimulate civic engagement in Vienna, enabling the public to provide their perceptions of urban space, thus influencing the planning process [62].




4.3. Science Education


RRI seeks to transform the ethos of how research is conducted throughout the EU, including in higher education institutions. Thus, it significantly influences the training and preparation of the next generation of researchers. However, science education has a significant role outside of formal education. COs are essentially bottom-up or community-driven initiatives. Thus, a key role is to equip citizen scientists and other actors to engage in responsible research and innovation. In this way, a more scientifically literate community emerges and is thus far better prepared to contribute to and engage in policy definition.



Citizen science offers many education opportunities, and COs have engaged in various learning and training activities. However, informal learning dominates, despite the prevalence of academic institutions in CO research. One exception occurred in Vienna via the LandSense CO [62]. Here, students undertaking a course unit on landscape architecture evaluated a mobile application (app) as part of their course work. The GROW CO developed Massive Open Online Courses (MOOCs) that facilitated enrolment in various free courses, thus empowering citizens to become involved in climate action [3]. A further initiative of the GROW CO was to provide contributors with extensive training in protocols for data collection. In this way, the CO sought to confront and mitigate the omnipresent data quality problem in citizen science [63].



COs are seen predominantly as contributing to both informal and lifelong learning, seeking to foster a sense of autonomy and responsibility for citizens [54]. Active participation and collaboration foster knowledge generation and cultivate values of solidarity and shared responsibility essential to sustainable development; research-based learning enabled by COs offers an apt approach here [64]. Moreover, such activities may alleviate eco-anxiety, a growing problem amongst young adults, especially in Western countries [65]. When the CitClops CO evaluated the kdUINO platform, school children contributed to usability testing.



A common approach to validating the operation of a CO was to undertake several studies with potential end communities of users. In many cases, an app constituted the user-facing dimension of the CO, and a usability or equivalent study was undertaken. Training was provided, and potential end users were requested to complete some tasks. The methodologies followed by the COBWEB CO and in a case study in Brazil [66] are archetypical. In such cases, however, learning can be minimal in that potential participants act as little more than data collectors. Extreme citizen science [67] envisages citizen scientists contributing to a full range of activities, from problem specification to methodology definition to interpretation and dissemination of results. The GROW CO adopted such an approach as part of its Living Soils mission, focusing on hypothesis-driven rather than observation-driven research [54]. In the Osservatorio del Mare a Molfetta CO, in the Italian Southern Adriatic Sea, citizen scientists contributed to all aspects of the scientific process and collaborated with professional scientists outside of academic institutions.




4.4. Gender


Gender within the context of RRI seeks to ensure gender equality in all research and innovation activities. Gender is often perceived as synonymous with gender balance, but it is only one characteristic. A second dimension is more holistic and far-reaching, requiring that all activities are considered through the lens of potential gender differences. Research activities should first consider and then incorporate gender differences into their methodologies. Sex and gender analysis offers one approach for assessing the gender dimension in RRI [68].



Gender is not considered either broadly or deeply in the CO literature. Gender was sometimes recorded as part of surveys or evaluations. Gharesifard and Wehn [69] considered gender when exploring the drivers and barriers when sharing data in amateur weather networks. Likewise, gender was recorded when validating an app for collecting water and land cover data [70], and in a usability study on flood risk [6]. However, a holistic treatment of gender was not manifested.




4.5. Ethics


Ethics permeate all aspects of research and innovation, representing an essential dimension of research integrity. Thus, RRI demands that all potential ethical implications be considered. In addition to issues such as avoiding falsification and plagiarism, matters pertaining to governance, informed consent, and privacy need further consideration. In many instances, initiatives must conform with international and national guidelines and be cognitive of best practices in the domain under investigation. Moreover, ethics is omnipresent. Ethics approval is often seen as a paper exercise at the start of an initiative. However, contexts invariably change as efforts progress in research and innovation, thus demanding a reassessment of ethical implications as projects mature.



A lack of reference to ethics characterises the published literature on COs. In the medical domain, a statement concerning ethical approval is a prerequisite for review and publication. No equivalent practices were discernible in the CO literature.





5. Discussion


Penetration of RRI principles in COs remains underdeveloped. Overall, the findings concur with those of Novitzky et al. [71], who identified a lack of consistent integration of RRI across the EU H2020 programme. Further effort is needed by the citizen science community, society, and government to fulfil the objectives and potential of RRI. Many of the publications examined as part of this scoping review were funded under various EU schemes. Thus, these explicitly include an RRI element as a prerequisite. Moreover, it is unreasonable to expect every project publication to cover all RRI keys. Nonetheless, it was evident from this review that many RRI themes were hinted at; however, opportunities to develop themes were not always availed of. Ethics are a case in point. There can be little doubt that ethical approval was needed and given for many of these studies. However, this was not mentioned, even in passing. Thus, for future CO research, strengthening the RRI dimension is strongly encouraged and should be reported where appropriate. Otherwise, as highlighted by Lowry and Stepenuck [72], issues of bias, inclusion, exploitation, and practicability may result in citizen science losing its place in the scientific process. Some guidelines are suggested for each of the five keys when undertaking CO activities.



5.1. Open Access


A solid commitment to open access is manifested, encompassing publication, open-source software and hardware, open standards, and open data. Open access to scientific publications is reasonably well-advanced. Open data remain problematic as they encompass diverse issues such as security, GDPR, privacy, and the definition of meta-data. More importantly, they demand a complete understanding of licensing. It is fundamental that citizen scientists understand the need to explicitly define the conditions under which others may use the data. It must be observed that where data are collected as part of validation and testing, such data may not be suitable for long-term archiving.



P1: All COs should have a documented policy for open access management, including, if necessary, a training plan for citizen scientists.




5.2. Public Participation


COs offer several opportunities for public engagement. Such engagement has encompassed classic data collection, usability, and requirements definition. Thus, participation in CO broadly replicates that of citizen science. However, both RRI and the CO concept demand more meaningful engagement, including contributing to local democracy through policy definition. Such engagement is lacking. Moreover, the vision of how such engagement and participation might be achieved, and its overall objectives, are rarely developed.



P2: COs should define the role of the public and how pathways to local democratic input and policy derivation are actively supported.




5.3. Science Education


Education within the context of a CO is informal and may be classified under lifelong learning. How it is provided is flexible; the GROW CO used MOOCs to good effect, but such a model is not always practical. In some cases, learning is trivial, for example, how to use an app, though in this case, some domain-specific training is almost invariably needed. When conceptualising a CO, a holistic interpretation should be considered when constructing a plan for participants that is cognisant of their role and training needs while specifying how the educational dimensions of the CO should be accomplished. Though RRI highlights science education, a broader education interpretation is more appropriate for a CO.



P3: COs should define the educational dimension of their mission and plan for its implementation.




5.4. Gender


Equality and inclusion are intrinsic to COs, especially when considering their overall mission of increasing democracy and driving evidence-driven policymaking. To date, gender is treated in general terms, for example, ensuring that a population in a survey may be categorised as usual for subsequent statistical analysis. The deeper motivations for gender analysis are not meaningfully considered. A simple example might be the design of the WWW interface and ensuring that an inclusive approach is adopted from the design stage through to testing. Nevertheless, gender is much more profound; gender sensitivity must permeate all aspects of the CO, including its rationale. If this rationale is to gather data to support a particular policy intervention, then the proposed methodology needs a detailed analysis of how it facilitates or impedes gender mainstreaming.



P4: COs should define how gender mainstreaming will be accomplished.




5.5. Ethics


As people are central to the CO concept, ethics are intrinsic to its activities. Of all the RRI keys, ethics is the most weakly developed. As a starting point, all reports on CO activities should, where appropriate, confirm that ethical approval was given. Where obtaining ethical approval was challenging, some explanation should be given of the relevant issues and how they were addressed. Such information can be of great practical use to the CO community. Moreover, it should not be forgotten that as COs evolve, the ethical landscape changes. Thus, the CO is obligated to continuously monitor all activities and review the ethical implications as these arise. Indeed, any CO seeking to operate over an extended period should develop its own guidelines for ethics.



P5: COs should seek ethical approval and establish guidelines as appropriate.




5.6. Governance


Governance is the sixth key of RRI and seeks to integrate the other five keys. It was not considered in detail for the reasons explained earlier. While governance was considered within a broader context, for example, Wehn et al. [58] considered water governance, the RRI dimension did not manifestly permeate the CO discourse. How to effectively operationalise governance within CO remains an open question.



P6: COs should apply a holistic approach to RRI by defining and implementing an appropriate governance model.





6. Future Work


Several potential avenues exist for extending this work. One of the most promising is to replicate the study in the broader citizen science domain and see to what degree RRI has been conceptualised, implemented, and reported. As many COs have been involved in a European context, they are invariably influenced by the EU definition of RRI. However, other interpretations of RRI exist, for example, MoRRI. Moreover, it may be argued that enacting RRI in COs requires additional indicators. Thus, additional information from the CO and broad citizen science community concerning the practical issues of operationalising RRI and developing a roadmap for its full enactment would be beneficial.



RRI is applicable across all research and innovation activities. However, how apt this model is for COs and citizen science in general is still questionable. For example, is focusing on science education to the detriment of other education categories beneficial and sustainable? A more inclusive interpretation of education may be more appropriate for COs. A more fundamental question arises about the nature of innovation and what it means in a CO context. For example, is open innovation a dimension of open science, or is it an optional characteristic of a CO?



As COs evolve, some fundamental questions concerning their very nature arise, perhaps challenging some of the current definitions in use and demanding a more holistic definition. Rather than being viewed as a socio-technical constellation, perhaps a knowledge-based organisation or an epistemic community is a more appropriate model [73], where issues such as agility and both knowledge and quality management are prioritised [74]. Alternatively, the CO may be regarded as a high-sociability organisation that adopts an interpretivist approach to knowledge management [75].




7. Conclusions


The present landscape of RRI adoption in COs is fragmented. Thus, this paper proposes some guidelines to remedy this situation when reporting CO advancements. Looking forward, both COs and RRI will continue to evolve. As efforts to mainstream citizen science continue, a corresponding need for cognisance of RRI by COs community increases. Moreover, difficulties will be exacerbated as communities themselves increasingly drive CO initiatives. Thus, there is an urgent need to identify strategies to promote and ultimately mainstream RRI in COs. More transdisciplinary research is needed to operationalise RRI within COs effectively.
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Figure 1. A PRISMA 2020 flow diagram of the study selection process. 
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