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1.  INTRODUCTION 

Citizen science (CS) has emerged as a transformative force in scientific research and environmental 

stewardship, fundamentally altering the ways in which new scientific knowledge is generated, shared, 

and applied to pressing global challenges (Bonney et al., 2014). At its core, CS is defined as the 

collaborative involvement of non-professional volunteers (citizen scientists) in various aspects of the 

scientific process, including data collection, analysis, and dissemination of findings (Serrano-Sanz et 

al., 2014; Bonney et al., 2014; Haklay et al., 2021). While the terminology may vary, with terms such 

as community science, participatory monitoring, and civic science often used interchangeably, the 

underlying principle remains the meaningful engagement of the public in scientific inquiry (Eitzel et 

al., 2017). 

The rise of CS is closely linked to technological advancements and the widespread availability of 

digital tools, which have enabled unprecedented levels of public participation in research. Internet 

platforms, smartphone applications, and user-friendly data collection interfaces have democratized 

access to scientific endeavours, allowing volunteers from diverse backgrounds to contribute to large-

scale data collection and analysis (Newman et al., 2012; Pocock et al., 2017). This shift has not only 

expanded the scope and scale of CS but has also fostered public awareness, education, and a deeper 

connection between individuals and the natural world (Bela et al., 2016; Haklay et al., 2021). 

The growing recognition of citizen science’s value is particularly evident in the fields of biodiversity 

and nature conservation, where volunteer involvement has become a cornerstone of modern research 

and monitoring efforts (Fraisl et al., 2022). By actively engaging the public in tracking species, 

observing habitats, and documenting environmental changes, Nature Conservation Citizen Science 

(NCCS) projects generate extensive, long-term databases that are crucial for detecting biodiversity 

trends, guiding conservation strategies, and informing evidence-based policy decisions (McKinley et 

al., 2017; Pocock et al., 2018; Moczek et al., 2021). Notable NCCS initiatives such as eBird, 

iNaturalist, or the Monarch Larva Monitoring project highlight the breadth of NCCS's impact, 

demonstrating its ability to address diverse research questions and tackle nature conservation 

challenges (Kountoupes & Oberhauser, 2008; Aristeidou et al., 2021; Sullivan et al., 2014). Many of 

the most influential and enduring programs, such as the Christmas Bird Count started in 1900, and the 

Breeding Bird Survey launched in 1966 (both originating in North America), have not only produced 

scientifically robust data over decades but have also inspired countless scientific publications (Bock 

& Root, 1981). NCCS projects have deepened our understanding of species distributions, ecological 

timing, invasive species dynamics, and disease spread, all while empowering communities to play a 
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direct role in conservation. As a result, NCCS has proven essential for expanding scientific 

knowledge, supporting effective environmental policies, and fostering a broader culture of 

stewardship in the face of global environmental challenges (Hyder et al., 2015; Bio Innovation 

Service, 2018; Vohland et al., 2021). 

In Europe, NCCS has a rich history rooted in the continent’s cultural and scientific traditions (Vohland 

et al., 2021). Early initiatives focused on public participation in natural history and biodiversity 

observations, but the rapid development of digital technology has revolutionized the field (Bonney et 

al., 2014), enabling broader engagement and more robust data collection (Vohland et al., 2021). The 

European landscape of NCCS is characterized by strong institutional support in Northern and Western 

Europe, where national strategies and platforms such as “Bürger schaffen Wissen” in Germany and 

Artportalen in Sweden have fostered a vibrant culture of public involvement in research (Strasser et 

al., 2018). In contrast, Central and Eastern Europe face challenges related to social capital and civic 

engagement, though recent initiatives are beginning to bridge this gap and expand participation 

(Vohland et al., 2021). 

The integration of NCCS into international policy frameworks underscores its growing importance in 

global nature conservation. The Kunming–Montreal Global Biodiversity Framework GBF explicitly 

encourages the use of community-based monitoring and NCCS for biodiversity tracking, with a 

substantial proportion of its indicators designed to include data from citizen scientists and local 

communities (CBD, 2022). Similarly, the United Nations Sustainable Development Goals (SDGs), 

particularly those related to life below water and life on land, recognize NCCS as a valuable tool for 

monitoring progress and informing policy (United Nations, 2015). The Aarhus Convention and EU 

environmental directives further support public participation in environmental governance, 

emphasizing the rights of citizens to access information, participate in decision-making, and 

contribute to scientific knowledge (UNECE, 1998; Bio Innovation Service, 2018). The Invasive Alien 

Species Regulation (EU 1143/2014), for example, explicitly mandates effective public participation. 

It states that actions to address invasive alien species must facilitate public input (European Parliament 

and Council of the European Union, 2014). The European Commission has acknowledged that citizen 

science projects, involving non-professional volunteers in research and environmental action, can 

have a significant influence on environmental directives and help in achieving policy goals (European 

Commission. Directorate General for the Environment, et al., 2018) 

Despite its many benefits and growing recognition by international bodies, NCCS also faces 

challenges related to data quality, representativeness (limited in Central and Eastern European 
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countries), and integration into formal nature conservation policy processes (Fritz et al., 2022). 

However, best practices, evaluation of NCCS projects and robust scientific protocols can help mitigate 

these issues, ensuring that NCCS continues to empower communities, enhance scientific literacy, and 

drive positive change in nature conservation, participants' benefits and scientific impact. 

Problem statement and justification 

Evidence-based conservation actions depend on long-term databases and comprehensive information 

about species distributions to effectively address the challenges posed by global change and 

biodiversity loss (Johnson et al., 2024). Yet, traditional ecological monitoring methods are often 

expensive, time-consuming, and geographically limited in scope (Ahmed et al., 2022). Increasingly, 

evidence shows that NCCS initiatives help overcome the geographic limitations of traditional research 

by enabling data collection in regions/areas that are otherwise difficult to study, thus filling important 

gaps and broadening the reach of ecological monitoring, besides benefits related to participants and 

new scientific knowledge production (Theobald et al., 2015; Pocock et al., 2018; Dimson et al., 2023).  

However, a persistent challenge in NCCS is ensuring the credibility and reliability of data produced 

by volunteers. The scientific community frequently raises concerns about the quality of citizen-

generated data, citing issues such as unstructured sampling, observer bias, inconsistent verification, 

and incomplete documentation (Balázs et al., 2021; Downs et al., 2021). These factors can undermine 

trust in NCCS data and limit its acceptance for scientific research and policy-making. To address these 

challenges and build confidence, rigorous evaluation of NCCS projects is crucial. Such an evaluation 

not only helps identify strengths and weaknesses in data collection and management but also guides 

improvements in project design, redefines volunteer experience, and adjusts quality assurance 

procedures. 

Beyond the challenge of data credibility, NCCS has made significant contributions to life sciences 

and nature conservation in Europe (Hecker et al., 2018). However, there is a notable regional disparity: 

while NCCS projects are well established and widely recognized in Western Europe, they are only 

now gaining broader recognition in Central and Eastern Europe, both in research and policy contexts 

(Bio Innovation Service, 2018; Vohland et al., 2021). In Hungary, for example, several longstanding 

NCCS initiatives exist, such as the Common Bird Monitoring Program and WildWatcher (Vadonleső 

Group et al., 2018; Szép & Gibbons, 2000), yet systematic research and comprehensive evaluation of 

these projects remain scarce.  

Although the evaluation of CS projects is highlighted as a core requirement by the European Citizen 

Science Association (ECSA) (Robinson et al., 2018), most existing evaluation frameworks focus on 
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single dimensions, such as data quality (Kosmala et al., 2016), learning outcomes (Phillips et al., 

2018), or conservation impact (Yang et al., 2019), rather than adopting a multidimensional approach. 

There is a clear need for frameworks that enable the comparison of  NCCS projects across multiple 

dimensions simultaneously (Bonney, 2021; Somerwill & Wehn, 2022). 

Moreover, the literature emphasizes the need for innovative evaluation frameworks that move beyond 

traditional impact assessments. These frameworks should be customized to specific fields, adopt 

standardized methods, and remain user-friendly  (Bonney et al., 2014; Schaefer et al., 2021). Many 

existing multidimensional frameworks are either not specifically tailored to NCCS projects, thus 

missing the nature conservation dimension (Kieslinger et al., 2018) or, in the case of NCCS-specific 

frameworks, focus on different sets of dimensions and components, excluding participants’ outcomes 

(Turbé et al., 2020; Price-Jones et al., 2022). For instance, Kieslinger et al. (2017) proposed supporting 

questions for evaluation, but these were partly open-ended and did not lead to a standardized scoring 

system, while Turbé et al. (2019) used surveys and statistical analysis without aiming to develop a 

practical, user-friendly scoring approach. Consequently, a systematic, NCCS-specific framework 

assessing three dimensions (science, nature conservation, and participants’ development) is still 

lacking. 

This dissertation responds to these gaps by proposing and operationalizing a conceptual, three-

dimensional framework centred on science, nature conservation, and participants’ development. This 

framework was empirically tested in Hungary to address the absence of systematic NCCS evaluation 

in the CCE context. In doing so, it enhances the evidence base for NCCS, supports visibility and 

recognition of Hungarian projects, and strengthens their integration into evidence-based conservation 

and policy-making processes. However, it is a general framework for NCCS projects that can be 

applied in other countries as well. 
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Research objectives and questions 

This study aims to strengthen the evidence base for NCCS projects in Hungary by providing a 

multidimensional assessment of their contributions to science, nature conservation, and participants’ 

development (including knowledge, changes in attitudes and behaviour).  

 

Objective 1. To develop a conceptual framework and evaluation framework for NCCS projects, 

structured around three core dimensions (science, nature conservation, and participants’ development) 

that are applicable across multiple countries. 

1.1 What are the key components of a three-dimensional conceptual framework for evaluating 

NCCS projects? 

1.2 How can these components be translated/operationalized into a practical, user-friendly three-

dimensional evaluation framework for NCCS projects' performance assessment? 

 

Objective 2. To assess the scientific contribution of selected Hungarian NCCS projects. 

2.1 How do NCCS projects ensure data quality? 

2.2 Are the outcomes of NCCS projects scientifically robust? 

 

Objective 3.  To assess the nature conservation role of selected Hungarian NCCS projects. 

3.1 How can NCCS projects contribute directly to the monitoring of species? 

3.2 How are NCCS project outcomes utilized in species management? 

3.3 How are NCCS project outcomes utilized in policies and conservation actions? 

 

Objective 4. To assess the impact of selected NCCS projects on participants' development. 

4.1 What motivates citizens to get involved in the selected NCCS projects? 

4.2 How do NCCS projects influence the knowledge of participants? 

4.3 How do NCCS projects influence participants' attitudes and behaviours? 
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2.  LITERATURE REVIEW 

2.1.  Citizen Science: Definitions and evolution 

Definition 

Citizen science (CS) is a collaborative approach to scientific research that involves the active 

participation of non-professional volunteers, or "citizen scientists," in various aspects of the scientific 

process, including data collection, analysis, and dissemination of findings (Bonney et al., 2014; 

Serrano-Sanz et al., 2014). This practice not only enhances scientific knowledge but also fosters public 

engagement and environmental awareness (Bela et al., 2016). Despite ongoing discussions about the 

terminology and scope of citizen science, its core principles remain focused on public involvement in 

scientific inquiry (Haklay et al., 2021). Table 1 shows various definitions of CS. 

Table 1. Selection of citizen science definitions from various scientific literature sources and relevant 

institutions in the citizen science field 

Literature Reference Definitions 

Oxford English 

Dictionary (2014) 

“Scientific work is undertaken by members of the general public, often in 

collaboration with or under the direction of professional scientists and scientific 

institutions.” 

European Citizen 

Science Association 

(ECSA) 

“The participation of the general public in scientific processes. Citizen science 

projects actively involve citizens in scientific endeavours that generate new 

knowledge or understanding.” 

(Serrano-Sanz et al., 

2014) 

“Citizen Science refers to the general public engagement in scientific research 

activities when citizens actively contribute to science either with their 

intellectual effort or surrounding knowledge or with their tools and resources.” 

Bonney et al. (2014) 

 

“Citizen science is a form of public participation in scientific research, where 

volunteers contribute to scientific projects by collecting data, analysing results, 

and sharing findings, thereby enhancing scientific knowledge and engagement.” 

Silvertown (2009) “Citizen science is an approach that involves the public in scientific research 

related to scientists' interests.” 

(Haklay, 2013) “Citizen science involves the participation of volunteers in scientific research. 

While volunteers typically focus on data collection, they may also play roles in 

formulating research questions, designing projects, sharing findings, and 

analysing data.” 
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History of Citizen Science 

The term "scientist" was introduced in 1833 and gradually gained traction, reflecting a relatively 

recent Eurocentric view of science as a profession that developed from the 17th to 19th centuries. 

Researchers, initially known as "natural philosophers," often had other jobs or were financially 

supported by patrons. Knowledge was primarily trusted when presented by "gentlemen," while 

technicians working in their laboratories were often overlooked and deemed "invisible."(Eitzel et al., 

2017). 

Citizen science, defined by Bonney (1996) as participatory data collection, has a long history, even 

before the term was widely used. Historically, most scientific research was carried out by amateurs 

rather than paid professionals (Miller-Rushing et al., 2012). A significant example is Charles Darwin, 

who, despite his medical training and significant contributions to the theory of evolution, was an 

unpaid companion on the HMS Beagle ship around the world (Eitzel et al., 2017). 

The origins of citizen science are a subject of considerable debate. Historical records indicate that in 

8th century, individuals in Kyoto, Japan, were engaged in documenting the blooming of Sakura 

(cherry blossoms) (Aono & Kazui, 2008).  However, the formal concept of citizen science is often 

linked to the late 19th century in the United States, where amateur observers participated in Audubon 

Christmas Bird Count, which is recognized as the first and oldest citizen science project (Bock & 

Root, 1981).  

Citizen Scientists 

Citizen scientists are individuals who voluntarily contribute to scientific research, often without 

formal previous expertise in the scientific field. They engage in various activities, such as data 

collection, observation, and analysis, to assist professional scientists in advancing knowledge across 

diverse disciplines, including ecology, astronomy, and public health. Citizen scientists play a crucial 

role in expanding the scope of research by providing large amounts of data that might otherwise be 

difficult to obtain (Miller-Rushing et al., 2012; Agnello et al., 2022). 

Principles of Citizen Science  

The European Citizen Science Association (ECSA) has established ten guiding principles for the 

effective implementation of citizen science projects promoting good practices (Robinson et al., 2018). 

These principles emphasize the importance of engaging citizens in scientific research, ensuring that 

their contributions are significant and appropriately recognized. Collaboration between professional 

scientists and citizen scientists is essential, as it fosters a shared creation of knowledge that enhances 

research quality while promoting public involvement and understanding of scientific methods. The 
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statements in Figure 1, were developed by the ‘Sharing best practice and building capacity’ working 

group of ECSA, led by the Natural History Museum, London, with input from many members of 

ECSA.  

 

Figure 1. The ten principles of citizen science of ECSA (own compilation based on Robinson et al., 

2018) 

Additionally, ECSA's principles highlight the necessity of transparency, ethical considerations, and 

inclusivity within citizen science initiatives. Projects should be designed to be accessible to a diverse 

range of participants, encouraging engagement from various communities. By prioritizing these 

values, citizen science can empower individuals, improve scientific literacy, and address both local 

and global challenges through collective action. Ultimately, the ECSA principles aim to elevate the 

standards of citizen science, ensuring it effectively contributes to scientific knowledge and societal 

advancement. 
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Typologies of Citizen Science  

Citizen science can be categorized into three primary types based on the level of involvement and 

collaboration between citizen scientists and professional researchers: contributory, collaborative, and 

co-created citizen science (Bonney et al., 2009) (see Table 2). 

a) Contributory Citizen Science: In contributory citizen science projects, participants primarily 

collect data or observations that are then utilized by professional scientists for research 

purposes. The role of citizen scientists is often limited to data collection, following specific 

protocols and guidelines set by researchers. This model allows for large-scale data gathering, 

which can be particularly useful in fields such as ecology, astronomy, and environmental 

monitoring. For example, the eBird project (managed by the Cornell Lab of Ornithology), 

allows birdwatchers to report their observations of bird species from around the world. 

Participants submit data on bird sightings, which is then used by researchers to study bird 

distribution, migration, and population trends (Sullivan et al., 2014). 

b) Collaborative Citizen Science: Collaborative citizen science involves a more integrated 

approach, where citizen scientists work alongside professional researchers throughout the 

research process. Participants may assist in various stages, including study design, data 

collection, analysis, and dissemination of findings. This model fosters a deeper engagement 

and understanding of the scientific process among participants. For example, the Monarch 

Larva Monitoring Project (MLMP), where participants work closely with researchers to design 

monitoring protocols, share findings, and contribute to data analysis. Through this partnership, 

both scientists and citizen scientists learn from each other, enhancing the understanding of 

monarch populations (Kountoupes & Oberhauser, 2008).  

c) Co-created Citizen Science: In co-created CS projects, citizens and scientists collaborate 

equally in all aspects of the research process. This approach emphasizes shared decision-

making, mutual learning, and co-design of the research questions and methodologies. One 

example is the CitieS-Health project, where participants raise questions and share their 

knowledge about environmental epidemiology with an emphasis on community health. They 

are involved in every step of the research process, ensuring that their insights and concerns are 

integrated into the study (Froeling et al., 2024). 
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These three types of citizen science highlight the varying degrees of participation and collaboration, 

each contributing uniquely to scientific research and public engagement. 

Table 2. Simplified classification of citizen science projects (Bonney et al., 2009). 

Types of citizen 

science 
Level of engagement of participants 

Contributory  
Participants contribute data or observations, often with minimal involvement in the 

research process.  

Collaborative 
Participants work together with researchers, contributing data and insights, but the 

researchers retain control over the project. 

Co-created Citizen 

Science 

Participants co-design, execute, and analyse the data of the project, sharing 

responsibilities with researchers. 

 

2.2.  Citizen Science in Europe  

CS in Europe has a rich history that reflects the continent's diverse cultural and scientific landscapes. 

Originating in the Renaissance era, early CS initiatives on the continent primarily involved public 

participation in natural history and biodiversity observations (Miller-Rushing et al., 2012; Vohland et 

al., 2021). Over the years, the rapid development of digital technology and wide internet access have 

revolutionized these efforts, enabling broader engagement through online platforms and mobile 

applications (Vayena & Tasioulas, 2015). Today, the European landscape of CS projects spans various 

fields, including environmental monitoring, health research, and social sciences, showcasing the 

potential of the field in generating valuable data and insights for science, policy and decision making 

(Hecker et al., 2018). The evolution of citizen science has been marked by varying levels of 

institutional support and public awareness, which differ significantly across regions (Vohland et al., 

2021). 

Citizen Science in Northern and Western Europe 

Citizen science in Northern and Western Europe has a long tradition, exemplified by national bird 

monitoring such as the Breeding Bird Survey (BBS) from the mid‑1990s and decades‑long marine 

observation efforts across the North Sea that sustain continuous bird and marine mammal records 

(Garcia-Soto et al., 2021; Massimino et al., 2025). NCCS in these regions has experienced significant 

growth and institutional support, fostering a diverse and vibrant landscape of projects across multiple 

fields (natural sciences, astronomy, health) (Hecker et al., 2018; Turbé et al., 2020). Popularity 

accelerated in the early 2010s as enabling factors converged: EU policy embedded citizen science 

within Open Science and Responsible Research and Innovation (notably Horizon 2020’s SwafS), 
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providing legitimacy, funding that encouraged institutional uptake (Strasser et al., 2018). CS in the 

regions is characterized by strong university and museum leadership, and mature partnerships with 

environmental agencies, NGOs, and research infrastructures (Vohland et al., 2021). The dominant 

field is biodiversity and environmental monitoring (e.g., birds, phenology, invasive species), 

complemented by established niches in astronomy (large-scale classification projects) and an 

expanding health/biomedicine segment engaging patients and communities (Turbé et al., 2020).  

Countries in these regions have benefited from strong research in CS and public engagement, enabling 

citizens to contribute meaningfully to environmental monitoring, biodiversity conservation, and health 

research (Hecker et al., 2018; Turbé et al., 2020; Vohland et al., 2021).  

Various national strategies and initiatives in the region, such as "Bürger schaffen Wissen" (Citizens 

Create Knowledge) in Germany, the Artportalen platform in Sweden, and the national citizen science 

platform "Österreich forscht" in Austria, have been instrumental in promoting public involvement in 

research (Schleicher & Schmidt, 2020). These initiatives have created a supportive environment that 

encourages active participation from citizens, resulting in numerous successful CS projects that draw 

on extensive experience and expertise. This collaborative approach not only enhances scientific 

research but also fosters a culture of engagement and empowerment among the public (Vohland et al., 

2021). 

Citizen Science in Central and Eastern (CCE) Europe 

The development of CS projects in Central and Eastern Europe faces several challenges (Turbé et al., 

2020). The region's history of socio-political transitions has led to a low level of social capital and a 

relatively brief tradition of civic engagement, which can make it difficult for CS initiatives to flourish 

(Kozlowski et al., 1999). Furthermore, the perceived low number of citizen science projects in this 

region may reflect uneven patterns of knowledge production, where language divides limit both 

participation and the visibility (dissemination of results, citation, availability in international 

repositories) of project outputs produced in non-English contexts (Vohland et al., 2021). In spite of 

the fact that historically, opportunities for public involvement in scientific research remain largely 

untapped in CCE countries (Bio Innovation Service, 2018; Suškevičs et al., 2021), initiatives are 

starting to bridge this gap (Bela et al., 2016; Vadonleső Group et al., 2018; Duží et al., 2019; 

Konowalik et al., 2020).  

Citizen science is emerging in the Czech Republic with projects (e.g. Action Frog, InterDrought), 

showing a growing academic-NGO collaboration and a need for further study according to Duží et al. 

(2019). In Poland, citizen science projects (e.g., Design Poland of your dreams, Breeding Bird Atlas 
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of Poland - Atlas ptaków lęgowych, OTOP BirdLife Poland) have already begun to inform the Polish 

government's strategic objectives. These projects contribute valuable data and insights that align with 

national priorities, particularly in areas such as environmental monitoring and biodiversity 

conservation (Gawrońska-Nowak et al., 2023).  

2.3.  Nature Conservation-related Citizen Science (NCCS) 

Citizen science in nature conservation involves the active engagement of non-professional volunteers 

in scientific research and monitoring activities that contribute to biodiversity protection, ecosystem 

management, and the development of environmental policies. By enabling public participation, citizen 

science expands the reach and impact of conservation efforts, allowing for broader data collection and 

fostering a deeper connection between people and the natural world (McKinley et al., 2017). 

NCCS is a specific subset of citizen science initiatives focused on generating knowledge and 

supporting action for biodiversity and ecosystem protection. While general citizen science projects 

can span a wide range of scientific fields, NCCS projects typically engage citizens in a variety of 

conservation-related activities, including: 

• Observing and recording species in their local environment (White et al., 2023). 

• Collecting ecological and environmental data (Moczek et al., 2021). 

• Monitoring habitats and ecological changes (Niedertscheider et al., 2012; Fraisl et al., 2022; 

Kasten et al., 2021). 

• Collecting data for species or ecosystems management (Chandler et al., 2017; Lee et al., 2021). 

• Contributing to decision-making processes in conservation (Bio Innovation Service, 2018). 

• Benefits for participants, as called by Bela et al. (2016) the transformative potential of CS, 

raising conservation awareness, and encouraging pro-environmental attitudes and behaviours. 

By engaging in these activities, volunteers play a key role in monitoring biodiversity, protecting 

habitats, identifying human-wildlife conflicts, and managing invasive species. In some cases, their 

efforts have a direct impact on conservation measures at both local and national scales. The ecological 

data generated by NCCS projects are invaluable for addressing knowledge gaps and guiding evidence-

based management and policy decisions across all levels (McKinley et al., 2017; Criscuolo et al., 

2023). Notably, major global biodiversity platforms such as the Global Biodiversity Information 

Facility (GBIF) now source at least half of their species occurrence records from NCCS efforts, 
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highlighting the significant contribution these projects make to international conservation science 

(Miller, 2022). 

Several successful NCCS projects have demonstrated how public participation can directly contribute 

to nature conservation. For instance, eBird is a global NCCS project managed by the Cornell Lab of 

Ornithology, engaging millions of volunteers with no previous experience needed worldwide to 

contribute bird observation data. This extensive international participation has transformed eBird into 

one of the largest NCCS projects in existence. The project plays a critical role in supporting the 

implementation of the EU Birds Directive and aids significantly in identifying Important Bird and 

Biodiversity Areas (IBAs) across Europe. By aggregating vast amounts of real-time observation data, 

eBird provides essential information for large-scale bird population monitoring, species trend 

analysis, and conservation priority-setting. Importantly, the data generated through eBird are regularly 

utilized by policymakers, researchers, and conservation organizations to inform management actions 

and assess the conservation status of protected bird species, ensuring that evidence-based strategies 

guide bird conservation efforts both within Europe and globally (Sullivan et al., 2009). 

The Pan-European Butterfly Monitoring Scheme (eBMS) is a collaborative network that standardizes 

and coordinates butterfly monitoring across more than 20 European countries, integrating both expert 

and volunteer observations (UK Centre for Ecology & Hydrology, UKCEH, 2025). By employing 

standard field protocols, eBMS has produced some of the largest datasets on butterfly populations in 

Europe, enabling high-quality, comparable trend analyses across national boundaries. The data 

generated are crucial for assessing changes in butterfly abundance and distribution, and they serve as 

a core biodiversity indicator for European Union policy, including the EU Pollinators Initiative and 

biodiversity strategy directives. eBMS results have guided national Red List status reviews, helped 

prioritize protected areas under the Natura 2000 network, and informed agro-environmental measures 

such as those within the Common Agricultural Policy. Beyond its direct influence on conservation 

policy and land management, eBMS also fosters public engagement with nature, involving thousands 

of citizens in scientific monitoring each year and raising awareness about pollinator declines and 

habitat conservation across the continent (Dennis et al., 2017). 

Hungary has been actively contributing to butterfly conservation through its national BMS, 

established in 2016 and aligned with the eBMS. Coordinated by the Hungarian Lepidopterists Society, 

the scheme engages trained volunteers to monitor butterfly populations using standardized methods. 

Supported by EU projects like ABLE, Hungary now maintains 20–30 active transects, with data 

feeding into national databases such as OpenBioMaps (Bán et al., 2022) and international platforms 
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like eBMS. This citizen science initiative plays a key role in tracking over 130 butterfly species, 

informing EU-level conservation policies including the Habitats Directive and the EU Pollinators 

Initiative, while also fostering public engagement in biodiversity monitoring (Dennis et al., 2017; Süle 

et al., 2023). 

2.4.  International policy initiatives and NCCS 

Kunming–Montreal Global Biodiversity Framework (GBF) 

The Kunming–Montreal Global Biodiversity Framework (GBF), adopted under the Convention on 

Biological Diversity (CBD) in 2022, marks a significant milestone in global conservation policy by 

explicitly encouraging the integration of community-based monitoring and citizen science into 

biodiversity tracking efforts. This framework recognizes the vital role of citizen science in achieving 

biodiversity targets, with a substantial number of its 365 monitoring indicators designed to include 

data contributions from citizen scientists and local communities. By formally acknowledging citizen 

science, the GBF empowers countries and organizations to leverage public participation for more 

comprehensive and effective biodiversity monitoring and conservation outcomes (Convention on 

Biological Diversity - CBD, 2022) (Table 3). 

United Nations Sustainable Development Goals (SDGs) 

Citizen science is increasingly recognized as a valuable tool for supporting the United Nations 

Sustainable Development Goals (SDGs), particularly those related to environmental sustainability 

such as SDG 14 (Life Below Water) and SDG 15 (Life on Land). Through widespread public 

engagement in data collection and monitoring, citizen science projects contribute essential 

information for SDG reporting and help inform environmental policy at both national and 

international levels. International inventories and studies commissioned by the European Commission 

have highlighted the practical impact of citizen science in tracking progress toward these global goals, 

demonstrating its growing importance in sustainable development efforts (United Nations, 2015) 

(Table 3). 

Aarhus Convention 

The Aarhus Convention, established by the United Nations Economic Commission for Europe 

(UNECE) in 1998, provides a legal foundation for public rights regarding access to environmental 

information, participation in decision-making, and access to justice in environmental matters. Legal 

experts and practitioners have proposed expanding the convention's framework to include a civic 

“right to contribute environmental information,” which would further legitimize and support the role 

of citizen science in environmental governance. This development would affirm the value of citizen-
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generated data and promote greater public involvement in environmental decision-making processes 

at the international level (United Nations Economic Commission for Europe (UNECE), 1998) (Table 

3). 

EU Nature Conservation Directives and Policy Initiatives 

The European Union has increasingly recognized the potential of citizen science for environmental 

policy, integrating it into the monitoring and implementation of key directives such as the Birds 

Directive (Directive 2009/147/EC, 2009), Habitats Directive (Council Directive 92/43/EEC, 1992), 

and Water Framework Directive (Directive 2000/60/EC, 2000). The European Commission has 

commissioned studies and policy papers that recommend removing barriers to citizen science 

participation and developing common data infrastructures to facilitate its use in EU-wide 

environmental monitoring and compliance. Projects with robust scientific protocols and strong 

partnerships with governmental agencies are more likely to influence policy and management 

decisions, highlighting the importance of accessible participation and scientific rigor in maximizing 

the impact of citizen science on conservation policy (Bio Innovation Service, 2018) (Table 3). 

Table 3. International law or policies related to NCCS 

Instrument/Policy Relevance to NCCS 

Kunming–Montreal Global 

Biodiversity Framework 

(GBF)-(CBD) 

Explicitly encourages citizen science for biodiversity 

monitoring 

Aarhus Convention Provides a legal basis for public participation and 

information 

UN SDGs Citizen science supports data collection and progress 

tracking 

EU Environmental 

Directives 

Increasingly integrating citizen science for monitoring and 

reporting 

 

2.5.  Assessment frameworks for NCCS projects 

Evaluation of CS projects is recognized as a fundamental aspect of good practice (Heigl et al., 2020), 

explicitly emphasized in Principle 9 of the European Citizen Science Association (ECSA) Ten 

Principles (Robinson et al., 2018). This principle suggests the systematic assessment of CS project 

outcomes, data quality, and participant engagement as a core requirement for all CS initiatives. 

Importantly, it emphasizes that evaluation should be integrated throughout the entire project lifecycle, 

not just at the conclusion (Robinson et al., 2018). Despite this, many CS projects still lack consistent 

and thorough evaluation, leaving uncertainties about their true effectiveness and impact on 

conservation outcomes (Kieslinger et al., 2018). 
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A variety of assessment frameworks have emerged to address these challenges, moving beyond simple 

metrics like data quantity (Kosmala et al., 2016) and increasingly ecological impact (Tredick et al., 

2017), social, and learning outcomes (Phillips et al., 2018). These frameworks often categorize 

evaluation criteria into separate dimensions.  

However, only a limited number of frameworks take a truly multidimensional approach to evaluating 

CS projects. The framework developed by Kieslinger et al. (2018) evaluates diverse CS projects, 

including those focused on nature conservation. The evaluation covers three key dimensions: the 

scientific dimension (assesses data quality and research outputs), the social dimension (explores 

participant engagement and learning outcomes) and the socio-ecological and economic dimension 

(examines the conservation impact and policy relevance of the projects). The authors' framework 

provides indicators at both process and outcome levels, supporting internal evaluation and external 

funding reviews.  

Turbé et al. (2020) target European NCCS projects with policy relevance by evaluating contributions 

to policy, data management, and participant involvement, thus enabling comparison across multiple 

criteria. Similarly, Price-Jones et al. (2022) evaluate 103 NCCS projects specifically targeting 

invasive species in Europe, considering variables such as data quality, data management, and 

participant engagement. 

Despite these advances, there remains a pressing need for frameworks that enable comprehensive, 

multidimensional comparison of exclusively NCCS projects in more dimensions (Bonney, 2021; 

Somerwill & Wehn, 2022). The lack of comprehensive, multidimensional frameworks for NCCS 

projects makes it challenging to standardize evaluation criteria across different initiatives (Heigl et 

al., 2019; Arbour, 2020). As a result, comparing project outcomes and identifying effective 

approaches becomes difficult, which in turn hinders the sharing of knowledge and best practices 

within the field. This fragmentation also reduces transparency, as stakeholders may find it hard to 

interpret and assess the true impact of various projects without consistent evaluation methods. 

Furthermore, the absence of standardized frameworks limits the ability to build a robust evidence 

base, making it more difficult to aggregate NCCS outcomes into the acceptance of the scientific 

community or funders. Overall, the adoption of multidimensional evaluation frameworks is essential 

for enabling meaningful comparisons, fostering continuous improvement, and clearly demonstrating 

the value and impact of NCCS projects (Bonney, 2021; Somerwill & Wehn, 2022). 

2.6.  Science dimension of NCCS 
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NCCS projects have emerged as powerful tools for collecting large-scale ecological data, engaging 

the public in scientific inquiry, and supporting science-based research to answer scientific questions 

(McKinley et al., 2017; Fraisl et al., 2022). These initiatives are instrumental in producing large-scale, 

high-quality databases (when ensuring high standards of data quality) that underpin ecological 

research, inform management decisions, and shape conservation policies (Cunha et al., 2017; 

Callaghan, et al., 2021). However, the scientific value and credibility of NCCS projects hinge on the 

rigorous application of scientific standards (Finger et al., 2023; Flowers et al., 2023) throughout all 

stages of the research process, from data collection to analysis and dissemination, depending of the 

level of engagement of the project  (Bonney et al., 2009). 

Ensuring scientific rigor in NCCS projects remains a central concern, particularly given the variability 

in participant expertise and the risk of data inaccuracies, such as species misidentification by non-

experts (Freitag et al., 2016; Balázs et al., 2021; Callaghan, et al., 2021). Such errors can introduce 

significant biases, ultimately undermining the reliability of the data and the trust of the scientific 

community, policymakers, and the public (Horton et al., 2016; Farr et al., 2023). To address these 

challenges, NCCS projects have increasingly adopted a multi-strategy approach that integrates several 

complementary methods to enhance data quality and scientific outcomes (Freitag et al., 2016). (Bonney, 

Ballard, et al., 2009) (Callaghan, Nakagawa, et al., 2021) 

Key strategies for ensuring scientific rigor 

Training:  

The most frequently employed strategy, according to the literature, to ensure scientific rigor involves 

providing volunteers with thorough training (Ratnieks et al., 2016), including clear instructions, 

species identification guides (Márton et al., 2023), and digital resources such as mobile applications 

and instructional videos (Rittenschober et al., 2021; Hognogi et al., 2023). Studies have shown that 

when volunteers receive adequate training, the quality of their data can approach that of professional 

scientists, especially when the training is reinforced and repeated over time. However, the complexity 

of the tasks (such as identifying challenging species) may require more intensive training, which is 

not always feasible for all projects (Benyei et al., 2023). 

Data quality assurance and expert validation 

Data quality assurance is critical for ensuring the reliability of NCCS data. This typically involves 

expert review and validation of volunteer-submitted records, including systematic checks for 

completeness, accuracy, and consistency (Castagneyrol et al., 2019; Lindermann et al., 2024). Experts 

may use statistical analyses, direct communication with volunteers, and established scientific methods 
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to verify and curate data, thus reducing biases and enhancing transparency (Balázs et al., 2021; 

Barahona-Segovia et al., 2021). The validation process is essential for maintaining the integrity of 

databases and supporting their use in scientific research and policy-making (Kosmala et al., 2016; 

Chandler et al., 2017). 

Standardized data collection protocols 

Implementing standardized protocols ensures that all participants follow consistent procedures for 

data collection, recording, and reporting (Wiggins et al., 2011). Detailed instructions and clear criteria 

for observations help minimize variability and errors, making the resulting data more comparable 

across different locations and time periods (Stenhouse et al., 2020). Projects that rigorously enforce 

standardization (such as eBird and iNaturalist) have demonstrated significant improvements in data 

quality and scientific acceptance, serving as models for best practices in citizen science (Kelling, 

2018; Ackland et al., 2024). 

Technological integration 

The adoption of digital tools, including mobile apps, online platforms, and automated identification 

systems, has greatly enhanced the scientific robustness of NCCS projects (Aide et al., 2013). These 

technologies provide user-friendly interfaces, guide volunteers through standardized protocols, and 

incorporate automated features such as GPS tagging and algorithm-based species recognition (Aide 

et al., 2013; Szép & Gibbons, 2000; McCarthy et al., 2021). Real-time feedback and correction 

mechanisms, often built into these platforms, further reduce the likelihood of errors and improve 

overall data quality. In some cases, advanced tools like drones are used for high-resolution ecological 

surveys, with volunteers and experts collaborating on data analysis (Kobori et al., 2016; Buckland & 

Johnston, 2017; Samiappan et al., 2024). 

Scientific outcomes and impact 

The primary scientific outcomes of NCCS projects, when scientific rigor is ensured, are the generation 

of robust databases and the direct application of these data to management and policy decisions 

(Haklay et al., 2018; Chapman & Hodges, 2020). Studies have reported successful data outcomes, 

with high-quality databases being used for biodiversity monitoring, ecological research, and 

informing conservation actions (Hyder et al., 2015; Bio Innovation Service, 2018; Criscuolo et al., 

2023). However, there is a notable gap in the formal dissemination of scientific results, such as peer-

reviewed publications and broader science communication (Follett & Strezov, 2015; Jönsson et al., 

2024). Strengthening the reporting and communication of findings is essential for maximizing the 
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scientific impact of NCCS and ensuring that valuable insights are recognized and utilized by the 

broader research community. 

The importance of a multi-strategy approach 

The literature emphasizes that no single strategy is sufficient to guarantee scientific rigor in NCCS 

projects. Instead, the simultaneous application of multiple strategies (Soria & Tormáné Kovács, 2025), 

combining training, validation, standardization, and technology, is crucial for overcoming challenges 

related to data quality and for maximizing scientific credibility and impact. This multi-strategy 

approach not only enhances the robustness of scientific outcomes but also increases the acceptance of 

NCCS projects within the scientific community and among other stakeholders. 

Empirical studies measuring the scientific impact of NCCS projects 

Farr et al. (2023) evaluated a large-scale NCCS bird monitoring project along Utah’s Jordan River. 

They provide compelling evidence for the scientific value of citizen-driven data collection. Over three 

years, both citizen scientists and professional biologists conducted parallel point count bird surveys 

at identical sites, allowing for a direct comparison of their results. By analysing metrics such as species 

detection rates and total bird counts, researchers found that (with training and adherence to 

standardized protocols) data generated by citizen scientists matched the accuracy and reliability of 

professional observations. These outcomes highlight not only the potential for high-quality scientific 

data from well-designed citizen science initiatives but also the importance of rigorous training and 

methodological oversight in achieving reliable results. This empirical evidence supports the view that 

citizen participation, when thoughtfully integrated, can make substantial scientific contributions to 

ecological research and conservation efforts. 

Wiggins et al. (2018) proposed the Science Products Inventory (SPI) as an innovative framework for 

the evaluation of scientific outcomes in CS projects. It was created with the objective of enhancing 

both the rigor and impact of citizen science efforts dedicated to nature conservation and making 

scientific achievements more visible and fostering a culture of continuous improvement of evaluating 

scientific outcomes. Through its application in several case studies (including Aurorasaurus, GLOBE 

Observer, and a range of Smithsonian Environmental Research Center (SERC) CS projects) the SPI 

enables a systematic assessment of diverse scientific outputs, including datasets, research 

publications, protocols, digital resources, and educational or outreach materials. The evaluation 

process employed both quantitative inventories and qualitative staff interviews. The findings highlight 

that the flexibility and structure of the SPI support not only internal project reflection, strategic 
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planning, and resource allocation but also facilitate organizational learning and benchmarking across 

projects.  

The study by Roman et al. (2017) provides an empirical assessment of data quality in citizen science 

urban tree inventories. The researchers compared street tree data collected by expert arborists to data 

collected by citizen science field crews (volunteers with varying levels of experience) in four cities: 

Lombard, Grand Rapids, Philadelphia, and Malmö. The evaluation focused on observation error 

across key variables such as tree counts, genus and species identification, site type, land use, diameter 

at breast height, and tree condition. 

Participants showed high consistency with experts for several attributes: about 90% for site type, land 

use, dieback, and genus identification. Volunteers showed effective species identification, 84.8% of 

trees. Mortality status was also reported with very high accuracy (99.8% of live trees). However, 

variables such as crown transparency and wood condition had lower accuracy and were flagged by 

participants as more difficult to assess, leading the authors to recommend omitting these from future 

projects. In measuring diameter at breast height, citizen scientists matched expert values exactly for 

about one-fifth of single-stem trees, but were within 2.54cm for over 93% of cases. A slight systematic 

bias was observed, with volunteers tending to record larger diameter at breast height values than 

experts. Issues also arose with multi-stemmed trees, which proved more challenging for consistent 

measurement. 

The main findings demonstrate that volunteer-collected tree inventory data can be sufficiently 

accurate for many urban forest management and research applications, particularly for genus 

identification and diameter at breast height at a coarse level of precision. The authors recommend 

several improvements (including simplified protocols for complex variables, enhanced training 

materials, especially for species identification), and robust data validation and quality assurance 

procedures, to further enhance data quality in citizen science-driven urban environmental monitoring. 

This study provides strong evidence that, with appropriate methods and oversight, citizen scientists 

can contribute high-quality data to urban forestry initiatives 

In summary, the science dimension of NCCS projects is defined by their ability to produce credible, 

high-quality data through the integration of diverse strategies aimed at ensuring scientific rigor. By 

adopting a holistic approach that addresses training, validation, standardization, and technological 

support, NCCS initiatives can effectively contribute to conservation science, inform policy, and foster 

greater trust and engagement among all participants  (Soria & Tormáné Kovács, 2025) 
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2.7.  Nature Conservation dimension of NCCS projects 

The nature conservation dimension of NCCS projects refers to their direct and indirect contributions 

to biodiversity protection, ecosystem management, and conservation policy (McKinley et al., 2017; 

Fraisl et al., 2022).  This approach enables the gathering of spatially extensive and long-term databases 

that would otherwise be difficult or prohibitively expensive to obtain through conventional scientific 

methods alone (Bonney et al., 2014; Pocock et al., 2018). By leveraging the collective efforts of citizen 

scientists, NCCS initiatives fill critical data gaps, enhance the monitoring of biodiversity trends, and 

contribute valuable information for conservation planning and decision-making (Chandler et al., 2017; 

Haklay et al., 2018; Kasten et al., 2021). 

Contributions to biodiversity monitoring and ecosystem management 

NCCS projects have increasingly demonstrated their value in supporting biodiversity conservation by 

generating extensive ecological data that inform habitat protection, species monitoring, and ecosystem 

management (McKinley et al., 2017). Volunteers engaged in these projects collect critical information 

on species distributions, population trends, and habitat changes, which are essential for identifying 

priority conservation areas and guiding restoration efforts (Dickinson et al., 2012; Pocock et al., 2015; 

Chandler et al., 2017). Large-scale projects like eBird and iNaturalist have provided databases that 

help designate protected areas and monitor threatened species, enabling more effective conservation 

planning (Sullivan et al., 2014; Di Cecco et al., 2021). Cox et al. (2022) combined large-scale species 

distribution data, much of it contributed by volunteers and citizen scientists, to identify global priority 

areas for reptile conservation. Their findings show how volunteer-collected data contributes to 

biodiversity monitoring and can fill critical gaps and directly inform the designation of protected areas 

for threatened species. 

Informing conservation policy and decision-making 

Another way NCCS projects influence nature conservation is by informing policy, particularly during 

the early stages of policy development such as problem identification and agenda setting (Tollington 

et al., 2017). These projects supply policymakers with valuable data that highlight conservation needs 

and emerging environmental issues (Chapman & Hodges, 2020), meaning early stages of policy 

making by providing information (Sullivan et al., 2014; Saunders et al., 2021). However, direct 

involvement in later policy stages, such as formulation and implementation, is less frequent (Göbel et 

al., 2019). A few examples reached implementation for instance, the German Mückenatlas project not 

only informed policy by mapping mosquito distributions but also influenced policy implementation 

by guiding invasive species control efforts (Pernat, 2022). This pattern is consistent across many 
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NCCS initiatives, which often aspire to impact policy but face challenges in data sharing and 

communication with decision-makers (Miller, 2022). 

Assessment methods of conservation impact 

To evaluate the conservation impact of NCCS projects, researchers commonly use case studies and 

online surveys (Price-Jones et al., 2022). Case studies provide in-depth analyses of individual projects’ 

contributions to policy and management, while surveys capture broader trends across multiple 

initiatives (Finch et al., 2022). Some studies apply evaluation frameworks, such as the Telecoupling 

Framework, to assess how citizen science affects conservation policy by examining complex human-

environment interactions (Yang et al., 2019; Wehn et al., 2021). Despite recommendations for more 

systematic evaluation, only a few projects have employed such frameworks, highlighting an area for 

improvement in impact assessment (Liñán et al., 2022; Soria & Tormáné Kovács, 2024). 

Challenges limiting conservation policy influence 

Several challenges hinder the full realization of NCCS projects’ potential in conservation policy. The 

foremost is ensuring data quality; without rigorous validation, policymakers may hesitate to rely on 

citizen-generated data. Sustained and long-term funding is another critical challenge, as policymakers 

prefer continuous databases for robust decision-making, yet many projects depend on short-term 

grants or donations (Price-Jones et al., 2022; Farr et al., 2023). 

Another significant challenge faced by NCCS projects is the lack of effective communication channels 

with policymakers. When project outcomes or data are not adequately shared (such as by failing to 

upload findings to official databases e.g., GBIF), opportunities for these NCCS results to inform 

policy and management decisions are missed (Cooper et al., 2012; Suškevičs et al., 2021). This 

communication gap can hinder the development of trust and reduce the likelihood that valuable 

citizen-generated data will be translated into actionable conservation policies (Fritz et al., 2022). 

Enhancing conservation outcomes 

To maximize the conservation impact of NCCS projects, it is recommended to prioritize improving 

data quality through standardized protocols and expert validation, secure sustained funding to support 

long-term monitoring, and strengthen collaboration with decision-makers. Establishing guidelines that 

address the needs of policymakers at different stages of conservation policy development can help 

NCCS projects better align their objectives with policy processes and increase their influence (Soria 

& Tormáné Kovács, 2025). 
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Empirical studies evaluating the nature conservation contribution of NCCS projects 

Recent empirical studies have demonstrated that NCCS projects like eBird and iNaturalist are 

increasingly being evaluated for their effectiveness in supporting conservation policy-making 

(Ackland et al., 2024; Kelling, 2018). These evaluations often focus on how data contributed by the 

public is integrated into official decision-making processes, particularly in the context of 

environmental impact assessments and conservation area designation. McKinley et al. (2017) 

evaluated the nature conservation outcomes of several CS projects, including COASST (Coastal 

Observation and Seabird Survey Team), PlantWatch, and the Great Koala Count, through a 

comprehensive approach combining literature review, expert workshops, case study analysis, and 

interviews with project leaders and resource managers. Their evaluation focused on tracing the real-

world application of citizen-collected data in conservation management, rapid response to emerging 

threats, restoration planning, and policy decisions. For example, COASST’s real-time monitoring data 

informed agency actions during harmful algal blooms and fisheries bycatch events, while 

PlantWatch’s phenology data contributed to environmental monitoring and habitat management. The 

Great Koala Count’s citizen observations were validated and integrated into species management 

frameworks, influencing regional conservation priorities. Key factors enabling these outcomes 

included rigorous data validation, participant training, institutional collaboration, and trust-building 

between citizen scientists and resource managers. This evaluation demonstrated how well-designed 

CS projects generate credible data that directly support and accelerate effective conservation actions 

and policy-making. 

Kelly et al. (2020)  similarly assessed nature conservation outcomes of marine CS projects. By 

systematically investigating where citizen-generated data have been incorporated into management 

plans, biodiversity databases, and policy decisions, the study demonstrates that these projects directly 

inform and shape conservation strategies. Through detailed case studies of initiatives like Redmap 

Australia and Snapshot Cal Coast citizen science projects, the authors traced the journey from citizen 

data collection to validated scientific findings that have influenced on-the-ground conservation actions 

and adaptive management. Their analysis also mapped out the pathways by which CS translates into 

practical results (for instance, through integration into official monitoring frameworks, being cited in 

scientific literature, or contributing to environmental reporting and management decisions). 

Importantly, the review spans 74 projects worldwide, underscoring that marine citizen science 

initiatives are especially valuable for closing critical knowledge gaps in remote marine regions. 

Projects like Redmap Australia furnish distribution data on marine species that resource managers use 
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to adapt to climate-driven changes, while Snapshot Cal Coast supports the assessment and 

management of California’s Marine Protected Areas using biodiversity data supplied by the public.  

Turbé et al. (2020) conducted a comprehensive assessment of European citizen science projects, 

placing particular emphasis on their tangible nature conservation outcomes, though they also 

evaluated scientific achievements in parallel. For the conservation dimension, the authors examined 

whether and how data collected by citizens were applied in conservation practice and policy. Their 

evaluation criteria included several key aspects: the use of citizen science data in management plans 

(such as informing local or national actions for habitat protection and restoration), the integration and 

validation of data within official or public biodiversity databases (crucial for monitoring and 

reporting), and the influence of these data in policy and compliance contexts (like helping designate 

protected areas, supporting EU directive assessments, or triggering responses to environmental 

incidents). They also measured whether citizen science results were incorporated into government or 

EU environmental reports, providing large-scale insights and guiding progress toward policy targets. 

To evaluate these outcomes, Turbé et al. (2020) systematically analysed project documentation, 

surveyed project coordinators, and tracked specific examples where data collection led to documented 

impacts on conservation practice or policy. They highlighted cases in which citizen science enabled 

the early identification of environmental issues that spurred policy responses or addressed monitoring 

obligations under European legislation. Their findings revealed that while the potential for citizen 

science to achieve real conservation impacts is strong, successful uptake depends largely on data 

quality standards, effective collaboration with authorities, and the existence of formal procedures for 

integrating citizen-generated data into environmental management and policy frameworks. 

2.8.  Participants' development dimension of NCCS projects  

NCCS projects have a significant influence on the development of their participants (Turrini et al., 

2018). Studies using participants’ surveys have shown that involvement in NCCS projects can foster 

improvements in participants’ knowledge about nature, attitudes toward conservation, and pro-

environmental behaviours. These impacts are observed before and after participation, demonstrating 

that such projects can effectively support learning, positive attitude shifts, and behavioural change 

related to nature conservation (Soria & Tormáné Kovács, 2023). 

Knowledge and skills acquisition 

Many NCCS projects help volunteers expand their understanding of species and improve their ability 

to identify them (Von Gönner et al., 2024). Most studies assessing knowledge outcomes among NCCS 
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participants find that volunteers typically improve their understanding of specific species and develop 

stronger identification skills (Bonney et al., 2009). However, fewer participants report gaining a 

deeper understanding of knowledge related to science as a result of their involvement (Phillips et al., 

2018; Ng et al., 2023). Projects that incorporate a range of educational resources (such as printed 

guides, interactive applications, and hands-on training) are generally more successful at fostering 

participant learning. For example, Hitchcock et al. (2021) highlight how the use of diverse tools and 

technology platforms like iNaturalist and Zooniverse can significantly enhance learning outcomes in 

citizen science initiatives. Furthermore, opportunities for social interaction with project leaders and 

fellow volunteers, as well as constructive feedback, can reinforce these learning outcomes and 

enhance scientific literacy (Jordan et al., 2011; Shah & Martinez, 2016; Tang et al., 2021). (Bonney, Cooper, et al., 2009) 

Attitudinal changes 

Participation in NCCS initiatives often leads to more positive attitudes towards nature and 

conservation (Santori et al., 2021; Soria & Tormáné Kovács, 2023).  Individuals who initially felt 

uneasy or indifferent about certain species may develop appreciation and empathy after engaging with 

a project (Roy et al., 2016; Dayer et al., 2019). Positive emotional experiences, such as enjoyment and 

fascination, are frequently reported and can foster a stronger connection to nature (Crall et al., 2013; 

Leonard et al., 2023). However, shifts in attitudes towards science itself are less common, suggesting 

that more comprehensive involvement in the research process may be needed to influence views on 

science more broadly (Haklay, 2013; Shah & Martinez, 2016). 

Behavioural shifts 

NCCS projects are widely recognized for their ability to foster meaningful behavioural shifts among 

participants (Peter et al., 2019), encouraging actions that benefit nature (Maynard et al., 2020; Santori 

et al., 2021) and promoting environmental stewardship (Church et al., 2025). These behavioural 

changes might be translated into concrete conservation actions, such as habitat restoration (Santori et 

al., 2021), replacing invasive plants with native species (Ganzevoort & van den Born, 2021; Peter et 

al., 2021), sharing knowledge (Jordan et al., 2011), or adopting environmentally friendly habits like 

reducing litter during outdoor activities (Chao et al., 2021; Day et al., 2022). Evidence shows that 

NCCS participation provides experiential learning, deepens connectedness to nature, and empowers 

volunteers by allowing them to see the tangible impacts of their efforts when collecting data, which 

are key elements that drive long-term stewardship behaviours (Olson & Colston, 2024).  

To promote meaningful behavioural change among participants, research highlights the importance 

of designing NCCS initiatives with intentional strategies that build trust, foster community, and create 
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strong collaborations between scientists, NGOs, and citizens (Amauchi et al., 2022). When 

participants develop a genuine appreciation for nature through these experiences, they are more likely 

to modify their behaviour positively towards nature conservation (Richardson & Sheffield, 2017; 

Leonard et al., 2023). 

Environmental stewardship, as an extension of these behavioural shifts, involves a broader cultural 

and ethical commitment to caring for the environment (Mathevet et al., 2018). NCCS projects 

contribute to this by nurturing a sense of responsibility and agency among participants, motivating 

them to take ongoing conservation actions beyond the project itself (Church et al., 2025). This 

stewardship is characterized by sustained engagement, advocacy for environmental protection, and 

participation in community-based resource management, all of which are essential for achieving 

lasting conservation outcomes (McKinley et al., 2017; Olson & Colston, 2024).  

Project characteristics that support participants’ development 

Projects that are most successful in fostering participants’ development tend to share several 

characteristics (Soria & Tormáné Kovács, 2023): 

• They offer well-structured educational plans and diverse training opportunities. 

• They encourage social connections and collaboration among participants and with experts. 

• They build trust through personalized feedback, recognition of volunteer efforts, and ongoing 

communication. 

• They often collaborate with schools or other organizations to strengthen knowledge transfer 

and long-term engagement 

These features not only strengthen learning and foster positive changes in attitudes, but also encourage 

lasting pro-environmental behaviours. Therefore, incorporating these elements is recommended as a 

best practice when designing and implementing future NCCS projects, ensuring that the participants’ 

development dimension is valued just as highly as other dimensions (science and nature conservation). 

Empirical studies evaluating the participants’ development of NCCS projects 

A widely cited study evaluating participant outcomes in CS projects is by Peter et al. (2021). They 

surveyed 917 participants from biodiversity citizen science projects across 34 countries to measure 

how involvement affected participants' knowledge, attitudes, behaviours, skills, self-efficacy, and 

interest. They found that most participants reported significant learning about species and the 

environment, increased interest in biodiversity and science, and examples of behavioural changes such 

as adopting wildlife-friendly gardening or engaging more in conservation activities. The study 
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combined surveys and qualitative responses, showing that well-designed projects can boost 

understanding, positive attitudes, and conservation actions among participants. The authors 

recommend using common frameworks and long-term studies to better track these impacts. 

A study by Hsu et al. (2025) evaluating the Taoyuan Algal Reef CS project in Taiwan explored how 

participation influenced the knowledge and attitudes of volunteers. With 245 participants, the research 

utilized pre- and post-project surveys to assess changes across these dimensions. The results revealed 

that while increased environmental knowledge and a stronger connection to the local reef were both 

important, the development of positive attitudes toward conservation served as the key factor 

mediating participants’ intentions to act. In other words, the study found that knowledge and sense of 

place only led to meaningful changes in behavioural intention when they contributed to more 

favourable attitudes toward biodiversity. The project also promoted learning and a sense of personal 

accomplishment among participants, which further reinforced positive attitudes and the motivation to 

continue conservation efforts. These findings underscore the importance of designing NCCS 

initiatives that not only deliver information but also actively cultivate positive attitudes and 

meaningful engagement, as these are essential for fostering sustained conservation action. 

Brossard et al. (2005) evaluated knowledge and attitude changes in the context of The Birdhouse 

Network, a citizen science project of the Cornell Lab of Ornithology. The authors used a rigorous 

quantitative approach, featuring a pre- and post-test non-equivalent groups design. Participants 

received a survey before starting the project (pre-test) and at the end of the field season (post-test). 

Control groups of Cornell Lab members who did not participate in The Birdhouse Network project 

were also surveyed. 

The survey measured key outcomes: bird biology knowledge (via content questions), attitude toward 

science (using ATOSS - Attitudes Toward Organized Science Scale), environmental attitude (via the 

New Environmental Paradigm - NEP scale), and understanding of the scientific process (through both 

closed and open-ended questions). Quantitative data were analysed statistically, and qualitative 

responses were assessed as well. Results showed that while participants' knowledge of bird biology 

increased significantly, their attitudes toward science and the environment, as well as their 

understanding of the scientific process, did not change measurably. The evaluation highlighted the 

need for more sensitive tools to assess the broader impacts of citizen science, especially in attitudes 

and understanding of scientific methods. 

In the study by Santori et al. (2021), participants' behaviour was measured using an online 

questionnaire administered to the TurtleSAT NCCS project, which aims at data collection for 
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freshwater turtle conservation. The survey asked participants not only about their knowledge and skills 

regarding turtles but also whether and how their behaviours and attitudes had changed after 

contributing data through the app. Key behavioural changes were self-reported and included adopting 

more turtle-friendly practices (such as engaging in habitat restoration, moving turtles out of harm’s 

way, and an increased concern for turtle conservation). The study quantified these outcomes by asking 

respondents whether they had learned more about turtles, improved their ability to identify species, 

and taken actions that directly benefit turtle conservation. Results show that 70% of participants 

claimed to have learned more about turtles through the app, and nearly half reported an improvement 

in their species identification skills. Furthermore, 84% felt their participation helped turtles, and 70% 

felt greater concern for turtle conservation. These self-reported behavioural and attitudinal changes 

were then analysed to identify associations with increases in knowledge and skills gained through the 

citizen science project. Analysis revealed that participants who reported greater knowledge and 

improved identification skills through the project were also more likely to adopt turtle-friendly 

behaviours and display increased concern for turtle conservation. The authors noted the importance 

of interpreting these results cautiously since behaviour and attitude changes were based on self-

reported data, but they highlight the potential positive conservation impacts of engaging the public 

through NCCS projects like TurtleSAT. 

 



 

 

3.  MATERIALS AND METHODS 

3.1. Study design and development 

Prior to the empirical application, based on an extensive literature review (full references Table 5), a 

three-dimensional conceptual framework was developed as the foundation for evaluating NCCS 

projects across three core dimensions: science, nature conservation, and participants’ development 

(Objective 1; Q1.1).  

Building on the conceptual framework, a three-dimensional evaluation framework was designed as 

an operational tool (Objective 1; Q1.2) to evaluate selected NCCS projects. Each component of the 

framework was translated into clear, binary criteria questions, enabling systematic and comparable 

evaluation. While empirically tested in the Hungarian NCCS context, the framework itself is not 

country-specific and can be adapted for use in other nations. 

To define the NCCS projects selected for evaluation, a desktop study was conducted to identify the 

universe of  NCCS initiatives in Hungary, applying predefined inclusion criteria and inviting project 

coordinators to participate (interviews), resulting in eight projects for the qualitative assessment 

through the three-dimensional evaluation framework. The evaluation drew on qualitative content 

analysis of interviews conducted among project managers/coordinators of the selected NCCS projects 

(detailed procedure in section 3.4). 

To extend the qualitative evaluation, a comparative focus analysis of two NCCS projects was 

conducted, supplying empirical insight into components of the science and participants’ development 

dimensions. Specifically, the science dimension was examined through a comparative analysis of 

observation data of two selected NCCS projects, while the participants’ development dimension was 

examined through the comparative analysis of questionnaire surveys conducted among participants of 

two selected projects. This dual analysis provided a deeper and focused examination of the research 

questions associated with Objectives 2 and 4 (Q2.1–Q2.2; Q4.1 to Q4.3), complementing the 

framework-based evaluation. It also strengthened the study by incorporating participants’ first-hand 

perspectives, thereby balancing the earlier framework that primarily reflected project managers’ 

viewpoints with evidence from volunteer experiences and responses. 

The Amphibian and Reptile Mapping and the WildWatcher were chosen as two NCCS projects for 

deep-focused analysis. They were selected based on their comparable characteristics, including time 

scope, data collection protocol, data availability, and flexibility of project managers (detailed 

procedures are provided in section 3.5). 
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Overall, the study employed a mixed-methods approach structured into three sequential phases 

aligned with the components of the three-dimensional conceptual framework (Figure 2): 

• Phase 1: qualitative evaluation of eight NCCS projects via semi-structured interviews 

(Objective 1 to 4) 

• Phase 2: comparative analysis of long-term observation databases from two projects to 

examine data quality practices and scientific robustness, and to evidence 

monitoring/management relevance (Objective 2; Q2.1–Q2.2) 

• Phase 3: comparative analysis of participant surveys from two projects to assess motivation, 

knowledge, and attitudes/behaviours (Objective 4; Q4.1 to Q4.3).  

 

Figure 2. Mixed-methods, three-dimensional evaluation design 

By employing this dual qualitative-quantitative strategy (Creswell & Plano, 2018),  this mixed-

methods design provides an integrated, generalizable evaluation of NCCS performance across 

science, nature conservation, and participants’ development, and the next sections detail each phase 

of the Figure 2 in turn.



 

 

3.2. Conceptual three-dimensional framework for NCCS projects 

A comprehensive three-dimensional conceptual framework was designed by drawing on a wide range 

of citizen science literature (see Table 5  for references), including established evaluation approaches 

and recommendations for enhancing project effectiveness. This three-dimensional conceptual 

framework served as the foundation for the subsequent three-dimensional evaluation framework 

(explained in section 3.3), both of which were specifically designed for NCCS projects. While it is 

not country-specific, it was empirically tested within Hungarian NCCS projects to assess its 

applicability in that context. At the core of the conceptual framework are three essential dimensions: 

science (e.g., data quality, validation, data management), nature conservation (e.g., use of data in 

monitoring and management), and participants’ development (e.g., training, knowledge gain, 

behavioural and attitude change), each comprising key components (Figure 3).  

 

Figure 3. Conceptual framework 

The inclusion of the scientific dimension addresses ongoing debates about the reliability and impact 

of citizen science data and outputs (Balázs et al., 2021; Farr et al., 2023). NCCS's primary objective 

is advancing the conservation of species, ecosystems, and natural resources (McKinley et al., 2017; 

Suškevičs et al., 2021), which is why the nature conservation dimension is a key component of the 

framework. And the addition of the participants’ development dimension reflects growing recognition 

in recent research that volunteer involvement can positively influence individual development 

(attitude, behaviour change) and learning (Turrini et al., 2018; Santori et al., 2021). 
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To make the conceptual framework actionable and keep it aligned with the study objectives, each 

research question was mapped to the relevant dimensions and components of the framework, guiding 

instrument design, data collection, and analysis as shown in Table 4.  

Table 4. Alignment of research questions with conceptual framework components 

Dimensions Research question Components Research question 

Science 1.1 What are the key 

components of a three-

dimensional conceptual 

framework for evaluating 

NCCS projects in a 

broader country scope? 

 

1.2 How can these 

components be 

translated/operationalized 

into a practical, user-

friendly three-

dimensional evaluation 

framework for NCCS 

projects' performance 

assessment? 

 

Methodology 2.1 How do NCCS projects ensure data 

quality? 

Data quality 2.1 How do NCCS projects ensure data 

quality? 

Data 

management 

2.2 Are the outcomes of NCCS projects 

scientifically robust? 

Nature 

conservation 

Environmental 

monitoring 

3.1 How can NCCS projects contribute 

directly to the monitoring of species? 

Environmental 

management 

3.2 How are NCCS projects' outcomes 

utilized in species management? 

Conservation 

policy – 

decision 

making 

3.3 How are NCCS project outcomes utilized 

in policies and conservation actions? 

Participants’ 

development 

Training 4.2 How do NCCS projects influence the 

knowledge of participants? 

Additional 

learning 

support 

4.2 How do NCCS projects influence the 

knowledge of participants? 

Measurement 

strategies for 

participants' 

personal 

development  

4.1 What motivates citizens to get involved 

in the selected NCCS projects? 

4.3 How do NCCS projects influence 

participants' attitudes and behaviors? 

 

3.3. Development of the three-dimensional evaluation framework for NCCS projects 

To facilitate a clear and comprehensive comparison of project performance across the three key 

dimensions (science, nature conservation, and participants’ development), the three-dimensional 

conceptual framework was operationalized into a three-dimensional evaluation framework using 

assessment criteria grounded in each component (three per dimension) and widely supported by the 

literature (see Table 5 for detailed references). The criteria set, thus, represents a practical extension 

of the conceptual framework, linking criteria concepts to measurable and actionable assessment items 

tailored to capture the specific characteristics of each dimension.  The differing number of criteria per 

dimension reflects the unique complexity and scope of each component, ensuring that all significant 

aspects are adequately covered. 
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For each criterion, we formulated clear and concise yes/no questions to operationalize the framework 

effectively. These questions reflect key topics and concerns extensively addressed in the literature and 

are documented for each criterion in Table 5.  

Table 5. Assessment criteria of the three-dimensional evaluation framework for NCCS projects across 

three key dimensions 

Component Criteria for 

the assessment 

References Criteria questions No = 0, Yes = 1 

Science dimension    

Methodology Research 

question 

McKinley et al. 2017. Was a scientific question formulated before 

starting the project? 

Methodology 

for data 

collection 

Kosmala et al. 2016; 

Stevenson et al. 

2021). 

When recording an observation, is 

supporting information (e.g., a photograph, 

videos) mandatory to upload as part of the 

data collection methodology? 

Technology 

use 

Serrano-Sanz et al. 

2014; Kosmala et al. 

2016; Freitag et al., 

2016. 

Does the project require the use of 

technology that supports data collection and 

data quality? (e.g., smartphones, tablets, 

sensors) 

Data quality Data validation Wiggins et al. 2011; 

Freitag et al. 2016.; 

Balázs et al. 2021 

Are protocols for data collection tested and 

validated before starting the project, in 

order to ensure data quality? 

Wiggins et al. 2011; 

2013; Kosmala et al. 

2016; Freitag et al. 

2016; McKinley et al. 

2017 

Do they have an effective strategy for data 

quality assessment? (e.g., specialized 

professionals involved, request of more 

information to participants, site visits)  

Institutional 

affiliation 

Freitag et al. 2016; 

Turbé et al. 2019 

Is the project formally connected to a larger 

scientific or conservation organization? 

Data management 

practices 

Long-term 

databases 

McKinley et al. 2017 Does the project have long-term databases?  

Open data Murray-Rust 2008; 

McKinley et al. 2017 

Is there any summary of the data collected 

released for the public? (e.g., summaries in 

the form of maps, charts, statistics) 

Wiggins et al. 2013; 

Freitag et al. 2016 

Are data stored in suitable repositories? 

(e.g., the General Data Protection 

Regulation [GDPR] considered) 

Murray-Rust 2008 Are complete or partial databases publicly 

available for download? 

Publications Freitag et al. 2016; 

Bio Innovation 

Service 2018; 

McKinley et al. 2017; 

Turbé et al. 2019 

Have the findings/data been published in 

peer-reviewed academic journals? (For 

example, has the collected data been used in 

scientific publications or cited in academic 

journals or scientific books?) 

Nature conservation dimension    

Environmental 

monitoring  

Data use in 

species/ 

ecosystem 

monitoring  

McKinley et al. 2017 Has the data collected by volunteers 

through the project been used for species or 

ecosystem monitoring? 
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Component Criteria for 

the assessment 

References Criteria questions No = 0, Yes = 1 

Environmental 

management  

Data use in 

species/ 

ecosystem 

management  

McKinley et al. 2017; 

Maynard et al. 2020; 

Kelly et al. 2020. 

Has the data collected by volunteers 

through the project been used for species or 

ecosystem management? 

Conservation 

policy-making  

Data use in 

conservation 

policy making  

McKinley et al. 2017; 

Turbé et al. 2019; 

Suškevičs et al. 2021 

Has the data collected through the project 

influenced policy decisions at the local, 

national, regional, or European Union 

level? 

Participants’ development dimension    

Training Forms of 

training 

provided 

Turbé et al. 2019; 

Phillips et al. 2018 

Is personal training provided to the 

participants? 

Turbé et al. 2019 Is any other form of training/knowledge 

transfer provided to the participants? (e.g., 

written guidelines, videos, an informative 

phone application, or website) 

Additional 

learning support 

Educational 

events 

Serrano-Sanz et al. 

2014 

Are events to support learning and promote 

environmental education organized? 

Communicatio

n for gaining 

knowledge 

Brossard et al. 2005 Are there ways to connect with available 

experts who can answer participant 

questions and resolve issues? (e.g., via 

email, social media, app chat) 

Measurement 

strategies for 

participants’ 

personal 

development 

Measurement 

of knowledge 

gained/reinforced  

Maynard et al. 2020; 

Santori et al. 2021; 

Brossard et al. 2005; 

Jordan et al., 2011; 

Phillips et al. 2018 

Is the participants' knowledge assessed? 

(e.g., species recognition, knowledge about 

the species ecology, conservation 

knowledge) 

Measurement 

of skills - 

gained/reinforced  

Maynard et al. 2020; 

Santori et al. 2021; 

Phillips et al. 2018 

Are participants’ skills assessed? (e.g., 

using equipment, data collection protocol) 

Measurement 

of attitude/ 

behavioral 

change  

Somerwill & Wehn, 

2022; Maynard et al. 

2020; Santori et al. 

2021; Brossard et al. 

2005; Jordan et al. 

2011; Phillips et al. 

2018 

Are participants’ attitudes/behavior 

assessed? 

Strategies for 

reinforcing and 

increasing 

knowledge 

through 

feedback  

Cox et al., 2022; 

Ceccaroni & Piera, 

2017; Tang et al., 

2021 

Do participants receive feedback that 

reinforces their knowledge, such as in-

person, email, or app-based responses? 

 

Each project was then evaluated within the three focal dimensions using a binary scoring system: a 

score of 1 (“yes”) indicates the criterion was met, and 0 (“no”) indicates it was not. Because each 

dimension (science, nature conservation, participants’ development) was assessed using a different 

number of criteria questions, direct comparison of total scores across these areas would not have been 
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meaningful. To address this, we applied the Relative Percentage of Maximum (RPM) normalization 

method. This approach involved calculating each project’s score for a given dimension as the 

maximum possible score in that dimension. Specifically, for each dimension, the sum of “yes” (1) 

answers achieved by a project was divided by the total number of criteria for that dimension, and then 

multiplied by 100 to yield a normalized score point. This normalization enabled fair, interpretable 

comparisons across projects and dimensions, regardless of the absolute number of criteria, and 

ensured that our holistic assessment accurately reflected relative performance. The normalized score 

for dimension i is calculated using the formula: 

 𝑁𝑜𝑟𝑚𝑎𝑙𝑖𝑧𝑒𝑑 𝑠𝑐𝑜𝑟𝑒𝑖 =
𝑇𝑜𝑡𝑎𝑙 𝑝𝑜𝑖𝑛𝑡𝑠 𝑖

𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝑡𝑜𝑡𝑎𝑙  𝑝𝑜𝑖𝑛𝑡𝑠 𝑖𝑛 𝑑𝑖𝑚𝑒𝑛𝑠𝑖𝑜𝑛 
× 100 

Where Total points i is the total points of projects in a specific dimension. This process ensures that 

the project with the maximum possible points in a dimension is represented as 100, and all other 

projects’ points reflect their performance as a proportion of the maximum achievable points. This 

normalization preserves the relative differences in performance without reducing the lowest scores to 

zero unless a score of zero was observed. The resulting normalized scores were used for further 

comparisons of the projects. This normalization enabled fair, interpretable comparisons across 

projects and dimensions, regardless of the absolute number of criteria questions, and ensured that our 

holistic assessment accurately reflected relative performance.  

3.4. Evaluation of selected Hungarian NCCS projects in the three-dimensional framework 

Scope of the evaluation of selected Hungarian NCCS projects 

The list below shows the connection between the evaluation of selected Hungarian NCCS projects 

based on the three-dimensional framework, described in this section, with objective (Q1.1–Q4.3), and 

demonstrates the framework’s coverage across all three dimensions: 

• Addresses Objective 1 (Q1.1–Q1.2) by applying the conceptual framework and its 

operationalized criteria to real projects, empirically assessing NCCS projects in Hungary, 

thereby validating component coverage and the practicality of the binary scoring instrument. 

• Addresses Objective 2 (Q2.1–Q2.2) by producing evidence on the science dimension, 

including data collection protocols, validation, data management, open data, and data 

management in publication production. 



41 

 

• Addresses Objective 3 (Q3.1–Q3.3) by documenting how project outputs are used in 

species/ecosystem monitoring, management decisions, and conservation policy/decision-

making, producing evidence on the nature conservation dimension 

• Addresses Objective 4 (Q4.1–Q4.3) by capturing provisions for training, learning supports, 

measurement of knowledge/skills/attitudes/behaviours, feedback mechanisms, and insights 

into participants’ development dimension. 

 

NCCS projects identification and screening 

A desktop study (2021) surveyed official citizen science platforms and the websites of research 

institutes, universities, and citizen science associations (e.g., ECSA) to identify NCCS initiatives 

operating in Hungary. Fifteen projects were identified that met three inclusion criteria: being initiated 

in Hungary, having a primary focus on nature conservation or biodiversity, and targeting either flora 

or/and fauna species. Project coordinators/managers were invited to participate in the study; nine 

coordinators agreed. One project was excluded because its activities and governance were determined 

to be foreign in origin. Therefore, the remaining eight NCCS project constituted the final evaluation 

sample. This selection ensured a diverse representation in terms of project types, geographic 

distribution, institutional affiliations, and target taxa, thus allowing for a comprehensive exploration 

of both common trends and unique challenges within the Hungarian NCCS context.  

Data collection for the eight NCCS projects 

From April to July 2022, eight semi-structured interviews (Newing et al., 2011) were conducted with 

coordinators of NCCS projects in Hungary (six via online and two in person). The semi-structured 

interviews were chosen because they offer the flexibility to explore participants’ perspectives in depth 

while maintaining a consistent framework for comparison across interviews, allowing both guided 

discussion and the opportunity to pursue unexpected insights. These interviews aimed to gain detailed 

insights into the experiences and viewpoints of professionals overseeing NCCS initiatives. 

The interviews were organized into five thematic blocks: (1) project description, (2) science 

dimension, (3) nature conservation dimension, (4) participants’ development, and (5) outcomes and 

challenges (see Appendix 1). This structure allowed for a systematic exploration of each project’s 

objectives, methodologies, participant engagement strategies, and perceived impacts, while also 

providing space for NCCS project managers to discuss challenges and lessons learned.  
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The in-person interviews were recorded using a digital voice recorder (Olympus WS-832), whereas 

online interviews were conducted through the Skype platform with built-in recording functionality. 

Throughout the interviews, notes were taken, and all recordings were transcribed verbatim using 

MAXQDA software (VERBI, 2021). On average, each interview lasted around 80 minutes; the 

shortest session was 60 minutes, while the longest extended to 120 minutes and was conducted over 

two days due to the interviewee’s schedule. 

Data analysis based on the three-dimensional evaluation framework 

Following our conceptual framework, a systematic analysis of the interview transcripts using 

qualitative content analysis was performed (Elo & Kyngäs, 2008; Mayring, 2021). Initially, a set of a 

priori codes was developed,  reflecting the main project characteristics (including aim, institutional 

affiliation, target species, periodicity, geographical scope, participant tasks, number of participants, 

and total observations up to 2022 records) and each dimension of the three-dimensional evaluation 

framework. These codes were applied to the interview transcripts using MAXQDA software (VERBI 

2021), which facilitated systematic organization, retrieval of relevant data segments, and subsequent 

qualitative content analysis. 

Detailed information about each project was then summarized in Excel tables, capturing the core 

characteristics and main topics within each dimension. Project performance was evaluated by 

answering the specific yes/no criteria related to the conceptual/evaluation framework, directly 

referencing the relevant coded interview data, thereby linking qualitative insights with quantitative 

scoring. To each project, binary scores (1 for "yes," 0 for "no") were assigned across all criteria, which 

were summed within each dimension and normalized to enable fair comparisons across diverse criteria 

sets. To deepen the interpretation of the results, qualitative content analysis was also employed, using 

interview excerpts and descriptions to contextualize and illustrate the strengths and limitations 

revealed by the scoring. Although the content analysis and evaluation reflect the state of these NCCS 

projects as of 2022, it is noted that several projects have since evolved, and these developments are 

acknowledged. The combination of qualitative data and quantitative scoring not only enhanced the 

transparency and robustness of the assessment but also provided a nuanced context for interpreting 

the results, with interview excerpts revealing factors behind each project’s strengths and challenges. 

This method ensures that the evaluation is both comprehensive and deeply reflective of the projects’ 

real-world conditions, capturing the complexity of citizen science initiatives as documented in the 

interviews 
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Ethical considerations for the data collection and evaluation of the eight NCCS projects using the 

three-dimensional evaluation framework 

Throughout the interview process, we adhered to the ethical guidelines set by the Code of Research 

Ethics of the Hungarian Academy of Sciences (HAS Hungarian Academy of Science, 2010) and the 

European Code of Conduct for Research Integrity (ALLEA, 2017). Prior to each interview, 

participants provided written informed consent, which covered aspects such as data usage, 

confidentiality, anonymity, voluntary participation, recording permission, and assurance of no harm. 



 

 

3.5. Comparative analysis of observation data of two Hungarian NCCS projects 

Scope of the comparative analysis of observation data 

The following list shows alignment of the section of the comparative analysis of observation data of 

two Hungarian NCCS projects with Objective 2 and demonstrates coverage across the science 

dimension of the framework: 

• Addresses Objective 2 (Q2.1–Q2.2) by examining how projects ensure data quality and 

assessing the scientific robustness of outcomes using long-term observation records from two 

NCCS projects. 

• Provides complementary, data-driven indicators for the science dimension of the three-

dimensional conceptual framework 

Selection of observation databases 

For this study, two observation databases from Hungarian NCCS projects were selected based on 

comparability and accessibility, identified during the first phase of evaluation of eight NCCS 

initiatives in Hungary. The projects were chosen according to the following criteria: (i) both focus on 

specific and well-defined taxonomic groups, (ii) both employ similar protocols for data collection by 

participants, and (iii) both cover a comparable temporal scope. A further consideration was the 

willingness and availability of the respective project managers to provide full access to the observation 

data. In 2025, project managers of both NCCS initiatives provided the complete observation datasets 

via email, covering the full period from each project’s launch to the date of transfer. 

Characteristics of the observation databases from two NCCS projects 

The WildWatcher project and the Amphibian and Reptile Mapping Project. The WildWatcher project, 

coordinated by the Herman Ottó Institute NGO Ltd. – Vadonleső Group, has been active since 2009 

and focuses on monitoring easily identifiable, pre-selected plant and animal species. Their database 

comprised 17,635 records. The Amphibian and Reptile Mapping Project, managed by the Amphibian 

and Reptile Protection Department of MME BirdLife Hungary, has operated since 2011 and 

concentrates on herpetofauna species, whose database contains 74,422 records. 

Both databases consist of structured, time-stamped entries representing individual species 

observations. Data fields include species identification (Latin and common names), observer 

information (name, user ID), geographic coordinates (latitude and longitude), date and time of 

observation, as well as contextual variables such as habitat, observation method, and additional 

comments. Each record is further annotated with validation status, record status (e.g., alive), and 
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metadata related to data entry (e.g., mobile or web platform, photo evidence, validation date, and 

user). The analysis focused on data collected from the launch dates of each project: 2009 for 

WildWatcher and 2011 for Amphibian and Reptile Mapping. Although both databases included a few 

earlier records (one WildWatcher entry from 1990 and three Amphibian and Reptile Mapping entries 

from 1900), these were excluded to ensure consistency. For both projects, only observations recorded 

up to December 2024 were included, allowing for the use of complete annual datasets.  

Data analysis of the observation data from two Hungarian NCCS projects 

For the analysis of the Amphibian and Reptile Mapping and WildWatcher project databases, 

descriptive statistics and frequency distributions for key variables (number of observations recorded 

per species and per year, validation status) were conducted with the assistance of the SPSS software 

(IBM Corp, Version 29.0). To compare the projects, we performed Chi-square and Fisher's exact tests 

with significance set at p< .05, to identify significant differences between categorical variables. 

Additionally, we calculated Cramer’s V value to assess the strength of any observed difference. We 

also examined trends in the usage of project interfaces over time. This approach enabled us to 

systematically assess patterns in data collection, participation, and species reporting, providing a 

robust foundation for evaluating the scientific and conservation value of these long-term NCCS 

databases.  

Ethical considerations in the comparative analysis of observation data from two NCCS projects 

When analysing data from the two NCCS projects, strict adherence to the European Code of Conduct 

for Research Integrity (ALLEA, 2017) was maintained. The project managers ensured full compliance 

with GDPR (European Parliament and Council of the European Union, 2016) by carefully 

anonymizing all personal data and withholding sensitive information such as observers’ email 

addresses and precise geolocations. This procedure protected participant privacy, upheld legal and 

ethical standards, and fostered trust between participants and project staff. Such data stewardship 

underscores the project’s commitment to ethical research and responsible data management practices.



 

 

3.6. Comparative analysis of participant questionnaires from two Hungarian NCCS projects 

Scope of the comparative analysis of participant questionnaires from two Hungarian NCCS projects 

The following list shows the link between the comparative analysis of the two questionnaires' 

responses from participants in two Hungarian NCCS projects with Objective 4 and demonstrates 

coverage across one framework dimension: 

• Addresses Objective 4 (Q4.1–Q4.3) by comparing participant motivations, knowledge, and 

attitudes/behaviours across two NCCS projects. 

• Provides complementary evidence for the participants’ development components of the three-

dimensional conceptual framework. 

Characteristics of the two questionnaires conducted among the participants of the two NCCS projects 

In 2023, two questionnaire surveys were conducted targeting participants of the Amphibian and 

Reptile Mapping and WildWatcher NCCS projects. Each questionnaire consisted of thirty-one items, 

organized into four thematic blocks: (1) participation experience and technology use, (2) knowledge 

gain, (3) motivation, attitude and behaviour, and (4) demographic information. The surveys included 

a combination of multiple-choice and Likert scale questions. Most questions were identical across 

both projects to facilitate direct comparison, although a few items were customized to reflect project-

specific features such as interface design and content (see Appendix 2).  

The questionnaires were originally drafted in English and then translated into Hungarian to ensure 

clarity and accessibility for participants. The translated versions were reviewed and validated by the 

project managers of both initiatives. Google Forms was used to send the questionnaires to participants 

as the survey platform offers accessibility and a user-friendly interface. They were distributed between 

March and July 2023 for Amphibian and Reptile Mapping, and from June to November 2023 for 

WildWatcher, using private mailing lists and official project email addresses. An informed consent 

statement was included at the start of each questionnaire, and only respondents who agreed to 

participate were allowed to proceed. 

Data preparation and cleaning of participant questionnaire surveys from two NCCS Projects 

Following data collection, responses were imported into Microsoft Excel for translation verification, 

cleaning, and organization. The cleaning process involved identifying and addressing missing values, 

outliers, and inconsistencies to ensure data quality. Questions unique to each project, primarily those 

related to specific interface features, were excluded from the comparative analysis, except for a few 

high-frequency responses retained for descriptive purposes. The cleaned databases from both projects 
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were merged, with an additional variable added to indicate the project source of each response. To 

ensure that higher scores consistently reflected greater knowledge gain or attitude change, we applied 

reverse scoring (Suárez-Álvarez et al., 2018) to Likert scale responses for items such as “I had 

sufficient knowledge before participating in the project; my knowledge has not changed” and “My 

attitude towards nature has not changed. I have behaved in a nature-friendly way before the project.” 

In these cases, responses indicating strong agreement were assigned lower values, so that all items 

aligned in the same direction for analysis, with higher values always representing greater improvement 

or change. Expertise-related questions were recoded to classify respondents as “Expert” or “Non-

expert” based on their self-reported knowledge of relevant species. 

Data analysis of the two questionnaires conducted among the participants of the two NCCS projects 

Statistical analyses were conducted using appropriate tests based on the nature of the data. Categorical 

variables were compared between projects using Chi-square tests or Fisher’s exact tests, with 

significance set at (p<.05). When significant associations were found, Cramer’s V was calculated to 

measure the strength of these relationships, with categories combined as needed to ensure valid 

testing, particularly for questions on observation frequency, interface use, gender, and age. 

Likert scale items assessing knowledge, motivation, attitude, and behaviour were first tested for 

normality using the Kolmogorov-Smirnov and Shapiro-Wilk tests, confirming non-normal 

distributions. Consequently, the Mann-Whitney U test was employed to compare responses between 

projects, supported by boxplot visualizations of medians and interquartile ranges. 

Ethical considerations in the comparative analysis of the two questionnaires conducted among the 

participants of two NCCS Projects 

The two questionnaires adhered to the European Code of Conduct for Research Integrity (ALLEA, 

2017) and the ethical principles of social research (Earl Babbie, 2013; Creswell & Plano, 2018), 

ensuring that all ethical standards were carefully observed throughout the research process. Informed 

consent was obtained from every participant prior to data collection, emphasizing transparency and 

respect for individual autonomy. For the two questionnaires, formal ethical approval was obtained 

from the contributor, reinforcing our commitment to upholding ethical research practices. 

3.7. Challenges and mitigation 

Different challenges arose during the research process. The language barrier required careful 

translation and back-translation of interview and survey materials to preserve meaning. This was 

addressed through the validation of the questionnaire surveys by project managers and the research 
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supervisor. Second, recruiting participants for the questionnaires required sending personalized email 

invitations through each NCCS initiative, and multiple reminders were often necessary to achieve a 

sufficiently representative response rate and encourage participation. These mitigation strategies 

helped to ensure the integrity and inclusivity of the research process. 

3.8. Limitations  

Online sampling and coverage. The participant survey was administered online via project mailing 

lists, relying on self-selection and self-report; this likely underrepresents individuals who are less 

active online or not on mailing lists and may increase selection bias relative to the wider NCCS 

population. 

Although most items were multiple choice or Likert scale, some open-ended responses allowed 

descriptive text; these Hungarian texts were translated by a non‑native speaker during data cleaning, 

so nuanced meanings may have been lost or misinterpreted, introducing potential measurement error 

in the qualitative content used for interpretation. 



 

 

4.  RESULTS AND DISCUSSION 

4.1. Results of the three-dimensional evaluation of selected NCCS projects 

4.1.1. Overview of evaluated NCCS projects in Hungary 

The characteristics of NCCS projects in Hungary are diverse, reflecting a range of features, objectives, 

and organizational structures (Table 6). While all projects share the common goal of data collection 

of species (and in the case of MyPond, also ecosystems), not all were initially conceived as NCCS 

initiatives. For example, WildWatcher began as a scientific monitoring effort within the Hungarian 

Biodiversity Monitoring System in 2009, evolving from its predecessor, the Squirrel Watcher 

Program. It was only later that the project team recognized their work as citizen science. Similarly, 

the Amphibian and Reptile Mapping Project only identified itself as an NCCS initiative after attending 

a citizen science session at the 2012 European Conservation Biology Conference in Glasgow. In 

contrast, projects launched within the past five years, such as MyPond, BeaverMap, and the Mosquito 

Surveillance Project, were designed from the outset with explicit citizen science objectives. 

Most NCCS were affiliated with NGOs, conservation organizations, or scientific institutions, except 

for the Arthropods NCCS project, which was initiated privately in 2016 and without formal 

organizational backing; nowadays, it is connected to the NGO Közösen a Természetért Alapítvány – 

Together for Nature Foundation. Two projects (WildWatcher and MyPond) target both plant and 

animal species. WildWatcher focuses on 21 carefully selected protected species, while MyPond aims 

to assess the biodiversity of garden ponds, involving participants in species identification surveys and 

encouraging the use of a mobile app for amphibian and reptile identification. MyPond also collects 

data on birds and plants observed in and around ponds. The remaining projects, BeaverMap, Mosquito 

Surveillance Project, Butterfly-Net, Arthropods, Amphibian and Reptile Mapping Project, and the 

Common Bird Monitoring Program, each focus on a specific order, species, or family. 

In terms of project duration, the longest-running NCCS initiative in Hungary is the Common Bird 

Monitoring Program (MMM), established in 1998 by MME BirdLife Hungary. This nationwide, long-

term program monitors population trends of common breeding and wintering birds through 

standardized point counts in randomly selected locations. The extensive databases collected over the 

years have supported scientific research, informed conservation management, and contributed to 

annual reports, highlighting notable population declines in some bird species. Currently, seven NCCS 

projects are ongoing, while one (Butterfly-Net) has concluded. Within the scope of our analysis, 
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BeaverMap and MyPond, both launched in 2021, are the most recent projects evaluated, and although 

several years have passed since their inception, they remain the latest additions among the Hungarian 

NCCS initiatives included in this study. 

Participation requirements differ across the Hungarian NCCS projects. The Common Bird Monitoring 

Program (MMM) requires volunteers to have some prior knowledge of bird identification, as 

participants conduct structured bird counts twice a year and submit data via website or post, with 

expert validation and feedback provided. MyPond and Butterfly-Net target specific participant groups: 

MyPond engages garden pond owners in Budapest, while Butterfly-Net involves trained secondary 

school students from Vas County. In contrast, WildWatcher is open to the general public without 

requiring prior expertise, as the project specifically targets easily identifiable plant and animal species 

to facilitate accurate data collection and improve data quality. Similarly, the Amphibian and Reptile 

Mapping Project, which focuses on herpetofauna that can sometimes be challenging to identify, does 

not require previous expertise from participants; instead, it offers support for species identification 

through expert consultation and social media interaction. The remaining projects are also open to 

anyone nationwide, regardless of background knowledge. Across all initiatives, both the number of 

participants and the volume of observations have steadily increased over the years for all projects.



 

 

Table 6. Characteristics of evaluated NCCS projects in Hungary 

Project Name 

(Hungarian) 

Purpose Affiliated 

Institution 

Focus 

Species/Group 

Duration Coverage Participants’ 

activities 

Target 

Participants 

Observations / 

Participants 

(until 2022) 

Common Bird 

Monitoring 

Program 

(Mindennapi 

Madaraink 

Monitoringja) 

Monitor bird 

populations and 

promote conservation 

attitudes among the 

public. 

MME BirdLife 

Hungary 

Birds 1998-

present 

Nationwide Biannual surveys at 

fixed random sites: 

observing, 

recording, 

identifying birds, 

completing 

questionnaires, 

submitting data and 

field notes by mail. 

Public with 

bird 

identificatio

n skills 

10,829 / 

10,712 

WildWatcher 

(Vadonleső) 

Gather data on      

pre-selected protected 

plant and animal 

species that are easy 

to identify; enhance 

public awareness and 

environmental 

education. 

Herman Ottó 

Institute NGO Ltd 

- Vadonleső 

Group 

Selected 

easily 

identifiable 

protected 

plants and 

animals 

2009-

present 

Nationwide Observing, 

identifying, 

recording data 

online or via app, 

and completing 

questionnaires. 

General 

public 

13,830 / NI* 

Amphibian 

and Reptile 

Mapping 

Project 

(Herptérkép) 

Document the 

distribution of 

amphibians and 

reptiles for 

conservation. 

MME BirdLife 

Hungary 

Amphibian/ 

Reptile Protection 

Dept. 

Amphibians, 

reptiles 

2011-

present 

Nationwide Observing, 

identifying, 

online/app data 

entry, and optional 

photography. 

General 

public 

69,000 / 

23,000 

Arthropods 

(Ízeltlábúak) 

Increase public 

knowledge of 

arthropods, update 

species data for 

science and 

conservation. 

Private initially 

and since 2023 

connected to the 

NGO (Közösen a 

Természetért 

Alapítvány – 

Together for 

Nature 

Foundation) 

Arthropods 2016 -

present 

Nationwide Observing, 

identifying, data 

entry online, 

photography. 

General 

public, 

experts (for 

data 

validation) 

321,326 / NI* 
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Project Name 

(Hungarian) 

Purpose Affiliated 

Institution 

Focus 

Species/Group 

Duration Coverage Participants’ 

activities 

Target 

Participants 

Observations / 

Participants 

(until 2022) 

Butterfly-net 

(Lepke-háló) 

Monitor butterflies 

and involve youth in 

conservation. 

Őrség National 

Park Directorate 

Butterflies 2017–

2019 

Vas County Training, observing, 

identifying, online 

data entry, and 

photography. 

Students NI* / 24 

Mosquito 

Surveillance 

(Szúnyog-

monitor) 

Track the distribution 

of invasive 

mosquitoes and 

support control 

protection strategies. 

HUN-REN Centre 

for Ecological 

Research 

Invasive 

mosquitoes 

2019 – 

present 

Nationwide Observing, 

collecting samples, 

completing surveys, 

submitting 

specimens by mail, 

and sending photos 

via email or app. 

General 

public 

3,436 / NI* 

BeaverMap 

(HódTérkép) 

Update beaver 

distribution, study 

landscape changes 

and human-wildlife 

interactions, and 

inform management 

of beaver protection 

of beaver-made 

wetlands. 

HUN-REN Centre 

for Ecological 

Research 

Eurasian 

beaver 

2021-

present 

Nationwide Observing, 

identifying, online 

data entry, 

questionnaires, and 

photography. 

General 

public 

350 / 500 

MyPond      

(Az én 

kistavam) 

Map the biodiversity 

of urban and garden 

ponds; raise 

awareness of urban 

aquatic habitats. 

HUN-REN Centre 

for Ecological 

Research 

Pond 

biodiversity 

Phase 1: 

2021–

present; 

Phase 2: 

closed 

Budapest Surveys, observing, 

using sampling kits, 

data entry, and 

submitting water 

samples. 

Garden 

pond owners 

NI* / 342 

(Phase 1), 278 

(Phase 2) 

NI* indicates that no data were received from project managers during the interviews.



 

 

4.1.2. Overall performance of evaluated NCCS projects 

The following results are derived from a comprehensive evaluation of each project, using the three-

dimensional framework criteria organized into the dimensions of science, nature conservation, and 

participants’ development (see results in Table 7). This assessment highlights how each project 

performed across dimensions; therefore, according to the key components and criteria per dimension. 

Table 7. Performance of NCCS projects per dimension 
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Research 

question 

Was a scientific question 

formulated before starting 

the project? 

1 0 0 0 0 1 1 1 

Methodolog

y for data 

collection 

When recording an 

observation, is supporting 

information (e.g., a 

photograph, videos) 

mandatory to upload as part 

of the data collection 

methodology? 

1 0 0 1 1 1 1 1 

Technology 

use 

Does the project require the 

use of technology that 

supports data collection and 

data quality? (e.g., 

smartphones, tablets, 

sensors) 

1 1 1 1 1 1 1 1 

D
at

a 
Q

u
al

it
y
 

Data 

validation 

Are protocols for data 

collection tested and 

validated before starting the 

project, in order to ensure 

data quality? 

1 0 0 0 1 0 0 0 

Do they have an effective 

strategy for data quality 

assessment? (e.g., 

specialized professionals 

involved, request for more 

information to participants, 

site visits) 

1 1 1 1 1 1 1 1 

Institutional 

affiliation 

Is the project formally 

connected to a larger 

scientific or conservation 

organization? 

1 1 1 1 1 1 1 1 
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Long-term 

databases 

Does the project have long-

term databases?  

1 1 1 1 0 1 1 1 

Open data Is there any summary of the 

data collected released to 

the public? (e.g., summaries 

in the form of maps, charts, 

statistics) 

1 1 1 1 0 1 0 1 

Are data stored in suitable 

repositories? (e.g., the 

General Data Protection 

Regulation [GDPR] 

considered) 

1 1 1 1 1 1 1 1 

Are complete or partial 

databases publicly available 

for download? 

0 0 0 1 0 0 0 0 

Publications Have the findings/data been 

published in peer-reviewed 

academic journals? (For 

example, has the collected 

data been used in scientific 

publications or cited in 

academic journals or 

scientific books?) 

1 1 1 1 1 1 1 1 
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Data use in 

species/ 

ecosystem 

monitoring  

Has the data collected by 

volunteers through the 

project been used for 

species or ecosystem 

monitoring? 

1 1 1 1 1 1 1 1 

E
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l 

m
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en
t Data use in 

species/ 

ecosystem 

management 

Has the data collected by 

volunteers through the 

project been used for 

species or ecosystem 

management? 

1 1 1 1 1 0 0 0 

P
o

li
cy

 

Data use in 

conservation 

policymaking  

Has the data collected 

through the project 

influenced policy decisions 

at the local, national, 

regional, or European 

Union level? 

 

 

  

1 1 1 0 0 0 0 0 
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Forms of 

training 

provided 

Is personal training 

provided to the 

participants? 

0 0 0 0 1 0 0 0 

Is any other form of 

training/knowledge transfer 

provided to the 

participants? (e.g., written 

guidelines, videos, an 

informative phone 

application, or a website) 

1 1 1 0 1 1 1 1 
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Educational 

events 

Are events to support 

learning and promote 

environmental education 

organized? 

1 1 1 0 1 0 1 1 

Communica

tion for 

gaining 

knowledge 

Are there ways to connect 

with available experts who 

can answer participant 

questions and resolve 

issues? (e.g., via email, 

social media, app chat) 
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Measurement 

of 

knowledge 

gained/ 

reinforced  

Is the participants' 

knowledge assessed? (e.g., 

species recognition, 

knowledge about the 

species ecology, 

conservation knowledge) 

0 1 1 0 1 0 0 0 

Measurement 

of skills - 

gained/ 

reinforced  

Are participants' skills 

assessed? (e.g., using 

equipment, data collection 

protocol) 

0 0 0 0 1 0 0 0 

Measurement 

of attitude/ 

behavioral 

change 

Are participants' 

attitudes/behavior assessed? 

0 1 1 0 0 0 0 0 

Strategies for 

reinforcing 

and increasing 

knowledge 

through 

feedback  

Do participants receive 

feedback that reinforces 

their knowledge, such as in-

person, email, or app-based 

responses? 

1 0 1 1 1 1 0 1 
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The comparative analysis of the eight NCCS projects reveals notable differences in performance 

across the three dimensions. In the science dimension, the Common Bird Monitoring Program 

achieved the highest score at 100 points, with Mosquito Surveillance and MyPond also performing 

well, each reaching 90 points. In the nature conservation dimension, the Common Bird Monitoring 

Program, Amphibian and Reptile Mapping, and WildWatcher all reached the highest possible points 

(100 points). Conversely, projects such as Mosquito Surveillance, BeaverMap, and MyPond scored 

lower in this area, each with 33 points. Participants’ development dimension showed greater variation 

across projects. Butterfly-Net led this dimension with a perfect normalized score of 100 points, 

highlighting its significant engagement and development impact on participants. Amphibian and 

Reptile Mapping and WildWatcher also scored strongly, achieving normalized scores of 86 points and 

71 points, respectively. In contrast, Arthropods scored lowest at 14 points, suggesting minimal 

performance in this dimension relative to other projects (see Table 8). 

Table 8. Summary of composite normalized score results for evaluated NCCS projects in Hungary 
 

Science 

(points) 

Nature Conservation 

(points) 

Participants’ 

development (points) 

Total  

 Common Bird Monitoring Program  100 100 57 257 
  WildWatcher  70 100 71 241 

 Amphibian and Reptile Mapping  70 100 86 256 

 Arthropods  90 67 14 171 

 Butterfly-Net  70 67 100 237 

 Mosquito Surveillance   90 33 43 166 

 BeaverMap  80 33 43 156 

 My Pond  90 33    57 180 

TOTAL 660 533                471  

 

When analysing the total scores based on the maximum achievable points per project (300 points), the 

following performance profiles were found: 

• The Common Bird Monitoring Program leads with the highest total score (257/300 points), 

showing exemplary performance in both scientific contribution and conservation outcomes, 

though with moderate participant development. This indicates a well-established project that 

excels in generating valuable, policy-relevant data and influencing conservation practices. 

• Amphibian and Reptile Mapping (256/300 points) and WildWatcher (241/300 points) projects 

followed the next best performers. Both exhibit strong integration of CS data into nature 

conservation outcomes, with Amphibian and Reptile Mapping notably excelling in participant 

development (86/300 points), indicating effective volunteer engagement and education. 
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• The Butterfly-Net project achieves a high participant development score (100/300 points) and 

solid overall performance (237/300 points), suggesting a strong focus on participants’ 

development and outreach alongside moderate nature conservation and scientific performance. 

Lower total scores for projects like Arthropods (171/300 points), Mosquito Surveillance (166/300 

points), BeaverMap (156/300 points), and My Pond (180/300 points) reflect uneven performance 

(often strong in scientific data collection but weaker in nature conservation or participants’ 

development). For example, Arthropods scored well in the science dimension but had very low 

performance in the participants’ development dimension, indicating potential areas to enhance 

volunteer engagement or educational support. Similarly, Mosquito Surveillance and BeaverMap 

exhibited limited performance in nature conservation and participants’ development. 

These results suggest that while many projects effectively contribute to scientific knowledge, 

integrating data into conservation management and fostering participant growth are key areas where 

projects vary considerably.  

Based on the total scores for each dimension across all projects (with a maximum possible score of 

800 points per dimension), the results are as follows: 

• Science: the projects collectively scored 660 points out of 800, indicating strong achievement 

in meeting science-related criteria. 

• Nature conservation: the total score is 533 points, showing moderate success in fulfilling 

nature conservation outcomes. 

• Participants’ development: the projects produced 471 points, which is the lowest among the 

three dimensions, suggesting more room for improvement in participant engagement and 

development. 

The next sections present a detailed breakdown of project performance across the three dimensions—

Science, Nature conservation, and Participants’ development, analysing results by specific criteria 

within each dimension. This disaggregated approach highlights the strengths and weaknesses of 

individual projects, with a particular focus on their scientific contributions within the NCCS 

evaluation framework. 
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4.1.3. Scientific contribution of the evaluated NCCS projects 

The comparison of scores across the eight Hungarian NCCS projects shows that the science dimension 

was consistently the strongest. All projects scored above 60 points, with several exceeding 80 points. 

Notably, the Common Bird Monitoring Program scored 100 points, and Mosquito Surveillance, My 

Pond, and Arthropods reached 90 points (Table 8).  

Science-related criteria such as the use of technology, data validation performed by experts and 

institutional affiliation were consistently strong across all projects. However, differences emerged in 

areas like data validation and open data practices. Only a few projects (e.g., Common Bird Monitoring 

Program, Butterfly-Net, Arthropods) validated data collection protocols before launch, though all 

employed quality assessment strategies during implementation. While most projects maintained long-

term databases, only Arthropods provided publicly downloadable data. 

Overall, the selected NCCS projects reflect a shared commitment to scientific rigor and structured 

collaboration, though improvements in data validation and openness are still needed. The following 

section presents detailed results for each assessment criterion within the science dimension. 

Methodology 

Several projects, including the Common Bird Monitoring Program, Mosquito Monitor, BeaverMap, 

and MyPond, developed a clear scientific question prior to project initiation, ensuring focused 

research objectives. Methodologies for data collection varied: for example, the Common Bird 

Monitoring Program employed a randomized sampling design adapted from the UK Breeding Bird 

Survey. While some projects required supporting information, such as photographs for observations, 

in their data collection protocols, others, like WildWatcher, did not require image uploads, and 

Amphibian and Reptile Mapping made photo uploads optional but required GPS coordinates and 

questionnaire completion. Technology use was widespread, with most projects utilizing smartphones, 

GIS tools, and websites or phone apps to facilitate data collection, except for Butterfly-Net (Table 7). 

Data management practices 

All projects maintained appropriate data storage and sharing practices. Arthropods uniquely offered 

open access to raw data, while others shared validated data summaries via online platforms, including 

interactive maps and graphs. Projects carefully managed sensitive data, such as locations of 

endangered species and participants’ personal information. For example, BeaverMap restricted 

sharing of beaver dam locations until legal protections were in place. Older projects published 
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scientific papers to disseminate findings, while newer projects planned publications. The Arthropods 

data were widely used by external researchers for scientific purposes and theses. 

Scientific output use 

The outcomes of Hungarian NCCS projects demonstrated scientific robustness, as evidenced by the 

integration of their data into scientific publications, atlases, and annual reports (Sillero et al., 2014; 

Kóbor, 2021; Szép & Gibbons, 2000). Among these, the Arthropods project stood out as the initiative 

whose data were used most extensively in scientific research, with numerous external studies and 

publications drawing on its databases. Results from the Common Bird Monitoring Program (MMM) 

and Amphibian and Reptile Mapping also contributed to peer-reviewed research and informed 

conservation management and policy, such as the designation of a protected zone in Budapest based 

on fire salamander data from Amphibian and Reptile Mapping observations. The fact that the 

outcomes of several national NCCS projects were regularly incorporated into new scientific research 

highlighted their credibility and reliability. This ongoing dissemination of results through publications 

across all projects was a positive driver for advancing the field, showing that, step by step, NCCS 

initiatives in Hungary effectively addressed challenges related to data credibility and established 

themselves as valuable contributors to scientific conservation science. 

Protocol testing  

Protocol testing or pilot studies played a crucial role in establishing reliable data collection procedures 

in several Hungarian NCCS projects. For example, before the official launch of the Common Bird 

Monitoring Program (MMM), the organizers developed and tested a detailed methodology modelled 

after the UK Breeding Bird Survey. This process included creating structured protocols for 

participants’ training, field data collection, and data submission, ensuring that volunteers could 

consistently gather high-quality information. Similarly, the Butterfly-net project conducted pilot 

testing with secondary school students to evaluate and refine its data collection protocol. This 

preparatory phase allowed the project team to assess participants’ understanding of butterfly 

identification and monitoring techniques and to make necessary adjustments before full-scale 

implementation. These pilot efforts not only minimized errors but also provided participants with clear 

guidance, ultimately strengthening the scientific robustness of the data collected in both projects. 

Data validation  

The eight Hungarian NCCS projects employed a range of strategies to ensure data quality, typically 

centred on expert validation and, in some cases, additional verification steps. The Common Bird 
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Monitoring Program (MMM) demonstrated a robust approach: after participants submitted bird count 

data through online and postal channels, two bird experts systematically reviewed all records. When 

inconsistencies arose, experts contacted participants via email for clarification, and every contributor 

received feedback on their submissions. This multi-layered process not only upheld data accuracy but 

also fostered participants’ learning and engagement. 

In the Amphibian and Reptile Mapping project, seven herpetofauna experts were responsible for 

validating incoming observations. If uncertainties or inconsistencies were detected, experts reached 

out to participants for further information. Observations that could not be verified were excluded from 

the main database, ensuring that only validated records were used for scientific and conservation 

purposes. Direct communication channels, such as email and Facebook groups, facilitated this expert-

participant interaction, and the project also leveraged educational apps and resources to support 

accurate data submission. 

WildWatcher assigned a dedicated expert to each species for validation. While uploading photos was 

not mandatory, experts occasionally conducted field verification, particularly when plant data 

inconsistencies were noted. Their approach of targeting easily recognizable species was adopted as a 

strategy for ensuring data quality for participants' observations. This targeted approach allowed for 

flexible yet rigorous quality control, and validated records were integrated into the main database, 

which was then used for scientific reporting. 

The Arthropods project relied on a network of volunteer taxonomists, who registered for identification 

roles before they could validate records. Photos were mandatory for each submission, and only after 

expert review did a record become part of the validated database. This peer-review-like process, while 

effective, could be slowed by the availability of qualified volunteers, but it ensured that only high-

confidence identifications were included in the official database. 

Other projects, such as BeaverMap and Mosquito Monitoring, also implemented expert review of 

submitted photos and records. In cases where images were unclear or data were incomplete, biologists 

requested additional information from participants before validation. This iterative process helped 

maintain data reliability, even as these projects were still in the early stages of data use. 

Across all projects, the use of digital platforms, apps, and direct communication with experts enhanced 

the efficiency and transparency of data validation. While resource-intensive methods like site visits 

were rare, the combination of expert oversight, participants’ feedback, and, in some cases, peer 



61 

 

verification collectively supported a high standard of data quality assessment in Hungarian NCCS 

initiatives. 

4.1.4. Nature conservation role of evaluated NCCS projects 

The evaluation of eight Hungarian NCCS projects revealed that all initiatives made meaningful 

contributions to nature conservation, particularly in data collection, monitoring and management of 

protected species (Amphibian and Reptile Mapping, WildWatcher, BeaverMap) and invasive species 

(Mosquito Monitoring Project). According to the nature conservation dimension scores, the Common 

Bird Monitoring Program, WildWatcher, and Amphibian and Reptile Mapping achieved the highest 

scores (100 points) as seen in Table 8, reflecting their significant and longstanding contributions to 

biodiversity monitoring and habitat protection. The performance of the NCCS projects within the 

nature conservation dimension is presented below, following the specific criteria of the assessment 

framework. 

Data use in species/ecosystem monitoring 

All eight Hungarian NCCS projects contributed data for species or ecosystem monitoring. For 

example, the Common Bird Monitoring Program and Amphibian and Reptile Mapping provided long-

term databases on bird and herpetofauna populations, respectively. MyPond collected biodiversity 

data on garden ponds, while Mosquito Monitor tracked the distribution of invasive mosquito species. 

These monitoring activities enabled comprehensive tracking of species presence, abundance, and 

distribution across Hungary. 

Notably, the Arthropods project follows the practice of allowing open access to its data, which has led 

to significant usage and downloads. This openness has contributed to notable discoveries of new 

species occurrences in Hungary, such as A. heegeri (Károlyi & Rédei, 2017), Cybocephalus 

nipponicus (Merkl et al., 2017), and the detection of invasive species like Acanalonia conica (Kóbor, 

2021) and Halyomorpha halys (Vétek et al., 2018). 

Data use in species/ecosystem management 

For the environmental management component, several projects demonstrated that their data were 

used to inform direct management actions. In the Mosquito Monitor project, participants collected 

invasive mosquito specimens, aiding efforts to control these species, which are both conservation 

concerns and vectors for diseases affecting human health. WildWatcher reports on hedgehog 

(Erinaceus roumanicus) sightings outside their typical range prompted habitat management 

interventions. Amphibian and Reptile Mapping data supported the protection of fire salamander 
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(Salamandra salamandra) habitats in Budapest, while Butterfly-Net student observations led to the 

discovery of a new butterfly population, resulting in habitat protection measures by the Őrség National 

Park Directorate. 

Data use in conservation policy making 

Older projects, in particular, performed strongly in this area. WildWatcher data have been 

incorporated into the Hungarian Nature Conservation Information System (TIR) and contributed to 

Hungary’s national reporting under Article 17 of the EU Habitats Directive. Butterfly-Net data were 

added to the OpenBioMaps biodiversity platform (Bán et al., 2022), making them accessible to 

decision-makers for biodiversity management. Amphibian and Reptile Mapping regularly supplies 

data to the European Atlas of Amphibians and Reptiles (SEH, NA2RE) (Sillero et al., 2014) and for 

EU reporting. The Common Bird Monitoring Program provides the largest ornithological database in 

Hungary, supporting both EU-wide bird monitoring and the national annual bird atlas (Szép et al., 

2021). 

4.1.5. Impact of evaluated NCCS projects on participants' development 

The participants’ development dimension showed the greatest variation among the eight Hungarian 

NCCS projects. The highest scores were achieved by Butterfly-Net (100 points), Amphibian and 

Reptile Mapping (86 points), and WildWatcher (71 points), indicating relatively strong support for 

participants’ learning and development in these initiatives. In contrast, Arthropods scored notably 

lower at 14 points, while Mosquito Surveillance and BeaverMap each attained 43%, and both the 

Common Bird Monitoring Program and My Pond registered 57 points (see Table 8). The next section 

presents the results of the more detailed analysis of participants’ development dimension, drawing on 

questionnaires responses from participants in the Amphibian and Reptile Mapping and WildWatcher 

projects. The results per the criteria of the participants’ development dimension are as follows: 

Training provided 

Butterfly-Net stood out as the only NCCS project to combine in-person training (such as lectures on 

butterfly biology and identification) with supplementary resources, including field guides, mobile 

apps, and environmental education events. Other projects primarily relied on online materials 

available through their websites, where participants could access detailed instructions for fieldwork, 

data collection protocols, and species identification. The Common Bird Monitoring Program, for 

instance, provided additional resources like bird sound guides, maps, and field diaries. MyPond 

offered training through instructional videos and sampling kits, which included conservation-focused 
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guides, sampling tools for water chemistry and eDNA, data sheets, and user manuals. Similarly, 

Mosquito Monitor produced videos to show mosquito trapping techniques. 

Additional learning support 

This component examined educational tools or events, and communication channels that support 

participants’ learning. Several projects hosted events, such as "Mammal of the Year" (WildWatcher) 

and "Amphibian and Reptile of the Year" (Amphibian and Reptile Mapping), to promote 

environmental education and conservation awareness, often advertised via social media. The Common 

Bird Monitoring Program organized recognition gatherings where observers could receive awards and 

share experiences, fostering a sense of community. Many projects provided direct access to experts 

for participant questions or concerns. For example, BeaverMap volunteers, mainly farmers, frequently 

consulted experts about beaver-related issues. Participants in Amphibian and Reptile Mapping and 

WildWatcher also used social media platforms (e.g., Facebook) to communicate with both experts 

and peers, sharing photos and seeking advice on species identification. These interactions not only 

reinforced knowledge but also helped ensure accurate species recognition before data submission. 

Measurement of personal development 

The final component considered how projects assessed participants’ knowledge, skills, attitudes, and 

behaviours. While all eight initiatives contributed to increasing knowledge about species in Hungary, 

none formally evaluated the knowledge or skills gained by participants after their involvement at the 

time of the interviews. Similarly, there were no formal assessments of changes in attitudes or 

behaviours. In the case of MyPond, coordinators noted that, although no survey was conducted, 

participants’ willingness to proceed to the second phase (using the kit box for measurements) indicated 

a positive attitude toward continued engagement. Six projects (the Common Bird Monitoring 

Program, Amphibian and Reptile Mapping, Butterfly-Net, Arthropods, Mosquito Monitor, and 

MyPond) offered some form of feedback, such as emails or app notifications, to reinforce participant 

learning. Although coordinators believed that providing feedback encouraged ongoing participation, 

there was no formal evaluation of its impact on volunteers or project outcomes. 

4.1.6. Discussion of the results of the evaluated NCCS projects  

The results of the initial overview of the analysed Hungarian NCCS projects demonstrate strong 

achievements in both scientific output and contributions to nature conservation. However, our 

evaluation also reveals substantial opportunities for further improvement in the participants’ 

development dimension outcomes. This pattern closely aligns with the findings of Peter et al. (2021), 

who, in their assessment of NCCS projects, observed that while these programs are highly effective 
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at generating scientific data and supporting conservation goals, their influence on participants’ 

learning, behavioural change, and wider educational benefits is often inconsistent and not 

systematically assessed. Their earlier research (Peter et al., 2019) similarly highlighted that, although 

CS holds significant promise for advancing nature conservation, actual improvements in participants’ 

knowledge, attitudes, or behaviours tend to vary and are frequently under-evaluated. 

The outcomes of this research from the science dimension highlight the critical role that high data 

quality standards play in establishing NCCS projects as valuable contributors to scientific research, a 

point emphasized by Wiggins et al. (2013). Internationally, projects such as eBird illustrate how 

rigorous protocols and robust validation processes can lead to significant scientific achievements, 

including a large number of peer-reviewed publications (Bonney et al., 2014; Sullivan et al., 2014; 

Kelling, 2018). Within Hungary, the Common Bird Monitoring Program stands as a leading example, 

having adopted the UK’s Breeding Bird Survey methodology and consistently upholding strict 

standards for data collection and verification. This dedication has enabled the program to build one of 

Hungary’s most extensive and reliable ornithological databases. 

A key factor supporting these high standards is the strong institutional backing observed across the 

evaluated projects, as institutional support and collaboration with scientific organizations are widely 

recognized as essential for ensuring data quality and project sustainability in citizen science (Downs 

et al., 2021; US Environmental Protection Agency (EPA), 2019). Even projects that initially operated 

independently, such as Arthropods, have since sought organizational partnerships, highlighting a 

growing recognition of the importance of institutional support for data quality and project 

sustainability. 

Open data practices further influence the scientific reach and impact of citizen science. As noted by 

Turbé et al. (2020), projects that make their databases openly available tend to produce more scientific 

outputs and foster wider data use. In the Hungarian context, only the Arthropods project has fully 

embraced open access, resulting in a large, widely used database. While other projects are beginning 

to publish their findings (such as Mosquito Monitor and MyPond) (Garamszegi et al., 2023; Márton 

et al., 2023), there remains significant potential to improve data accessibility and sharing across the 

NCCS field and scientific community. Similar trends have been reported in other European countries' 

assessments; for instance, Von Gönner et al. (2023) found that while data quality assurance is 

common, open data practices and widespread publication are still developing in Germany, Austria, 

and Switzerland. 
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From the nature conservation dimension, our findings confirm that selected Hungarian NCCS projects 

make valuable contributions to species and ecosystem monitoring, as well as to practical management 

and conservation actions. All evaluated projects supported monitoring activities, with several also 

informing habitat protection, invasive species management, and human-wildlife conflict mitigation. 

Projects with longer operational histories (such as Amphibian and Reptile Mapping, WildWatcher, 

and the Common Bird Monitoring Program) were particularly strong in this area, reflecting their 

established roles in environmental management and, to a lesser extent, policy influence. This is 

consistent with broader research indicating that citizen science data are often most impactful in habitat 

and population management, rather than direct policy or legislative action, when there are long-term 

datasets available (Sullivan et al., 2014; Chandler et al., 2017; McKinley et al., 2017; Turbé et al., 

2020). 

Our results indicate that NCCS projects with the longest temporal scope (such as Amphibian and 

Reptile Mapping, WildWatcher, and the Common Bird Monitoring Program) achieved the highest 

scores in the nature conservation dimension, reflecting their substantial roles in environmental 

management and, to some extent, policy influence. However, at the time of data collection, most 

projects had not yet seen their data directly used in policy-making or conservation management a 

pattern that echoes findings from Sullivan et al. (2017), who reported that NCCS data like those from 

eBird were more frequently applied to habitat management and protection than to formal policy or 

legislative processes. Since our evaluation, several additional Hungarian projects have begun to 

demonstrate tangible conservation outcomes, signaling rapid growth in the field (Finger et al., 2023). 

Notably, one of the last to be launched of all projects, BeaverMap, has already contributed to the 

management of beaver-created wetlands and the resolution of human-wildlife conflicts, while ongoing 

data collection continues to identify high-conservation-value habitats and is expected to further refine 

national beaver distribution maps in the future (Juhász & Biró, 2024). These developments suggest 

that, with continued emphasis on data sharing, institutional collaboration, and the translation of NCCS 

data into practical conservation actions, Hungarian NCCS projects are well-positioned to expand their 

scientific and conservation impact in the years ahead. 

Successful NCCS projects not only advance its scientific and conservation objectives but also provide 

meaningful benefits to its participants (knowledge, skills gain, attitude, and behaviour impact), as 

emphasized in the literature (Kieslinger et al., 2017; Hansen & Bonney, 2022). Our findings illustrate 

that Butterfly-Net excelled in the participants’ development dimension, largely due to its small scale, 

which made it feasible to offer in-person training and frequent expert interaction. These personalized 
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learning opportunities are widely recognized in the literature as highly effective for enhancing 

participants’ engagement and knowledge (Evans et al., 2005; Phillips et al., 2018). However, such 

approaches are often impractical for larger projects, which must instead rely on self-guided resources 

like digital tutorials, printed materials, and mobile applications to support their growing volunteer 

communities. Bonney et al. (2009) note that these supplementary tools can still foster confidence and 

skill acquisition among participants, even in the absence of direct training. Despite the recognized 

importance of participant outcomes, our evaluation, echoing international trends (Leonard et al., 

2023), revealed that systematic assessment of changes in knowledge, attitudes, or behaviours remains 

rare in Hungarian NCCS projects. This gap highlights a missed opportunity, as collecting 

demographic and outcome data could provide valuable insights into the broader educational and social 

impacts of NCCS. Strengthening evaluation protocols to better capture participants’ development 

would not only enrich our understanding of project effectiveness but also help tailor future initiatives 

to maximize benefits for both science and society.



 

 

4.2. Results of the comparative analysis of observation data of two Hungarian NCCS projects 

4.2.1. Overview of the two selected NCCS projects' observation databases 

The Amphibian and Reptile Mapping (ARM) database included a total of 74,415 observation records, 

which were submitted by the general public from the project’s launch in 2011 until December 2024. 

This substantial database demonstrated both sustained participants’ engagement and comprehensive 

national coverage in tracking Hungary’s amphibian and reptile populations. Amphibians accounted 

for over 60% of all records, while reptiles comprised under 40% (Table 9). 

The WildWatcher database contained 17,484 observation records collected between 2009 and 

December 2024. The majority of records belonged to mammals (56.6%), which accounted for over 

half of the database, followed by significant contributions from insects and flowering plants. 

Amphibians and reptiles together represented just over 10% of the total records (Table 9). 

Table 9. Summary of observation records of the two databases 
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Project Amphibian and Reptile Mapping Count 0 29233 445182 0  0 0 74415 
 

%  0.0 39.3 60.7 0.0  0.0 0.0 100.0 
 

WildWatcher Count 9899 587 1367 3494  633 1504 17484 
 

%  56.6 3.4 7.8 20.0  3.6 8.6 100.0 
 

 

4.2.2. The distribution of observations across species  

There is a clear difference in the number and distribution of species observations between the two 

Hungarian NCCS initiatives, as shown in Figure 4 and Figure 5. In the Amphibian and Reptile 

Mapping project, the observations were distributed between 34 species; the majority of individuals 

were reported as “alive” (light blue bars) across all species, with only a small proportion recorded as 

“dead” (red bars) or “N/A” (green bars) (Figure 4). The highest observation counts were for Pelobates 

fuscus, Rana dalmatina, Lacerta viridis, Bufo bufo, Pelophylax kl. Esculentus, and Emys orbicularis, 

each exceeding 5,000 records, with Pelobates fuscus approaching 7,000 observations. Most species 

in this database had fewer than 2,000 observations, with a long list of less frequently reported taxa. 

In the WildWatcher project, there were observations from 21 species; the total number of observations 

per species was generally lower compared to the Amphibian and Reptile Mapping project. The most 
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frequently reported species were Erinaceus roumanicus, Sciurus vulgaris, Talpa europaea, and 

Lucanus cervus, each with observation counts ranging from approximately 1,500 to nearly 4,000. 

Other species, such as Adonis vernalis, Mantis religiosa, Hyla arborea, and Salamandra salamandra, 

had between 500 and 1,500 observations (Figure 5). As with the Amphibian and Reptile Mapping 

project, the majority of records in WildWatcher were of live individuals, with a smaller number of 

dead or N/A status reports. 

 

Figure 4. Distribution of species in the Amphibian and Reptile Mapping project until 2024 
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Figure 5. Distribution of species in the WildWatcher project until 2024 

 

In terms of taxonomic classes, the Amphibian and Reptile Mapping project recorded over 45,000 

amphibian observations and nearly 30,000 reptile records (Figure 6). WildWatcher demonstrated a 

broader taxonomic distribution, although with lower observation counts in each class. Mammals 

accounted for the largest share of WildWatcher’s records, exceeding 10,000 observations, followed 

by insects and flowering plants (Magnoliopsida), each with several thousand records (Figure 6). 

Amphibians and reptiles were also present in the WildWatcher database, but at much lower levels 

compared to the Amphibian and Reptile Mapping, focusing on the herpetofauna species. 
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Figure 6. Distribution of taxonomic class observations in the Amphibian and Reptile Mapping and 

WildWatcher projects. 

The Amphibian and Reptile Mapping project recorded 13 amphibian and 18 reptile species, 

highlighting its specialized focus on herpetofauna. WildWatcher, with its broader target species scope, 

recorded 2 amphibian species, 1 reptile, 5 insect species, and 6 mammals among animals, as well as 

3 species of Liliopsida and 4 species of Magnoliopsida among plants (see Appendix 3, Table 17). 

4.2.3. Annual trends in species observations  

Figure 7 illustrates the annual trend of species observations submitted to the Amphibian and Reptile 

Mapping and WildWatcher projects from 2009 to 2024. Our findings show that the Amphibian and 

Reptile Mapping project consistently generated a much higher volume of observations per year 

compared to WildWatcher. Notably, Amphibian and Reptile Mapping experienced several 

pronounced peaks, with the most significant spike occurring in 2018, when annual observations 

exceeded 20,000. Other years, such as 2011 and 2016, also show substantial increases, with 

observation counts surpassing 10,000 and 7,000, respectively. Between these peaks, the project 

displayed considerable year-to-year fluctuation but generally maintained higher submission levels 

than WildWatcher throughout the entire period. 
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In contrast, the WildWatcher project maintained a relatively stable and lower rate of annual 

observations. Its yearly submissions typically ranged between 1,000 and 3,000, with only minor 

fluctuations and no dramatic peaks. This pattern suggests a consistent but more modest level of 

participation and data reporting for WildWatcher compared to the more variable but higher-volume 

participation seen in Amphibian and Reptile Mapping (Figure 7). 

 

Figure 7. Annual species observations in Amphibian and Reptile Mapping (2011–2024) vs. 

WildWatcher (2009–2024) 

 

Statistical analysis using the Chi-square test confirmed that the difference in the distribution of annual 

observation counts between the two projects is statistically significant (p<.001). The strength of this 

difference is moderate, as indicated by Cramer’s V = .318. This result demonstrates a significant 

difference in observation volumes between the projects, supporting the descriptive trends observed in 

Figure 7. 

4.2.4. Data validation status 

Our results revealed that both NCCS initiatives achieved strong data quality assurance, with the vast 

majority of observations successfully validated. In Amphibian and Reptile Mapping, more than 
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70,000, representing approximately 95%, were classified as valid. Invalid records accounted for a 

small minority, and only a minimal number remained unchecked. WildWatcher, with 13,896 total 

records, showed over 12,000 validated entries, corresponding to about 90%. The proportion of 

unchecked records was slightly higher in WildWatcher compared to Amphibian and Reptile Mapping, 

while the number of invalid records remained very low in both projects (Figure 8). 

 

Figure 8. Data validation status between the Amphibian and Reptile Mapping and the WildWatcher 

projects. Note: only observations recorded between 2011 and 2024 were included to ensure that the 

analysis covers matching time horizons across both projects. 

Annual validation patterns differed markedly between the two projects. In Amphibian and Reptile 

Mapping, the number of validated records fluctuated over the years, with notable peaks in 2011 (9977 

records-95%) and especially 2018, when validated observations exceeded 20,000 (20422 records-

98%) (Figure 9). In most years, the vast majority of records were classified as valid, with only a small 

fraction marked as invalid or not checked. The volume of unchecked and invalid records remained 

consistently low across all years, indicating a high level of data quality assurance throughout the 

project’s operation. 

WildWatcher exhibited a steadier trend in annual validation, with the highest number of validated 

records occurring in 2011 (1205 records - representing 99%) and 2021 (1782 records - representing 

97%), followed by moderate numbers in subsequent years. While the proportion of valid records 
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remained high, WildWatcher had a slightly greater share of unchecked records compared to 

Amphibian and Reptile Mapping, particularly in more recent years. Invalid records were rare in both 

projects and did not show any clear temporal trend (Figure 9). 

The Chi-square test also showed a statistically significant difference in the distribution of validation 

status (valid, invalid, unchecked) of observations between the projects (p<.001), with a moderate 

association strength (Cramer's V = .276). This indicates that validation varies significantly between 

the projects. 

 

 

Figure 9. Annual trends in data validation status per NCCS project. Note: only observations 

recorded between 2011 and 2024 were included to ensure that the analysis covers matching time 

horizons across both projects. 

 

Statistical analysis confirmed the differences between projects in validation status across years are 

significant, as indicated by the chi-square test (p<.001), consistently. Cramer’s V values ranged from 

0.088 to 0.431, indicating that the relationship between year and validation status was generally weak 

to moderate, but reached moderate to strong levels in certain years (e.g., 2014, 2019, 2023, and 2024). 

This suggests that, while the overall difference was statistically significant throughout, the practical 

impact of year-to-year variation in validation outcomes was more pronounced in some periods. 
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4.2.5. Mobile app usage  

Analysis of mobile app usage to make observations across the two NCCS projects revealed marked 

differences in the preferred data submission interface. In the Amphibian and Reptile Mapping project, 

the vast majority of observations, nearly 70,000 (90%), were submitted through interfaces other than 

the mobile app, while approximately 7,500 (10%) records originated from the mobile application 

(slightly higher than WildWatcher) (Figure 10). Similarly, in the WildWatcher project, most 

observations, around 15,000 (81%) were recorded via non-mobile interfaces, with fewer than 3,500 

(19%) submissions made using the mobile app (Figure 10). 

 

Figure 10. Mobile app usage across Amphibian and Reptile Mapping and WildWatcher. Note: only 

observations recorded between 2011 and 2024 were included to ensure that the analysis covers 

matching time horizons across both projects. 

 

Statistical testing confirmed a difference in interface usage between the two projects as significant 

(Fisher's exact test p<.001). The strength of this association, as measured by Cramer's V value (0.150), 

suggests a weak but meaningful strength between project type and preferred submission interface. 
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4.2.6. Discussion of the results of the comparative analysis of observation data of two Hungarian 

NCCS projects 

The focused analysis of Hungary’s Amphibian and Reptile Mapping and WildWatcher NCCS projects 

highlights their substantial role in supporting science and nature conservation, particularly through 

the generation of large, validated databases that inform management and conservation strategies for a 

range of species.  

Impact of long-term biodiversity databases 

Both projects accumulated substantial databases over a decade or more, mirroring the scale and reach 

of leading platforms like eBird and iNaturalist, which have demonstrated the value of public 

participation in generating extensive, spatially and temporally rich observation data (Sullivan et al., 

2009; Callaghan et al., 2020; Ackland et al., 2024). Similarly, our findings are consistent with 

experiences in the UK and Germany, where long-term citizen science initiatives like the UK Butterfly 

Monitoring Scheme have played a vital role in tracking biodiversity trends and informing conservation 

efforts (Chandler et al., 2017). Across all these cases, expert validation and systematic data 

management remain essential for ensuring that NCCS data can be translated into credible, policy-

relevant outcomes for conservation (Kelling, 2018; Downs et al., 2021). 

The databases have impacted conservation actions. The two analyzed NCCS projects have shown 

strong capacity for sustained public engagement and the generation of high-quality, validated 

databases. Amphibian and Reptile Mapping, with over 94% of records confirmed as valid, this 

project’s data has directly supported conservation actions. These findings underscore the significant 

and expanding role of NCCS in biodiversity monitoring and conservation planning, both in Hungary 

and the CCE region. The conservation impacts observed (such as the use of the project's data for 

habitat protection, species distribution analyses, and the development of mitigation measures) are 

consistent with outcomes from similar European initiatives, including Austria’s Herpetofauna project 

Red List assessments and conservation policy (Dörler & Heigl, 2019). Furthermore, the integration of 

rigorously validated, multi-taxa databases with rich metadata into national systems, as exemplified by 

WildWatcher’s contribution to the Hungarian Nature Conservation Information System (TIR), reflects 

best practices seen in projects like Artportalen in Sweden, which is a national NCCS platform for 

biodiversity observations. It collects data on plants, animals, and fungi from the public and serves as 

a primary source of biodiversity information for Swedish authorities and governmental agencies 

(Sjödin Skarp, 2019). These examples collectively demonstrate that, when supported by expert 
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validation and systematic data management, NCCS can provide high-quality data that are both 

scientifically valuable and directly relevant for conservation decision-making. 

Seasonality and biodiversity observation trends 

The pronounced annual peaks in Amphibian and Reptile Mapping (particularly in years such as 2011, 

2016, and 2018) reflect not only the impact of targeted campaigns and seasonal events but also the 

unique biological and ecological characteristics of herpetofauna. Amphibians and reptiles are 

inherently cryptic, often active only during specific periods that coincide with favourable 

environmental conditions like optimal temperature and rainfall. These short windows of high 

detectability naturally concentrate both survey efforts and data submissions, resulting in marked 

fluctuations in annual observation numbers (Baumgardt et al., 2021). 

Unlike more noticeable and easily identifiable species that dominate generalist projects such as 

WildWatcher or iNaturalist (Callaghan et al., 2022), herpetofauna require specialized knowledge for 

accurate identification and are less likely to be encountered outside their peak activity periods. This 

leads to a pattern where professional projects experience bursts of engagement aligned with biological 

cycles, while generalist projects benefit from a broader display of readily observable species, 

supporting steadier, year-round participation (Wittmann et al., 2019). Recognizing these differences 

is essential for interpreting the strengths and limitations of NCCS databases. By adapting project 

design and data analysis strategies to account for biological factors (such as the seasonality and 

detectability of target taxa), researchers and conservation practitioners can maximize data quality and 

reliability. Ultimately, this tailored approach not only improves the scientific value of NCCS data but 

also increases its credibility and applicability in conservation planning, species management, and 

policy-making. In this way, thoughtful integration of biological and project design considerations 

directly supports the effective use of NCCS data for evidence-based nature conservation actions.



 

 

4.3. Results of the comparative analysis of the participant questionnaires of the two Hungarian 

NCCS projects 

4.3.1. Overview of respondents’ characteristics 

A total of 291 participants completed the online questionnaires: 185 from Amphibian and Reptile 

Mapping and 106 from WildWatcher (Table 10). Most respondents in both projects resided outside 

Budapest (75.7% and 68.9%, respectively). The majority were middle-aged (31–50 years: 55.7% for 

Amphibian and Reptile Mapping, 44.3% for WildWatcher), with a substantial proportion over 50 

years old. Both projects attracted highly educated participants (over 69% held higher education 

degrees). About one-third were members of a nature conservation NGO, and a similar proportion 

worked or studied in nature conservation. 

A significant gender difference was observed (Chi-square p = .004, Cramer’s V = .168), with 

Amphibian and Reptile Mapping having a higher proportion of male respondents (61.2%) compared 

to WildWatcher (43.8%) (Table 10). 

Table 10. Demographics of participants 

Participant Characteristic Answer Option Amphibian and 

Reptile Mapping 

WildWatcher Chi-square / 

Cramer's V   
% % p-value 

Total participants N=185,100% N=106,100% 
 

Place of residency Outside Budapest 75.7 68.9 0.207 

Budapest 24.3 31.1 

Gender Male 61.2 43.8 0.004* / 0.168 

Female 38.8 56.2 

Prefer not to 

say ** 

1.1 0.9 

Age group Under 30 13.5 17 0.177 

31-50 55.7 44.3 

Over 50s** 30.8 38.7 

Highest level of education Primary 

education ** 

2.2 7.5 0.393 

Secondary 

education 

28.6 22.6 

Higher education 69.2 69.8 

Member of a nature 

conservation NGO 

Yes 37.3 32.1 0.37 

No 62.7 67.9 

Workplace/education 

related to conservation 

Yes 30.8 32.1 0.686 

No 69.2 67.9 

Note: *Asterisks indicate p-values that represent statistically significant differences between the two projects 

(p<.05). **Categories with very few responses were excluded or merged to enable the performance of the 

Chi-square test. 
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4.3.2. Participation patterns and technology use 

First encounter with the NCC project 

Social media emerged as the most common first encounter source for both groups (38.4% for 

Amphibian and Reptile Mapping, 40.6% for WildWatcher). However, a significant difference was 

observed regarding traditional media: only WildWatcher participants reported television/radio or 

newspaper as their initial source of information minimally (2.8% each), while no participants from 

the Amphibian and Reptile Mapping project mentioned these sources. This difference was statistically 

significant (Chi-square p = .047, Cramer’s V = .135), indicating that WildWatcher participants were 

slightly more likely to learn about the project through traditional media compared to Amphibian and 

Reptile Mapping participants, but the strength was weak (Table 11). 

Table 11. Source of first encounter with the NCCS project 

Source Amphibian and 

Reptile Mapping 

WildWatcher Chi-square / 

Cramer's V 

Fisher's exact 

Test/Cramer's V 

 Yes Yes p-value p-value 

Social media 38.4% 40.6% 0.713  

TV, radio 0% 2.8%     - 0.047*/ 0.135 

Newspaper 0% 2.8%     - 0.047*/ 0.135 

Colleagues 8.1% 15.1% 0.063   

Friends 10.3% 14.2% 0.321  
**A nature conservation 

organization- WildWatcher 

option  

 21.5%   

**MME Birdlife Hungary - 

Amphibian and Reptile 

Mapping option 

15.3%    

**MME KHVSZ (Amphibian 

and Reptile Conservation 

Group)- Amphibian and 

Reptile Mapping option 

26.5%    

**MME website - Amphibian 

and Reptile Mapping option 

17.9%    

**MME KHVSZ website - 

Amphibian and Reptile 

Mapping option 

15.7%    

Note: A horizontal line (-) indicates that the expected count was less than 5, so Fisher’s exact test was used. 

*p-values marked with an asterisk denote statistically significant differences between the two projects 

(p<.05). **Options exclusive to each project; therefore, no statistical test was applied. 

 

Observation uploading patterns  

Most participants had been involved for 1–5 years (58.9% Amphibian and Reptile Mapping, 52.8% 

WildWatcher), with no significant difference in involvement duration (Table 12). A significant 
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difference in upload frequency was found (Chi-square p<.001, Cramer’s V = .286): Amphibian and 

Reptile Mapping participants more often reported a “variable” upload pattern (51.9% vs. 35.8%), 

while WildWatcher had more “unknown” responses (19.8% vs. 3.2%) (Table 12).  

Interface preferences 

Most Amphibian and Reptile Mapping participants preferred the website (63.8%), while WildWatcher 

users were more likely to use the phone app or both platforms (Chi-square p = .002, Cramer’s V = 

.208). Website usage frequency was similar, but phone app usage differed significantly (Chi-square 

p<.001, Cramer’s V = .273), with 65.9% of Amphibian and Reptile Mapping participants never using 

the app, compared to 40.6% in WildWatcher (Table 12). 

Table 12. Interfaces use patterns 

Question Options 
Amphibian and 

Reptile Mapping 
WildWatcher 

Test 

Chi-square / 

Cramer's V 

p-value 

Q2. Years of involvement Unknown** 4.9% 4.7% 0.314 

Less than a year 5.9% 12.3% 

1 to 5 years 58.9% 52.8% 

6 to 10 years 25.4% 22.6% 

more than 10 years 4.9% 7.5% 

   

Q3. Observation upload 

frequency 

Unknown 3.2% 19.8% <.001*/0.286 

Once 19.5% 19.8% 

Variable 51.9% 35.8% 

Yearly 20% 19.8% 

Several times a 

year 

5.4% 4.7% 

Q4. Changes in 

Observation upload 

frequency  

Upload more often 

than before 

14.6% 8.5% 0.097 

Upload less often 

than before 

22.2% 28.3% 

Frequency has not 

changed 

56.2% 50% 

Other 7% 13.2% 

Q6. Interface preference 

for uploading 

observations 

Phone app 21.6% 35.8% 0.002*/0.208 

Website 63.8% 42.5% 

Phone and website 

are equally 

 

14.6% 21.7% 
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Question Options 
Amphibian and 

Reptile Mapping 
WildWatcher 

Test 

Chi-square / 

Cramer's V 

p-value 

Q7.1 Frequency of 

website use 

Never 5.4% 10.4% 0.336 

Irregular 22.2% 25.5% 

Yearly 59.5% 53.8% 

Monthly 13% 10.4% 

Q7.2 Frequency of phone 

app use 

Never 65.9% 40.6% <.001*/0.273 

Irregular 7.6% 16% 

Yearly 13% 29.2% 

Monthly 13.5% 14.2% 

*Asterisks indicate p-values showing significant differences between the two projects (p<.05). **The order of 

response options was adjusted, with “unknown” moved to the first position. 

 

Interface use experience 

Participants in both projects generally reported positive experiences with the technology, as reflected 

by median scores of 4 or higher (agree) on all Q10 items, as seen in Figure 11. According to the Mann-

Whitney U test results, there were no statistically significant differences between the projects in terms 

of the clarity and ease of submitting observations via the website or the mobile application, or the 

perceived effectiveness of receiving responses through the project interfaces (Table 13).  

Table 13. Test results for interface use experience 

Question Test 

Mann-Whitney U Test 

p-value 

Q10. Uploading my observations through the website is understandable 

and simple. 
0.06 

Q10.1 Uploading my observations through the phone application is 

understandable and simple. 
0.937 

Q10.3 Using the project interfaces, I received answers to my questions 

during participation 
0.664 
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Figure 11. Interface use experience boxplot results 

4.3.3. Knowledge gain 

Participants’ perceptions of knowledge responses for the Amphibian and Reptile Mapping and 

WildWatcher projects concentrated between medians 3–5 across knowledge items, with significant 

differences identified for some knowledge-related questions (Q18, Q18.3, Q18.6 and Q16-17): 

• Knowledge from the project website (Q18). A significant difference was found between the 

project (p<.001) (Table 14). Amphibian and Reptile Mapping participants reported stronger 

agreement about gaining knowledge from the website (median = 4, mostly above neutral), 

while WildWatcher responses were more mixed (median = 4, but closer to neutral) (Figure 

12). 

• Knowledge from expert interaction (Q18.3). Participants in Amphibian and Reptile Mapping 

felt more positively about learning from expert interactions (median = 4) (Figure 12) compared 

to those in WildWatcher (median = 3), showing a significant difference (p = .028) (Table 14). 

 

 

 

1 Strongly disagree 
2 Disagree 
3 Neutral 
4 Agree 
5 Strongly agree 
6 Not relevant 
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• Pre-existing knowledge (Q18.6): Amphibian and Reptile Mapping users were more likely to 

disagree that their knowledge was already sufficient before joining (median = 2), suggesting 

they experienced more learning through participation (Figure 12). WildWatcher participants 

were more neutral (median = 3). These found a statistically significant difference (p = .002) 

(Table 14). 

• Both projects primarily attracted non-expert participants, though WildWatcher included a 

higher proportion of experts (36.4%) compared to Amphibian and Reptile Mapping (20.7%). 

This difference was statistically significant but weak (Chi-square p = .002; Cramer’s V = .177) 

(Table 14). 

Table 14. Knowledge-related questions test results 

Question Mann-

Whitney U 

Mann-Whitney U 

of the median Q18, 

Q18.1, Q18.3 

 Chi-square/ 

Cramer's V 

 p-value p-value p-value 

Q16 & Q17 Level of expertise 0.002*/0.177 

Q18. I feel that my knowledge of species has been 

expanded by using the website 

<.001*        

        

 

         0.100 

 

Q18.1 I feel that my knowledge of species has been 

expanded by using the project phone application. 

0.055 

Q18.3 I feel that my knowledge of species has 

expanded through interaction with experts from the 

project. 

0.028* 

**Q18.6 I had sufficient knowledge before 

participating in the project; my knowledge has not 

changed 

0.002*  

Q18.7 Participation in the project made me realize the 

importance of my observations. 

0.463  

Q18.8 I would have been happy to receive personal 

training before starting my participation in the project. 

0.879  

Q18.9 I expanded my knowledge necessary to 

participate in the project with the help of external 

information sources (e.g., specialist books, other 

websites, articles, Facebook groups). 

0.360  

Note: *Asterisks indicate p-values showing significant differences between the two projects (p<.05). 

**Reverse scoring applied  

For other knowledge-related questions (Q18.1, Q18.7, Q18.8, Q18.9), the Mann-Whitney U test 

showed no significant differences between the groups (all p > .05) (Table 14). Both projects showed 

similar responses, with neutral to positive perceptions of knowledge gain from the mobile app, 

recognition of the value of observations, and a moderate interest in external information sources and 

personal training (Table 14. Knowledge-related questions test results). 



83 

 

Figure 12. Knowledge-related questions, boxplot results 
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4.3.4. Attitudes and behaviours 

Participants’ attitude and behaviour responses in the Amphibian and Reptile Mapping and 

WildWatcher projects clustered toward positive ratings, with median scores typically at 4 (Agree) and 

interquartile ranges spanning Neutral to Strongly Agree across items, indicating broadly pro-

environmental orientations in both projects (Figure 13).  

A single targeted difference emerged; analysis with the Mann-Whitney U test revealed a significant 

difference between the two projects regarding efforts to minimize disturbance to species and their 

habitats (Q20; p = .014) (Table 15). Amphibian and Reptile Mapping participants reported a higher 

level of agreement (median = 4). In contrast, WildWatcher participants were more neutral (median = 

3) (see Figure 13). 

Table 15. Attitude and behaviour-related questions test results 

Question  Mann-

Whitney U 

Mann-Whitney U of 

the median Q20, 

Q20.1, and Q20.2 

 p-value p-value 

Q20. As a result of the project, I minimized the disturbance of 

species and their environment in the natural environment. 

0.014*  0.678 

Q20.1 I share with others my experience in the project 0.938 

Q20.2 I encourage my family and friends to participate in the 

project. 

0.755 

**Q20.3 My attitude towards nature has not changed. I have 

behaved in a nature-friendly way before, and the project did not 

change that. 

0.427  

Note: *Asterisks indicate p-values showing significant differences between the two projects (p<.05). 

**Reverse scoring applied  

For other attitude and behaviour questions (such as sharing experiences, encouraging others to 

participate, and maintaining environmentally friendly behaviours), no significant differences were 

found between the projects (all p > .4; see Table 15). Both projects typically agreed with these 

statements. 
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Figure 13. Attitude and behaviour-related questions boxplot results 

For Q20.3 (“My attitude towards nature has not changed. I have behaved in a nature-friendly way 

before, the project did not change that”), the WildWatcher median lies between “strongly agree” (1) 

and “agree” (2), suggesting most participants already considered themselves to have a nature-friendly 

behaviour before the project (see b section of Figure 13). However, the Mann-Whitney U test result 

 
 

                                             

                                             

a) 

b) 
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(p = 0.427) indicates no significant difference between the two groups, suggesting that both projects 

attracted similarly predisposed, nature-friendly participants (Table 15). 

4.3.5. Motivation 

In both the Amphibian and Reptile Mapping and WildWatcher projects, participants’ motivation 

responses clustered at medians of 3–5, indicating moderate to strong endorsement overall, with tighter 

distributions for website- and expert-related items.  

Two targeted differences emerged; the Mann-Whitney U test revealed significant differences 

between: personal interest in the project species (Q19.4; p = .001) and research purposes (Q19.6; p = 

.005) (see Table 16).  For personal interest in the project species as a motivation (Q19.4; p = .001), 

although both groups had the same median score of (5=Strongly Agree) (see Figure 14), WildWatcher 

participants’ responses were more tightly grouped at the top of the scale, reflected by a lower variance 

(0.620 compared to 1.024 for Amphibian and Reptile Mapping). This indicates that WildWatcher 

participants were more consistently and strongly motivated by personal interest in the species, while 

motivation levels among Amphibian and Reptile Mapping participants were more varied (Table 16). 

Table 16. Motivation-related questions test results 

Question  Mann-Whitney U 

p-value 

Q19. Leisure/family activity 0.295 

Q19.1 My responsibility towards nature  0.119 

Q19.2 Meet other people with a similar interest.  0.658 

Q19.4 Personal interest in the project species  0.001* 

Q19.5 Desire to learn  0.539 

Q19.6 Research purposes   0.005* 

Note: Asterisks indicate p-values showing significant differences between the two projects (p<.05).  

Regarding the motivation for participation in research, a significant difference (Q19.6; p = .005) was 

found. WildWatcher participants reported higher motivation (median = 3, Neutral) with a wider spread 

of responses, while Amphibian and Reptile Mapping participants showed consistently lower 

motivation for research (median = 2, Disagree). 

For other motivations, including leisure or family activity (Q19; p = .295), responsibility towards 

nature (Q19.1; p = .119), meeting people with similar interests (Q19.2; p = .658), and desire to learn 

(Q19.5; p = .539), no significant differences were found between the projects (Table 16). For these 

items, both groups showed similar patterns, with median scores ranging from (3=Neutral) to 

(4=Agree) and interquartile ranges typically spanning from Neutral to Agree or Strongly Agree 

(Figure 14). 
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Figure 14. Motivation-related questions boxplot results 
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In summary, participants in both projects reported moderate to strong motivation across most 

categories, but WildWatcher participants were more consistently driven by personal interest in the 

species and showed greater motivation for research purposes. 

4.3.6. Discussion of the results of the comparative analysis of the questionnaires prepared for the 

participants of two Hungarian NCCS projects 

Demographics of participants 

Both NCCS projects attracted predominantly middle-aged, well-educated participants, with about a 

third having professional links to nature conservation. This demographic pattern is widely reported in 

NCCS literature, where higher education and middle-to-older age groups are common among 

volunteers. However, a notable difference (Pateman et al., 2021; West et al., 2021) emerged in gender 

balance: Amphibian and Reptile Mapping was male-dominated, while WildWatcher saw greater 

female participation. This may be attributed to the nature of the target taxa and fieldwork 

requirements; herpetofauna projects often require more challenging fieldwork and have traditionally 

attracted more male participants, whereas projects featuring easily observable and familiar species 

tend to appeal to a broader, more gender-diverse audience (Nicholson et al., 2008; Bonney et al., 2016; 

Reniers et al., 2016; Pateman et al., 2021). These findings suggest that project design and target 

species can influence the inclusivity and diversity of NCCS initiatives. 

Participation patterns and technology use 

Social media proved to be the most effective tool for recruiting participants to both projects, far 

superior to traditional media channels such as newspapers or television. This is consistent with broader 

trends in citizen science, where digital platforms now play a central role in outreach and engagement 

(Oliveira et al., 2021). However, it should be noted that the online nature of the survey may have 

introduced bias, potentially underrepresenting individuals who are less active online. 

When it comes to submitting observations, both projects showed a preference for web-based platforms 

over mobile apps, though WildWatcher participants were somewhat more likely to use the app. This 

suggests that while mobile technology is gaining traction, web interfaces remain dominant, especially 

for tasks requiring more detailed data entry (SPOTTERON, 2019). User satisfaction with both 

technological interfaces was high, in line with studies emphasizing the importance of intuitive, user-

friendly platforms for sustained engagement (Newman et al., 2012; Lemmens et al., 2021). 

Despite positive feedback on technology usability, neither project achieved regular monthly 

engagement among most users. This pattern is common in NCCS, where a small group of highly 
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active participants contribute most data, while the majority engage sporadically (Lemmens et al., 

2021; Etter et al., 2023; Hognogi et al., 2023). Additionally, the strong seasonality of certain taxa 

(such as amphibians and reptiles) further influences participation rates, with peaks corresponding to 

periods of increased species activity. 

Expertise level and knowledge gain 

The two projects differed in the expertise levels of their participants. WildWatcher attracted a broader 

range of experts, likely due to its diverse set of target species, while Amphibian and Reptile Mapping’s 

narrower taxonomic focus may have limited its appeal to specialists. This finding contrasts with some 

literature suggesting that specialist projects tend to attract more experienced volunteers, while 

generalist projects draw more novices (Bonney et al., 2016; Pateman et al., 2021). This discrepancy 

indicates that contextual factors, such as project design and outreach, can significantly shape the 

participant pool. 

Participants in Amphibian and Reptile Mapping reported greater perceived knowledge gain from the 

project website, likely due to the in-depth, species-specific information provided. In contrast, 

WildWatcher’s focus on common and easily recognized species may have resulted in less perceived 

learning, as many participants were already familiar with the taxa. This interpretation is similar to 

findings of Santori et al. (2021), where participants in specialist citizen science projects, such as 

TurtleSAT, reported substantial knowledge gains about the target species, with 70% noting increased 

understanding of turtles. In contrast, participants in broader projects focused on various plant species 

did not show significant knowledge improvement (Jordan et al., 2011; Crall et al., 2013). Furthermore, 

direct interaction with experts was rated more positively in Amphibian and Reptile Mapping, where 

ongoing support and feedback were more readily available, an approach shown to enhance knowledge 

and motivation in citizen science (Callaghan et al., 2020; Peter et al., 2021). 

Attitude, behaviour and motivation 

Participants engaged with the Amphibian and Reptile Mapping project exhibited a stronger 

commitment to minimizing disturbance to wildlife and habitats than those participating in the more 

generalist WildWatcher initiative. This finding is consistent with the results of Santori et al. (2021), 

who reported that projects targeting sensitive or less familiar taxa, and which provide explicit guidance 

on best practices, are more likely to foster a heightened sense of responsibility and conservation-

oriented attitudes among volunteers. However, this outcome contrasts with the observations of 

Lewandowski & Oberhauser (2016), who noted that multi-species citizen science projects, 
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particularly those involving more familiar or less sensitive taxa, often encounter challenges in 

effecting substantial changes in participant attitudes and behaviours. 

Regarding respondents' motivation for participation, WildWatcher participants expressed a greater 

personal interest in the target species and research objectives, yet both projects demonstrated similar 

patterns in terms of motivations related to leisure, family involvement, environmental responsibility, 

and social interaction. These results are in line with previous research indicating that such core 

motivational factors are prevalent across a wide range of citizen science projects, irrespective of their 

taxonomic or thematic focus (Rotman et al., 2012; West & Pateman, 2016). Collectively, these 

findings underscore the importance of targeted project design in promoting conservation-minded 

behaviours, while also highlighting the persistence of universal motivational drivers within the NCCS 

community. 
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5. CONCLUSIONS AND RECOMMENDATIONS 

5.1. Conclusions 

Following the objectives and research questions, the conclusions integrate four evidence streams: the 

targeted literature review informing framework development, evaluation of eight NCCS projects via 

the conceptual/operational evaluation framework, comparative analyses of observation databases, and 

questionnaires conducted among participants for two selected NCCS projects. The conclusions are 

organized by objective and research question. 

Objective 1: To develop a conceptually grounded evaluation framework for NCCS projects, 

structured around three core dimensions (science, nature conservation, and participants’ development) 

that is applicable across multiple countries. 

Research question: 1.1 What are the key components of a three-dimensional conceptual framework 

for evaluating NCCS projects? 

Based on the literature review, a conceptual framework was developed that includes three dimensions 

(science, nature conservation, and participants’ development). It provides a comprehensive basis for 

evaluating specifically nature conservation citizen science (NCCS) projects, while remaining 

sufficiently general for application in other countries. Within science, the core components include 

methodology, data quality, and data management; within nature conservation, the components focus 

on data use in monitoring, management, and conservation policy/decision-making pathways; and 

within participants’ development, the components cover training, additional learning support 

strategies, and measurement strategies for participants’ personal development. 

Research question: 1.2 How can these components be translated/operationalized into a practical, user-

friendly three-dimensional evaluation framework for NCCS projects' performance assessment? 

Grounded in the three-dimensional conceptual framework, its components were operationalized into 

a practical, user-friendly three-dimensional evaluation framework by translating each component into 

several criteria and related binary yes/no questions, as well as applying normalized scoring, enabling 

clear, comparable assessment across science, nature conservation, and participants’ development. 

When empirically applied to the eight Hungarian NCCS projects, the instrument differentiated 

performance and qualitative evidence to explain project divergences, demonstrating both validity and 

interpretability. The tool is simple and easy to use. Managers can use it for self-checks and planning, 

and external reviewers can use it to target improvements. The questions are general, not specific to 
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the Hungarian context; therefore, they can be applied in other countries as well, where basic project 

information is available, producing comparable profiles and clear next steps 

 

Objective 2: To assess the scientific contribution of selected Hungarian NCCS projects. 

Research question: 2.1 How do NCCS projects ensure data quality? 

The results of the evaluation of the data quality component of the science dimension using the 

evaluation framework, applied across eight Hungarian NCCS projects, showed that all projects 

implement multiple, layered data quality‑assurance strategies: expert validation is a consistent practice 

of all projects; requests for additional information from contributors when needed; targeted site visits 

to resolve inconsistencies; and support from institutional expertise. The focused analysis of two 

long‑running NCCS project databases corroborates this in practice: more than 90% of observations 

were validated in both datasets across years, with only a small recent increase in unchecked records 

in WildWatcher (2023–2024) relative to Amphibian and Reptile Mapping (Chi square test, p < .001), 

confirming that data validation is performed and embedded throughout the years. 

Research question: 2.2 Are the outcomes of NCCS projects scientifically robust? 

Based on the evaluation of the science dimension, across eight projects using the evaluation 

framework, there are scientifically robust outcomes: projects collectively scored 660/800 in the 

science dimension, reflecting strong methods, validation, and data management. Complementing 

these results, the comparative analysis of the two NCCS projects shows that the Amphibian and 

Reptile Mapping provides high, long‑term volume and range (74,415 observations, multiple peak 

years) with balanced coverage of target taxa, while WildWatcher provides a steady annual flow 

(17,484 observations, 2009–2024) dominated by mammals and complemented by other groups. 

Together, these longitudinal databases show consistent data production, taxonomic representativeness 

aligned with project aims, and sufficient volumes for robust inference, confirming the scientific 

robustness of the selected Hungarian NCCS projects.  

 

Objective 3: To assess the nature conservation role of selected Hungarian NCCS projects. 

Research question: 3.1 How can NCCS projects contribute directly to the monitoring of species? 

Based on the evaluation of the nature conservation dimension of the eight projects using the evaluation 

framework, this dimension emerged as the second-strongest across the eight selected projects, 
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totalling 533/800 points. The Common Bird Monitoring Program, Amphibian and Reptile Mapping, 

and WildWatcher each achieved the maximum 100 points. Consistent with literature emphasizing the 

value of long-term continuity, projects with longer operational histories (e.g., Amphibian and Reptile 

Mapping, WildWatcher, Common Bird Monitoring) perform especially well on nature conservation 

components, reflecting established roles in monitoring of species nationwide; integration into national 

biodiversity infrastructures such as the Hungarian Nature Conservation Information System (TIR) 

(e.g., WildWatcher), while projects like the Common Bird Monitoring Program, Arthropods, and 

Butterfly‑Net have identified new populations demonstrating direct contribution on species 

monitoring in Hungary. 

Research question: 3.2 How are NCCS project outcomes utilized in species management? 

The evaluation of the species management component (nature conservation dimension) across eight 

projects using the evaluation framework shows that project outcomes are actively utilized in species 

management, with validated citizen‑generated data triggering concrete interventions across control, 

mitigation, and habitat protection, mainly in older projects. The Common Bird Monitoring Program 

led the nature conservation dimension with the highest score (257/300), followed by Amphibian and 

Reptile Mapping (256/300) and WildWatcher (241/300) as the next best performers. Moreover, (5/8 

projects) met the component of environmental management, evidencing direct management uptake 

by the majority of analysed projects. Open-data adopters (e.g., Arthropods) enabled new species 

records and invasive detections, while Butterfly‑Net observations led to a newly recognized butterfly 

population and subsequent habitat protection by the Őrség National Park Directorate. Taken together, 

these findings show that validated NCCS outcomes routinely inform and accelerate species 

management decisions and actions. 

Research question: 3.3 How are NCCS project outcomes utilized in policies and conservation actions? 

Based on the evaluation of the policy component (nature conservation dimension) of the eight projects 

using the evaluation framework, results indicate that collectively, policy uptake remains uneven across 

the analysed NCCS projects. However, mature initiatives with long‑term databases and established 

institutional linkages have created clear pathways from citizen‑generated evidence to conservation 

policies and official reporting (3/8 projects scored Policy component). WildWatcher data feeds the 

Hungarian Nature Conservation Information System and supports Article 17 reporting under the EU 

Habitats Directive, Butterfly‑Net records on OpenBioMaps improve access for decision‑makers. 

Amphibian and Reptile Mapping regularly supplies datasets to the European Atlas of Amphibians and 
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Reptiles and EU reporting, and the Common Bird Monitoring Program underpins EU‑wide 

monitoring and Hungary’s annual bird atlas. 

Objective 4:  To assess the impact of selected NCCS projects on participants' development. 

Research question: 4.1 What motivates citizens to get involved in the selected NCCS projects? 

Based on the results of questionnaire surveys conducted among participants of the two selected 

projects, participants of Amphibian and Reptile Mapping are highly motivated overall (medians 4–5) 

by broadly shared motivations of learning, responsibility toward nature, leisure/family activity, and 

meeting like‑minded people. WildWatcher shows stronger, more consistent motivation from personal 

interest in species (Q19.4; p = .001; both medians = 5, but lower variance 0.620 vs. 1.024) and higher 

motivation for research purposes (Q19.6; p = .005; median = 3 vs. 2 in Amphibian and Reptile 

Mapping). 

Research question: 4.2 How do NCCS projects influence the knowledge of participants? 

Based on the evaluation of the participants’ development dimension across eight projects using the 

evaluation framework, it was revealed that this dimension lags behind the science and nature 

conservation dimensions (471/800), largely because most initiatives lack systematic protocols to 

assess and knowledge. Butterfly‑Net stands out as the only project that incorporates structured 

knowledge‑gain measurements into its methodology. Addressing this gap, this study offers the first 

direct comparison of two select NCCS projects (Amphibian and Reptile Mapping and WildWatcher) 

through questionnaire surveys conducted among participants, demonstrating that involvement in 

NCCS fosters knowledge gain in distinct ways (medians above neutral 3–5 across knowledge gain). 

Specialized NCCS projects focusing on target species, such as Amphibian and Reptile Mapping, yield 

greater participant knowledge gains than generalist projects like WildWatcher (p=.014), which mainly 

broaden participation but offer smaller learning outcomes.  

Research question 4.3: How do NCCS projects influence participants' attitudes and behaviours? 

Based on the evaluation of the measurement strategies for participants’ personal development 

component (participants’ development dimension) across eight projects using the evaluation 

framework, none of the eight projects formally evaluate changes in attitudes or behaviours. 

Nevertheless, coordinator interviews indicate pro‑conservation orientations where explicit low‑impact 

norms (codes of conduct, handling guidance, seasonal access rules) are embedded in project practice. 

Several projects provide feedback to reinforce engagement, attitude, and behavioural change, but the 

effects of such practices remain unevaluated. Questionnaire surveys conducted among participants of 
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the two selected projects corroborate this pattern. Amphibian and Reptile Mapping participants report 

stronger agreement with minimizing disturbance than WildWatcher participants (p = .014; medians 4 

vs. 3), while all other attitude/behaviour items show no significant differences between projects (all p 

> .4) and are generally endorsed (median = 4).  

 

5.2. Recommendations  

Policymakers should actively promote the adoption and endorsement of standardized evaluation 

frameworks for NCCS projects. By encouraging project coordinators and funding agencies to 

institutionalize periodic evaluations using adaptable and recognized frameworks such as the one 

developed in this study, ongoing monitoring of scientific rigor, nature conservation, and participants’ 

development can be ensured. Regular, standardized assessments improve data reliability and support 

continuous project improvement through adaptive management. This, in turn, strengthens the 

credibility and acceptance of NCCS data in conservation policy-making processes, increasing the 

likelihood that NCCS outcomes effectively inform conservation policies and decision-making. 

Establishing such evaluation standards will bridge the gap between citizen-generated data and 

practical environmental governance, fostering greater integration and impact of NCCS initiatives. 

It is recommended that future NCCS projects prioritize establishing and maintaining strong 

institutional backing and collaboration with scientific organizations. The success of the projects 

analysed in this study was consistently supported by robust institutional partnerships, which played a 

critical role in ensuring data quality and long-term sustainability. Even projects that began as 

independent initiatives, such as Arthropods, have increasingly sought organizational support, 

underscoring the recognized value of institutional collaboration. Strengthening these partnerships 

should therefore be a central strategy for any NCCS project aiming to achieve high standards of data 

reliability and enduring impact. 

It is recommended that NCCS projects adopt open dataset principles by making their databases freely 

accessible, as this approach has been shown to significantly enhance scientific output and foster wider 

data use. The experience of the Arthropods project in Hungary, which has fully embraced open access 

and developed a large, widely utilized database, demonstrates the substantial benefits of open data 

practices. By following this example, other projects can increase the visibility and impact of their 

results, promote greater collaboration, and facilitate the production of scientific publications based on 

project outcomes, an area where further progress is still needed in the Hungarian NCCS context. 
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Strengthening NCCS projects of evaluation protocols to more effectively capture participants’ 

development is needed, including changes in knowledge, skills, and engagement over time. Doing so 

would provide a more comprehensive understanding of project effectiveness beyond scientific outputs 

alone and highlight the social and educational impacts of citizen science. Improved participant-

focused evaluation would also support the design of future initiatives that are better tailored to foster 

meaningful involvement, ultimately maximizing the benefits of NCCS projects for science, nature 

conservation and participants equally. 

To maximize the impact and usability of NCCS data, future projects should prioritize the integration 

of rigorously validated, multi-taxa datasets with comprehensive metadata into national biodiversity 

information systems. The successful inclusion of WildWatcher data in the Hungarian Nature 

Conservation Information System (TIR) illustrates how such integration can significantly enhance the 

scientific and conservation value of citizen science efforts. Based on the focused analysis of the two 

long-term databases and their consistently high validation rates, incorporating these datasets into 

national systems is a logical next step. Aligning project outputs with national data standards not only 

improves data accessibility and reliability but also strengthens the role of NCCS in supporting 

evidence-based conservation, long-term biodiversity monitoring, and informed policy-making. 

It is recommended to implement longitudinal mixed-methods research designs to effectively track 

changes in participants’ knowledge, attitudes, skills, and conservation-related behaviours over time. 

This approach should include standardized pre- and post-participation assessments to provide 

objective measures of impact, while moving beyond reliance on self-reported data by integrating 

qualitative methods such as interviews and observations. Employing this comprehensive evaluation 

strategy will yield robust evidence of participants’ development and help inform the design of more 

effective and impactful nature conservation citizen science projects 

Finally, to further strengthen the evaluation of NCCS projects and ensure a more representative 

understanding of participants’ experiences, it is advisable to broaden the reach of the questionnaires 

to include a wider pool of participants. Expanding the survey distribution (potentially by incorporating 

a brief, targeted questionnaire focused on participants’ development criteria) would help capture a 

more diverse range of perspectives and experiences. This approach is particularly important given that 

the online format of the initial survey may have introduced bias, potentially underrepresenting 

individuals who are less active online. By reaching out through additional channels and formats, future 

evaluations can minimize this bias, enhance the inclusivity of the participants’ sample, and provide 
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deeper insights into participants’ development dimension and the contributors involved in NCCS 

projects. 

Further research is recommended to identify the key drivers of participants’ knowledge gains by 

repeatedly assessing the same cohort with standardized pre-post-instruments and interim follow-ups, 

enabling causal comparisons over time. This should test how project features—such as training 

intensity, expert interaction, feedback frequency, and task complexity—moderate learning 

trajectories, so that project design can be adaptively tailored to participants’ needs and maximize 

knowledge gain impact, which can be applied as well to measure attitude and behaviour change. In 

parallel, it is recommended that future research explore how to address open‑data practices, (as it was 

one of the weakest performed components of the evaluated projects in this study), by protecting 

sensitive species while maintaining reuse (for example, location sharing) and documenting protection 

methods in metadata, using role‑based access for trusted users or authorities to preserve conservation 

value, and evaluating effects on volunteer trust, motivation, and knowledge. 
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6. KEY SCIENTIFIC FINDINGS AND IMPORTANT OUTPUT 

1. A key scientific contribution of this dissertation is the development of a non-country-

specific conceptual framework for Nature Conservation Citizen Science (NCCS) projects 

that uniquely integrates three essential dimensions (science, nature conservation, and 

participants’ development). This general (non-country-specific) evaluation framework for 

NCCS projects is structured around three key dimensions, with three components per dimension. 

The science dimension comprises data quality, validation, and data management; the nature 

conservation dimension comprises data use in monitoring, management, and policy; and the 

participants’ development dimension comprises training, knowledge gain, and attitude/behaviour 

change.  

2. Building upon the conceptual framework, a second key contribution is the development of 

a three-dimensional evaluation framework, specifically designed to assess the performance 

of NCCS projects. The framework operationalizes the conceptual framework and its nine 

components into 18 criteria that are translated into yes/no questions. It can be easily used by 

project coordinators and can be a base for cross‑project comparison along all three dimensions. 

3. The empirical application of the three-dimensional evaluation framework to eight 

Hungarian NCCS projects showed uneven performance across dimensions. From the 800 

possible maximum points, the projects performed strongly in the science dimension (660 points), 

moderately in nature conservation (533 points), and weakest in participants’ development (471 

points).  

4. Based on the comparative analysis of the two selected observation databases, both NCCS 

initiatives accumulated substantial databases over more than a decade, maintaining 

consistently high validation rates (>90%) with relatively few unchecked or invalid records. 

The analysis also revealed that WildWatcher exhibited a slightly higher proportion of unchecked 

records in recent years compared to Amphibian and Reptile Mapping, a significant difference 

(Chi-square test, p < .001; Cramér’s V = .276), most pronounced in 2023–2024. 

5. Based on the results of questionnaire surveys conducted among participants of  two selected 

projects, using a 5‑point Likert scale (1 = strongly disagree; 5 = strongly agree), respondents 

reported moderate‑to‑high knowledge gains (medians 3–5) alongside broadly 

pro‑conservation attitudes and behaviours (medians ≈ 4) in both projects. Amphibian and 

Reptile Mapping showed significantly higher gains of knowledge via the website (Mann-Whitney 
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U test, p < .001) and expert interactions (Mann-Whitney U test, p = .028) (medians 4), while 

Wildwatcher showed neutrality (medians 3). Amphibian and Reptile Mapping showed 

significantly stronger commitment to minimizing disturbance (Mann-Whitney U test, p = .014) 

(median 4) than WildWatcher, with most respondents being neutral (medians 3).  Both groups 

endorsed intrinsic motivations, while WildWatcher was more driven by personal interest in 

species (Mann-Whitney U test, p = .001) and research purposes (Mann-Whitney U test, p = .005). 
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7. SUMMARY 

Citizen Science (CS) engages volunteers in scientific research and environmental stewardship, using 

digital tools to boost participation and data collection. NCCS, a crucial branch of CS, delivers long-

term biodiversity data needed for species monitoring, effective conservation management, and policy 

formulation. While NCCS is well established in Western Europe, it is still emerging in Central and 

Eastern Europe, including Hungary, where challenges persist in data quality, representativeness, and 

policy integration. Current evaluations often overlook this complexity, underscoring the need for a 

tailored, comprehensive approach. 

This study evaluates Hungarian NCCS projects across three dimensions: science, nature conservation, 

and participants’ development. A multidimensional evaluation framework, based on the literature, 

was developed to assess eight selected NCCS projects across the three dimensions using clear binary 

scoring criteria for robust comparison. The mixed-methods study involved three phases: (1) 

qualitative interviews with coordinators of eight Hungarian NCCS projects (2) quantitative analysis 

of species long term databases from two projects (Amphibian and Reptile Mapping and WildWatcher) 

focusing on science and conservation dimensions, and (3) survey-based comparison of participants’ 

experiences regarding motivation, knowledge, attitudes, and behaviours of the participants’ 

development dimension. Data collection adhered to strict ethical standards, employing qualitative 

coding and statistical analyses with measures ensuring reliability and inclusiveness. 

Results showed that the eight selected projects were mostly linked to NGOs or scientific bodies, 

steadily growing in participation and observations. The scientific dimension was strongest, with most 

projects scoring above 70 points, emphasizing technology use, expert validation, and peer-reviewed 

outputs; only Arthropods provided open raw data. All projects contributed vital conservation data, 

with long-term projects aiding direct conservation actions and policy, and Arthropods’ open data 

revealing new species. Participant development varied most: Butterfly-Net led with hands-on training, 

while others relied on digital tools; formal learning assessments were rare despite common expert 

contact. 

Regarding the comparison of two project databases, Amphibian and Reptile Mapping showed over 

74,000 validated records of 34 species with seasonal peaks; observations were collected primarily via 

web interfaces. WildWatcher collected over 17,000 observations of 21 species more evenly year-

round, with higher mobile app use. Both had high validation rates (~95% and ~90% respectively). 
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Surveys of 291 participants revealed mostly well-educated, middle-aged volunteers outside Budapest; 

Amphibian and Reptile Mapping had more males, and WildWatcher gender was balanced. First 

contact with the project came mainly from social media. Engagement was seasonal for Amphibian 

and Reptile Mapping and steady for WildWatcher. The former fostered stronger conservation attitudes 

and learning, supported by expert interaction; the latter attracted volunteers motivated by personal 

interest and scientific goals. 

The evaluation of NCCS projects presented in this consideration highlights the need to integrate 

scientific rigor, nature conservation, and participants’ development comprehensively to strengthen 

NCCS projects in Hungary and similar contexts. The findings provide practical guidance for 

policymakers, practitioners, researchers, educators, and volunteers to enhance data quality, 

participants’ learning, conservation outcomes, and project design, with the adaptable framework 

suitable for broader application. 

 

  



102 

 

8. REFERENCES 

 

Ackland, S. J., Richardson, D. M., & Robinson, T. B. (2024). A Method for Conveying Confidence 

in iNaturalist Observations: A Case Study Using Non‐Native Marine Species. Ecology and 

Evolution, 14(10), e70376. https://doi.org/10.1002/ece3.70376 

Agnello, G., Vercammen, A., & Knight, A. T. (2022). Understanding citizen scientists’ willingness 

to invest in, and advocate for, conservation. Biological Conservation, 265, 109422. 

https://doi.org/10.1016/j.biocon.2021.109422 

Ahmed, D. A., Hudgins, E. J., Cuthbert, R. N., Haubrock, P. J., Renault, D., Bonnaud, E., Diagne, C., 

& Courchamp, F. (2022). Modelling the damage costs of invasive alien species. Biological 

Invasions, 24(7), 1949–1972. https://doi.org/10.1007/s10530-021-02586-5 

Aide, T. M., Corrada-Bravo, C., Campos-Cerqueira, M., Milan, C., Vega, G., & Alvarez, R. (2013). 

Real-time bioacoustics monitoring and automated species identification. PeerJ, 1, e103. 

https://doi.org/10.7717/peerj.103 

ALLEA. (2017). The European Code of Conduct for Research Integrity. https://www.etag.ee/wp-

content/ uploads/2017/04/ALLEA-European-Code-of-Conduct-for- Research-Integrity-2017-

really-final.pdf. 

Amauchi, J. F., Gauthier, M., Ghezeljeh, A., Giatti, L. L., Keats, K., Sholanke, D., Zachari, D., & 

Gutberlet, J. (2022). The power of community-based participatory research: Ethical and 

effective ways of researching. Community Development, 53(1), 3–20. 

https://doi.org/10.1080/15575330.2021.1936102 

Aono, Y., & Kazui, K. (2008). Phenological data series of cherry tree flowering in Kyoto, Japan, and 

its application to reconstruction of springtime temperatures since the 9th century. International 

Journal of Climatology, 28(7), 905–914. https://doi.org/10.1002/joc.1594 

Arbour, G. (2020). Frameworks for program evaluation: Considerations on research, practice, and 

institutions. Evaluation, 26(4), 422–437. https://doi.org/10.1177/1356389020920890 

Aristeidou, M., Herodotou, C., Ballard, H. L., Young, A. N., Miller, A. E., Higgins, L., & Johnson, 

R. F. (2021). Exploring the participation of young citizen scientists in scientific research: The 

case of iNaturalist. PLOS ONE, 16(1), e0245682. 

https://doi.org/10.1371/journal.pone.0245682 

Balázs, B., Mooney, P., Nováková, E., Bastin, L., & Jokar Arsanjani, J. (2021). Data Quality in Citizen 

Science. In K. Vohland, A. Land-Zandstra, L. Ceccaroni, R. Lemmens, J. Perelló, M. Ponti, 

R. Samson, & K. Wagenknecht (Eds.), The Science of Citizen Science (pp. 139–157). Springer 

International Publishing. https://doi.org/10.1007/978-3-030-58278-4_8 

Bán, M., Boné, G. M., Bérces, S., Barta, Z., Kovács, I., Ecsedi, K., & Sipos, K. (2022). OpenBioMaps 

– self-hosted data management platform and distributed service for biodiversity related data. 

Earth Science Informatics, 15(3), 2007–2016. https://doi.org/10.1007/s12145-022-00818-3 

Barahona-Segovia, R. M., Alaniz, A. J., Durán-Sanzana, V., Flores, E. F., Gerstle, J., Montecinos-

Ibarra, R., Pérez-Schultheiss, J., Rabanal, F. E., Reyes, D., Ramos, V., Venegas-Díaz, C., 

Weymann, M., Smith-Ramírez, C., Araya, J. F., & Vergara, P. M. (2021). Combining citizen 

science with spatial analysis at local and biogeographical scales for the conservation of a large-

size endemic invertebrate in temperate forests. Forest Ecology and Management, 497, 119519. 

https://doi.org/10.1016/j.foreco.2021.119519 

Baumgardt, J. A., Morrison, M. L., Brennan, L. A., Thornley, M., & Campbell, T. A. (2021). Variation 

in herpetofauna detection probabilities: Implications for study design. Environmental 

Monitoring and Assessment, 193(10), 658. https://doi.org/10.1007/s10661-021-09424-0 



103 

 

Bela, G., Peltola, T., Young, J. C., Balázs, B., Arpin, I., Pataki, G., Hauck, J., Kelemen, E., 

Kopperoinen, L., Van Herzele, A., Keune, H., Hecker, S., Suškevičs, M., Roy, H. E., Itkonen, 

P., Külvik, M., László, M., Basnou, C., Pino, J., & Bonn, A. (2016). Learning and the 

transformative potential of citizen science: Lessons from the Study of Nature. Conservation 

Biology, 30(5), 990–999. https://doi.org/10.1111/cobi.12762 

Benyei, P., Skarlatidou, A., Argyriou, D., Hall, R., Theilade, I., Turreira-García, N., Latreche, D., 

Albert, A., Berger, D., Cartró-Sabaté, M., Chang, J., Chiaravalloti, R., Cortesi, A., Danielsen, 

F., Haklay, M. (Mordechai), Jacobi, E., Nigussie, A., Reyes-García, V., Rodrigues, E., … 

Woods, T. (2023). Challenges, Strategies, and Impacts of Doing Citizen Science with 

Marginalised and Indigenous Communities: Reflections from Project Coordinators. Citizen 

Science: Theory and Practice, 8(1), 21. https://doi.org/10.5334/cstp.514 

Bio Innovation Service. (2018). Citizen science for environmental policy: Development of an EU-

wide inventory and analysis of selected practices. Final report for the European Commission, 

DG Environment under the contract 070203/2017/768879/ETU/ENV.A.3, in collaboration 

with Fundacion Ibercivis and The Natural History Museum. Publications Office. 

https://data.europa.eu/doi/10.2779/961304 

Bock, C., & Root, T. (1981). The Christmas Bird Count and avian ecology. Studies in Avian Biology, 

6, 17–23. 

Bonney, R. (1996). Citizen science: A lab tradition. 15(4), 7–14. 

Bonney, R. (2021). Expanding the Impact of Citizen Science. BioScience, 71(5), 448–451. 

https://doi.org/10.1093/biosci/biab041 

Bonney, R., Ballard, H., Jordan, R., McCallie, E., Philips, T., Shirk, J., & Wilderman, C. (2009). 

Public Participation in Scientific Research: Defining the Field and Assessing Its Potential for 

Informal Science Education. A CAISE Inquiry Group Report (p. 58). Center for Advancement 

of Informal Science Education (CAISE). 

Bonney, R., Cooper, C. B., Dickinson, J., Kelling, S., Phillips, T., Rosenberg, K. V., & Shirk, J. 

(2009). Citizen Science: A Developing Tool for Expanding Science Knowledge and Scientific 

Literacy. BioScience, 59(11), 977–984. https://doi.org/10.1525/bio.2009.59.11.9 

Bonney, R., Phillips, T. B., Ballard, H. L., & Enck, J. W. (2016). Can citizen science enhance public 

understanding of science? Public Understanding of Science, 25(1), 2–16. 

https://doi.org/10.1177/0963662515607406 

Bonney, R., Shirk, J. L., Phillips, T. B., Wiggins, A., Ballard, H. L., Miller-Rushing, A. J., & Parrish, 

J. K. (2014). Next Steps for Citizen Science. Science, 343(6178), 1436–1437. 

https://doi.org/10.1126/science.1251554 

Brossard, D., Lewenstein, B., & Bonney, R. (2005). Scientific knowledge and attitude change: The 

impact of a citizen science project. International Journal of Science Education, 27(9), 1099–

1121. https://doi.org/10.1080/09500690500069483 

Buckland, S. T., & Johnston, A. (2017). Monitoring the biodiversity of regions: Key principles and 

possible pitfalls. Biological Conservation, 214, 23–34. 

https://doi.org/10.1016/j.biocon.2017.07.034 

Callaghan, C. T., Mesaglio, T., Ascher, J. S., Brooks, T. M., Cabras, A. A., Chandler, M., Cornwell, 

W. K., Cristóbal Ríos-Málaver, I., Dankowicz, E., Urfi Dhiya’ulhaq, N., Fuller, R. A., 

Galindo-Leal, C., Grattarola, F., Hewitt, S., Higgins, L., Hitchcock, C., James Hung, K.-L., 

Iwane, T., Kahumbu, P., … Young, A. N. (2022). The benefits of contributing to the citizen 

science platform iNaturalist as an identifier. PLOS Biology, 20(11), e3001843. 

https://doi.org/10.1371/journal.pbio.3001843 



104 

 

Callaghan, C. T., Nakagawa, S., & Cornwell, W. K. (2021). Global abundance estimates for 9,700 

bird species. Proceedings of the National Academy of Sciences, 118(21), e2023170118. 

https://doi.org/10.1073/pnas.2023170118 

Callaghan, C. T., Poore, A. G. B., Hofmann, M., Roberts, C. J., & Pereira, H. M. (2021). Large-bodied 

birds are over-represented in unstructured citizen science data. Scientific Reports, 11(1), 

19073. https://doi.org/10.1038/s41598-021-98584-7 

Callaghan, C. T., Roberts, J. D., Poore, A. G. B., Alford, R. A., Cogger, H., & Rowley, J. J. L. (2020). 

Citizen science data accurately predicts expert-derived species richness at a continental scale 

when sampling thresholds are met. Biodiversity and Conservation, 29(4), 1323–1337. 

https://doi.org/10.1007/s10531-020-01937-3 

Castagneyrol, B., Valdés-Correcher, E., Bourdin, A., Barbaro, L., Bouriaud, O., Branco, M., Csóka, 

G., Duduman, M.-L., Dulaurent, A.-M., Eötvös, C. B., Ferrante, M., Fürjes-Mikó, Á., Galman, 

A., Gossner, M. M., Harvey, D., Howe, A. G., Kaennel-Dobbertin, M., Koricheva, J., Löveï, 

G. L., … Tack, A. J. M. (2019). Can school children support ecological research? Lessons 

from the ‘Oak bodyguard’ citizen science project. Scientific Communication and Education. 

https://doi.org/10.1101/712638 

Ceccaroni, L., & Piera, J. (Eds.). (2017). Analyzing the Role of Citizen Science in Modern Research. 

IGI Global. https://doi.org/10.4018/978-1-5225-0962-2 

Chandler, M., See, L., Copas, K., Bonde, A. M. Z., López, B. C., Danielsen, F., Legind, J. K., Masinde, 

S., Miller-Rushing, A. J., Newman, G., Rosemartin, A., & Turak, E. (2017). Contribution of 

citizen science towards international biodiversity monitoring. Biological Conservation, 213, 

280–294. https://doi.org/10.1016/j.biocon.2016.09.004 

Chao, S.-H., Jiang, J.-Z., Wei, K.-C., Ng, E., Hsu, C.-H., Chiang, Y.-T., & Fang, W.-T. (2021). 

Understanding Pro-Environmental Behavior of Citizen Science: An Exploratory Study of the 

Bird Survey in Taoyuan’s Farm Ponds Project. Sustainability, 13(9), 5126. 

https://doi.org/10.3390/su13095126 

Chapman, C., & Hodges, C. (2020). Can Citizen Science Seriously Contribute to Policy 

Development?: A Decision Maker’s View. In I. R. Management Association (Ed.), Cognitive 

Analytics (pp. 1726–1741). IGI Global. https://doi.org/10.4018/978-1-7998-2460-2.ch089 

Church, E. K., Wilson, K. A., Loder, J., & Dean, A. J. (2025). From citizen science experiences to 

stewardship action: The importance of both nature and social experiences. Marine Policy, 173, 

106537. https://doi.org/10.1016/j.marpol.2024.106537 

Citizen science. (2014). In Oxford English Dictionary. Oxford University Press. 

Convention on Biological Diversity (CBD). (2022, December). Decision 15/4. Kunming-Montreal 

Global Biodiversity Framework, adopted at the 15th meeting of the Conference of the Parties. 

https://www.cbd.int/doc/decisions/cop-15/cop-15-dec-04-en.pdf 

Cooper, C. B., Hochachka, W. M., & Dhondt, A. A. (2012). The Opportunities and Challenges of 

Citizen Science as a Tool for Ecological Research. In J. L. Dickinson & R. Bonney (Eds.), 

Citizen Science (pp. 99–113). Cornell University Press. 

https://doi.org/10.7591/cornell/9780801449116.003.0007 

Cox, N., Young, B. E., Bowles, P., Fernandez, M., Marin, J., Rapacciuolo, G., Böhm, M., Brooks, T. 

M., Hedges, S. B., Hilton-Taylor, C., Hoffmann, M., Jenkins, R. K. B., Tognelli, M. F., 

Alexander, G. J., Allison, A., Ananjeva, N. B., Auliya, M., Avila, L. J., Chapple, D. G., … 

Xie, Y. (2022). A global reptile assessment highlights shared conservation needs of tetrapods. 

Nature, 605(7909), 285–290. https://doi.org/10.1038/s41586-022-04664-7 

Crall, A. W., Jordan, R., Holfelder, K., Newman, G. J., Graham, J., & Waller, D. M. (2013). The 

impacts of an invasive species citizen science training program on participant attitudes, 



105 

 

behavior, and science literacy. Public Understanding of Science, 22(6), 745–764. 

https://doi.org/10.1177/0963662511434894 

Creswell, J., & Plano, P. (2018). Designing and conducting mixed methods research (3rd ed.). Sage. 

Criscuolo, L., L’Astorina, A., van der Wal, R., & Gray, L. C. (2023). Recent contributions of citizen 

science on sustainability policies: A critical review. Current Opinion in Environmental 

Science & Health, 31, 100423. https://doi.org/10.1016/j.coesh.2022.100423 

Cunha, D. G. F., Marques, J. F., Resende, J. C. D., Falco, P. B. D., Souza, C. M. D., & Loiselle, S. A. 

(2017). Citizen science participation in research in the environmental sciences: Key factors 

related to projects’ success and longevity. Anais Da Academia Brasileira de Ciências, 89(3 

suppl), 2229–2245. https://doi.org/10.1590/0001-3765201720160548 

Day, G., Fuller, R. A., Nichols, C., & Dean, A. J. (2022). Characteristics of immersive citizen science 

experiences that drive conservation engagement. People and Nature, 4(4), 983–995. 

https://doi.org/10.1002/pan3.10332 

Dayer, A. A., Rosenblatt, C., Bonter, D. N., Faulkner, H., Hall, R. J., Hochachka, W. M., Phillips, T. 

B., & Hawley, D. M. (2019). Observations at backyard bird feeders influence the emotions 

and actions of people that feed birds. People and Nature, 1(2), 138–151. 

https://doi.org/10.1002/pan3.17 

Dennis, E. B., Morgan, B. J. T., Brereton, T. M., Roy, D. B., & Fox, R. (2017). Using citizen science 

butterfly counts to predict species population trends. Conservation Biology, 31(6), 1350–1361. 

https://doi.org/10.1111/cobi.12956 

Di Cecco, G. J., Barve, V., Belitz, M. W., Stucky, B. J., Guralnick, R. P., & Hurlbert, A. H. (2021). 

Observing the Observers: How Participants Contribute Data to iNaturalist and Implications 

for Biodiversity Science. BioScience, 71(11), 1179–1188. 

https://doi.org/10.1093/biosci/biab093 

Dickinson, J. L., Shirk, J., Bonter, D., Bonney, R., Crain, R. L., Martin, J., Phillips, T., & Purcell, K. 

(2012). The current state of citizen science as a tool for ecological research and public 

engagement. Frontiers in Ecology and the Environment, 10(6), 291–297. 

https://doi.org/10.1890/110236 

Dimson, M., Berio Fortini, L., Tingley, M. W., & Gillespie, T. W. (2023). Citizen science can 

complement professional invasive plant surveys and improve estimates of suitable habitat. 

Diversity and Distributions, 29(9), 1141–1156. https://doi.org/10.1111/ddi.13749 

Dörler, D., & Heigl, F. (2019). Citizen Science in Austria. Mitteilungen Der Vereinigung 

Österreichischer Bibliothekarinnen Und Bibliothekare, 72(2), 317–327. 

https://doi.org/10.31263/voebm.v72i2.2836 

Downs, R. R., Ramapriyan, H. K., Peng, G., & Wei, Y. (2021). Perspectives on Citizen Science Data 

Quality. Frontiers in Climate, 3, 615032. https://doi.org/10.3389/fclim.2021.615032 

Duží, B., Osman, R., Lehejček, J., Nováková, E., Taraba, P., & Trojan, J. (2019). Exploring citizen 

science in post-socialist space: Uncovering its hidden character in the Czech Republic. 

Moravian Geographical Reports, 27(4), 241–253. https://doi.org/10.2478/mgr-2019-0019 

Earl Babbie. (2013). The Practice of Social Research (13th ed.). Ceange learning. 

Eitzel, M. V., Cappadonna, J. L., Santos-Lang, C., Duerr, R. E., Virapongse, A., West, S. E., Kyba, 

C. C. M., Bowser, A., Cooper, C. B., Sforzi, A., Metcalfe, A. N., Harris, E. S., Thiel, M., 

Haklay, M., Ponciano, L., Roche, J., Ceccaroni, L., Shilling, F. M., Dörler, D., … Jiang, Q. 

(2017). Citizen Science Terminology Matters: Exploring Key Terms. Citizen Science: Theory 

and Practice, 2(1), 1. https://doi.org/10.5334/cstp.96 

Elo, S., & Kyngäs, H. (2008). The qualitative content analysis process. Journal of Advanced Nursing, 

62(1), 107–115. https://doi.org/10.1111/j.1365-2648.2007.04569.x 



106 

 

Etter, S., Strobl, B., Seibert, J., Van Meerveld, H. J. (Ilja), Niebert, K., & Stepenuck, K. F. (2023). 

Why do people participate in app-based environment-focused citizen science projects? 

Frontiers in Environmental Science, 11, 1105682. 

https://doi.org/10.3389/fenvs.2023.1105682 

EU. (1992). Council Directive 92/43/EEC of 21 May 1992 on the conservation of natural habitats and 

of wild fauna and flora. https://eur-lex.europa.eu/eli/dir/1992/43/oj/eng 

EU. (2000). Directive 2000/60/EC of the European Parliament and of the Council of 23 October 2000 

establishing a framework for Community action in the field of water policy. https://eur-

lex.europa.eu/eli/dir/2000/60/oj/eng 

EU. (2009). Directive 2009/147/EC of the European Parliament and of the Council of 30 November 

2009 on the conservation of wild birds (Codified version). 

http://data.europa.eu/eli/dir/2009/147/oj 

European Commission. Directorate General for the Environment., Bio Innovation Service., Fundación 

Ibercivis., & The Natural History Museum. (2018). Citizen science for environmental policy: 

Development of an EU wide inventory and analysis of selected practices. Publications Office. 

https://data.europa.eu/doi/10.2779/961304 

European Parliament and Council of the European Union. (2014). Regulation (EU) No 1143/2014 of 

the European Parliament and of the Council of 22 October 2014 on the prevention and 

management of the introduction and spread of invasive alien species. Official Journal of the 

European Unio; L 317, 35–55. http://data.europa.eu/eli/reg/2014/1143/oj 

European Parliament and Council of the European Union. (2016). Regulation (EU) 2016/679 of the 

European Parliament and of the Council of 27 April 2016 on the protection of natural persons 

with regard to the processing of personal data and on the free movement of such data, and 

repealing Directive 95/46/EC (General Data Protection Regulation). Official Journal of the 

European Union. 

Evans, C., Abrams, E., Reitsma, R., Roux, K., Salmonsen, L., & Marra, P. P. (2005). The 

Neighborhood Nestwatch Program: Participant Outcomes of a Citizen‐Science Ecological 

Research Project. Conservation Biology, 19(3), 589–594. https://doi.org/10.1111/j.1523-

1739.2005.00s01.x 

Farr, C. M., Ngo, F., & Olsen, B. (2023). Evaluating Data Quality and Changes in Species 

Identification in a Citizen Science Bird Monitoring Project. Citizen Science: Theory and 

Practice, 8(1), 24. https://doi.org/10.5334/cstp.604 

Finch, J., Jasny, M., Kucera, K. F., & Kiefer, G. (2022). Surveying the scope, success, and challenges 

of plant conservation community science. Frontiers in Conservation Science, 3, 933292. 

https://doi.org/10.3389/fcosc.2022.933292 

Finger, L., Van Den Bogaert, V., Schmidt, L., Fleischer, J., Stadtler, M., Sommer, K., & Wirth, J. 

(2023). The science of citizen science: A systematic literature review on educational and 

scientific outcomes. Frontiers in Education, 8, 1226529. 

https://doi.org/10.3389/feduc.2023.1226529 

Flowers, V., Frutos, C., MacKenzie, A. S., Fanning, R., & Fraser, E. E. (2023). Snap Decisions: 

Assessing Participation and Data Quality in a Citizen Science Program Using Repeat 

Photography. Citizen Science: Theory and Practice, 8(1), 62. https://doi.org/10.5334/cstp.558 

Follett, R., & Strezov, V. (2015). An Analysis of Citizen Science Based Research: Usage and 

Publication Patterns. PLOS ONE, 10(11), e0143687. 

https://doi.org/10.1371/journal.pone.0143687 

Fraisl, D., Hager, G., Bedessem, B., Gold, M., Hsing, P.-Y., Danielsen, F., Hitchcock, C. B., Hulbert, 

J. M., Piera, J., Spiers, H., Thiel, M., & Haklay, M. (2022). Citizen science in environmental 



107 

 

and ecological sciences. Nature Reviews Methods Primers, 2(1), 64. 

https://doi.org/10.1038/s43586-022-00144-4 

Freitag, A., Meyer, R., & Whiteman, L. (2016). Strategies Employed by Citizen Science Programs to 

Increase the Credibility of Their Data. Citizen Science: Theory and Practice, 1(1), 2. 

https://doi.org/10.5334/cstp.6 

Fritz, S., See, L., & Grey, F. (2022). The grand challenges facing environmental citizen science. 

Frontiers in Environmental Science, 10, 1019628. 

https://doi.org/10.3389/fenvs.2022.1019628 

Froeling, F., Gignac, F., Toran, R., Ortiz, R., Ficorilli, A., De Marchi, B., Biggeri, A., Kocman, D., 

Ftičar, J., Tratnik, J. S., Andrusaityte, S., Grazuleviciene, R., Errandonea, L., Vermeulen, R., 

Hoek, G., & Basagaña, X. (2024). Implementing co-created citizen science in five 

environmental epidemiological studies in the CitieS-Health project. Environmental Research, 

240, 117469. https://doi.org/10.1016/j.envres.2023.117469 

Ganzevoort, W., & van den Born, R. J. G. (2021). Counting Bees: Learning Outcomes from 

Participation in the Dutch National Bee Survey. Sustainability, 13(9), 4703. 

https://doi.org/10.3390/su13094703 

Garamszegi, L. Z., Kurucz, K., & Soltész, Z. (2023). Validating a surveillance program of invasive 

mosquitoes based on citizen science in Hungary. Journal of Applied Ecology, 60(7), 1481–

1494. https://doi.org/10.1111/1365-2664.14417 

Garcia-Soto, C., Seys, J. J. C., Zielinski, O., Busch, J. A., Luna, S. I., Baez, J. C., Domegan, C., 

Dubsky, K., Kotynska-Zielinska, I., Loubat, P., Malfatti, F., Mannaerts, G., McHugh, P., 

Monestiez, P., Van Der Meeren, G. I., & Gorsky, G. (2021). Marine Citizen Science: Current 

State in Europe and New Technological Developments. Frontiers in Marine Science, 8, 

621472. https://doi.org/10.3389/fmars.2021.621472 

Gawrońska-Nowak, B., Lis, P., Zadorozhna, O., & Zarzycka, A. (2023). Profiling European citizen 

scientist: Evidence from Poland. JOURNAL OF INTERNATIONAL STUDIES, 16(4), 281–

295. https://doi.org/10.14254/2071-8330.2023/16-4/18 

Göbel, C., Nold, C., Berditchevskaia, A., & Haklay, M. (2019). How Does Citizen Science “Do” 

Governance? Reflections from the DITOs Project. Citizen Science: Theory and Practice, 4(1), 

31. https://doi.org/10.5334/cstp.204 

Haklay, M. (2013). Citizen Science and Volunteered Geographic Information: Overview and 

Typology of Participation. In D. Sui, S. Elwood, & M. Goodchild (Eds.), Crowdsourcing 

Geographic Knowledge (pp. 105–122). Springer Netherlands. https://doi.org/10.1007/978-94-

007-4587-2_7 

Haklay, M., Bowser, A., Makuch, Z., Vogel, J., & Bonn, A. (Eds.). (2018). Citizen science: Innovation 

in open science, society and policy. UCL Press. 

Haklay, M., Dörler, D., Heigl, F., Manzoni, M., Hecker, S., & Vohland, K. (2021). What Is Citizen 

Science? The Challenges of Definition. In K. Vohland, A. Land-Zandstra, L. Ceccaroni, R. 

Lemmens, J. Perelló, M. Ponti, R. Samson, & K. Wagenknecht (Eds.), The Science of Citizen 

Science (pp. 13–33). Springer International Publishing. https://doi.org/10.1007/978-3-030-

58278-4_2 

Hansen, B., & Bonney, P. (2022). Learning from successful long-term citizen science programs. 

Pacific Conservation Biology, 29(4), 292–299. https://doi.org/10.1071/PC21065 

HAS Hungarian Academy of Science. (2010). Science Ethics Code. Hungarian Academy of Sciences. 

https://mta.hu/data/dokumentumok/english/background/Science_Ethics_Code_English.pdf 

Hecker, S., Garbe, L., & Bonn, A. (2018). The European citizen science landscape – a snapshot. In S. 

Hecker, A. Bonn, M. Haklay, A. Bowser, Z. Makuch, & J. Vogel (Eds.), Citizen Science (pp. 

190–200). UCL Press; JSTOR. http://www.jstor.org/stable/j.ctv550cf2.20 



108 

 

Heigl, F., Kieslinger, B., Paul, K. T., Uhlik, J., & Dörler, D. (2019). Toward an international definition 

of citizen science. Proceedings of the National Academy of Sciences, 116(17), 8089–8092. 

https://doi.org/10.1073/pnas.1903393116 

Heigl, F., Kieslinger, B., Paul, K. T., Uhlik, J., Frigerio, D., & Dörler, D. (2020). Co-Creating and 

Implementing Quality Criteria for Citizen Science. Citizen Science: Theory and Practice, 5(1). 

https://doi.org/10.5334/cstp.294 

Hitchcock, C., Vance-Chalcraft, H., & Aristeidou, M. (2021). Citizen Science in Higher Education. 

Citizen Science: Theory and Practice, 6(1), 22. https://doi.org/10.5334/cstp.467 

Hognogi, G.-G., Meltzer, M., Alexandrescu, F., & Ștefănescu, L. (2023). The role of citizen science 

mobile apps in facilitating a contemporary digital agora. Humanities and Social Sciences 

Communications, 10(1), 863. https://doi.org/10.1057/s41599-023-02358-7 

Horton, C. C., Peterson, T. R., Banerjee, P., & Peterson, M. J. (2016). Credibility and advocacy in 

conservation science. Conservation Biology, 30(1), 23–32. https://doi.org/10.1111/cobi.12558 

Hsu, C.-H., Kang, J., Yeh, L.-Y., Chai, L., Kao, W.-C., Chen, C.-P., Hsieh, H.-L., & Lin, H.-J. (2025). 

Evaluating a Community-Based Citizen Science Project: Attitude as a Key Mediator of 

Behavior Intention Toward Biodiversity Conservation. Conservation, 5(2), 17. 

https://doi.org/10.3390/conservation5020017 

Hyder, K., Townhill, B., Anderson, L. G., Delany, J., & Pinnegar, J. K. (2015). Can citizen science 

contribute to the evidence-base that underpins marine policy? Marine Policy, 59, 112–120. 

https://doi.org/10.1016/j.marpol.2015.04.022 

IBM Corp. (n.d.). IBM SPSS Statistics for Windows (Version 29.0) [Computer software]. 

Johnson, T. F., Beckerman, A. P., Childs, D. Z., Webb, T. J., Evans, K. L., Griffiths, C. A., Capdevila, 

P., Clements, C. F., Besson, M., Gregory, R. D., Thomas, G. H., Delmas, E., & Freckleton, R. 

P. (2024). Revealing uncertainty in the status of biodiversity change. Nature, 628(8009), 788–

794. https://doi.org/10.1038/s41586-024-07236-z 

Jönsson, M., Kasperowski, D., Coulson, S. J., Nilsson, J., Bína, P., Kullenberg, C., Hagen, N., Van 

Der Wal, R., & Peterson, J. (2024). Inequality persists in a large citizen science programme 

despite increased participation through ICT innovations. Ambio, 53(1), 126–137. 

https://doi.org/10.1007/s13280-023-01917-1 

Jordan, R. C., Gray, S. A., Howe, D. V., Brooks, W. R., & Ehrenfeld, J. G. (2011). Knowledge Gain 

and Behavioral Change in Citizen-Science Programs: Citizen-Scientist Knowledge Gain. 

Conservation Biology, 25(6), 1148–1154. https://doi.org/10.1111/j.1523-1739.2011.01745.x 

Juhász, E., & Biró, M. (2024). BeaverMap, a citizen science program in the service of discovering the 

beaver-made landscape alteration. Abstract Book of Citizen Science Conference and Workshop 

SEEN HUNGARY 2024, 20. 

Károlyi, B., & Rédei, D. (2017). Acrosternum heegeri Fieber, 1861 (Hemiptera: Heteroptera: 

Pentatomidae), another Mediterranean bug expanding to the north. Zootaxa, 4347(2). 

https://doi.org/10.11646/zootaxa.4347.2.13 

Kasten, P., Jenkins, S. R., & Christofoletti, R. A. (2021). Participatory Monitoring—A Citizen Science 

Approach for Coastal Environments. Frontiers in Marine Science, 8, 681969. 

https://doi.org/10.3389/fmars.2021.681969 

Kelling, S. (2018). Improving Data Quality in eBird- the Expert Reviewer Network. Biodiversity 

Information Science and Standards, 2, e25394. https://doi.org/10.3897/biss.2.25394 

Kelly, R., Fleming, A., Pecl, G. T., Von Gönner, J., & Bonn, A. (2020). Citizen science and marine 

conservation: A global review. Philosophical Transactions of the Royal Society B: Biological 

Sciences, 375(1814), 20190461. https://doi.org/10.1098/rstb.2019.0461 



109 

 

Kieslinger, B., Schäfer, T., Heigl, F., Dörler, D., Richter, A., & Bonn, A. (2017). The Challenge of 

Evaluation: An Open Framework for Evaluating Citizen Science Activities. 

https://doi.org/10.17605/OSF.IO/ENZC9 

Kieslinger, B., Schäfer, T., Heigl, F., Dörler, D., Richter, A., & Bonn, Aletta. (2018). Evaluating 

citizen science towards an open framework. In Citizen Science – Innovation in Open Science, 

Society and Policy. UCL Press. https://doi.org/10.14324/111.9781787352339 

Kóbor, P. (2021). A review of the plant bug genus Macrotylus distributed in Hungary (Heteroptera: 

Miridae). Acta Phytopathologica et Entomologica Hungarica, 56(2), 187–200. 

https://doi.org/10.1556/038.2021.00131 

Kobori, H., Dickinson, J. L., Washitani, I., Sakurai, R., Amano, T., Komatsu, N., Kitamura, W., 

Takagawa, S., Koyama, K., Ogawara, T., & Miller‐Rushing, A. J. (2016). Citizen science: A 

new approach to advance ecology, education, and conservation. Ecological Research, 31(1), 

1–19. https://doi.org/10.1007/s11284-015-1314-y 

Konowalik, A., Najbar, A., Konowalik, K., Dylewski, Ł., Frydlewicz, M., Kisiel, P., Starzecka, A., 

Zaleśna, A., & Kolenda, K. (2020). Amphibians in an urban environment: A case study from 

a central European city (Wrocław, Poland). Urban Ecosystems, 23(2), 235–243. 

https://doi.org/10.1007/s11252-019-00912-3 

Kosmala, M., Wiggins, A., Swanson, A., & Simmons, B. (2016). Assessing data quality in citizen 

science. Frontiers in Ecology and the Environment, 14(10), 551–560. 

https://doi.org/10.1002/fee.1436 

Kountoupes, D., & Oberhauser, K. (2008). Citizen Science and Youth Audiences: Educational 

Outcomes of the Monarch Larva Monitoring Project. Community Engagem, 1, 10–20. 

Kozlowski, J., Radosevic, S., & Ircha, D. (1999). History matters: The inherited disciplinary structure 

of the post-communist science in countries of central and eastern Europe and its restructuring. 

Scientometrics, 45(1), 137–166. https://doi.org/10.1007/BF02458473 

Lee, T. S., Kahal, N. L., Kinas, H. L., Randall, L. A., Baker, T. M., Carney, V. A., Kendell, K., 

Sanderson, K., & Duke, D. (2021). Advancing Amphibian Conservation through Citizen 

Science in Urban Municipalities. Diversity, 13(5), 211. https://doi.org/10.3390/d13050211 

Lemmens, R., Antoniou, V., Hummer, P., & Potsiou, C. (2021). Citizen Science in the Digital World 

of Apps. In K. Vohland, A. Land-Zandstra, L. Ceccaroni, R. Lemmens, J. Perelló, M. Ponti, 

R. Samson, & K. Wagenknecht (Eds.), The Science of Citizen Science (pp. 461–474). Springer 

International Publishing. https://doi.org/10.1007/978-3-030-58278-4_23 

Leonard, A., Wheeler, S., & McCulloch, M. (2023). Does Citizen Science Bring “Power to the 

People”? Evaluating a Remote Mapping Project to Identify Best Practices for Positive Impact 

on Volunteers. Citizen Science: Theory and Practice, 8(1), 4. https://doi.org/10.5334/cstp.534 

Lewandowski, E. J., & Oberhauser, K. S. (2016). Butterfly Citizen Science Projects Support 

Conservation Activities among their Volunteers. Citizen Science: Theory and Practice, 1(1), 

6. https://doi.org/10.5334/cstp.10 

Liñán, S., Salvador, X., Álvarez, A., Comaposada, A., Sanchez, L., Aparicio, N., Rodero, I., & Piera, 

J. (2022). A new theoretical engagement framework for citizen science projects: Using a multi-

temporal approach to address long-term public engagement challenges. Environmental 

Research Letters, 17(10), 105006. https://doi.org/10.1088/1748-9326/ac939d 

Lindermann, L., Grabener, S., Hellwig, N., Stahl, J., & Dieker, P. (2024). Citizen Science-Based 

Monitoring of Cavity-Nesting Wild Bees and Wasps &ndash; Benefits for Volunteers, Insects, 

and Ecological Science. Citizen Science: Theory and Practice, 9(1), 22. 

https://doi.org/10.5334/cstp.632 

Márton, Z., Barta, B., Vad, C. F., Szabó, B., Hamer, A. J., Kardos, V., Laskai, C., Fierpasz, Á., & 

Horváth, Z. (2023). Effects of urbanisation, habitat characteristics, and management on 



110 

 

garden pond biodiversity: A citizen science approach [Preprint]. Ecology. 

https://doi.org/10.1101/2023.12.08.570789 

Massimino, D., Baillie, S. R., Balmer, D. E., Bashford, R. I., Gregory, R. D., Harris, S. J., Heywood, 

J. J. N., Kelly, L. A., Noble, D. G., Pearce‐Higgins, J. W., Raven, M. J., Risely, K., Woodcock, 

P., Wotton, S. R., & Gillings, S. (2025). The Breeding Bird Survey of the United Kingdom. 

Global Ecology and Biogeography, 34(1), e13943. https://doi.org/10.1111/geb.13943 

Mathevet, R., Bousquet, F., & Raymond, C. M. (2018). The concept of stewardship in sustainability 

science and conservation biology. Biological Conservation, 217, 363–370. 

https://doi.org/10.1016/j.biocon.2017.10.015 

Maynard, L., Monroe, M. C., Jacobson, S. K., & Savage, A. (2020). Maximizing biodiversity 

conservation through behavior change strategies. Conservation Science and Practice, 2(6). 

https://doi.org/10.1111/csp2.193 

Mayring, P. (2021). Qualitative content analysis: A step-by-step guide. SAGE Publications. 

McCarthy, M. S., Stephens, C., Dieguez, P., Samuni, L., Després‐Einspenner, M., Harder, B., 

Landsmann, A., Lynn, L. K., Maldonado, N., Ročkaiová, Z., Widness, J., Wittig, R. M., 

Boesch, C., Kühl, H. S., & Arandjelovic, M. (2021). Chimpanzee identification and social 

network construction through an online citizen science platform. Ecology and Evolution, 

11(4), 1598–1608. https://doi.org/10.1002/ece3.7128 

McKinley, D. C., Miller-Rushing, A. J., Ballard, H. L., Bonney, R., Brown, H., Cook-Patton, S. C., 

Evans, D. M., French, R. A., Parrish, J. K., Phillips, T. B., Ryan, S. F., Shanley, L. A., Shirk, 

J. L., Stepenuck, K. F., Weltzin, J. F., Wiggins, A., Boyle, O. D., Briggs, R. D., Chapin, S. F., 

… Soukup, M. A. (2017). Citizen science can improve conservation science, natural resource 

management, and environmental protection. Biological Conservation, 208, 15–28. 

https://doi.org/10.1016/j.biocon.2016.05.015 

Merkl, O., Károlyi, B., & Korányi, D. (2017). First record of Cybocephalus nipponicus in Hungary 

(Coleoptera: Cybocephalidae). Folia Entomologica Hungarica, 78, 71–76. 

https://doi.org/10.17112/FoliaEntHung.2017.78.71 

Miller, J. (2022). GBIF’s (Global Biodiversity Information Facility) New Strategic Framework to 

Address Biodiversity Data Needs. Biodiversity Information Science and Standards, 6, e91093. 

https://doi.org/10.3897/biss.6.91093 

Miller-Rushing, A., Primack, R., & Bonney, R. (2012). The history of public participation in 

ecological research. Frontiers in Ecology and the Environment, 10(6), 285–290. 

https://doi.org/10.1890/110278 

Moczek, N., Voigt-Heucke, S. L., Mortega, K. G., Fabó Cartas, C., & Knobloch, J. (2021). A Self-

Assessment of European Citizen Science Projects on Their Contribution to the UN Sustainable 

Development Goals (SDGs). Sustainability, 13(4), 1774. https://doi.org/10.3390/su13041774 

Murray-Rust, P. (2008). Open Data in Science. Nature Precedings. 

https://doi.org/10.1038/npre.2008.1526.1 

Newing, H., Kumar Puri, R., Eagle, C. M., & Watson, C. W. (2011). Conducting Research in 

Conservation (0 ed.). Routledge. https://doi.org/10.4324/9780203846452 

Newman, G., Wiggins, A., Crall, A., Graham, E., Newman, S., & Crowston, K. (2012). The future of 

citizen science: Emerging technologies and shifting paradigms. Frontiers in Ecology and the 

Environment, 10(6), 298–304. https://doi.org/10.1890/110294 

Ng, C. S. L., Toh, T. C., Toh, K. B., Sam, S. Q., Kikuzawa, Y. P., Chou, L. M., & Huang, D. (2023). 

Enhancing reef restoration by assessing stakeholder knowledge, attitudes, and preferences. 

Restoration Ecology. https://doi.org/10.1111/rec.13854 



111 

 

Nicholson, K. L., Krausman, P. R., & Merkle, J. A. (2008). Hypatia and the Leopold standard: Women 

in the wildlife profession 1937-2006. Wildlife Biology in Practice, 4(2), 82. 

https://doi.org/10.2461/wbp.2008.4.6 

Niedertscheider, M., Gingrich, S., & Erb, K. (2012). Changes in land use in South Africa between 

1961 and 2006: An integrated socio-ecological analysis based on the human appropriation of 

net primary production framework. Regional Environmental Change, 12(4), 715–727. 

https://doi.org/10.1007/s10113-012-0285-6 

Oliveira, S. S., Barros, B., Pereira, J. L., Santos, P. T., & Pereira, R. (2021). Social Media Use by 

Citizen Science Projects: Characterization and Recommendations. Frontiers in Environmental 

Science, 9, 715319. https://doi.org/10.3389/fenvs.2021.715319 

Olson, C., & Colston, N. (2024). Evaluating Citizen Science: Moving beyond Output Measures to 

Learner Behaviors, Interests, and Motivations. Citizen Science: Theory and Practice, 9(1), 15. 

https://doi.org/10.5334/cstp.683 

Pateman, R., Dyke, A., & West, S. (2021). The Diversity of Participants in Environmental Citizen 

Science. Citizen Science: Theory and Practice, 6(1), 9. https://doi.org/10.5334/cstp.369 

Pernat, N. (2022). The citizen science project ‘Mückenatlas’: Contributions of opportunistic data 

collection to mosquito research in Germany (p. 151 Seiten) [Freie Universität Berlin]. 

https://doi.org/10.17169/REFUBIUM-32858 

Peter, M., Diekötter, T., Höffler, T., & Kremer, K. (2021). Biodiversity citizen science: Outcomes for 

the participating citizens. People and Nature, 3(2), 294–311. 

https://doi.org/10.1002/pan3.10193 

Peter, M., Diekötter, T., & Kremer, K. (2019). Participant Outcomes of Biodiversity Citizen Science 

Projects: A Systematic Literature Review. Sustainability, 11(10), 2780. 

https://doi.org/10.3390/su11102780 

Phillips, T., Porticella, N., Constas, M., & Bonney, R. (2018). A Framework for Articulating and 

Measuring Individual Learning Outcomes from Participation in Citizen Science. Citizen 

Science: Theory and Practice, 3(2), 3. https://doi.org/10.5334/cstp.126 

Pocock, M. J. O., Chandler, M., Bonney, R., Thornhill, I., Albin, A., August, T., Bachman, S., Brown, 

P. M. J., Cunha, D. G. F., Grez, A., Jackson, C., Peters, M., Rabarijaon, N. R., Roy, H. E., 

Zaviezo, T., & Danielsen, F. (2018). A Vision for Global Biodiversity Monitoring With 

Citizen Science. In Advances in Ecological Research (Vol. 59, pp. 169–223). Elsevier. 

https://doi.org/10.1016/bs.aecr.2018.06.003 

Pocock, M. J. O., Roy, H. E., Preston, C. D., & Roy, D. B. (2015). The Biological Records Centre: A 

pioneer of citizen science. Biological Journal of the Linnean Society, 115(3), 475–493. 

https://doi.org/10.1111/bij.12548 

Pocock, M. J. O., Tweddle, J. C., Savage, J., Robinson, L. D., & Roy, H. E. (2017). The diversity and 

evolution of ecological and environmental citizen science. PLOS ONE, 12(4), e0172579. 

https://doi.org/10.1371/journal.pone.0172579 

Price-Jones, V., Brown, P. M. J., Adriaens, T., Tricarico, E., Farrow, R. A., Cardoso, A. C., Gervasini, 

E., Groom, Q., Reyserhove, L., Schade, S., Tsinaraki, C., & Marchante, E. (2022). Eyes on the 

aliens: Citizen science contributes to research, policy and management of biological invasions 

in Europe. NeoBiota, 78, 1–24. https://doi.org/10.3897/neobiota.78.81476 

Ratnieks, F. L. W., Schrell, F., Sheppard, R. C., Brown, E., Bristow, O. E., & Garbuzov, M. (2016). 

Data reliability in citizen science: Learning curve and the effects of training method, volunteer 

background and experience on identification accuracy of insects visiting ivy flowers. Methods 

in Ecology and Evolution, 7(10), 1226–1235. https://doi.org/10.1111/2041-210X.12581 



112 

 

Reniers, R. L. E. P., Murphy, L., Lin, A., Bartolomé, S. P., & Wood, S. J. (2016). Risk Perception and 

Risk-Taking Behaviour during Adolescence: The Influence of Personality and Gender. PLOS 

ONE, 11(4), e0153842. https://doi.org/10.1371/journal.pone.0153842 

Richardson, M., & Sheffield, D. (2017). Three good things in nature: Noticing nearby nature brings 

sustained increases in connection with nature / Tres cosas buenas de la naturaleza: prestar 

atención a la naturaleza cercana produce incrementos prolongados en conexión con la 

naturaleza. Psyecology, 8(1), 1–32. https://doi.org/10.1080/21711976.2016.1267136 

Rittenschober, J., Puehringer-Sturmayr, V., & Frigerio, D. (2021). The relevance of a digital platform 

for the citizen science project NestCams. Proceedings of Austrian Citizen Science Conference 

2020 — PoS(ACSC2020), 009. https://doi.org/10.22323/1.393.0009 

Robinson, L. D., Cawthray, J., West, S. E., Bonn, A., & Ansine, J. (2018). Ten principles of citizen 

science: Innovation in Open Science, Society and Policy. In Citizen Science (pp. 27–40). 

Roman, L. A., Scharenbroch, B. C., Östberg, J. P. A., Mueller, L. S., Henning, J. G., Koeser, A. K., 

Sanders, J. R., Betz, D. R., & Jordan, R. C. (2017). Data quality in citizen science urban tree 

inventories. Urban Forestry & Urban Greening, 22, 124–135. 

https://doi.org/10.1016/j.ufug.2017.02.001 

Rotman, D., Preece, J., Hammock, J., Procita, K., Hansen, D., Parr, C., Lewis, D., & Jacobs, D. (2012). 

Dynamic changes in motivation in collaborative citizen-science projects. Proceedings of the 

ACM 2012 Conference on Computer Supported Cooperative Work, 217–226. 

https://doi.org/10.1145/2145204.2145238 

Roy, H. E., Baxter, E., Saunders, A., & Pocock, M. J. O. (2016). Focal Plant Observations as a 

Standardised Method for Pollinator Monitoring: Opportunities and Limitations for Mass 

Participation Citizen Science. PLOS ONE, 11(3), e0150794. 

https://doi.org/10.1371/journal.pone.0150794 

Samiappan, S., Krishnan, B. S., Dehart, D., Jones, L. R., Elmore, J. A., Evans, K. O., & Iglay, R. B. 

(2024). Aerial Wildlife Image Repository for animal monitoring with drones in the age of 

artificial intelligence. Database, 2024, baae070. https://doi.org/10.1093/database/baae070 

Santori, C., Keith, R. J., Whittington, C. M., Thompson, M. B., Van Dyke, J. U., & Spencer, R. (2021). 

Changes in participant behaviour and attitudes are associated with knowledge and skills gained 

by using a turtle conservation citizen science app. People and Nature, 3(1), 66–76. 

https://doi.org/10.1002/pan3.10184 

Saunders, S. P., Wu, J. X., Gow, E. A., Adams, E., Bateman, B. L., Bayard, T., Beilke, S., Dayer, A. 

A., Fournier, A. M. V., Fox, K., Heglund, P., Lerman, S. B., Michel, N. L., Paxton, E. H., 

Şekercioğlu, Ç. H., Smith, M. A., Thogmartin, W., Woodrey, M. S., & Van Riper, C. (2021). 

Bridging the research-implementation gap in avian conservation with translational ecology. 

Ornithological Applications, 123(3), duab018. https://doi.org/10.1093/ornithapp/duab018 

Schaefer, T., Kieslinger, B., Brandt, M., & Van Den Bogaert, V. (2021). Evaluation in Citizen 

Science: The Art of Tracing a Moving Target. In K. Vohland, A. Land-Zandstra, L. Ceccaroni, 

R. Lemmens, J. Perelló, M. Ponti, R. Samson, & K. Wagenknecht (Eds.), The Science of 

Citizen Science (pp. 495–514). Springer International Publishing. https://doi.org/10.1007/978-

3-030-58278-4_25 

Schleicher, K., & Schmidt, C. (2020). Citizen Science in Germany as Research and Sustainability 

Education: Analysis of the Main Forms and Foci and Its Relation to the Sustainable 

Development Goals. Sustainability, 12(15), 6044. https://doi.org/10.3390/su12156044 

Serrano-Sanz, F., Holocher-Ertl, T., Kieslinger, B., García, F., & Silva, C. (2014). White Paper on 

Citizen Science for Europe. www.zsi.at/object/project/2340/attach/White_Paper-Final-

Print.pdf.. 



113 

 

Shah, H. R., & Martinez, L. R. (2016). Current Approaches in Implementing Citizen Science in the 

Classroom. Journal of Microbiology & Biology Education, 17(1), 17–22. 

https://doi.org/10.1128/jmbe.v17i1.1032 

Sillero, N., Campos, J., Bonardi, A., Corti, C., Creemers, R., Crochet, P.-A., Crnobrnja Isailović, J., 

Denoël, M., Ficetola, G. F., Gonçalves, J., Kuzmin, S., Lymberakis, P., De Pous, P., 

Rodríguez, A., Sindaco, R., Speybroeck, J., Toxopeus, B., Vieites, D. R., & Vences, M. 

(2014). Updated distribution and biogeography of amphibians and reptiles of Europe. 

Amphibia-Reptilia, 35(1), 1–31. https://doi.org/10.1163/15685381-00002935 

Silvertown, J. (2009). A new dawn for citizen science. Trends in Ecology & Evolution, 24(9), 467–

471. https://doi.org/10.1016/j.tree.2009.03.017 

Sjödin Skarp, L. (2019). The Swedish Taxonomy Initative &amp; Biodiversity Infrastructure. 

Biodiversity Information Science and Standards, 3, e35747. 

https://doi.org/10.3897/biss.3.35747 

Somerwill, L., & Wehn, U. (2022). How to measure the impact of citizen science on environmental 

attitudes, behaviour and knowledge? A review of state-of-the-art approaches. Environmental 

Sciences Europe, 34(1), 18. https://doi.org/10.1186/s12302-022-00596-1 

Soria, J., & Tormáné Kovács, E. (2023). Contribution of nature conservation related citizen science 

projects to learning, attitude and behavioral change of participants. Review on Agriculture and 

Rural Development, 12(1–2), 27–36. https://doi.org/10.14232/rard.2023.1-2.27-36 

Soria, J., & Tormáné Kovács, E. (2024). How does nature conservation citizen science affect policy 

and decision-making?: A review. Review on Agriculture and Rural Development, 13(1–2), 

24–33. https://doi.org/10.14232/rard.2024.1-2.24-33 

Soria, J., & Tormáné Kovács, E. (2025). The science of nature conservation citizen science projects: 

How to ensure scientific rigor? Sustainable Agriculture & Environment in a Changing World, 

85. 

SPOTTERON. (2019, November 6). Desktop vs. Mobile—What’s best for Citizen Science Projects? 

SPOTTERON Citizen Science Platform. https://www.spotteron.net/apps/desktop-vs-mobile-

what-s-best-for-citizen-science-projects 

Stenhouse, A., Roetman, P., Lewis, M., & Koh, L. P. (2020). Koala Counter: Recording Citizen 

Scientists’ search paths to Improve Data Quality. Global Ecology and Conservation, 24, 

e01376. https://doi.org/10.1016/j.gecco.2020.e01376 

Stevenson, R., Merrill, C., & Burn, P. (2021). Useful Biodiversity Data Were Obtained by Novice 

Observers Using iNaturalist During College Orientation Retreats. Citizen Science: Theory and 

Practice, 6(1), 27. https://doi.org/10.5334/cstp.407 

Strasser, B. J., Baudry, J., Mahr, D., Sanchez, G., & Tancoigne, E. (2018). “Citizen Science”? 

Rethinking Science and Public Participation. Science & Technology Studies, 52–76. 

https://doi.org/10.23987/sts.60425 

Suárez-Álvarez, J., Pedrosa, I., Lozano, L., García-Cueto, E., Cuesta, M., & Muñiz, J. (2018). Using 

reversed items in Likert scales: A questionable practice. Psicothema, 2(30), 149–158. 

https://doi.org/10.7334/psicothema2018.33 

Süle, G., Kovács-Hostyánszki, A., Sárospataki, M., Kelemen, T. I., Halassy, G., Horváth, A., 

Demeter, I., Báldi, A., & Szigeti, V. (2023). First steps of pollinator-promoting interventions 

in Eastern European urban areas – positive outcomes, challenges, and recommendations. 

Urban Ecosystems, 26(6), 1783–1797. https://doi.org/10.1007/s11252-023-01420-1 

Sullivan, B. L., Aycrigg, J. L., Barry, J. H., Bonney, R. E., Bruns, N., Cooper, C. B., Damoulas, T., 

Dhondt, A. A., Dietterich, T., Farnsworth, A., Fink, D., Fitzpatrick, J. W., Fredericks, T., 

Gerbracht, J., Gomes, C., Hochachka, W. M., Iliff, M. J., Lagoze, C., La Sorte, F. A., … 

Kelling, S. (2014). The eBird enterprise: An integrated approach to development and 



114 

 

application of citizen science. Biological Conservation, 169, 31–40. 

https://doi.org/10.1016/j.biocon.2013.11.003 

Sullivan, B. L., Phillips, T., Dayer, A. A., Wood, C. L., Farnsworth, A., Iliff, M. J., Davies, I. J., 

Wiggins, A., Fink, D., Hochachka, W. M., Rodewald, A. D., Rosenberg, K. V., Bonney, R., 

& Kelling, S. (2017). Using open access observational data for conservation action: A case 

study for birds. Biological Conservation, 208, 5–14. 

https://doi.org/10.1016/j.biocon.2016.04.031 

Sullivan, B. L., Wood, C. L., Iliff, M. J., Bonney, R. E., Fink, D., & Kelling, S. (2009). eBird: A 

citizen-based bird observation network in the biological sciences. Biological Conservation, 

142(10), 2282–2292. https://doi.org/10.1016/j.biocon.2009.05.006 

Suškevičs, M., Raadom, T., Vanem, B., Kana, S., Roasto, R., Runnel, V., & Külvik, M. (2021). 

Challenges and opportunities of engaging biodiversity-related citizen science data in 

environmental decision-making: Practitioners’ perceptions and a database analysis from 

Estonia. Journal for Nature Conservation, 64, 126068. 

https://doi.org/10.1016/j.jnc.2021.126068 

Szép, T., Csörgő, T., Halmos, G., Lovászi, P., Nagy, K., & Schmidt, A. (2021). Bird Atlas of Hungary 

(p. 799). Ministry of Agriculture, Magyar Madártani és Természetvédelmi Egyesület-

Hungarian Ornithological and Nature Conservation Society,. 

Szép, T., & Gibbons, D. (2000). Monitoring of common breeding birds in Hungary using a randomised 

sampling design. The Ring, 22, 45–55. 

Tang, J., Zhou, X., (Chris) Zhao, Y., & Wang, T. (2021a). How the type and valence of feedback 

information influence volunteers’ knowledge contribution in citizen science projects. 

Information Processing & Management, 58(5), 102633. 

https://doi.org/10.1016/j.ipm.2021.102633 

Tang, J., Zhou, X., (Chris) Zhao, Y., & Wang, T. (2021b). How the type and valence of feedback 

information influence volunteers’ knowledge contribution in citizen science projects. 

Information Processing & Management, 58(5), 102633. 

https://doi.org/10.1016/j.ipm.2021.102633 

Theobald, E. J., Ettinger, A. K., Burgess, H. K., DeBey, L. B., Schmidt, N. R., Froehlich, H. E., 

Wagner, C., HilleRisLambers, J., Tewksbury, J., Harsch, M. A., & Parrish, J. K. (2015). 

Global change and local solutions: Tapping the unrealized potential of citizen science for 

biodiversity research. Biological Conservation, 181, 236–244. 

https://doi.org/10.1016/j.biocon.2014.10.021 

Tollington, S., Turbé, A., Rabitsch, W., Groombridge, J. J., Scalera, R., Essl, F., & Shwartz, A. (2017). 

Making the EU Legislation on Invasive Species a Conservation Success. Conservation Letters, 

10(1), 112–120. https://doi.org/10.1111/conl.12214 

Tredick, C. A., Lewison, R. L., Deutschman, D. H., Hunt, T. A., Gordon, K. L., & Von Hendy, P. 

(2017). A Rubric to Evaluate Citizen-Science Programs for Long-Term Ecological 

Monitoring. BioScience, 67(9), 834–844. https://doi.org/10.1093/biosci/bix090 

Turbé, A., Barba, J., Pelacho, M., Mudgal, S., Robinson, L. D., Serrano-Sanz, F., Sanz, F., Tsinaraki, 

C., Rubio, J.-M., & Schade, S. (2020). Correction: Understanding the Citizen Science 

Landscape for European Environmental Policy: An Assessment and Recommendations. 

Citizen Science: Theory and Practice, 5(1), 5. https://doi.org/10.5334/cstp.308 

Turrini, T., Dörler, D., Richter, A., Heigl, F., & Bonn, A. (2018). The threefold potential of 

environmental citizen science—Generating knowledge, creating learning opportunities and 

enabling civic participation. Biological Conservation, 225, 176–186. 

https://doi.org/10.1016/j.biocon.2018.03.024 



115 

 

UK Centre for Ecology & Hydrology, UKCEH. (2025). European Butterfly Monitoring Scheme. 

European Butterfly Monitoring Scheme. https://butterfly-monitoring.net/partners 

United Nations. (2015, October). Transforming our world: The 2030 Agenda for Sustainable 

Development. Resolution adopted by the General Assembly on 25 September 2015 

(A/RES/70/1). https://docs.un.org/en/A/RES/70/1 

United Nations Economic Commission for Europe (UNECE). (1998). Convention on Access to 

Information, Public Participation in Decision-making and Access to Justice in Environmental 

Matters (Aarhus Convention), adopted 25 June 1998. 

https://treaties.un.org/Pages/ViewDetails.aspx?src=IND&mtdsg_no=XXVII-13&chapter=27 

US Environmental Protection Agency (EPA). (2019). Quality Assurance Handbook and Guidance 

Documents for Citizen Science Projects (EPA QA Handbook) (Vol. 1). 

https://www.epa.gov/participatory-science/quality-assurance-handbook-and-toolkit-

participatory-science-projects 

Vadonleső Group, Geng, B., Bakó, B., Bata, K., Bokor, V., Koczka, K., Sashalmi, É., Váczi, O., 

Varga, I., & Vozár, Á. (2018). WildWatcher Programme: Volunteer Based, Biodiversity Data-

Collector System. Results of the First Ten Years. 

Vayena, E., & Tasioulas, J. (2015). “We the Scientists”: A Human Right to Citizen Science. 

Philosophy & Technology, 28(3), 479–485. https://doi.org/10.1007/s13347-015-0204-0 

VERBI, S. (2021). MAXQDA 2022 [computer software] [Computer software]. VERBI Software. 

Vétek, G., Károlyi, B., Mészáros, Á., Horváth, D., & Korányi. (2018). The invasive brown 

marmorated stink bug (Halyomorpha halys) is now widespread in Hungary. Entomologia 

Generalis, 38(1), 3–14. https://doi.org/10.1127/entomologia/2018/0631 

Vohland, K., Göbel, C., Balázs, B., Butkevičienė, E., Daskolia, M., Duží, B., Hecker, S., Manzoni, 

M., & Schade, S. (2021). Citizen Science in Europe. In K. Vohland, A. Land-Zandstra, L. 

Ceccaroni, R. Lemmens, J. Perelló, M. Ponti, R. Samson, & K. Wagenknecht (Eds.), The 

Science of Citizen Science (pp. 35–53). Springer International Publishing. 

https://doi.org/10.1007/978-3-030-58278-4_3 

Von Gönner, J., Herrmann, T. M., Bruckermann, T., Eichinger, M., Hecker, S., Klan, F., Lorke, J., 

Richter, A., Sturm, U., Voigt-Heucke, S., Brink, W., Liedtke, C., Premke-Kraus, M., Altmann, 

C., Bauhus, W., Bengtsson, L., Büermann, A., Dietrich, P., Dörler, D., … Bonn, A. (2023). 

Citizen science’s transformative impact on science, citizen empowerment and socio-political 

processes. Socio-Ecological Practice Research, 5(1), 11–33. https://doi.org/10.1007/s42532-

022-00136-4 

Von Gönner, J., Masson, T., Köhler, S., Fritsche, I., & Bonn, A. (2024). Citizen science promotes 

knowledge, skills and collective action to monitor and protect freshwater streams. People and 

Nature, 6(6), 2357–2373. https://doi.org/10.1002/pan3.10714 

Wehn, U., Gharesifard, M., Ceccaroni, L., Joyce, H., Ajates, R., Woods, S., Bilbao, A., Parkinson, S., 

Gold, M., & Wheatland, J. (2021). Impact assessment of citizen science: State of the art and 

guiding principles for a consolidated approach. Sustainability Science, 16(5), 1683–1699. 

https://doi.org/10.1007/s11625-021-00959-2 

West, S., Dyke, A., & Pateman, R. (2021). Variations in the Motivations of Environmental Citizen 

Scientists. Citizen Science: Theory and Practice, 6(1), 14. https://doi.org/10.5334/cstp.370 

West, S., & Pateman, R. (2016). Recruiting and Retaining Participants in Citizen Science: What Can 

Be Learned from the Volunteering Literature? Citizen Science: Theory and Practice, 1(2), 15. 

https://doi.org/10.5334/cstp.8 

White, M. E., Hamlin, I., Butler, C. W., & Richardson, M. (2023). The Joy of birds: The effect of 

rating for joy or counting garden bird species on wellbeing, anxiety, and nature connection. 

Urban Ecosystems. https://doi.org/10.1007/s11252-023-01334-y 



116 

 

Wiggins, A., Bonney, R., Graham, E., Henderson, S., Kelling, S., LeBuhn, G., Littauer, R., Lotts, K., 

Michener, W., Newman, G., Russell, E., Stevenson, R., & Weltzin, J. F. (2013). Data  

management  guide    for    public    participation    in    scientific    research. DataONE. 

https://education.ucdavis.edu/sites/main/files/file-attachments/dataone-ppsr-

datamanagementguide.pdf 

Wiggins, A., Bonney, R., LeBuhn, G., Parrish, J. K., & Weltzin, J. F. (2018). A Science Products 

Inventory for Citizen-Science Planning and Evaluation. BioScience, 68(6), 436–444. 

https://doi.org/10.1093/biosci/biy028 

Wiggins, A., Newman, G., Stevenson, R. D., & Crowston, K. (2011). Mechanisms for Data Quality 

and Validation in Citizen Science. 2011 IEEE Seventh International Conference on E-Science 

Workshops, 14–19. https://doi.org/10.1109/eScienceW.2011.27 

Wittmann, J., Girman, D., & Crocker, D. (2019). Using iNaturalist in a Coverboard Protocol to 

Measure Data Quality: Suggestions for Project Design. Citizen Science: Theory and Practice, 

4(1), 21. https://doi.org/10.5334/cstp.131 

Yang, D., Wan, H., Huang, T.-K., & Liu, J. (2019). The Role of Citizen Science in Conservation under 

the Telecoupling Framework. Sustainability, 11(4), 1108. https://doi.org/10.3390/su11041108 

 

 

 

 



 

117 

 

9. APPENDICES 

 

9.1. Appendix 1. Interview questions 

Questions for project managers' interviews 

NCCS project description 

1. Please tell a few words about yourself and your main tasks in the project in 

general. (Profession, organizations where you contribute or work) 

2. How did you get to know citizen science? How was your first encounter with it? 

3. How would you define Citizen Science (CS)? 

4. Which CS project do you manage or participate in? 

5. Why did you decide to launch a CS project? 

6. What is the main purpose of your CS project? 

7. What species do you focus on, in the project? 

8. What kind of data is collected? 

9. What is your role, functions, or responsibilities in the CS project? 

10. What are other roles in the project? How many experts/assistants are involved in 

the operation of the project? 

11. How long has the project been running? 

12. Can you detect stages in the development of the project? What are these and can 

you define time periods for these stages? 

13. Where is the CS project implemented? What is the geographical scope of your CS 

project? 

14. How do you reach the participants? 

15. How can the technical background of the CS project be characterized? What 

software, platforms, and devices are used by the managing organization and by the 

participating citizen scientists? 

16. How the CC project is financed? 
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17. How many volunteers have participated in the project so far? What is the 

approximate average number per year? Are there fluctuations in the number of 

participants? 

18. What characteristics do your citizen science volunteers have (age, profession, 

location)? 

19. Do you detect how the collected data are distributed among citizen scientists? (e.g., 

are there very active people reporting many times or it is more evenly distributed)? 

20. Are you collaborating with other institutions in your project? Is your project affiliated 

to any institution? 

Science Dimension 

21. Does the citizen science project have a structured methodology? What is the 

protocol/task that participants perform? 

22. Was a scientific question formulated before starting the project? 

23. How data is validated? 

24. What kind of professionals are involved during data validation process? 

25. What is your experience with the validation? 

26. To what extent do you consider the outcome of the CS project scientifically sound? 

27. Have you made data of your CS project and the results available to the science 

community? How? 

28. Have you participated in scientific conferences with the results or data from the CS 

project? 

29. Have you published the results of the CS project in scientific journals? where and 

when? If not, why? 

30. Have data or results from your CS project been used in any other scientific study or 

scientific project? Is your CS project part of any research project? If yes, what is the role 

of CS in the scientific project? 

31. Are there other ways your CS project is contributing to science? 
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32. How do you see the relation between Citizen Science and Science? 

Nature Conservation Dimension 

33. Are data collected in your CS project used in nature conservation? If yes, how? 

(e.g., official monitoring system, species or ecosystems management, nature 

conservation policy formulation or decision-making) If not why not? 

34. How in your opinion could data from CS projects be used more for conservation 

purposes? How can you reach that goal? 

35. What evidence do you have about the impact of your CS project on nature 

conservation? 

36. How do you measure that evidence? 

37. Does your project actively engage participants in environmental conservation 

issues? How? 

38. Do you think your CS project can influence conservation policy and management at 

local, national, or European levels? How? 

39. How do you see the relation between Citizen Science and Nature Conservation? 

Participants’ development 

40. In your view, what motivates participants to get involved in your CS project? 

41. Have you surveyed it or measured it? 

42. Are the participants required to have any specific knowledge before they get 

involved in the CS project? 

43. Is there any assessment of the participant’s knowledge before starting the project? 

If yes, how do you do it? 

44. How is the scientific knowledge behind the project transferred to participants? 

45. Do you provide formal or informal training for the participants? How do you conduct 

it? How long does it take? 

46. In your view how does your CS project help to enhance the conservation 

knowledge of the participants? Do you monitor or measure it somehow? 
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47. How does the CS project help to enhance the conservation behaviors of the 

participants? Do you monitor or measure it somehow? 

48. Do you believe that participation in your citizen science project has increased 

participants' engagement in conservation? 

49. Which strategies do you use to encourage participation in conservation activities 

outside or after your project? 

50. How do you see the relation between Citizen Science and Environmental 

Education? 

Strengths and Challenges 

51. What do you consider a successful CS project in general? 

52. What do you see as the main results/achievements of your project? Can you 

describe them? 

53. What were the factors that ensured the success of your citizen science project? 

54. Which challenges have you encountered during the CS project process? What are 

your future plans regarding your CS project development? 

55. If you have any publications in Hungarian or English about your project, please 

could you share them with me. 

56. Can you suggest other Hungarian conservation-related CS projects and their 

managers? 

57. Do you know of any conservation-related CS projects in CEE countries? 

58. We value your opinion and support very much. If you have any additional 

information, comments or further contacts you think we should approach, please let me 

know. 
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9.2. Appendix 2. Questionnaires 

Questionnaire for participants of Amphibian and Reptile Mapping  

Dear participants of the Herptérkép citizen science project, welcome to our survey! 

We invite you to take part in the survey which will take you appr. 20 minutes to complete.   

Information on the research 

The questionnaire is part of a Ph.D. research on conservation-related citizen science conducted in 

collaboration with MME. It aims to assist the further development of the citizen science project  

Herptérkép. 

We refer to Citizen Science as the participation of non-scientists in one or more stages of scientific 

research to produce new knowledge it will be useful for scientific and conservation purposes. 

Data protection 

The data of the questionnaires are treated confidentially in accordance with the ethical principles of 

the Code of Scientific Ethics of the Hungarian Academy of Sciences and the European Code of 

Conduct for Research Integrity, and in accordance with the rules of the EU GDPR. The analysis is 

anonymous and only aggregated data is disclosed. Participation in the survey is voluntary 

By checking the box below, you indicate that you have read the information, below and consent to 

participate in the ECSP survey prepared by Johanna Soria and the Herpterkep team of MME 

Consent 

 

 Thanks for participating. 

 

A.  GENERAL INFORMATION ABOUT THE PARTICIPATION 

1. Through which channel did you hear first about Herptérkép? (You can choose more than one 

option) 

● MME (Birdlife Hungary) 

● MME ( KHVSZ amphibian and reptile protection department)  

● Website of MME 

● MME KHVSZ website 

● Social media 

● TV, radio. 

● Newspaper 

● Colleagues 

● Friends 

● Other (please specify) ___________________ 

 

2. For how many years have you been participating in the CS project?  
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3. How often do you upload personal observations within the framework of the Herpmap? 

One time  

Varies from time to time 

Regular yearly a few times 

Regular monthly 

Regular weekly 

Unknown 

 

If you chose “varies from time to time”, please specify why:.................... 

 

4. How has the regularity of your uploads changed over the years? 

I upload more often than before 

I upload less often than before 

The regularity of my uploads has not changed during the years 

Other, please specify……… 

 

5. About which species have you uploaded observations? (You can choose more than one option.) 

 

Amphibians 

Fire salamander (Salamandra salamandra) 

Smooth newt (Lissotriton vulgaris) 

Alpine newt (Ichthyosaura alpestris) 

Danube crested newt (Triturus dobrogicus) 

Italian crested newt (Triturus carnifex) 

Agile frog (Rana dalmatina) 

Moor frog (Rana arvalis) 

Common frog (Rana temporaria) 

Marsh frog (Pelophylax ridibundus) 

Pool frog (Pelophylax lessonae) 

Edible frog (Pelophylax kl. esculentus) 

Common treefrog (Hyla arborea) 

Fire-bellied toad (Bombina bombina) 

Yellow-bellied toad (Bombina variegata) 

Common toad (Bufo bufo) 

Green toad (Bufotes viridis) 

Common spadefoot toad (Pelobates fuscus) 

Other amphibian (...) 

Reptiles 

European adder (Vipera berus) 

Hungarian meadow viper (Vipera ursinii 

rakosiensis) 

Grass snake (Natrix natrix) 

Dice snake (Natrix tessellata) 

Aesculapian snake (Zamenis longissimus) 

Smooth snake (Coronella austriaca) 

Caspian whipsnake (Dolichophis caspius) 

European snake-eyed skink (Ablepharus 

kitaibelii fitzingeri) 

Slow worm (Anguis fragilis) 

Eastern slow worm (Anguis colhica) 

Sand lizard (Lacerta agilis) 

Green lizard (Lacerta viridis) 

Common wall lizard (Podarcis muralis) 

Balkan wall lizard (Podarcis tauricus) 

Viviparous lizard (Zootoca vivipara) 

European pond turtle (Emys orbicularis) 

Red-eared slider (Trachemys scripta scripta) 

Other reptile (...) 
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B. TECHNOLOGY  

 

6. Which interface did you prefer for uploading your observations? 

Phone application  

Home webpage  

Phone and home webpage equally  

Other specify ______ 

 

7. How often did you visit the following interface during your participation in Herptérkép?  

Scale ranging from 1 to 6:  1 ;Never;  2  A few times in the year; 3 Monthly;  4  Weekly;  5  Daily 

6 Irregular 

 

 1 2 3 4 5 6 

 Herptérkép  website 
                     

 Herptérkép phone application  
                     

 Herptérkép Facebook  
                     

8. How often do you use the below items of the Herptérkép phone application? If you haven't used 

the app, please skip to the next question.  

Scale ranging from 1 to 5:  1 Never; 2 Rarely ; 3 Sometimes; 4 Often; 5 Very often 

 

 1 2 3 4 5 

News 
                    

My profile  
                    

Map visualization  
                    

Report an error 
                    

Recording observations 
     

If there are other menu items that you use often, 

please enter them! 

 

 

 

9. How often do you use the following menu items of the Herptérkép website?  If you haven't used 

the website, please skip to the next question..  

Scale ranging from 1 to 5:  1 Never; 2 Rarely ; 3 Sometimes; 4 Often; 5 Very often? 
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 1 2 3 4 5 

News 
                    

Species information 
                    

Map visualization  
                    

Fieldwork info 
                    

Recording observations 
     

If there is a menu item not listed that you use 

frequently, please mention it. 

 

     

 

 

10. About your experience of using Herptérkép interfaces, indicate your level of agreement 

according to the following scale ranging from 1 to 5 being: 

1 Strongly disagree; 2 disagree; 3 neutral; 4 agree; 5 strongly agree. 

 

 1 2 3 4 5 

Uploading my observations through the 

Herpterkep website was understandable and 

simple 

                    

Uploading my observations through the 

Herpterkep phone app was understandable 

and simple 

                    

Uploading my observations on the Facebook 

group was understandable and simple. 

                    

By using the information provided in the app 

and website I  got answers to my questions 

during my participation in herpterkep. 

     

 

11. Which menu items of the Herpterkep phone application didn’t work according to your 

expectations Please explain why. (You can choose several options.) 
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  Reason 

News 
    

 

My profile  
    

 

Map visualization  
    

 

Report an error 
    

 

Recording observations 
 

 

Information about data use   

Species descriptions   

None everything functioned as expected  
 

 

Other menu item  
 

 

 

Please explain why it didn't work 

12. Which menu items of the Herpterkep website didn’t work according to your expectations Please 

explain why. (You can choose several options.) 

 

 
  Reason 

News 
    

 

Species description (Amphibians, Reptiles)  
    

 

Map visualization  
    

 

Filed work information   

Information about data use r 
    

 

Links 
 

 

Recording observations   

Information about data use   

None everything functioned as expected  
 

 

Other menu item 
 

 

Please explain why it didn't work 
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13. Do you have any suggestions regarding the further development of the phone application? 

_____________________________________________________________________________ 

14. Do you have any suggestions regarding the further development of the website? 

___________________________________________________________________________ 

15. Do you have any suggestions regarding the further development of the Facebook page? 

C. KNOWLEDGE 

 

16. About amphibians, which of the following knowledgeable groups do you consider you belong 

to? 

Expert of all species  

Specialist for certain species 

non-expert / amateur  

 

17. About reptiles, which of the following knowledgeable groups do you consider you belong to? 

 

Expert of all species  

Specialist for certain species 

non-expert / amateur  

 

18. Concerning knowledge acquisition and learning indicate your level of agreement with each 

statement according to the following scale ranging from 1 to 5:  

1 Strongly disagree; 2 disagree; 4 neutral; 4 agree; 5 strongly agree. 

 
 1 2 3 4 5 

I feel, that by using the Herptérkép website, my species knowledge 

increased                  

I feel, that by using the Herptérkép phone application, my knowledge of 

the species has increased                  

I feel, that by using the Herptérkép Facebook page, my knowledge of 

the species has increased                  

I feel that my knowledge of the species has expanded through the 

interaction with the experts of the Herptérkép project.                  

Interactivity with other users in the Facebook group has increased my 

knowledge about reptiles and amphibians.       
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Interactivity in the Facebook group has increased my knowledge about 

the conservation of reptiles and amphibians       

I had sufficient knowledge before participating in Herptérkép, my 

knowledge didn't change.      

Participating in the Herptérkép project made me realize the importance 

of my observations.       

I would have liked to receive personal training before starting my 

participation in the Herptérkép project         

I expanded my knowledge needed to use the Herptérkép with the help 

of external information sources (e.g. specialist books, other websites, 

specialist articles, other Facebook groups). Please describe which. 

     

 

If you used a form of learning other than the Herptmap, please name it:  

 

D. MOTIVATION 

19. What did motivate you to participate in Herptérkép? Indicate your motivation strength according 

to the following scale, ranging from 1 to 5  

1 Not at all; 2 disagree; 3 neutral; 4 agree; 5 strongly agree. 

 

 1 2 3 4 5 

Recreation/Family activity 
                    

Accomplishing environmental responsibility 
                    

Meeting other people with similar interests in reptiles and amphibians. 
                    

Opportunity to contribute to science 
                    

Personal Interest in amphibians and reptiles 
                    

Learning desire 
                    

Research purposes 
     

Other (explain)  

 

20. How did participating in Herptérkép impact your attitude and behavior?  Please indicate how 

much you agree with each statement on a scale of 1-UI to 5 below 

 1 Strongly disagree; 2 disagree; 3 neither agree nor disagree; 4 agree; 5 strongly agree. 

 

 1 2 3 4 5 

As a result of the project, I minimize the disturbance of 

amphibians, reptiles, and their environment in the 

natural environment.. 

                    

I share with others my experience in the Herptérkép 
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I encourage my family and friends to participate in the 

Herptérkép project.                      

My attitude towards nature has not changed. I behaved 

in a nature-friendly way before participating in the 

project.  

                    

 

21. What would you suggest to project administrators of Herptérkép to improve participants' 

experience? Please indicate on a scale of 1 to 5 a 

1 is not important at all; 2 disagree; 3 neutral; 4 agree; 5 is very important. 

 1 2 3 4 5 

Integrate creative elements into project design e.g 

games, and challenges.                     

Improve communication channels e.g. Facebook, 

WhatsApp groups                      

Improve the feedback about my observations 
                    

 More activities encourage interaction between 

participants and scientists.                       

Include participants in more stages of the project 
                    

If you have any other suggestions, please let us 

know! 

 

 

22. How would you rate the overall value of your experience participating in herpterkep? 

5 Excellent 

4 Very good 

3 Medium 

2 Acceptable 

1 Less than acceptable  

23. How likely are you to keep participating in the Herptérkép? 

5 Very likely 

4 Likely   

3 PossiblyI wont  

2 Not Likely 

1 Unikely / Definitely I won’t 

 
24. If you are not planning to continue participating in the Herptérkép, please let us know why: 

_______________________________ 

 

E. DEMOGRAPHIC QUESTIONS 

25.  In which town/city do you live? 
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_____________________________ 

26. Which gender do you identify with? 

Male 

Female 

      Prefer not to say 

 

27. How old are you? 

18-29 

30-39 

40-49 

50-59 

60 + 

28. What is your highest level of education attended? 

Elementary 

 Technical 

Higher education  

 Other (please specify) ___________________ 

29. Are you a member of any kind of conservation organization? 

No 

Yes (specify)________  

30. Are you involved in an additional environmental/social/communal activity in addition to the  

herpterkep? 

No 

Yes (please specify) ___________________ 

 

31. Is your educational institution or workplace related to nature conservation? 

 

No 

Yes (specify)________  

If you have any other comments or suggestions, please share them with us. 

 
Thank you for providing us with valuable insights and time to fill out the survey. 
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Questionnaire for participants of WildWatcher 

Dear participants of the Vadonleső citizen science project, welcome to our survey! 

We invite you to take part in the survey which will take you appr. 20 minutes to complete.   

 

Information on the research 

 

The questionnaire is part of a Ph.D. research on conservation-related citizen science conducted in 

collaboration with MME. It aims to assist the further development of the citizen science project  

Vadonleső. 

We refer to Citizen Science as the participation of non-scientists in one or more stages of scientific 

research to produce new knowledge it will be useful for scientific and conservation purposes. 

 

Data protection 

The data of the questionnaires are treated confidentially in accordance with the ethical principles of 

the Code of Scientific Ethics of the Hungarian Academy of Sciences and the European Code of 

Conduct for Research Integrity, and in accordance with the rules of the EU GDPR. The analysis is 

anonymous and only aggregated data is disclosed. Participation in the survey is voluntary 

By checking the box below, you indicate that you have read the information, below and consent to 

participate in the ECSP survey prepared by Johanna Soria and the Herpterkep team of MME 

Consent 

 

 Thanks for participating. 

 

 

A.  GENERAL INFORMATION ABOUT THE PARTICIPATION 

 

 

1. Through which channel did you hear first about Vadonleső? (You can choose more than one 

option) 

● Nature conservation organization 

● Social Media 

● TV, radio 

● Newspaper 

● Friends 

● Other (please specify) ___________________ 
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2. How many years have you been involved in the project?  

______ 

 

3. How often do you upload/upload observations within the framework of Vadonleső? 

One time  

Varies from time to time 

Regular yearly a few times 

Regular monthly 

Regular weekly 

Unknown 

 

If you chose “varies from time to time”, please specify why:.................... 

 

4. How has the frequency of your uploads changed over the years? 

I upload more often than before 

I upload less often than before 

The regularity of my uploads has not changed during the years 

Other, please specify……… 

 

5. About which species have you uploaded observations? (You can choose more than one option.) 

 

 

B. TECHNOLOGY  

 

6. Which interface did you prefer to upload your observations? 
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Phone application  

Home webpage  

Phone and home webpage equally  

Other specify ______ 

 

7. How often did you visit the following interface during your participation in  Vadonleső?  

Scale ranging from 1 to 6:  1 ;Never;  2  A few times in the year; 3 Monthly;  4  Weekly;  5  Daily 

6 Irregular 

 

 1 2 3 4 5 6 

 Vadonleső  website 
                     

 Vadonleső phone application  
                     

 

 

 

8. How often do you use the following items of the Vadonleső phone application? If you haven't 

used the app, please skip to the next question.  

Scale ranging from 1 to 5:  1 Never; 2 Rarely ; 3 Sometimes; 4 Often; 5 Very often 

 

 1 2 3 4 5 

My profile  
                    

Map visualization  
                    

Contact center 
     

If there are other menu items that you use often, 

please enter them! 

 

 

 

9. How often do you use the following menu items of the Vadonleső website?  If you haven't used 

the website, please skip to the next question..  

Scale ranging from 1 to 5:  1 Never; 2 Rarely ; 3 Sometimes; 4 Often; 5 Very often? 

 1 2 3 4 5 

Species information 
                    

Mammal of the year 
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Contributions  
                    

Games 
                    

Downloadable materials 
     

Map Visualization      

Numbers and Statistics      

Report an observation      

If there is a menu item not listed that you use 

frequently, please mention it. 

 

     

 

 

10. About your experience of using Vadonleső interfaces, indicate your level of agreement 

according to the following scale ranging from 1 to 5 being: 

1 Strongly disagree; 2 disagree; 3 neutral; 4 agree; 5 strongly agree. 

 

 1 2 3 4 5 

Uploading my observations through the 

Vadonleső website was understandable and 

simple 

                    

Uploading my observations through the 

Vadonleső phone app was understandable and 

simple 

                    

With the help of the phone application and/or 

the information on the website, I received 

answers to my questions during the 

participation in the Wilderness project. 

                    

      

 

11. Which menu items of the Herpterkep phone application didn’t work according to your 

expectations Please explain why. (You can choose several options.) 
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  Reason 

My profile  
    

 

Map visualization  
    

 

Contact center 
    

 

None, everything worked as expected. 
    

 

I don't use the app. 
 

 

Please explain why it didn't work 

12. Which menu items of the Herpterkep website didn’t work according to your expectations Please 

explain why. (You can choose several options.) 

 

 

  Reason 

Species information 
    

 

Mammal of the year  
    

 

Contributions  
    

 

Games   

Downloadable materials 
    

 

Map Visualization 
 

 

Numbers and Statistics   

Report an observation   

None everything functioned as expected  
 

 

Other menu item 
 

 

Please explain why it didn't work 
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13. Do you have any suggestions regarding the further development of the phone 

application?___________________________________________________________________

__________ 

14. Do you have any suggestions regarding the further development of the website? 

___________________________________________________________________________ 

C. KNOWLEDGE 

 

15. When it comes to plants expertise, which of the following groups do you think you belong to? 

Expert of all species  

Specialist for certain species 

non-expert / amateur  

 

16. Regarding animals, which of the following groups do you consider yourself to belong to? 

Expert of all species  

Specialist for certain species 

non-expert / amateur  

 

18. Concerning knowledge acquisition and learning indicate your level of agreement with each 

statement according to the following scale ranging from 1 to 5:  

1 Strongly disagree; 2 disagree; 4 neutral; 4 agree; 5 strongly agree. 

 

 1 2 3 4 5 

I feel, that by using the Vadonleső website, my 

species knowledge increased 

                 

I feel, that by using the Vadonleső phone 

application, my knowledge of the species has 

increased 

                 

[I feel that my knowledge of the species has been 

expanded through the interaction with the experts 

of the Wilderness program 
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I had sufficient knowledge before participating in 

Vadonleső, my knowledge has not changed 

                 

Participating in the Wilderness Program made me 

realize the importance of my observations.  

     

I would have been happy to receive personal 

training before starting my participation in the 

Wilderness program 

     

 

If you used a form of learning other than the Vadonleso, please name it:  

 

D. MOTIVATION /ATTITUDE/ BEHAVIOR 

19. What did motivate you to participate in Vadonleső? Indicate your motivation strength 

according to the following scale, ranging from 1 to 5  

1 Not at all; 2 disagree; 3 neutral; 4 agree; 5 strongly agree. 

 

 1 2 3 4 5 

Recreation/Family activity 
                    

My responsibility towards nature 
                    

Meet other people with a similar interest in 

animals and plants 
                    

Personal interest in plants and animals 
                    

Desire to learn 
                    

Research objectives 
                    

Great game, great fun 
     

 

20. How did participating in Vadonleső impact your attitude and behavior?  Please indicate how 

much you agree with each statement on a scale of 1-UI to 5 below 

 1 Strongly disagree; 2 disagree; 3 neither agree nor disagree; 4 agree; 5 strongly agree. 
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 1 2 3 4 5 

As a result of the program, I minimize the 

disturbance of animals, plants and their environment 

in the natural environment. 

                    

I share with others my experience in the Vadonleső 
                    

I encourage my family and friends to participate in 

the Vadonleső project.  
                    

My attitude towards nature has not changed. I 

behaved in a nature-friendly  before participating in 

the project.  

                    

 

21. What would you suggest to project administrators of Vadonleső to improve participants' 

experience? Please indicate on a scale of 1 to 5 a 

 1 Strongly disagree; 2 disagree; 3 neither agree nor disagree; 4 agree; 5 strongly agree. 

 1 2 3 4 5 

Incorporation of creative elements into the 

program, e.g. more games and challenges 
                    

Improve communication channels e.g. 

Facebook, WhatsApp groups  

                    

Improve the feedback about my observations 
                    

 More activities encourage interaction between 

participants and scientists.   
                    

Include participants in more stages of the 

project 

                    

If you have any other suggestions, please let us 

know! 

 

 

22. How would you rate the overall value of your experience participating in Vadonleso? 
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5 Excellent 

4 Very good 

3 Medium 

2 Acceptable 

1 Less than acceptable  

 

23. How likely are you to keep participating in the Vadonleső? 

5 Very likely 

4 Likely   

3 Neutral  

2 Not Likely 

1 Unlikely / Definitely I won’t 

 
24. If you are not planning to continue participating in the Vadonleső, please let us know why: 

_______________________________ 

 

E. DEMOGRAPHIC QUESTIONS 

25.  In which town/city do you live? 

_____________________________ 

26. Which gender do you identify with? 

Male 

Female 

      Prefer not to say 

 

27. How old are you? 

18-30 

31-40 

41-50 

51-60 

Over 60  

28. What is your highest level of education attended? 

Primary 

 Secondary  

Higher education  

 

29. Are you a member of any kind of conservation organization? 

No 

Yes (specify)________  
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30. Are you involved in an additional environmental/social/communal activity in addition to the  

herpterkep? 

No 

Yes (please specify) ___________________ 

 

31. Is your educational institution or workplace related to nature conservation? 

 

No 

Yes (specify)________  

If you have any other comments or suggestions, please share them with us. 

 
 

 

Thank you for providing us with valuable insights and time to fill out the survey. 
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9.3. Appendix 3. Target species of WildWatcher  

Table 17. Number of species per taxonomic class in WildWatcher 

Species Class 

Total   
Mammal Reptile Amphibian Insect Liliopsida Magnoliopsida 
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Ablepharus 

kitaibelii 
  518           518 

Adonis vernalis               909 909 

Anguis colhica   314           314 

Anguis fragilis   1309             1309 

Bombina 

bombina 
      4725       4725 

Bombina 

variegata 
      781         781 

Bufo bufo       5530       5530 

Bufotes viridis       2685         2685 

Chiroptera 457             457 

Coronella 

austriaca 
  998             998 

Dolichophis 

caspius 
  615           615 

Emys orbicularis   5386 587           5973 

Erinaceus 

roumanicus 
3800             3800 

Euplagia 

quadripunctaria 
          121     121 

Galanthus nivalis            471   471 

Gentiana 

pneumonanthe 
              21 21 

Hyla arborea       3114 575      3689 

Ichthyosaura 

alpestris 
      339         339 

Lacerta agilis   3191           3191 

Lacerta viridis   6530             6530 

Lilium martagon            54   54 

Lissotriton 

vulgaris 
      1506         1506 

Lucanus cervus          1881    1881 

Mantis religiosa           1109     1109 
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Species Class 

Total   
Mammal Reptile Amphibian Insect Liliopsida Magnoliopsida 

Mustela erminea 181             181 

Natrix natrix   2629             2629 

Natrix tessellata   1135           1135 

Nymphaea alba               177 177 

Nymphalis io          205    205 

Other amphibian       3         3 

Other reptiles   115           115 

Pelobates fuscus       6877         6877 

Pelophylax kl. 

esculentus 
      5428       5428 

Pelophylax 

lessonae 
      263         263 

Pelophylax 

ridibundus 
      1616       1616 

Podarcis muralis   3034             3034 

Podarcis tauricus   489           489 

Pulsatilla 

grandis 
              397 397 

Rana arvalis       746       746 

Rana dalmatina       6589         6589 

Rana temporaria       1074       1074 

Ruscus aculeatus             108   108 

Salamandra 

salamandra 
      2520 792      3312 

Sciurus vulgaris 2656               2656 

Spermophilus 

citellus 
351             351 

Talpa europaea 2454               2454 

Trachemys 

scripta elegans 
  826           826 

Triturus carnifex       43         43 

Triturus 

dobrogicus 
      1343       1343 

Vipera berus   772             772 

Vipera ursinii 

rakosiensis 
  2           2 

Zamenis 

longissimus 
  1126             1126 

Zerynthia 

polyxena 
         178    178 

Zootoca vivipara   244             244 

    9899 29233 587 45182 1367 3494 633 1504 91899 

 


