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Abstract: Nature Conservation related Citizen Science (NCCS) is an emerging area of research and 

practice where volunteers take part in a scientific process, usually focusing on data gathering or 

monitoring for conservation purposes. We present a review of studies where questionnaire surveys 

were used to measure the impacts of NCCS projects on the learning, attitude and behavioral change 

of volunteers before or after their participation in the projects. Our results show that many NCCS 

projects have enhanced the learning of participants in different areas (e.g. increasing knowledge about 

species and recognition of species skills). Participation also affected the attitude of participants toward 

nature conservation, while attitude toward science was less often reported. When participants showed 

sympathy and appreciation for nature or species, in some cases it led to conservation action. Common 

characteristics of the NCCS projects that resulted inhigher impacts on learning/knowledge, attitude 

and behavior, included the development of well-designed learning plans, interactions during and after 

participation, building trust and establishing partnerships and collaboration. These can be used as 

recommendations for further development of NCCS project. 
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1. Introduction 

Citizen science (CS) is any activity where members of the public contribute 

voluntarily to different stages of the scientific process and scientific data are gathered 

(Bonney et al., 2014). Scientists and practitioners started to see the potential of CS 

as a practical way to undertake research in places and at scales that would not have 

been possible otherwise (Bonney, 2021; Szép & Gibbons 2000). Properly executed 

CS supports not just scientific endeavors, but also policy-making (Hochkirch et al. 

2013), engagement of citizens and nature conservation (McKinley et al. 2017). It 

also benefits participants, e.g. by enhancing individual skills or learning (Bonney et 

al. 2009; Bela et al. 2016; Bíl et al. 2020; Balázs et al. 2021). According to McKinley 

et al. (2017), CS is becoming a promising option for tackling environmental 

challenges in the fields of conservation biology, natural resource management and 

environmental conservation. Nature Conservation-related Citizen Science (NCCS) 

projects usually focus on gathering data about biodiversity, distribution and 

abundance of species or natural resources (Follett & Strezov 2015; Chandler et al. 

2017; Pocock et al. 2017). The number of NCCS projects has risen over the past few 

years (Pocock et al. 2017), and with them, the number of studies that explore their 

impacts, e.g. the effectiveness of the use of CS data in biodiversity research 
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(Chandler et al. 2017), conservation outcomes of CS (McKinley et al. 2017), the 

contribution of CS to the sustainable development goals (Moczek et al. 2021; 

Criscuolo et al. 2023) and using CS data in conservation policy and decision-making 

(European Commission et al. 2018; Young et al. 2019). These studies covered the 

opinions of scientists and experts that managed the projects but it seemed necessary 

to assess the perceptions of participants as well (Kieslinger et al. 2017). Participating 

in NCCS projects can have an impact on participant outcomes linked to interest, 

awareness, knowledge, learning, skills, engagement, attitude or behavior (Clayton & 

Myers 2015; Dietsch et al. 2020) since they entail direct or indirect connection with 

nature (Friedman et al. 2008). Our review aims to explore studies where surveys 

were used to measure the impacts of NCCS projects on learning/knowledge, attitude 

and behavioral change of volunteers during or after their participation. We attempt 

to identify the common characteristics of the NCCS projects as well, which can be 

used as recommendations for further development of NCCS projects. 

2. Materials and methods 

A literature review was conducted using the Web of Science, Google Scholar and 

Scopus as the main search engines. We used the Boolean operators as allowed by 

each database, “AND” and “OR were used for terms combinations needed and 

quotation marks (“”) were added when looking for exact combined phrases (e.g. 

“citizens science”, “nature conservation”). We did not apply chronological 

restrictions when searching. We formulated the primary search equation: ("citizen 

science” or "community science”) and (nature or conservation or biodiversity) and 

(attitude or learning or knowledge or behavior). Some variations were needed for the 

Scopus search to avoid errors, so we added parentheses at the beginning and end of 

the same search equation. In the review, we included only studies of citizen science 

projects related to nature conservation, biodiversity or species.  From the selected 

papers, we chose studies where self-filling questionnaire surveys were used to 

measure the impacts of NCCS projects on the learning/knowledge, attitude and 

behavioral change of volunteers before or after their participation in the projects. 

Altogether 25 studies were chosen for the review. Most of them assessed one NCCS 

project, except for four studies that surveyed participants of multiple NCSS projects. 

We conducted a content analysis (Stemler, 2001) using 8 a priori codes based on the 

framework on citizen scientists’ outcomes proposed by Phillips et al. (2018), but we 

modified it by adding attitude (Friedman et al. 2008; Peter et al. 2019) instead of 

interest and motivation (Table 1). In addition, we also used emergent codes for the 

common characteristics of successful projects.  
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Table 1: A priori codes for the analysis of NCCS projects  

     
Source: Based on Phillis et al. (2018) modified 

3. Results 

In the 25 studies bees and pollinators were the most common target species of 

NCCS projects (12), but there were projects focusing on land crabs, sea lions, coral, 

urban baths, owls, monarch butterflies, native fish and freshwater turtles as well. 

There were only two projects about plant species and three about biodiversity in 

general. Half of the surveys were conducted after the project and half were applied 

before and after the project. In 31% of the surveys, the three impact categories 

(knowledge/learning, attitudes and behavior) were assessed together, in 32% of the 

surveys two impact categories, and in 37% of surveys only one category was 

investigated (Table 2). 

3.1. Impact of NCCS projects on learning/knowledge of participants 

In the category of learning/knowledge, the impact of NCCS projects on knowledge 

about target species was reported in most studies followed by the impact on species 

recognition skills (skills development or skills reinforcement). The impact on 

knowledge about nature and ecology and conducting scientific research was shown 

in much less studies (Table 2). Even though participants went through a learning 

process in most of the projects, it seems that their understanding of nature and 

scientific processes remained the same. NCCS projects that included educational 

resources such as supplementary materials, phone apps with interactive information 

features and/or dynamic training, supported the learning process of participants in 

most of the CS initiatives. Additionally, social interaction between project staff and 

volunteers, as well as feedback, seems to help reinforce the learning experience, 

which holds considerable potential for improving the learning environment and 

scientific literacy (Meschini et al. 2021; Christ et al. 2022; Nadkarni et al. 2022). 

 

 

 

Category Code 

Learning/Knowledge: A learning process 

that results in the acquisition of new 

knowledge or skills that increases the 

literacy of individuals. 

1. knowledge about nature and ecology 

2. knowledge about species 

3. species recognition skills  

4. knowledge about conducting scientific research 

Attitude: a settled way of thinking or feeling 

about something. 

5. attitude toward science 

6. attitude toward nature 

Behavior: Measurable actions resulting from 

engagement in NCCS projects but different 

from the project protocol activities. 

7. pro-nature conservation behavior 

8. behavior related to science 
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Table 2: A priori codes for the analysis of NCCS projects. 

  
Source: own compilation 

3.2. Impact of NCCS projects on the attitude of participants  

Within the category of attitude, impact on the attitude toward nature was reported in 

more studies than impacts on attitude toward science (Table 2). For example, a 

change in attitude was observed among participants of a NCCS project related to 

pollinators. Some respondents were afraid of bees before joining the project. 
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However, their attitudes changed positively after participation, and they started to 

value the ecological importance of the species (Christ et al. 2022).   Positive emotions 

(e.g. joy, happiness, sympathy) toward species or nature not only resulted in a 

positive attitude toward nature but in some cases, they also led to actions (Ng et al. 

2018; Sturm et al. 2021; Peter et al. 2021; Santori et al. 2021; Carson et al. 2021).  

3.3 Impact of NCCS projects on the behavioral change of participants 

Within the category of  behavior, a positive change to pro-nature behavior as a result 

of participation in an NCCS project was reported in much more studies than the 

change in behavior related to science. Some studies considered participation in the 

survey itself as a pro-nature behavior, while other studies regarded only specific 

actions as pro-nature conservation behavior, e.g. restoring habitats of animal species 

(Santori et al. 2021), replacing invasive plant species with native ones in private 

gardens (Ganzevoort & van den Born 2021; Peter et al. 2021), talking about the 

species and the NCCS project with other people (Jordan et al. 2011;  Ganzevoort & 

van den Born 2020; Ganzevoort & van den Born 2021;). In some other cases, people 

became more mindful of their waste and started to collect trash when they were doing 

outdoor activities in nature (Jordan et al. 2011; Ganzevoort & van den Born 2021; 

Peter et al. 2021; Chao et al. 2021, Day et al. 2022). 

3.4 Characteristics of nature conservation citizen science projects 

The following characteristics that contributed to the successful impacts of projects 

in many impact categories were usually related to project design: strategies to 

approach participants, communication channels, social interactions and 

collaborations. Having well-designed learning plans and including them in diverse 

ways in knowledge transfer and training (e.g. providing printed materials for species 

recognition, apps that guided the participants to perform the required activities, and 

personalized training that provided opportunities to interact with experts) helped to 

enhance the learning of participants. When the projects promoted social interactions 

among the participants, it was often reported that the experiences were useful for 

them and deepened their connection with nature. They started to talk more about the 

projects and even invited people to join. This resulted in a change in attitude which 

in many cases led to conservation actions. Building trust between experts and 

participants seemed to be useful for maintaining the continuity of participation of 

volunteers in the projects, and it also   contributed to the increase in knowledge. The 

common trust-building strategies included providing individual feedback, sending 

invitations for events, developing different forms of recognition or sending reminder 

messages about activities. In this way, they promoted a sense of valorization of 

volunteers' work which influenced the attitude of participants and resulted in the 

continuation of participation. The contribution of various partners from different 

fields and organizations was another characteristic that affected knowledge/learning, 

attitude and behavior. For example, some projects were run through school 

programs. The teachers helped to build trust between the project staff and students 
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and also assisted the scientists in training the students. It was useful to ensure the 

reliability of the data collected as well as to enhance the knowledge of participants. 

4. Discussion 

Evaluation of CS project outcomes is important for project decision-making 

(Jordan et al. 2012). Kieslinger et al. (2017) stress that to fully understand the impacts 

of NCCS, the perception of different actors needs to be assessed. Bela et al. (2016) 

found a lack of studies that evaluate CS impacts, while our review indicates an 

increasing number of studies focusing on the transformative effects of CS projects 

related to learning/knowledge, attitude and behavior in recent years. Haywood et al. 

(2016) showed in their earlier study that citizen science initiatives improved the 

general knowledge of nature among participants. In our review, more studies 

reported changes in knowledge about species and species recognition than in 

knowledge about nature and ecology. Besides participation, a focused educational 

plan, promoting participants and project staff interaction, establishing training 

sessions, showing recognition, and giving feedback, can also assist in gaining better 

learning/knowledge outcomes (Jordan et al. 2011; Shah & Martinez 2016). 

According to our research findings, there were only a few studies that reported a 

change in attitude toward science. Several authors have argued that deeper attitudinal 

shifts toward science would require involvement in more phases of the research 

process (Bonney et al. 2009; Haklay, 2013; Shah & Martinez 2016). Promoting 

methodologies that involve participants in contributory experiences and in more than 

one activity of the research process might help to increase science-related impacts. 

How people perceive, enjoy, feel, understand and describe nature, can influence 

attitude changes which can encourage positive behaviors toward nature conservation 

(Peter et al. 2019, Hatty et al. 2022). When participants of the analyzed NCCS 

projects reported emotions (e.g. joy, happiness, sympathy), it had an impact on their 

attitude which encouraged them to take pro-nature actions. In general, our findings 

show that pro-nature behavior was more frequently reported than behavior related to 

science. However, it is noteworthy that most of the studies examined focused on 

NCCS initiatives that involved tracking charismatic and well-liked species such as 

pollinators, turtles, birds and butterflies. It would be interesting to investigate how 

citizen science initiatives that concentrate on less charismatic species affect 

participants' behavior. Previous studies that investigated features of CS projects 

found that training provided, cooperativeness among volunteers and communication 

potentially influenced the   development of participants (Peter et al. 2021). Similarly, 

according to the results of our review, some common characteristics were found to 

foster higher impacts on learning/knowledge, attitude and behavior, such as the 

development of well-designed learning plans, the inclusion of social interactions 

during and after participation, promoting trust, establishing partnerships and 

collaboration. We propose these characteristics as recommendations that can be used 

to improve NCCS initiatives. 
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