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ABSTRACT

Although participation in citizen science can improve cognitive and
affective learning outcomes, many citizen science projects exhibit
low retention rates. By gaining an understanding of forms of engagement, reasons for ongoing participation, and the impact of project
design on participant motivation and engagement, we can help keep
people involved in such projects. We address these issues by investigating motivational drivers and forms of engagement among volunteers in an ecological citizen science project. Our mixed-method
approach involved interviews conducted with 26 core participants
and questionnaires completed by 89 participants. Our analyses reveal
an array of motivational drivers and various forms of engagement.
While seeking to contribute to nature conservation was an important
motivation for joining the project, the primary driver for ongoing
participation was learning through social interactions. Moreover, the
citizen science project design influenced participants’ motivation and
engagement.
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1. Introduction
Citizen science (CS), defined as public participation and collaboration in scientific research, has
been recognized as an important element in the conceptualization of open science (European
Commission). Given its dual emphasis on research and education and its facilitation of free-choice
learning, CS is also categorized as a form of informal science education (Bonney et al. 2009a;
Phillips et al. 2019). Participating in CS can improve people’s knowledge about scientific methods,
promote scientific literacy, and impart various skills (Bonney et al. 2009a). It may also promote
affective learning outcomes such as improved attitudes toward science, self-efficacy, and
increased motivation for action (Fischer, Cho, and Storksdieck 2021). Many CS projects focus on
environmental topics and hence can promote both conservation and environmental education
outcomes ( Ardoin, Bowers, and Gaillard 2020; Ballard, Dixon, and Harris 2017; Wals et al. 2014).
Furthermore, participation in such projects often involves free-choice learning, direct contact
with the natural environment, and social interactions with other participants, all of which are
considered to be important aspects of environmental, experiential, and social learning (Ballard,
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Dixon, and Harris 2017; Falk 2005; Tal 2012). Commitment to lifelong learning is an essential
part of environmental education (Reid et al. 2021; UNESCO 1977). In addition, environmental
education for adults and community engagement activities can offer rich opportunities for
engaging the public in environmental issues (Reid et al. 2021). Many ISE organizations have
acknowledged the contribution of CS to lifelong learning and have begun collaborating with
STEM researchers to co-design CS experiences for diverse audiences (Bell et al. 2016). It is
therefore important to develop CS projects in a way that will encourage ongoing engagement.
Nevertheless, despite CS’s clear potential in promoting public engagement and environmental
learning, challenges still exist in designing projects so as to encourage long-term retention rates
(Bonney et al. 2016; Fischer, Cho, and Storksdieck 2021). In many CS projects, most volunteers
perform only a few tasks before leaving the project. Similar to the trend seen in online shared
data projects, a relatively small number of volunteers make most of the contributions (Haklay
2018; Nov, Arazy, and Anderson 2011; Segal et al. 2015). To address these issues, research is
needed to investigate the factors affecting the qualitative and quantitative aspects of participation and retention rates.
Recent studies have examined people’s motivations for participating in CS projects and
the factors affecting retention rates (Maund et al. 2020; Nov, Arazy, and Anderson 2014;
Rotman et al. 2012; West, Dyke, and Pateman 2021). One important factor in the context of
retention rates is the extent to which volunteers’ activities address their psychological needs
(Clary and Snyder 1999). In the case of CS, several aspects of project design, among them
opportunities for learning provided by participation, feedback from scientists, and opportunities for communication among volunteers, are considered important and may encourage
ongoing participation (Bonney et al. 2016; Nov et al. 2013; Golumbic, Baram-Tsabari, and
Koichu 2020b; Rotman et al. 2012). Yet, only a few studies thus far have examined how
project design features support engagement and motivation for continuous participation.
Furthermore, most research on CS engagement tends to focus on quantifying data contribution outputs (e.g. Nov, Anderson, and Arazy 2010) and therefore fails to capture the
multidimensionality of engagement and its various cognitive, behavioral, and affective forms
(Phillips et al. 2019). Another research void is related to the study participants. Researchers
obtain most of their data from existing participants. Hence, very little is known about the
motivation to join a project and the perceived barriers of those who temporarily join and
leave soon after (Fischer, Cho, and Storksdieck 2021). Our study seeks to fill these gaps by
investigating multiple facets of people’s motivation to join and remain with an ecological
CS project. The study examines different groups of participants and the relationship between
these groups and project design.

2. Literature review
When designing CS programs, the planners must consider both the motivational drivers for
joining such a project and the forms of participation. These factors are differentiated in that
motivation refers to ‘why’ (reasons for joining or for continuing to participate in a project),
whereas engagement refers to ‘how’ (forms and means of participation) (Phillips et al. 2019;
Reeve 2018). Engagement is often conceptualized as a result or a facet of motivation (Reeve
2018; Ryan and Deci 2000). Nevertheless, research also acknowledges that engagement in
certain activities can serve as a source of further motivation to participate in volunteer activities
(Clary and Snyder 1999). Given that both operate within a sociocultural system and reciprocally
influence one another, Phillips et al. (2019) contend that in CS research, motivation and engagement should be studied together. To obtain a comprehensive understanding of participation
modes in a CS project, we propose investigating four facets of engagement and motivation:
(1) motivation to join a project versus motivation for continuous participation; (2) qualitative
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aspects of engagement; (3) influence of project design on engagement and motivation; and
(4) link between engagement opportunities and motivation characteristics.

2.1. Motivation to join versus motivation for continuous participation
Two relevant theoretical lenses are often employed to explore motivations for informal learning
and volunteer activity: self-determination theory (SDT) (Ryan and Deci 2000) and functional
analysis theory (Clary and Snyder 1999). Both theories consider motivation as a construct that
can be characterized not only by its level (i.e. how much motivation) but also by its orientation,
and both explore motivation as a multidimensional construct. SDT highlights people’s inherent
motivational tendencies for learning and growth and how these tendencies can be supported.
Central to SDT is the concept of intrinsic motivation, which refers to doing something because
it is inherently interesting. This form of motivation contrasts with extrinsic motivation, which
refers to doing something because it leads to a separate outcome. Intrinsic motivation supports
basic psychological needs such as autonomy, competence, and relatedness (Ryan and Deci
2000). Given the voluntary nature of CS, the concept of intrinsic motivation is suitable for
investigating the motivation to engage in such projects (Nov, Arazy, and Anderson 2014; Phillips
et al. 2019). The functional approach to motivation was developed specifically in reference to
volunteer activity and suggests that the actions people perform can support different psychological functions (Clary and Snyder 1999).
Several studies have employed these theories to explore motivation in CS (e.g. Alender 2016;
Lopez 2021). Yet only a few have examined how different sources of motivation lead to different
outcomes, such as level of participation and satisfaction (Golumbic, Baram-Tsabari, and Fishbain
2020a; Tiago et al. 2017). Process models of CS suggest that the motivation to participate
changes over time (Rotman et al. 2012; West and Pateman 2016). Whereas joining a project may
be based on a variety of motives, the motivation to continue participating is mainly related to
perceptions of ongoing learning and the desire to contribute to science and the environment
(Cox et al. 2018; Tiago et al. 2017). West and Pateman (2016) identify three stages of participation: decision to participate, initial participation, and sustained participation. These researchers
also suggest that many of the people who sign up for projects do not even proceed to the
stage of initial participation. Furthermore, many citizens who join a project merely because of
curiosity do not participate on a regular basis (Golumbic, Baram-Tsabari, and Fishbain 2020a).
Therefore, general interest in the topic of a particular program is not in itself a sufficient motivation for participation (Fischer, Cho, and Storksdieck 2021).

2.2. Qualitative aspects of engagement
Engagement refers to individuals’ active involvement in a task (Reschly and Christenson 2012).
Engagement is commonly defined as a multidimensional construct with four aspects: emotional,
cognitive, behavioral, and agency (Reeve 2018; Reschly and Christenson 2012) and is considered
one of the ways in which motivation is articulated (Reeve 2018). According to Phillips et al.
(2019), whereas many disciplines examine engagement through a multitude of theoretical perspectives, among them affective, behavioral, cognitive, and sociocultural lenses, most studies
of CS engagement focus on quantifiable measures related to data contribution or other output
measures (Phillips et al. 2019). Degree of participation is the main aspect of engagement discussed in CS. In contrast, according to the multidimensional perspective of engagement, degree
of participation is only one of several behavioral facets of engagement, along with time devoted
to performing the task, effort, and persistence (Reeve 2018; Reschly and Christenson 2012).
Phillips et al. (2019) claim that the exclusive use of quantitative data to measure engagement
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leads to critical gaps in understanding the full range of engagement. According to these
researchers, empirical research is needed to determine what constitutes engagement in CS.
Accordingly, they proposed a framework for exploring engagement in CS as a multidimensional
concept that encompasses cognitive, social, behavioral, affective, and motivational dimensions.
In line with Phillips et al. (2019), we also advocate a multidimensional conceptualization of
engagement, which Reeve (2018) contends should include behavioral, emotional, cognitive, and
agency facets as well as a social facet as suggested by Phillips et al. (2019).

2.3. Influence of project design on engagement and motivation
Understanding the influence of project design on participants’ motivation and engagement can
help in developing CS projects that better suit participants’ needs and preferences. Project
design includes organizational aspects, among them the types of scientific activities in which
the public is involved (Bonney et al. 2009a), the feedback provided to participants (Rotman et al.
2012), and the forms of social interactions between project members (Rotman et al. 2012; Sagy
et al. 2019). Acknowledging the effect of project design on motivation and engagement may
help retain volunteers and increase their engagement. Nevertheless, thus far only limited research
has addressed this topic (Golumbic, Baram-Tsabari, and Koichu 2020b; Rotman et al. 2012). In
the present study we focused on four aspects of project design:

2.3.1. Type of scientific activity:
Based on the project’s scientific objective, CS can entail various scientific activities, including
monitoring together with complex designs and even experiments (Bonney et al. 2009b). In some
projects, participants are asked to adhere to specific protocols. Other projects are more opportunistic and open-ended, with no specific guidelines (Henckel et al., 2020). Often the choice of
protocol is based on scientific considerations and does not account for participants’ preferences,
needs or motivations.

2.3.2. Learning opportunities:
Successful CS projects provide participants multiple opportunities for learning, such as online
learning materials and offline learning opportunities (Bonney et al. 2016; Golumbic, Baram-Tsabari,
and Koichu 2020b).

2.3.3. Feedback:
CS feedback can be personal (referring to the volunteer’s activity) or collective (referring to the
outcome of the entire project). Recognition of individual contributions and constant collective
feedback from scientists about the group’s overall contribution are important factors in promoting ongoing motivation (Rotman et al. 2012).

2.3.4. Opportunities for social interactions:
Another common feature of successful CS projects is that they provide opportunities to promote
social interactions among the participants through online forums, chat rooms, and other social
network tools (Golumbic, Baram-Tsabari, and Koichu 2020b; Sagy et al. 2019). Many of these
interactions take place through ‘communities of practice’ (Sagy et al. 2019; Sbrocchi et al. 2022):
communities in which individuals engage in joint activities and build relationships that enable
them to learn from each other (Wenger 2010). These interactions can take place either virtually
or through face-to-face interactions. Nevertheless, face-to-face interactions have proven to be
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an important mechanism for facilitating quality relationships and providing opportunities for
learning (Sbrocchi et al. 2022).

2.4. Aligning project design with participants’ needs
The motivation for ongoing participation is based on compatibility between the project design
and the participants’ needs (Lopez 2021; West and Pateman 2016). Some common project features are important for promoting engagement and motivation among all participants. Yet it is
also important to acknowledge individual variations in participants’ needs and expertise (Bonney
et al. 2016). Given that people’s reasons for becoming involved in volunteer work vary, as do
their personal needs, the extent of their ongoing participation will be related to the extent to
which their contribution fulfills their psychological needs (Clary and Snyder 1999). Nevertheless,
more research is required to understand interpersonal differences and how they affect people’s
activity and willingness to continue their involvement in CS projects.
The present study aims to explore variations in motivation and engagement. Specifically, we
have two goals. First, we investigate motivational dynamics and engagement among volunteers
who contribute to a project on an ongoing basis (the core group). Second, we examine similarities and differences in motivation and in perceived barriers to participation among groups
of volunteers who differ in the extent of their contribution to the project. Thus, we investigate
the following research questions:
(RQ1) What characterizes the motivation and engagement of the core group participants?
(RQ2) To what extent is motivation for continuous participation among core group participants aligned
with their initial motivation to join a project?
(RQ3) How do perceptions of the project design influence participants’ engagement and motivation for
ongoing participation?
(RQ4) To what extent are differences in participation levels linked to variations in participants’ motivation
to join and to their perceived barriers to participation?

3. Methodology
3.1. Setting
The research setting is a biodiversity monitoring CS project carried out in a rural area in
northern Israel. The project was initiated by the local municipality in collaboration with a
research team from the University of Haifa. The project’s objectives were to collect data on
fauna and flora in the region and to engage the local community in nature exploration activities, with the specific goal of increasing residents’ affinity for the local environment. A part-time
employee of the regional council who is an expert naturalist and a curator for the global
iNaturalist platform serves as the community manager. This job entails encouraging participation, curating the contributed observations, and teaching observers the monitoring procedures.
All data collected in the project are posted on the project’s website and the iNaturalist website
so that participants and non-participants can monitor it. Participant recruitment for ecological
CS projects can include both local residents and tourists ( Schaffer and Tham, 2019 ). In the
present project the focus was on local residents. The organizers sought to recruit a diverse
group of participants, who differed in terms of residential locality (as people tend to sign up
close to their place of residence), age, gender, and biological/ecological expertise (so that the
reports would cover a variety of taxa and species). Table 1 summarizes the project design
characteristics.
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Table 1. Characteristics of the project design.
Characteristics
Type of scientific activity

Guidance characteristics
Learning activities

Individual feedback
Group feedback

Description
Upload observations about local animals and plants to iNaturalist using a mobile phone or
through a computer.
Three participants served as iNaturalist curators.
Participants could also provide identifications of their own observations or identify the
observations of other participants.
An open, unstructured protocol. There were no fixed guidelines regarding what, where,
how much, or when to monitor. In addition, no guidelines were provided regarding
procedures such as the number of pictures to take at a certain location.
Volunteers who participated on a regular basis were invited to take part in a WhatsApp
group and occasional face-to-face field excursions. The core group contained about 40
participants. During the excursions, participants engaged in joint learning about local
biodiversity. The community participants used WhatsApp to share interesting
observations, ask questions, and exchange knowledge on other environmental issues
related to local flora and fauna.
For other participants the project did not provide organized learning activities or a virtual
community open to any new registered volunteers.
After an observation was identified, automatic feedback (in English) was received from the
iNaturalist platform.
The lead scientist on the project provided information once on the data accumulated and
scientific conclusions.

Figure 1. Distribution of participants.

The project was formally launched in January 2016. During its first two years, the organizers
conducted various activities to increase participation among local residents. As part of these
recruitment activities, people were encouraged to download and log into the project app.
Apparently, however, many of them did not use the app at all. When the current study began,
more than 700 people were registered for the project. Of these, only 350 had uploaded observations. Among those who uploaded observations, most (250) uploaded fewer than ten (Figure 1).
The distribution depicted in Figure 1 is common for CS projects as well as for other forms of
online volunteer projects. Yet, given that one of the objectives was to engage local community
members in the project, the leaders were interested in determining the factors that promoted
participation or that served as barriers. They also sought to understand what differentiates those
who participate regularly from other registered members.

Environmental Education Research

7

3.2. Methods
We employed a mixed-method approach to data collection and analysis. This approach enabled
us to identify general patterns and conduct a deeper analysis of processes, so that it was suitable for studies that incorporate qualitative and quantitative research questions (Johnson and
Onwuegbuzie 2004). First, we conducted semi-structured interviews with 26 of the project’s
core group participants. Researchers have established that using open-ended questions is helpful
in assessing multiple aspects of motivation and engagement (Mintz and Tal 2014; Phillips et al.
2019). The qualitative exploration provided us data regarding how the core participants engage
in the project and the sources of their motivation. The second part of our study was an online
questionnaire distributed to all registered participants. We used this method to investigate the
reasons for variations in participation, the between-group differences in ongoing participation,
and participants’ perceptions of the project design. The interviews sought to address all of the
research questions. The questionnaire was designed to address RQ3 and RQ4. The research
received ethical approval (IRB) from the University of Haifa, No 141/19.

3.2.1. Data collection
The interviews were designed to provide a comprehensive understanding of participants’ motivation for joining the project and continuing to engage in it. Email invitations were sent to 32
participants from the core group, defined as observers who had participated in the project on
a regular basis for at least one year. Of these, 26 agreed to be interviewed (81.25% participation
rate). The interviews were conducted over the phone, audio-recorded, and transcribed. An
informed consent statement was included at the beginning of the interview.
The online questionnaire was distributed via email to all 754 registered project volunteers,
along with a letter describing the goal of the survey and explaining that participation was
voluntary and confidential. Two reminder emails were sent approximately two and four weeks
after the initial invitation. An informed consent statement was included at the beginning of
the survey. To achieve an objective measure of the behavioral variable ‘number of observations
uploaded,’ we sent the survey separately to six groups of participants classified according to
the number of observations they had uploaded (0; 1–5; 6–20; 21–50; 51–100; 100+). A total of
89 participants responded. The response rate naturally varied between the groups: In the ‘0
observations’ group the response rate was 6%, in the 100+ observations group it was 52%, and
in the other groups it ranged from 14% to 33%. Given that three of the groups contained fewer
than ten participants, we merged the groups into three representative groups of participation
level: participants who did not contribute at all (Group 1, n = 32); participants who contributed
between 1 and 50 observations (Group 2, n = 42); and participants who contributed more than
51 observations each (Group 3, n = 15).

3.2.1.1. Interviews. The interview questions focused on sources of participants’ motivation
to join the project, sources of motivation to continue participating, descriptions of
participants’ engagement, and descriptions of the barriers to participation they
encountered. Examples of the interview questions include the following: (1) ‘Why did
you join the project?’ (2) ‘Describe your activities as a participant’; (3) ‘What motivates
you to continue participating?’ (see the supplementary materials).
3.2.1.2. Questionnaire. As most registered participants did not participate in the project
on a regular basis and did not upload observations, the questionnaire focused on
exploring their reasons for joining the project and their perceived barriers to participation,
as well as differences in these variables among the three groups described above. The
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questionnaire had several parts. The first item was an open-ended question asking
participants to indicate their initial motivation for joining the project. In the second
part, participants were asked to indicate the extent to which four different barriers
prevented them from uploading more observations, on a 5-point Likert scale ranging
from 1 = did not affect me at all to 5 = affected me very much. The content of the
items was based on barriers described by the interview participants: (1) technical
problems in operating the app; (2) time required to upload the observations; (3) lack
of a community with which one can observe nature and upload observations; and (4)
lack of awareness of the project while one is outdoors. The third part included
demographic details such as age and gender (see the supplementary materials).
3.2.2. Data analysis
3.2.2.1. Interviews. Analysis of the interviews was inductive and deductive. First, we
looked for emerging themes in the data and identified categories and sub-categories.
Next, we aligned our categories with categories that had already been established in
the literature (Morgan 2007). We analyzed the data in three phases: coding, applying
the principles of grounded theory (Charmaz 2006; Straus and Corbin, 1990), and content
analysis ( Krippendorff, 2019). The first phase entailed open coding of five interviews
based on carefully reading each line of the transcript and categorizing it into one or
more categories and sub-categories. Based on the literature review, we then developed
a codebook that defined each of the categories and sub-categories. The second phase
involved establishing inter-coder reliability through peer debriefing of two coders: the
first author and a research assistant who was a graduate student in psychology. Using
the codebook, these two coders independently analyzed the data from nine interviews
and refined the distinctions between the sub-categories and the definitions until
reaching 80% inter-coder agreement ( Campbell et al., 2013). In the last phase, using
the refined codebook the first author continued applying focused coding to the
remaining interviews (Charmaz 2006). The content analysis revealed four categories:
motivation to join, motivation to continue participating, engagement, and perceived
barriers. Each category was further divided into sub-categories. All together, we
identified 13 sub-categories. In cases of overlapping units, we followed the suggestion
of Krippendorff (2019: 165–6) to conduct double coding. Each code was treated as a
binary variable (either present or absent), such that each segment text could be
attached to more than one code. As Krippendorff suggested, this method yields a data
language that allowed us to conduct more complex analyses. Table A1 in the
supplementary materials shows the definitions used in the codebook and examples
of statements for the sub-categories.
3.2.2.2. Questionnaire. We analyzed the questionnaire using SPSS-25 software.
4. Results
4.1. Motivation and engagement of the core group
The overall analysis of the interviews explored and characterized the patterns of engagement
and motivation among all interviewed participants and also compared participants from two
groups: (1) the highly contributing group (Group 1, n = 9), who had contributed most of the

Environmental Education Research

9

data to the project (at the time of this research > 100 observations); and (2) the moderately
contributing group (Group 2, n = 17), who also continuously participated in the project, but
reported fewer than 100 observations. All members of Group 1 except one worked in areas
related to nature and botanical research (e.g. a biology teacher, a fieldtrip guide, a biology
researcher), and three of them served as project curators. Four of them were women. Six were
over the age of 65, and three were already retired. Among the 17 interviewees in Group 2, 11
worked in occupations related to environmental protection and research. Their ages were more
varied, ranging from 30 to 67, and nine of them were women.
To gain deeper insights into their patterns of motivation and engagement and how the
project design affected them, for each group we counted the number of statements that referred
to each research category and its sub-categories. We then calculated the ratio of responses per
participant. Given that the groups did not contain an equal number of participants, this method
enabled us to compare the two groups on a standardized scale.

4.1.1. Motivation for participation and project design
Table 2 depicts the distribution of the results pertaining to motivation for joining. Since each
participant could give more than one reason for joining the project, the sum of the responses
could exceed the number of participants in a group. We identified a total of 32 statements for
this category. As the table indicates, in both groups the leading reason for joining the project
was interest in gaining knowledge, followed by a desire to contribute.
Table 3 shows the results for motivation to continue participating. This category included
60 statements: 26 in the highly contributing group, constituting 2.89 responses per participant,
and 34 in the moderately contributing group. However, the distribution of motivational dimensions was similar in both groups. The most common source of motivation for ongoing participation was learning, with a total of 17 statements describing learning as an important motivational
source. Learning during fieldtrips and social learning with and from other people were also
repeatedly mentioned. Opportunities for social interactions also served as one of the leading
motivational sources for continuous participation. Opportunities both for learning and for social
interactions are based on the online platform’s affordances and the way in which the project
is structured, designed, and managed. Hence, a project’s design can influence participants’
motivation and engagement.
Furthermore, it is important to note that the contribution made by social interactions to
participants’ motivation did not focus on social interactions per se. Rather, it was based on
social interactions with people who were experts in nature exploration and were interested in
the topic and in the possibility of exploring nature together with others. Here are two examples:
‘Interacting with people from the area who are interested in nature is something very important

Table 2. Frequencies of responses for different sources of motivation to Join.
Group (N)

Contribution

Personal request

Knowledge

Sum

Response per participant

3
7
10

1
6
7

5
10
15

9
23
32

1
1.35
1.23

1 (9)
2 (17)
All (26)

Table 3. Frequencies of responses for different sources of motivation for continuous participation.
Group
(N)

Emotional

Professional

Social

Learning

Contribution

Sum

Response per
participant

1 (9)
2 (17)
All (26)

5
7
10

3
3
6

6
8
14

8
9
17

4
7
11

26
34
60

2.89
2
1.53
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to me’; ‘The community is a nice group. Being part of it is fun. We have social meetings and
fieldtrips. A few months ago we had a mushroom project in which we focused on detecting
and identifying mushrooms, and it was very enjoyable.’ As mentioned, many of the interviewees
were professionals working in nature-related fields. Therefore, one of their motivations for participating involved the possibility of supplementing their professional development and professional network. This unique aspect of the project design made it possible to form a community
of practice and consequently enhanced participants’ motivation and engagement. Making a
contribution, which emerged as one of the three reasons for joining, was also one of the main
reasons for ongoing participation in both groups. Finally, emotional motivation was also mentioned as a source of motivation for continuous participation. As one participant said: ‘I enjoy
this very much, and this is why I invest so much time in it.’
Taken together, the findings suggest that for this core group of participants, the reasons for
ongoing participation are similar, although not identical, to their reasons for joining the project.
In both cases, their interest in gaining knowledge and their desire to contribute to science were
identified as important sources of their motivation. Nevertheless, their motivation for continuous
participation was also based on three other factors: emotional, social, and professional.

4.1.2. Forms of engagement
The interviewees described various ways in which they were engaged in the project: cognitive,
social, agentic, and emotional (Table 5). We did not include behavioral engagement in the analysis
because the main participatory activity was behavioral (uploading observations). From the outset,
the researchers knew the number of observations the participants had uploaded and used this
information to distinguish between the two groups. In both groups, cognitive engagement was
a central part of participant engagement and was expressed in about a third of the statements
describing engagement (Table 6). Cognitive engagement was described in the context of uploading the observations and in the context of exploring the website. For example:
‘When I upload an observation, I use a botanic guide to provide the exact identification.’
‘When I upload observations on the website, I also look at other people’s observations and photographs.
It is very helpful to monitor all the information and see all the species names. After that you remember
it; the information gets into your head.’

Table 4 . Frequencies of responses for different forms of engagement.
Group (N)

Agency

Social

Emotional

Cognitive

Sum

Response per participant

5
2
7

4
6
10

6
8
14

7
8
15

22
24
46

2.24
1.41
1.77

1 (9)
2 (17)
All (26)

Table 5 . Frequencies of responses on perceived barriers.
Group (N)

Technical
barriers

Scientific
feedback

App feedback

Social
interaction

Sum

Response per
participant

7
11
18

2
3
5

1
5
6

0
3
3

10
22
32

1.11
1.29
1.23

1 (9)
2 (17)
All (26)

Table 6 . Descriptive statistics of questionnaire participants.
Group

Number of observations

N

Women (%)

1
2
3
Total

0
1–50
50+

32
42
15
89

62%
56%
53%
58%

Age (SD)
47.2
42.8
51.7
45.9

(15.2)
(13.2)
(14.5)
(14.4)
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Emotional engagement was also central to the interviewees’ experience, as articulated through
expressions of love, interest, and joy: ‘I enjoy it all: the contact with nature, taking pictures, and
knowing I am helping someone’; ‘I am truly in love with the idea of this project’. The participants’ unique examples of agency constituted another interesting finding. These examples
included descriptions of extra efforts and/or creative thinking invested in enhancing and promoting the CS project. One such example was that of a volunteer who identified a new invasive
bird species in the field and rushed home to get his camera and document it in order to upload
the observation. Another volunteer talked about taking local kindergarten children and their
teacher on monthly fieldtrips to explore nearby nature. On these fieldtrips they examined flowers
and uploaded their pictures to the app, with the volunteer providing explanations. The volunteer
stated that she hoped the children would tell their parents about these experiences and motivate them to join the project. The number of responses per participant was relatively higher
among the highly contributing group than among the moderately contributing group, indicating
that a higher level of participation was associated with more subjective descriptions of engagement (Table 4).

4.1.3. The links between engagement, motivation, and project design
The content analysis of the interviews with the core group participants enabled us to analyze
the links between engagement and motivation in two ways. First, as described above, when
overlapping units appeared in the qualitative content analysis, we performed double coding
and attached the units to more than one sub-category. In analyzing engagement and motivational processes, this procedure aided us in detecting associations between the two. In several
instances, one statement was appropriate both for describing motivation for continuous participation and for describing engagement. Here are two examples:
Since becoming a member of this project, I have been more active and more engaged. I am more aware
of nature. One of the things I enjoy in the WhatsApp community is the information provided about natural
occurrences. They let us know about special events, such as bird migration, flower blooming and so on.
Sometimes I go see these and sometimes I just enjoy the fact that I am involved. I could remain a member
of this group without uploading observations, but I feel that if I receive so much, I need to give something
in return.
Everything related to this project has contributed to my knowledge. Definitely. These processes involve
one person asking something and another answering, and sometimes I also answer, but of course I learn
from others’ responses as well. I knew nothing about mushrooms for example, so I have learned a lot. I
think that the well-known Jewish principle according to which when you help others you also help yourself
is very relevant here.

These excerpts exemplify how aspects of learning, emotional engagement, and social engagement are articulated together and have reciprocal effects. Not only does motivation lead to
engagement, greater engagement also leads to stronger motivation for ongoing participation.
It therefore seems that the connection between motivation and engagement in the project is
bi-directional, such that participants who are more motivated are also more engaged. They
upload many observations, take part in meetings of the community of practice, have higher
levels of cognitive and emotional engagement, and also express agency engagement with the
aim of enhancing the project as a whole. At the same time, participating in social learning
activities satisfies internal needs and increases participants’ overall motivation to contribute to
the project on an ongoing basis.
The same conclusion emerges from comparing the following sub-categories: motivation to
join, participation, and engagement. As aforementioned, within the group of core participants,
the sources of motivation to join and continue to participate were similar and based on gaining
knowledge and contributing. Similarly, learning and being involved in cognitive processes were
central to participants’ engagement. It therefore seems that having an opportunity to learn can
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serve as a meaningful source of continuous motivation. Additionally, these examples also underscore how project design can facilitate both engagement and motivation. Namely, the project’s
administrators facilitated peer-learning and the formation of a community of practice, thus
contributing to sustained participation. Being part of this community of practice served as a
powerful driver for engagement in the project. The possibility of interacting through messaging
(i.e. the WhatsApp group), the organized fieldtrips, and the opportunity to network with peers
who are biodiversity experts—all important features of the project design—offered educational
and social opportunities that promoted involvement, enhanced emotional, social, and agentic
engagement, and ultimately increased the motivation for prolonged participation.

4.1.4. Perceived barriers for the core participants
The interviewees identified four types of perceived barriers to participation. Two were related
to feedback: scientific feedback for the group, and personal feedback from the app after uploading observations. Participants in both groups also mentioned technical barriers in using the
app (Table 5). Nevertheless, it is interesting to note that although most participants mentioned
technical problems, these difficulties did not prevent them from continuing to participate. Each
participant found his/her solution to work around them. Overall, the highly contributing group
members talked less about the barriers, indicating that those who were more dedicated to the
project were less concerned about barriers. Another difference between the groups is that the
moderately contributing group members expressed a greater desire for feedback from the app.
Finally, we also asked the interviewees about their perceptions of the project’s opportunistic
monitoring protocol, namely, whether it served as a motivator for or a barrier to participation.
Answers to this question were divided. Whereas those who were very active in the project
preferred an open protocol, the moderately active group of participants preferred more guidance
regarding the monitoring. For more details, please refer to the supplementary materials. This
provides another example of how project design can influence participants’ motivation and
engagement, as the decision regarding the monitoring protocol (i.e. opportunistic monitoring)
is an essential element of a project’s design.
A summary of the interview analyses revealed one main theme central to all participants:
the important role of learning in their engagement in the project and their motivation to contribute to the project on an ongoing basis. The community of practice organized by the project
leader played an important role in providing this learning.

4.2. Between-group differences in motivation to join and in perceived barriers
Eighty-nine registered members of the CS project answered the questionnaire. Of these, 32 had
never uploaded any observations. In order to address the second research question, we grouped
the participants into three groups: no observations (group 1), 1–50 observations (group 2), and
50+ observations (group 3) (Table 6).

4.2.1. Motivation to join
An open-ended question in the questionnaire focused on the reasons for joining the project.
Respondents’ answers to this question were grouped into five categories: environmental concerns
(e.g. ‘I love nature’), willingness to contribute (to research/nature), knowledge (e.g. ‘obtaining
knowledge on nature in the area’), interest (simply implying: ‘interest’), and professional reasons
(e.g. ‘I was asked by my workplace to join’). As some participants provided more than one
reason for joining, we coded the answers in binary form (yes/no) (Table 7). Across groups, the
most common reason for joining was willingness to contribute, followed by interest. It is interesting to note that concern for the environment was the leading reason for joining among
those who ultimately did not contribute any observations (33.1%) and was mentioned by 23.9%
of the participants in the second group (1–50 observations).
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Table 7 . Motivation for joining the project among questionnaire participants.
Group

N

1
2
3
Total
Chi-Square value
Sig

32
42
15
89

Environmental
concern (%)

Contribution
(%)

Knowledge
(%)

Interest (%)

Professional

10 (31.3%)
11 (26.2%)
0 (0%)
21(23.6%)
5.83
0.054

5 (16%)
18 (43%)
5 (33%)
28 (31.4%)
6.28
0.04

7 (21.8%)
5 (11.9%)
2 (13.3%)
14 (15.7%)
1.44
0.49

8 (25%)
8 (19%)
8 (53.3%)
24 (27%)
6.70
0.04

3(9%)
4 (9%)
0 (0%)
7 (8%)
1.54
0.46

Table 8 . Descriptive statistics of barriers among questionnaire participants.
Group

Technical
(SD)

1(n = 32)
2 (n = 42)
3(n = 15)
All (n = 89)

2.06
2.52
2.40
2.34

(1.46)
(1.47)
(1.35)
(1.45)

Time
(SD)
1.91
2.50
2.07
2.21

(1.25)
(1.4)
(1.33)
(1.35)

Companionship
(SD)
2.16
1.95
1.53
1.96

(1.19)
(1.3)
(1.13)
(1.24)

Awareness
(SD)
2.59
2.21
1.53
2.24

(1.54)
(1.24)
(.92)
(1.35)

This finding indicates that environmental concern by itself may serve as a reason for joining
an ecological CS project of this nature but is not sufficient for people to contribute. On the
other hand, willingness to contribute was mentioned as a reason for joining among a third of
the third group (n = 5) and 43% (n = 18) of the second group, but only among 16% (n = 5) of
the first group, with significant between-group differences (chi-squared (6.28), p = 0.04). Interest
was also relatively higher among members of the third group compared to the other two groups
(Chi-square (6.70), p = 0.04). There were no significant group differences with regard to learning
and professional reasons.

4.2.2. Perceived barriers
We identified four barriers to participating: technical constraints related to the app, time required
for uploading, lack of companionship in nature observations, and lack of awareness of the
project while outdoors. Participants were asked to rank to what degree each barrier prevented
them from uploading observations on a 5-point Likert scale (1 = not at all; 5 = very much). The
highest ranking barrier was technical constraints related to the app, followed by lack of awareness of the project while outdoors. We conducted an ANOVA to test the between-group differences in perceived barriers (Table 8).
Significant differences emerged for lack of awareness of the program (F = 3.34 p < .05, df
=2). A post-hoc Bonferroni test revealed that the source of the difference was a higher level of
lack of awareness among the first group compared to the third. Some of these barriers, such
as the smartphone app, are related to project design, whereas others, such as lack of companionship during nature observations, are less directly related to project design. Together, our
findings show that decisions regarding project design can serve both as facilitators and as
inhibitors for participants’ motivation and engagement.

5. Discussion
We undertook this research to gain more insights into the nature of engagement in CS. In-depth
interviews with core participants in an ecological CS project yielded abundant information about
the multidimensional nature of engagement and the reciprocal relationships between engagement and motivation. Furthermore, our findings revealed various sources of ongoing motivation,
among them emotional, professional, social, learning, and contributing motivation. These findings
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are in line with previous literature that conceptualized engagement and motivation as multidimensional concepts, as posited by the self-determination theory (SDT) (Ryan and Deci 2000)
and the functional analysis theory (Clary and Snyder 1999). Furthermore, our findings highlight
the importance of examining motivation and engagement using complementary quantitative
and qualitative methods.
The questionnaires answered by the broader community provided additional insights. They
identified differences between subgroups of members in terms of motivation to join a project
and perceived barriers to participating. In particular, our study sampled a subgroup that is rarely
included in studies of motivation and engagement (Fischer, Cho, and Storksdieck 2021): those
who registered for the project but did not actively participate (West and Pateman 2016). In the
sections that follow, we highlight the novelty and contributions of this study.
Prior studies in environmental education have stressed the importance of a whole-person
approach to learning that involves the learner’s knowledge, skills, and affective attributes (Mintz
and Tal 2014; Margaret et al., 2010; Sipos et al., 2008). The current study contributes to this
literature by demonstrating how participation in an ecological CS project can facilitate such a
holistic learning process by enhancing participants’ cognitive engagement together with their
emotional engagement and social engagement, and in some instances also heightening participants’ agency. In line with previous research (Fischer, Cho, and Storksdieck 2021; Rotman et al.
2012; West and Pateman 2016), we found that the motivation to participate developed over
time. There is a difference between the motivation to join and the motivation to continue participating. The current study adds to previous literature by demonstrating the importance of
social, emotional, and professional motives in fostering ongoing participation. Furthermore, our
results show that whereas nature protection is an important motivation for joining the project,
the desire to learn and to socialize with others are more salient motives for promoting ongoing
participation. This insight is in line with prior studies of online communities, which demonstrate
that ideology and collective goals, such as protecting nature, are often a necessary condition
for joining a project but are not sufficient for driving continuous participation ( Schroer and
Hertel, 2009).
By examining the various ways in which participants engage with the project, this study
sheds light on the reciprocal relationships between motivation and engagement throughout
the life of the project. Motivation drives initial and ongoing participation, but these are also
shaped by the members’ experiences. In particular, active engagement in the project enhanced
participants’ emotional connections, their commitment, and consequently their motivation to
continue contributing. Such reciprocal relationships between motivation and engagement have
rarely been documented in studies examining online communities ( Balestra et al., 2017). Indeed,
to the best of our knowledge this is the first study to investigate this reciprocal relationship
between motivation and engagement in CS projects.
Our findings concerning participants’ preferences regarding project design alternatives also
contribute to the literature. We established that participating in the community of practice
served as a strong driver for engagement. At the same time, as aforementioned, other aspects
of the ecological project design, such as the limited social and scientific feedback and various
technical constraints, served as barriers to participation. Notwithstanding these constraints, we
maintain that providing all members—existing and new—with meaningful learning activities
that offer opportunities for social interactions is likely to promote participant engagement.
Whereas previous literature has discussed the role of project design in shaping participant
motivation (Rotman et al. 2012; West and Pateman 2016), very few CS studies have addressed
this aspect. Thus, we maintain that CS project design influences participant engagement, which
in turn raises motivation for continuous participation
In addition, the interviewees’ perceptions of the open monitoring protocol were divided. Those
who were very active participants favored this approach, whereas the moderately active
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participants preferred a more structured monitoring protocol. This finding also speaks to the
compatibility between individuals’ attitudes and the project’s design. Finally, the ecological CS
project we studied had two main objectives: to collect fauna and flora data in the region and
to engage the local community in nature exploration activities. Ultimately, only a relatively small
group of highly committed volunteers continued reporting observations over time, suggesting
that participation did not meet the volunteers’ needs (Clary and Snyder 1999). When considering
all aspects of the project design and the scientific activities required from citizen scientists, we
found a gap between the project administrators’ explicit objectives and the actual coordination
of the volunteer efforts. Much of the coordination was dedicated to supporting individuals who
were very interested in biodiversity research. Thus, the actions of the project’s administrators
seemed to support the project’s scientific objectives more than its educational and community
objectives.
Finally, the study also highlights the importance of explicitly addressing what ecological
projects actually contribute to nature conservation. In our research, concern for the environment was the main motivation for joining among many of those who joined the project but
did not actively participate or participated very little. These results are somewhat at odds
with previous findings regarding the importance of environmental concerns as a key motive
for active engagement in ecological CS projects (Ryan et al., 2001; West Dyke, and Pateman
et al., 2021). One possible explanation for these individuals’ lack of engagement may be that
in this project the linkage between CS monitoring data and conservation was not explicitly
described to participants (Lopez 2021). We therefore recommend that ecological CS projects
explicitly describe the ways in which project participation contributes to nature
conservation.

5.1. Implications for practitioners
Beyond the theoretical contributions of this study, our findings also have important implications
for practitioners. Based on our findings, we recommend the following points to consider when
designing and managing ecological CS projects:
1.

2.

3.
4.

5.

6.

Define your target audience and determine what experience they should have in the
subject matter. Analyze whether the project is suitable for everyone interested, or whether
only for those with certain interests or qualifications. Based on these definitions, develop
a support system for the project consisting of educational activities, social activities, and
feedback processes that suit the target audience.
Develop various educational activities that can support participants’ engagement in and
understanding of the required activities. If the project’s scientific activities are simple
and not very engaging, learning activities are essential to increase intrinsic motivation.
Given that people have different needs and expertise, develop several learning activities
that can address the needs of all target groups.
Provide opportunities for social interactions. Where possible, provide physical interactions
because they can enhance the quality of the group’s interactions.
Develop a feedback system that can provide participants with: (a) clear, automatic, and
individual feedback after uploading data; (b) individual social feedback from other participants; and (c) scientific feedback on a regular basis.
Given people’s differences with regard to their desire and need for structured guidance,
provide at least two participation options: open protocols and structured protocols. Of
course, doing this also depends on the nature of the CS project.
For ecological CS, provide the volunteers with as many details as possible about what
the project contributes to environmental conservation.
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5.2. Research limitations and suggestions for future research
While this study provides novel insights regarding the relationships between CS project design
and participants’ engagement and motivation, it has several limitations. First, although our study
yielded important findings regarding the motivation of those who joined the project but chose
not to participate actively, more research is warranted to better understand the differences in
goals and needs between active and non-active participants. Second, the present research
focused on a single CS project. Additional research is needed to investigate whether the patterns
of findings from our study generalize to other CS projects. Third, the present study explores
engagement in a CS project among local residents. While participants resided in different villages
and townships and had different biological/ecological expertise, all were part of a single local
community, which somewhat constrained participants’ socio-cultural diversity. Future research
can potentially explore motivation and engagement among a more diverse group of participants,
for example tourists (Schaffer and Tham 2019).

6. Conclusion
The important potential of CS in enhancing science literacy and environmental awareness has
been discussed extensively in the scholarly literature. Our study emphasizes the role of learning,
not only as an outcome of participation but also as an important driver of ongoing engagement
and participation. The scientific activities offered in a CS project are often not sufficiently
attractive for all participants. If project administrators want to improve the intrinsic motivation
for participation and at the same time enhance participants’ learning, they must offer engaging
learning opportunities.
From a practical point of view, our research findings can contribute to designing projects
that are better aligned with the needs of a diverse community. We believe that providing varied
learning opportunities for all participants will lead to higher levels of motivation and participation in ecological CS. Consequently, this will increase the potential of ecological CS projects
to serve as a meaningful form of lifelong learning. In addition, greater participation and engagement will ultimately contribute to scientific and environmental causes.
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