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Citizen science networks are a recent global phenomenon, with associated communities 
of practice that have emerged to support growth in the field and the development of 
practices. Effective communities of practice are dependent on the interactions from the 
social network underpinning the community. We examined the Australian citizen science 
practitioner network, using a combined social network analysis and survey approach. Our 
goal was to understand the structure and characteristics of this network, to establish 
who participates in this network, where and how interactions occur, and explore what 
participation achieves for the users. The Australian citizen science practitioner network 
has benefited from face-to-face citizen science events to make important connections 
that have been leveraged to benefit other working relationships and positive outcomes, 
especially for early-career practitioners and women within the network. How the 
community of practice continues to navigate successful knowledge exchange across 
society and science, whether through interactions in face-to-face or virtual settings, 
will need to be addressed as the community continues to grow in scope and size. In 
particular, the network will need to consider supporting key individuals who play important 
bridging functions across the citizen science practitioner network. The emergence of 
transdisciplinarity amongst those working in citizen science is a promising property of this 
learning community that is worth working strategically to maintain.
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INTRODUCTION

Within the past few years, several organisations across 
the globe have emerged to support a growing number 
of networks of citizen scientists (Storksdieck et al. 
2016), whose goals include building expertise amongst 
members through sharing of knowledge (Gobel et al. 
2016). An essential component of this strategy involves 
strengthening relationships amongst members of the 
networks so they can assist each other and work together 
on projects that advance learning within the field (ACSA 
2016). The emergence of shared interest often results in 
communities of practice, which are typically informal, 
self-organising groups of individuals who advance their 
concerns or interests through regular interactions (Wenger, 
McDermott, and Snyder 2002; Riel and Polin 2004). 
Interactions amongst some members of these global 
citizen science networks has resulted in a growing interest 
in the practice of citizen science, that is, the management 
and support of citizen science programs. Those who take 
on these roles are termed practitioners, and we define 
them as those who manage citizen science groups, 
or support citizen science programs through research, 
leadership, operational or monetary means. Involvement 
in citizen science is often motivated by a desire to inform 
science and policy, to improve buy-in, to manage public 
engagement, to advance scientific knowledge, to build 
partnerships, and for institutional promotion and publicity 
(Geoghegan et al. 2016). However, what motivates citizen 
science practitioners to engage in a practitioner community 
of practice is yet to be described, as is a description of 

how relationships develop or the characteristics of typical 
interactions.

Interactions between members of communities 
of practice are facilitated through social networks. A 
successful social network will augment the capacities of the 
individual members, and can yield collaborations, the giving 
and receiving of information and advice, and facilitate 
innovations in practice (Bodin, Crona, and Ernstson 2006; 
Crona and Bodin 2006; Bodin and Crona 2009; Bodin and 
Prell 2011; Hayat and Mo 2014; Lungeanu and Contractor 
2015; Bodin 2017). In the context of citizen science, social 
networks are developed to co-produce knowledge and to 
link citizen scientists to policy and practice (Hecker et al. 
2018; Nascimento et al. 2018; Vincent et al. 2018). This is, to 
some degree, dependent on the characteristics of the social 
network, on the opportunities to interact, and on the nature 
of the interactions. Consequently, as networks emerge and 
resources are invested, it will be important to understand 
the effectiveness and benefits of communities of practice.

We use an Australian case study to explore the 
interactions of citizen science practitioners. We have a 
unique situation in that some of the authors of this research 
(CS, GP, and PR) have been involved in the Australian citizen 
science practitioner network since its inception, and have 
captured the events and participation within the network 
as they emerged (see Supplemental Box 1 in Appendix 2: 
Summaries of Information on Early Development of the 
Australian Citizen Science Practitioners Network). To date, 
three open, national face-to-face meetings (Figure 1) have 
provided explicit opportunities for those interested in citizen 
science to come together and interact.

Figure 1 Timeline of events of national citizen science meetings and survey implementation. Created from material provided by Australian 
Citizen Science Association, https://citizenscience.org.au/.

https://doi.org/10.5334/cstp.358
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Our study was initiated during a period of rapid 
expansion of citizen science projects and networks in 
Australia (Sbrocchi 2014; Pecl et al. 2015). We used a social 
network analysis and responses from an online survey to 
gain insight into interactions amongst Australian citizen 
science practitioners and to understand current network 
capacity and future practitioner needs. We use Wenger, 
McDermott, and Snyder’s (2002) three areas of communities 
of practice to frame our analysis: people, practice, and 
domain. More specifically, we ask: (1) Who is interacting in 
the community of practice, and what characteristics are 
important for forging and maintaining interactions? (2) 
What are the ways of doing things and forms of knowledge 
that comprise the shared practice? (3) What is the common 
thread that holds the community together?

METHODS
SURVEY AND DATA
Our study specifically targeted those who considered 
themselves practitioners (previously defined) as opposed 
to participants in citizen science projects. However, at the 
time of this study, a database of practitioners and/or citizen 
scientists did not exist, so we used a variety of strategies to 
gain our sample.

At the time of the survey, more than 327 citizens science 
practitioners subscribed to an informal citizen science email 
list service (administered by the Australian Citizen Science 
Association), and had 265 active projects listed on the 
Australian Citizen Science ProjectFinder (https://biocollect.

ala.org.au/acsa). We initially sent a non-personalised email 
with a request to participate in our research on connections 
between citizen science practitioners through the email 
list service. Those who were willing to participate were 
asked to register their interest through a Google Form, and 
submit their name, their organization, the name of the 
citizen science project they associate with most, the state 
in which they resided, and their disciplinary background. 
It was made clear to participants that by registering their 
details in the Google Form they were giving consent to 
use their personal information in the survey as part of the 
research project. In total, 105 people agreed to participate, 
and their names were included in the final survey, which 
was administered through SurveyMonkey (Survey Monkey 
2016) in September 2016. Reminder emails were sent, and 
the survey closed in December 2016. Incomplete surveys 
were excluded from the analysis. A total of 75 respondents 
returned a useable survey.

Survey Monkey data was collated in an Excel 
spreadsheet, where general frequency statistics were 
calculated (Supplemental Tables 2–5 in Appendix 4: Survey 
Results). Open-ended question responses were coded 

and collated thematically (Supplemental Tables 13–15 in 
Appendix 4: Survey Results). Coding was checked by two 
other researchers to ensure inter-coder reliability. Networks 
were visualised and analysed in Cytoscape (version 3.8.2), 
and further statistical analysis on respondent data was 
performed in R (version 4.1.0).

FRAMEWORK FOR ANALYSIS
Wenger, McDermott, and Snyder (2002) describe 
communities of practice as having a similar basic 
foundation: a domain of knowledge (a common thread that 
holds the community together), a community of people (a 
common value that promotes trust and relationships), and 
a shared practice (a common set of ways of doing things 
they develop to be effective in their domain). Our study is 
primarily concerned with the community of people as a key 
component of an effective community of practice, but also 
touches on knowledge and practice to better understand 
the community now and its needs into the future.

We utilised social network analysis as well as results 
from an online survey (Supplemental Appendix 1: Survey 
Questions) to answer questions related to Wenger’s 
communities of practice: The people aspect was addressed 
through research questions 1a–c, knowledge in research 
question 2, and shared practice in research question 3 
(Table 1).

To understand the shape and size of the citizen science 
practitioner network as key elements of the structure of the 
network, we employed standard (individual- and network-
level) frequencies and network statistics. We evaluated if 
there were any gender-, location-, and discipline-related 
differences in respondent’s social status in the network 
(individual network measures for degree, betweenness, 
and clustering coefficient). We gained insight into the 
knowledge aspect on the basis of the responses to three 
separate closed survey questions, which assessed the 
strength, nature, and intensity of each interaction. We 
assessed the quality of the connections at the level of the 
whole network and tested for demographic differences. 
Further details are supplied in Supplemental Appendix 3: 
Methods Statements.

RESULTS

The Australian citizen science practitioner network is an 
active and maturing community of practice, showing broad 
and diverse connections amongst members. Members 
gain value from interacting, but members receive different 
benefits depending on their purpose in engaging. Below we 
present results for our key research questions in separate 
sections (all data available in Supplemental Files).

https://doi.org/10.5334/cstp.358
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RESEARCH QUESTION METHOD/DATA SOURCE INFORMATION COLLECTED

1A. What is the structure of the 
practitioners’ network? 

Network statistics for the whole network How well-connected is the practitioner network

1B. Who is producing and sharing 
knowledge?

Network centrality measures for individuals in 
the network (degree, betweenness, clustering, 
shortest path) (Supplemental Table 1)
Assessment of difference for demographic 
indicators

Information on social status in the network
Demographic differences in social status (i.e., by 
gender, location, and discipline)

1C. How is the community 
maturing? 

Network centrality measures for individuals in 
the network (degree, betweenness, clustering, 
shortest path) (Supplemental Table 1)
Assessment of difference for formal status 
indicators
Survey question on attending meetings 

Differences in social status according to age (proxy 
for career stage) and committee membership 
(proxy for experience within citizen science 
community)
Social status according to meeting attendance

2. What are the ways of doing things 
and products that form the shared 
practice?

Closed survey questions Differences in the nature, intensity, and frequency 
of the interactions
Types of products in the interaction, e.g. ideas, tools, 
frameworks, papers (closed questions)
Quality of interactions

3. What is the common thread that 
holds this community together (the 
knowledge domain)?

Open-ended survey question Benefits of connections grouped according to 
theme
Difficulties of maintaining connections grouped 
according to theme

Table 1 Analytical methods for this study.

Seventy-five respondents returned a useable survey, 
and they had a total of 723 interactions (links) between 
them. We received a well-balanced response from across 
Australia’s states and the Australian Capital Territory (ACT), 
with the Northern Territory an exception. Five international 
citizen science practitioners also responded to the survey. 
However, because these international respondents likely 
had a special connection to Australian citizen science 
practitioners, our analysis cannot draw any robust 
conclusions for this group and is therefore not further 
discussed in detail. Our sample represents 23% of the 327 
members of the Australian Citizen Science Association 
network. However, there may be inclusion or exclusion bias 
in our survey as the true size of the citizen science network 
may be larger. We acknowledge structural holes in our 
network are possible as a consequence of the empirical 
approach we have adopted (Burt 1992).

Comparing the survey data to an earlier period of the 
network (Supplemental Box 2, Appendix 2: Summaries 
of Information on Early Development of the Australian 
Citizen Science Practitioners Network), the largest group of 
respondents continue to be from the most populous states 
of NSW (26%), Victoria (20%), and Queensland (15%), but 
our survey indicates a growing group of practitioners across 
other parts of Australia (9.5% from both South Australia 
and Australian Capital Territory, and 7% from Tasmania and 
from Western Australia). The majority of respondents had a 
science background (55 respondents, 76%), more women 

than men responded (44 versus 31), and most respondents 
were between 31 and 50 years of age.

A total of 12 of the 75 survey respondents attended 
both the first and second national meetings that preceded 
the development of the network, with 34 having attended 
another citizen science event as well (Supplemental 
Table 12, Appendix 4: Survey Responses). Female 
attendance at meetings was higher than male attendance 
(e.g., at the 2015 conference, 62% were women).1

THE COMMUNITY OF PEOPLE
Network structures are categorised as random networks 
(Watts and Strogatz 1998; Watts 1999); small-world 
networks, which exhibit a higher degree of clustering than 
random networks (Watts 1999); or scale-free networks 
(Barabási and Albert 1998; Albert and Barabasi 2000; Albert 
and Barabási 2002) that have hubs with individuals who 
are highly connected (Barabási et al. 2002). In the citizen 
science practitioner network, the clustering coefficient 
was 0.498 (Figure 2), and the characteristic path length 
for the whole network was 2.196, suggesting the network 
resembles a small-world network. Because there are a 
number of highly connected people (discussed below), it is 
possible that the network will become a scale-free network 
as it grows over time.

Overall, the citizen science practitioner network 
comprises a highly connected group of respondents, 
but with some more connected than others (Figure 3). 

https://doi.org/10.5334/cstp.358
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Figure 2 Graphic representation of the citizen science practitioner network and network statistics.

Figure 3 The number of connections for individuals in the citizen science practitioner network (75 respondents).

Individuals have, on average, 19.5 connections with 
others in the network. The most connected person had 84 
connections, 65 more than the network average.

Citizen science practitioners are from a range of areas 
across science, policy, and community (this study, and 

unpublished data; see Supplemental Box 2, Appendix 2: 
Summaries of Information on Early Development of the 
Australian Citizen Science Practitioners Network). The 
community of practice was described as offering important 
opportunities to develop relationships across professional 

https://doi.org/10.5334/cstp.358
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or disciplinary boundaries (see also Supplemental Figure 1, 
Appendix 4: Survey Results). One respondent remarked, “As 
a researcher, I get benefits from interacting with others 
working in similar areas, regardless of their status (citizen 
scientist, professional researcher, whatever).” To these 
practitioners, collaborating with others in citizen science 
actually means working in a transdisciplinary way—not 
only talking about it.

The interactions amongst the practitioners’ network 
do not appear to be strongly influenced by geographic 
(State) boundaries, but they do appear to be influenced 
by disciplinary backgrounds and gender (Figure 4). Those 
who had biological science backgrounds (marine science, 
zoology, botany) had a higher average degree score and 
higher betweenness scores than the other disciplines 
(Figure 4c), and women generally had more network 
connections than men and a slightly higher clustering 
coefficient (0.642 versus 0.544) and shorter path length 
(2.002 versus 2.172) (Figure 4a). The position of women 
within the citizen science network was slightly more central 
than it was for male respondents. Although the network has 
many highly connected women, female practitioners were 
just as likely to interact with men as they were with other 
women (Supplemental Table 7, Appendix 4: Survey Results). 
Men, however, were more likely to interact with women 

than with other men—but this could be a consequence of 
the greater number of women in the sample.

Indicators of a maturing community of practice can 
be found in the contribution of people from different age 
groups and from different levels of experience, which we 
refer to as their formal status (as defined in Table 1). The 
Australian practitioner network shows evidence of formal 
status having some influence on network interactions. 
When practitioners had a visible role, for example, 
through speaking engagements or committee positions 
(n = 12), they had on average almost three times as many 
connections as practitioners who had no visible involvement 
(47.08 compared with 14.21; see Supplemental Table 10, 
Appendix 4: Survey Results). When using age as a proxy 
for career stage, we found that early-career practitioners 
(less than 40 years old) had more connections (22.56) than 
their mid- and late-career counterparts (19.43 and 13.58 
respectively; Supplemental Table 9, Appendix 4: Survey 
Results). The interactions amongst the younger cohort 
were also more tightly clustered (clustering coefficient 
of 0.65) than the older groups, and their betweenness 
centrality was also higher (0.018). Those in their early- and 
mid-career stages, and those with a visible involvement 
in the network, were comparatively more central in the 
network.

Figure 4 The social status indicators by gender, state/territory, and discipline for the citizen science practitioners network. The size of the 
nodes reflects the betweenness centrality, that is, indicating a role as a bridge to other parts of the network. Full datasets can be found in 
Supplemental Tables 6, 8, and 11, Appendix 4: Survey Results. State names have been shortened: ACT: Australian Capital Territory, NSW: 
New South Wales, QLD: Queensland, SA: South Australia, TAS: Tasmania, Vic: Victoria, WA: Western Australia, Int: International.

https://doi.org/10.5334/cstp.358
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SHARED PRACTICE AND THE DOMAIN OF 
KNOWLEDGE
Practitioners dedicate time to meet with others, primarily to 
exchange ideas about citizen science (Table 2). Respondents 
spent an average of 4 to 8 hours per week in making and 
maintaining connections, and found the interactions to be 
beneficial. Those who committed to working together on 
specific projects or papers, and who had frequent and face-
to-face interactions, have, on average, fewer connections 
and lower clustering coefficients. We surmise that 
because of the time and resources required to co-produce 
knowledge practitioners may perhaps form tighter groups. 
In contrast, those who indicated they work together on 
citizen science projects but interact less frequently and not 

face to face exhibited high clustering coefficients, meaning 
they may be more central in connecting different parts of 
the network.

A high number of connections is not necessarily 
indicative of the quality of the connections, as quality 
implies a level of respect, trust, and productivity that 
cannot be captured by numbers of connections alone. Trust 
develops through time and shared experiences, and can be 
evidenced in continuous, rather than singular, interactions 
with others. In our study, we used the concept of reciprocity 
of relationships to indicate genuine connections to others. 
Reciprocity is true when people identify another person 
they have a connection with, and in turn those people 
also identify a connection with them (Figure 5). Overall, 

ELEMENTS OF SHARED PRACTICE RESPONSES (COUNT) AVERAGE NUMBER OF CONNECTIONS

Strength of the interaction

Meeting up 45 13.2 ± 8.6

Email and phone contact 16 15.8 ± 15.0

Regular face-to-face work 14 8.9 ± 9.9

Nature of the interaction 

Exchange ideas about citizen science 55 15.1 ± 10.7

Work together on projects 14 8.9 ± 8.7

Write joint papers related to citizen science 6 2.7 ± 2.3

Intensity of the interaction 

Occasional 37 14.1 ± 9.4

Regular 23 11.9 ± 12.1

One-off 15 11.5 ± 11.3

Grand total 75 12.9 ± 10.6

Table 2 Number of respondents who share certain forms of shared practice, and quality of interactions. Quality is defined by the strength, 
nature, and intensity of the interaction.

Figure 5 Schematic image of reciprocity in interactions.

https://doi.org/10.5334/cstp.358
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only 6 out of the 75 practitioners mutually recognised 
each other (5a), meaning very few of the respondents 
correctly identified a reciprocal connection. Fifty-seven 
people underestimated their number of connections 
(5c) by an average of 5 connections, and 10 people 
overestimated (5b) the number of connections by an 
average of 6.8 connections. The tendency to over- and 
underestimate the number of connections was gendered 
(Table 3): women were more likely to underestimate the 
number of connections and by a greater margin than their 
male colleagues (an average underestimation of 5.6 and 
3.8 connections respectively). Men were more likely than 
women to overestimate the number of connections they 
thought they had, and by a larger amount (an average 
overestimation of 7.7 and 2.5 connections, respectively). 
These results indicate interactions amongst practitioners 
are not yet fully reciprocal, which might be expected in a 
network where relationships are still forming.

The Australian citizen science practitioner network has 
operated primarily as a virtual network, with two national 
opportunities to meet amongst other occasional meetings. 
Practitioners who attended at least one face-to-face citizen 
science–related meeting were more connected than those 
who did not, and attendance resulted in multiple new 
connections (Supplemental Table 12, Appendix 4: Survey 
Results). For example, practitioners who attended the first 
national meeting made, on average, 4.4 new connections; 
those who attended the second national meeting 
averaged 7.2 new connections; and those who attended 
other citizen science events averaged 3.6 new connections. 
A total of 296 new connections (41% of all connections) 
were made at the second national meeting, meaning 
it had a disproportionately large effect on practitioners 
gaining new network connections. This may be due to the 
large number of new people available to meet. Perhaps 
surprisingly, regular work is also a source of connections 
for citizen science practitioners, even where regular work 
is not directly related to citizen science. More than three 
quarters of respondents (76%) made connections to other 
practitioners as part of their regular work, responsible for 
36% of connections (260 out of a total of 723), with, on 
average, practitioners making 4.6 connections this way. 
This may not be completely surprising given that, at the 

time of the survey, most members of the Australian citizen 
science network were employed within natural sciences, 
a trend that is evident across the globe (Pecl et al. 2015; 
Geoghegan et al. 2016; Tancoigne 2017).

Practitioners who attended at least one face-to-face 
citizen science–related meeting were more likely to see 
benefits and opportunities for knowledge exchange and 
production, and less likely to see barriers to participating in 
the network. In particular, respondents reported that new 
professional relationships, formed through participating 
in the citizen science network, frequently developed 
into research or project collaborations and fostered an 
exchange of knowledge on citizen science practice. Benefits 
to the practice of citizen science included developing 
common methods and approaches for project delivery, for 
monitoring and evaluation, and for group management. 
Interacting with other practitioners is fundamentally a 
learning exercise. One respondent said, “I think it’s really 
important to have contact with a community of practice 
to hear about what worked and what didn’t. It’s a more 
efficient way of working and helps formulate ideas and 
approaches.” Comments from practitioners reflect a 
fruitful engagement amongst practitioners and citizen 
science participants, providing them with hope and a 
sense of purpose. Respondents advocate the worth of 
the network, reflected in comments such as, “I like that 
interacting with others in the field allows me to learn from 
other ways of doing things, including engaging citizens in 
meaningful science and finding ways to include science in 
the lives of those who do not have it.” Inspirationally, other 
respondents suggested that the community of practice 
was the first step in building capacity world-wide for citizen 
science.

Respondents did, however, note barriers to interacting 
with others because of distance, lack of funding to travel, 
or online modes of communication (Supplemental Tables 
14 and 15; Supplemental Figure 2, Appendix 4: Survey 
Results), particularly those who were not paid for their work 
as citizen science practitioners. Nevertheless, respondents 
described ways in which barriers were being addressed 
such as through local citizen science practitioner chapters, 
online communities, and data acquisition and sharing 
portals. In fact, a respondent from our study suggested 

GENDER CORRECT NUMBER REPORTED UNDERESTIMATED OVERESTIMATED TOTAL

Female 2 (25%) 40 (70%) 2 (20%) 44 (59%)

Male 6 (75%) 17 (30%) 8 (80%) 31 (41%)

Total 8 57 10 75

Table 3 Reporting of reciprocal relationships amongst survey respondents (number of respondents and percentage of column total 
in brackets).

https://doi.org/10.5334/cstp.358
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“social media plays a much greater role at connecting us 
(here in Australia and with folks overseas) than your survey 
explores. Twitter has been an invaluable platform to make 
and strengthen connections with others in this field”.

DISCUSSION

Our study of the Australian citizen science practitioner 
network has demonstrated how face-to-face meetings 
and participant attributes (such as age, gender, disciplinary 
background, and location) have influenced the growth of 
the network to date. The role of individual practitioners 
and their social network connections have also influenced 
the shape of the network. Social network analysis is a 
useful approach to examine communities of practice like 
the Australian citizen science practitioner network as it 
can make apparent how connections are made, and can 
identify people who perform specific functional roles. 
Navigating successful knowledge exchange across society 
and science, whether through interactions in face-to-face 
or virtual settings, will be a challenge as the community 
continues to grow in scope and size (Wenger, McDermott, 
and Snyder 2002; Riedy 2017; Vincent et al. 2018).

The Australian citizen science practitioner network does 
not have a physical home and operates primarily as a virtual 
network, but has clearly been shaped over time by face-to-
face meetings at which participants developed new network 
connections. Face-to-face citizen science events were 
responsible for the majority of connections made across the 
Australian citizen science practitioner network. Those who 
attended had almost three times as many connections to 
those who did not. Even respondents who did not attend 
a citizen science event thought physically attending was 
important for building connections and sharing knowledge. 
Although we were unable to re-survey practitioners after a 
third national meeting (Figure 1) to confirm the significance 
of face-to-face meetings, increased interactions from the 
first two face-to-face meetings led to opportunities for 
knowledge exchange, and minimised barriers that might 
have prevented ongoing participation such as the need for 
time investment in maintaining connections. Face-to-face 
meetings are key mechanisms for facilitating interactions 
amongst many different types of communities (Boersma 
2013; Binz-Scharf, Kalish and Paik 2015; Oester et al. 2017), 
and the Australian citizen science practitioner network is a 
case in point, in which those who attended formal national 
meetings were the most likely to forge new connections, 
to act as bridges between different parts of the network, 
to facilitate efficient transfers of information, and to 
connect previously unconnected people. Meeting hosts 
and participants alike, however, increasingly face ethical 

dilemmas such as the impact of travel on climate, justifying 
the cost of holding and attending face-to-face meetings or 
conferences (Anonymous 2010; Kircherr and Biswas 2017), 
and health and safety in large gatherings (e.g., such as in 
the case of COVID-19). Despite this, in the context of a large 
country with a relatively small and geographically dispersed 
population, benefits from investment in face-to-face 
meeting are evident. The development of networks (e.g. 
interactions between individuals and groups) has helped 
to facilitate information sharing, where practitioners learn 
from others. These networks have also played an important 
role in ensuring the field of citizen science continues to grow, 
contributing useable data, fostering science engagement, 
and asking important science-society questions.

Face-to-face meetings were particularly important for 
younger practitioners who benefitted proportionally more 
than their older counterparts from the interactions at those 
public events, and for women who made more connections. 
Through their network connections, younger participants 
accessed funding for project support and for conference 
attendance, allowing them to overcome typical barriers 
experienced by early-career professionals and by those in 
volunteer-based organisations (McPherson, Smith-Lovin 
and Cook 2001). Younger people within the practitioner 
network actively made connections (making them more 
central in the network), and indicated that exchanging 
innovations in practice was very important to them. Given 
that ideas and knowledge exchange were important benefits 
across the entire network of practitioners, the perspectives 
that younger participants bring will be essential to ongoing 
renewal of the network of practitioners. In fact, younger 
participants embraced social media communication tools, 
and may be able to transform the network that, to date, 
has favoured face-to-face meetings. Technology and 
virtual interactions may be able to work alongside physical, 
face-to-face meetings to develop relationships and 
collaboration in the community of practice into the future 
(Wiggins and Crowston 2010; Ford, Veletsianos and Resta 
2014; Pan et al. 2015; Storme et al. 2016; Liberatore et al. 
2018; Lundgren, Crippen, and Bex II 2020). Particularly in 
a post-COVID world, evaluating the effectiveness of hybrid 
or virtual conferences on interactions and benefits received 
from communities of practice will be a useful area of study. 
Already the Australian experience has shown it is resilient 
in this area, in its hybrid models of meeting up, through 
workplace-based and local networks and the development 
of online communities. However, care will be needed to 
ensure these clusters do not disassociate from the main 
networks (Shen and Cage 2015).

At the centre of the Australian practitioner network, 
the largest and most connected group is a gathering of 
frequently meeting and communicating users who shared 
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ideas and collaborated on citizen science activities. The 
motivations of this group may not have been expressly 
described (compare with Geoghegan et al. 2016), but its 
characteristics (i.e., mid-career, interested in ideas and 
collaborations) indicate that the domain of the community 
appears to be tied to the desire to define citizen science 
practice itself, and the shared practice revolved around 
developing ways and means of exchanging information 
and ideas for facilitating this goal. In fact, the topics of the 
national meetings attended by our study’s respondents 
focused on sharing, learning from one another, and 
exchanging ideas (Figure 1). As the network grows and 
changes, and as interactions increase amongst its 
various members, it could be that different components 
of practice or citizen science will be explored, which 
Wenger, McDermott, and Snyder (2002) describe as a sign 
of a maturing network. For example, in our study, early-
career respondents wanted more from the network in 
the form of practices and products. To meet this need, 
connections between early- and mid-career practitioners 
could be encouraged to bridge the gaps in domain (tying 
practitioners to the common thread of the network), or 
establishing and nesting new subgroups might address 
specific sub-domains (i.e., creating or nesting new threads 
within the network). The Australian practitioner network 
is evolving, demonstrated by how the domain and 
shared practice have shifted in line with the community 
of practitioners. The focus of the group has also rapidly 
changed—from ideas to projects to collaborations—and 
may continue to evolve as the community addresses 
the gaps in their domain, and as the motivations for 
participating change and mature (Wenger, McDermott, 
and Snyder 2002).

Critically, Australian practitioners will have to work to 
understand the implications of a gendered network. Women 
in the citizen science practitioner network were more 
central than men, indicating the presence of at least a few 
pivotal female practitioners within the network who acted 
as bridges to other practitioners. Citizen science networks 
in general are predominantly female (Tancoigne 2017), 
as are other networks involving volunteer organisations 
(Smith-Lovin and Miller McPherson 1993). Although there 
is no specific explanation for the prevalence of women in 
volunteer networks per se, homogenous work groups have 
more frequent contact and communication, which tends 
to perpetuate the presence of homogeneity, in this case 
gender, at certain levels within the network, and promotes 
strong ongoing connections (Binz-Scharf, Kalish and Paik 
2015). What is perhaps more concerning is the finding that 
women tended to underestimate their personal networks far 
more than men did. We are unable to speculate the reason 
for this, but we think it is an important consideration for 

communities of practice to understand the implications of 
this phenomenon on ongoing connections and knowledge 
sharing. To ensure that key women are supported, and their 
network connections maintained, those men who were 
also bridges to others in the network perhaps should step 
up their contributions for the benefit of the citizen science 
network and themselves.

Lessons from the Australian experience are likely to be 
broadly relevant areas of consideration for other citizen 
science practitioner networks, given the similar history 
and goals of many of the emergent communities (Gobel 
et al. 2016; Storksdieck et al. 2016). Since citizen science 
programs and goals typically extend beyond national 
borders, an important area of study is how interactions 
are initiated, maintained, and strengthened across these 
individual practitioner networks (McPherson, Smith-
Lovin and Cook 2001; Pelacho et al. 2020). Facilitating 
collaboration across global practitioner networks requires 
boundary crossing (Huang 2017), that is, people crossing 
over from one community to another. Who these people 
are, what characteristics they hold, and what mechanisms 
enable boundary crossing will be interesting areas to 
watch. The ability for citizen science practitioners to 
cross science-society boundaries is of particular interest: 
Proponents of citizen science advocate that its methods 
and findings make science more useable to the public and 
to policy-makers (Haklay 2015; Pecl et al. 2015; Cvitanovic, 
McDonald, and Hobday 2016). Citizen science is seen 
as an opportunity to make science meaningful through 
its encouragement of citizens’ involvement in science 
(Nursey-Bray, Fidelman and Owusu 2018; Iyengar and 
Massey 2019; Peters and Besley 2019). The citizen science 
practitioner network was seen by many respondents as a 
crucial mechanism for enabling citizen science, and all its 
benefits for science and society, because the network itself 
is a pathway between all users of science. Citizen science 
is transdisciplinary in that it transcends typical disciplines 
or modes of approaching complex societal problems (Stock 
and Burton 2011) by bringing together people across 
academia, policy, and practice to share information and 
learning. The Australian community of practice has an 
orientation that transcends narrow disciplinary approaches 
and makes effective connections across geographic 
regions, professional statuses, and age groupings. These 
strong features of transdisciplinarity can help to overcome 
some of the limitations experienced in other science-
society and learning approaches (Ellwood, Crimmins 
and Miller-Rushing 2017; Riedy 2017). This is a promising 
finding for a field like citizen science that aims to bridge 
the biases associated with professionalization of science 
and the problems associated with scientific knowledge in 
a post-truth society.
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CONCLUSIONS

Scientific enquiry increasingly relies on networks of citizen 
scientists to create and share knowledge and it is therefore 
important to determine how networks of citizen science 
practitioners develop and what makes them work well. The 
Australian citizen science practitioner network has benefited 
from face-to-face citizen science events to make important 
connections that have been leveraged to benefit other 
working relationships and positive outcomes, especially for 
early-career practitioners and women within the network. 
In the current changing health and safety environment (e.g. 
post-COVID-19) it will be important to determine how to 
build connections and relationships with potentially fewer 
opportunities for face-to-face meetings. Our study shows that 
to sustain future development of the network, it will also need 
to consider supporting several key individuals on whom the 
network relies to bridge interactions between individuals. This 
is particularly important given the diverse range and nature 
of interactions across the citizen science practitioner network, 
which goes above and beyond typical disciplinary interactions. 
The emergence of transdisciplinarity amongst those working 
in citizen science is a promising property of this learning 
community that is worth working strategically to maintain.
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