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Abstract

Background

Biodiversity is being lost rapidly and its conservation is thus one of the most urgent tasks
today. For biodiversity conservation to be successful, the public needs to gain an awareness
and understanding of biodiversity and its importance. Moreover, species experts are needed
who have the skills necessary for identifying and recording biodiversity. Previous research
showed that citizen science projects can contribute to educating the public about biodiver-
sity. However, it is still unclear how project characteristics connect to participants’ knowl-
edge and skills and how citizen science projects should be designed if they are to foster
participants’ learning.

Aim

We aimed to investigate specific characteristics of biodiversity citizen science projects that
could potentially influence participants’ learning. We explored the following project charac-
teristics from both the project coordinators’ and the participants’ perspectives: information
and training provided to participants, social interaction among participants, contact between
participants and staff, and feedback and recognition provided to participants.

Methods and results

In order to examine the extent to which these project characteristics are connected to partici-
pants’ gains in knowledge and skills, we conducted a comprehensive study across 48 biodi-
versity citizen science projects in Europe and Australia. We found that participants’
perceived gains in knowledge and skills were significantly related to the five project charac-
teristics as reported by the participants: information received by the participants, training
received by the participants, social interaction among participants, contact between patrtici-
pants and staff, and feedback and recognition received by the participants.

PLOS ONE | https://doi.org/10.1371/journal.pone.0253692  July 15, 2021

1/30


https://orcid.org/0000-0002-1734-1480
https://orcid.org/0000-0003-2305-3650
https://orcid.org/0000-0002-3721-2109
https://doi.org/10.1371/journal.pone.0253692
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0253692&domain=pdf&date_stamp=2021-07-15
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0253692&domain=pdf&date_stamp=2021-07-15
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0253692&domain=pdf&date_stamp=2021-07-15
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0253692&domain=pdf&date_stamp=2021-07-15
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0253692&domain=pdf&date_stamp=2021-07-15
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0253692&domain=pdf&date_stamp=2021-07-15
https://doi.org/10.1371/journal.pone.0253692
https://doi.org/10.1371/journal.pone.0253692
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.5281/zenodo.4916375

PLOS ONE

Citizen science project characteristics: Connection to participants’ knowledge and skills

Competing interests: The authors declare that no
competing interests exist.

Conclusion

We conclude that by deliberately designing citizen science projects to include features such
as interaction and feedback, these projects could achieve higher learning outcomes for the
participants. Thereby, suitable modes of communication between projects and their partici-
pants are crucial. We provide specific suggestions for the design of biodiversity citizen sci-
ence projects and for future research on project characteristics and participant outcomes.

Introduction
Citizen science and biodiversity conservation

Biodiversity, the diversity of life on Earth, is essential for functioning ecosystems and, there-
fore, ultimately for human well-being [1, 2]. Biodiversity, however, is disappearing rapidly [3,
4]. In order for biodiversity conservation to become a priority, it is essential to raise public
awareness and understanding of the concept of biodiversity [5], the importance of biodiversity
[6, 7], and the threats posed to biodiversity [5].

In addition to an awareness and understanding of biodiversity, an ability to recognize and
identify biological diversity, for example, on the level of species, is crucial [5]. "Species experts"
are needed who are able to identify, monitor, and record biodiversity [8, 9]. The number of
such experts, be they amateurs or professionals, has steadily declined in the past decades [8, 10,
11]. In addition, students of different ages [9, 12] as well as biology teachers [8, 13] have been
found to have poor knowledge of species. This is not surprising as the number of university
courses that teach species identification has been declining [14]. As a result, biology graduates
often have little knowledge about species and insufficient skills of species identification [8].
Consequently, less knowledge and fewer skills can be passed on to students. In order to reverse
this "erosion of species experts" [8] and the decline in skills and knowledge, other ways of fos-
tering relevant knowledge and skills outside of, or in addition to, formal education curricula
are needed. In this regard, citizen science (CS) projects focusing on biodiversity could be a
way forward [15-17].

Citizen science is defined as public participation in scientific research [18] or community-
based monitoring. CS projects are authentic research projects that involve members of the gen-
eral public (citizens) in the research process [19, 20]. Such projects have become particularly
popular in a biodiversity-related context. In this context, Theobald et al. [21] defined biodiver-
sity as "the presence and/or abundance of identified taxonomic (e.g., species, genus, family),
genetic, or functional groups” (p. 237). Biodiversity citizen science (BDCS) projects involve the
general public in identifying and monitoring biological diversity and collecting biodiversity-
related data [21]. BDCS projects have thereby made it possible for professional scientists to col-
lect large amounts of data that they would otherwise not have been able to obtain [21-23]. By
involving citizens in the research process, BDCS has thus contributed considerably to biodi-
versity research (for reviews see, e.g., Donnelly et al. [24], Theobald et al. [21], Chandler et al.
[25], Irga et al. [26], Heilmann-Clausen et al. [27]).

Project participants’ gains in knowledge and skills

In addition to scientific outcomes, many BDCS projects seek to achieve participant outcomes.
Participant outcomes are CS project outcomes for the individual participating citizens, as
described by Jordan et al. [28] and Shirk et al. [29] and defined in detail by Phillips et al. [30].

PLOS ONE | https://doi.org/10.1371/journal.pone.0253692  July 15, 2021 2/30


https://doi.org/10.1371/journal.pone.0253692

PLOS ONE

Citizen science project characteristics: Connection to participants’ knowledge and skills

Participant outcomes can, for example, be gains in knowledge and skills, increased interest,
motivation, and self-efficacy, as well as changes in behavior [17, 30] and other personal out-
comes [16, 17, 31].

Gains in knowledge and skills are among the participant outcomes most often sought by CS
projects [30, 32]. Knowledge and skills were defined by Phillips et al. [30] as follows (p. 7 and
9):

» Knowledge: "Knowledge of science content (i.e., understanding of subject matter) and the
nature of science; understanding of the scientific process and how science is conducted"

o Skills: "Procedural skills such as asking questions, designing studies, collecting, analyzing,
and interpreting data, experimenting, argumentation, synthesis, technology use, communi-
cation, and critical thinking"

Several case studies found an increase in participants’ knowledge [33-41] and skills [33, 37,
39, 40, 42]. A recent comprehensive study across a variety of BDCS projects found gains in
participants’ environmental and scientific knowledge as well as scientific skills [17].

Citizen science project characteristics

While research indicates that participation in BDCS projects can contribute to participants’
learning about biodiversity, it would be useful to know how BDCS projects have to be designed
in order to achieve such gains in participants’ knowledge and skills. Various authors have
emphasized the necessity for research into such characteristics or design features of CS projects
[17, 30, 39, 43-45]. Existing literature on CS project characteristics largely focuses on how
these characteristics are associated with general project success [32, 46-51], which is often syn-
onymous with participant motivation and retention. In addition, several authors have dis-
cussed CS project characteristics that could potentially affect participants’ learning in general.
Project characteristics that are most often mentioned in this context are: information provided
to the project participants [40, 44, 52-55], training provided to the participants [39, 44, 55, 56],
social interaction among participants [44, 53, 57-61], contact between project staff or scientists
and project participants [55, 62-66], and feedback and recognition provided to the partici-
pants [36, 44, 53, 55, 66-68].

While the literature suggests that such project characteristics can positively affect partici-
pants’ learning on the whole, actual studies on specific learning outcomes such as gains in
knowledge or skills, and how these are influenced by the CS project’s design, are scarce. Gains
in participants’ scientific knowledge [69, 70] and environmental knowledge [71] have been
investigated in connection with participants’ training only. Gains in scientific skills have been
investigated in connection with individual feedback provided to participants [72] and social
interaction among participants [15]. While these few case studies of individual CS projects are
valuable, their findings are not comprehensive enough to facilitate conclusions about the
design of BDCS projects. Indeed, various authors recommended more comprehensive and
comparative studies that are conducted across several CS projects (e. g., [30, 31, 73, 74].

Aims and research question

In this study, we addressed this scarcity of research that links specific project characteristics to
participant outcomes of BDCS projects. We conducted an exploratory study that focused on
the following research question:

To what extent are participants’ gains in knowledge and skills connected to the following proj-
ect characteristics?

PLOS ONE | https://doi.org/10.1371/journal.pone.0253692  July 15, 2021 3/30


https://doi.org/10.1371/journal.pone.0253692

PLOS ONE

Citizen science project characteristics: Connection to participants’ knowledge and skills

a. Information provided to participants

b. Training provided to participants

c. Opportunities for social interaction among participants
d. Contact between project participants and project staff
e. Feedback and recognition provided to participants

To address this research question, we adopted a large-scale approach and conducted a
study across various BDCS projects taking place in several countries. In order to get a compre-
hensive overview, we investigated the perspective of both the project staftf/coordinators and
the project participants/volunteers in our study. To the best of our knowledge, we are the first
to conduct this kind of comprehensive study across projects and countries, including project
coordinators as well as participants.

Methods
Overview of the study

Our study comprised two surveys:

1. An online survey of BDCS projects. This survey addressed the project coordinators. The
aim of the survey was to gather comprehensive and detailed information about BDCS proj-
ects and how they are designed, managed, and conducted. We will refer to this survey as the
coordinator survey throughout the article.

2. An online survey of BDCS project participants. This survey was aimed at adults participat-
ing in BDCS projects as volunteers. The aim of this survey was to obtain information about
the participants’ view of the project and their perceived gains in, for example, knowledge
and skills. We will refer to this survey as the participant survey.

These online surveys were administered to coordinators and participants of BDCS projects
in Europe and Australia; the responses were analyzed quantitatively. We focused on these two
regions, first, for language reasons, and second, because of the high number of BDCS projects
that existed in these regions. We did not include North America because previous studies were
mainly conducted in that region [31].

Citizen science projects taking part in the study

We systematically searched for suitable BDCS projects in various project databases provided
by, for example, the Australian Citizen Science Association [75] (https://citizenscience.org.au/
ala-project-finder), Osterreich forscht [76] (Austria, https://www.citizen-science.at/aktuelle
projekte), Biirger schaffen Wissen [77] (Germany, https://www.buergerschaffenwissen/
projekte), and SciStarter [78] (global, http://scistarter.com). We chose BDCS projects accord-
ing to the definition by Peter et al. [31]:

1. CS projects that involve volunteers in monitoring and identifying biological diversity and
collecting biodiversity data [21]. We excluded CS projects that were only indirectly related
to biodiversity, for example, projects focusing on water quality or birds’ nesting success.

2. Nature- or field-based CS projects that take place outdoors. They include observation of or
interaction with nature. In addition, these projects often involve online activities such as
species identification or data submission, but they are not limited to such online activities.
We excluded projects that did not ask their participants to observe or interact with nature,
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for example, exclusively online projects that invited volunteers to identify species in online
photo databases (see Aristeidou and Herodotou [45] for more information on online CS
projects).

Our study included 48 BDCS projects from 10 different countries, the country with the
highest number of participating projects being the UK (15 projects), followed by Australia
(10), Austria (7), and Germany (5) (Fig 1). The 10 projects with the highest number of volun-
teers taking part in the participant survey were Garden Bird Watch (UK), Wild Pollinator
Count (Australia), Breeding Bird Survey (UK), Kerbtier.de (Germany), NaturTjek (Denmark),
Irish Garden Bird Survey (Ireland), NABU|naturgucker (Germany), UK Wetland Bird Survey
(UK), Meetnet Vlinder (Netherlands), and Schmetterlinge Osterreichs (Austria). For a com-
plete list of the 48 projects taking part in our study, please see S1 Table in S1 File.

The geographic scope of most BDCS projects in our study was nationwide (Fig 2). The
majority of projects were ongoing projects taking place either year-round or seasonally (Fig 3).
The participating projects largely focused on specific organisms such as insects, birds, and
mammals (Fig 4), but a few projects focused on a particular ecosystem (Fig 5).

Citizen science project participants

The demographic characteristics of the project participants were diverse (Table 1). While all
ages were represented, slightly more than half of the participants were at least 60 years old
(53%). Men (47%) and women (54%) were nearly equally represented. Most participants had
at least a bachelor’s degree (68%). The majority of participants were either working (48%) or
retired (45%).

Germany 5

Fig 1. Number of BDCS projects in each country (total number: 48).
https://doi.org/10.1371/journal.pone.0253692.9001
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Fig 2. Geographic scope of participating projects.
https://doi.org/10.1371/journal.pone.0253692.g002

Most participants had been involved in their CS project for one year or more (88%), some
of whom had been active for over 10 years (21%), mostly by identifying and recording species
and submitting those data to the project. The majority of participants had been actively
involved in the project in the last month before their participation in the online survey (64%).
Most participants spent more than 10 hours per year on project activities (59%).

Development of the surveys

We developed both surveys by analyzing and comparing questionnaires that had already been
used in previous studies. Survey questions in the coordinator survey were informed by ques-
tions found in various existing questionnaires [30, 53, 79]. Similarly, the survey questions in
the participant survey were inspired by questions found in previously used questionnaires, for
example, by Toomey and Domroese [65], Chase and Levine [80], and Lewandowski and Ober-
hauser [54]. For the participant survey questions concerning skills, we adapted the Skills for
Science Inquiry Scale [81] provided by the Cornell Lab of Ornithology. We slightly shortened
the scale in order to reduce the length of the questionnaire. In addition, we changed the word-
ing of some items to make them more suitable for the context of our study. We selected suit-
able items for inclusion in the two surveys based on theoretical relevance. We then adapted the
content and wording of these items to the subject and aims of our study.

We developed both an English and a German version of the questionnaires. Both question-
naires were originally created in English, in order to facilitate the international approach of
our study across countries. The questionnaires were then translated into German, reflecting
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One-time limited-duration project ~One-time event
2 | /. 0

Fig 3. Time frame of participating projects.

https://doi.org/10.1371/journal.pone.0253692.9003

the local setting of our research team, which is based in Germany. The translation was done by
two independent translators who were not part of the research team. We then chose the most
suitable translations. In order to assure that the questions were clear and easy to understand,
and to determine the average time required to complete the surveys, both questionnaires were
pre-tested: the coordinator questionnaire was pre-tested by five CS project coordinators and

INSECES  ———— ) 0
Birds i 17
Mammals s 12
Plants I 3
Amphibians [N 7
Reptiles I 6
Al s 4
Fish N 2
Other I ©

Species of focus

0 5 10 15 20

Number of projects

Fig 4. Species or organisms that are the focus of the participating projects (multiple answers possible).

https://doi.org/10.1371/journal.pone.0253692.9004
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Ecosystems of focus
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30

Fig 5. Ecosystems that are the focus of the participating projects (multiple answers possible).

https://doi.org/10.1371/journal.pone.0253692.9005

seven members of the general public with a background in natural or social sciences; the par-
ticipant questionnaire was pre-tested by 45 members of the general public of different ages
and with different educational as well as professional backgrounds (36 in German, nine in
English). Respondents’ feedback and suggestions for improvement were then integrated into

the final versions of both questionnaires. In order to ensure the validity of the scales, we based
our survey questions on pre-existing scales and on items found in questionnaires previously
used by other authors.

Table 1. Demographic characteristics of project participants who took part in the study.

Demographic characteristics (n = 838) Respondents (%)
Age 18-29 years 3.3
30-39 years 5.8
40-49 years 13.7
50-59 years 23.9
60-69 years 36.3
70 years and over 16.9
Gender Female 52.6
Male 47.3
Other 0.1
Education Some high school 3.6
Completed high school 8.7
Completed technical or vocational training 19.8
Bachelor’s degree 27.9
Master’s or other postgraduate degree 29.6
Doctorate (PhD, EdD, MD, etc.) 10.5
Employment Employed full- or part-time 36.4
Self-employed 11.2
Full-time housewife/-husband 1.8
Out of work 3.6
Student 1.9
Retired 45.0

https://doi.org/10.1371/journal.pone.0253692.t001
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Table 2. Example of an item in the coordinator questionnaire concerning information provided to project participants.

Do you provide your participants with information about the following?

No | Yes, on the Yes, through Yes, mess-ages Yes, through | Yes, through Yes, in training | Other
project website |social media through the project | emails mailings (paper) |sessions
app

Overall objectives / goals / intended
outcomes of your project

Scientific background and processes of
your project

Overall results / outcomes of your
project

Threats to the species that your project
focuses on

Opportunities for engaging in
conservation activities outside your
project

https://doi.org/10.1371/journal.pone.0253692.t002

Coordinator and participant questionnaires

The coordinator questionnaire addressed project characteristics from the perspective of

the project staff and organizers. The coordinator questionnaire contained the following sec-
tions: general information about the project, project goals and outcomes, project activities,
requirements of and training for participants, information provided to participants, opportu-
nities for social interaction among participants, contact between project participants and
project staff, and feedback and recognition provided to participants. An example of a question-
naire item regarding information provided to participants is shown in Table 2. All items con-
cerning training, information, social interaction, contact, and feedback and recognition are
available in S2-S6 Tables in S1 File. The complete coordinator questionnaire is available upon
request.

The participant questionnaire addressed project characteristics from the participants’ per-
spective, as well as perceived participant outcomes. The participant questionnaire comprised
the following sections: questions about the project, about the respondents (demographics),
about the amount and nature of participation, and about perceived outcomes. These self-
reported outcomes concerned perceived changes in, for example,

o participants’ knowledge: awareness of species, understanding of biodiversity, learning about
species, nature, and science; and

« participants’ skills: data collection skills, further skills such as data analysis, and so forth

The questionnaire items concerning information, training, social interaction, contact, and
feedback and recognition are available in S7-S11 Tables in S1 File. The items for self-reported
changes in knowledge and skills are available in S12 and S13 Tables in S1 File. The complete
participant questionnaire is available upon request.

Both questionnaires contained mostly closed-ended questions (e.g., 5-/6-point Likert-
type, multiple-choice) as well as a smaller number of open-ended questions providing an
opportunity for additional comments. The closed-ended questions were mandatory; the open-
ended questions were optional. While the coordinator questionnaire included project name,
organization, and contact details, the participant questionnaire was anonymous. Informed
consent was obtained from the participants at the start of the online survey. The survey was
approved by the Ethics Committee of the Leibniz Institute for Science and Mathematics
Education.
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Conducting the surveys

The coordinator survey was administered to project coordinators directly. In the large CS proj-
ects, project coordinators often were staff members of the organization or institution responsi-
ble for the project. In the smaller projects without paid staff, project coordinators were
volunteers. In some cases, the survey was completed by other project staff (e.g., former project
coordinator on parental leave). Unlike the coordinator survey, the participant survey could
not be administered directly to project participants due to privacy concerns and data protec-
tion issues. Instead, project coordinators invited project participants to take part in the survey,
either through an invitation email or by including the link to the survey in a project newsletter
or by posting a message on the project website.

Both surveys were conducted online, using LimeSurvey software, version 3.17 and 3.23.
The coordinator questionnaire was open from October 8, 2019 to October 1, 2020 and was (at
least partly) filled in by 56 project coordinators or their staff. Out of the 56 coordinator
responses, only 48 projects had corresponding participant responses. The participant ques-
tionnaire was open from July 4, 2019 to November 30, 2019. During that time, LimeSurvey
registered 1,179 survey respondents who provided at least their country and the name of the
CS project they were participating in. The questionnaire was filled in by participants of the
projects that were taking part in our study, as well as by participants of other projects. The
dataset derived from the participant survey was analyzed in a previous study focusing on a
variety of participant outcomes (see [17]).

For the current study, we combined both the coordinator and the participant datasets. In
this combined dataset, we only kept participants’ responses for which we had a corresponding
coordinator response, and vice versa. Consequently, our combined dataset contained 48 coor-
dinator responses (of which 47 were completed, one was partly filled in) and 1,067 participant
responses (837 completed).

Statistical analysis of survey data

We analyzed the quantitative data of the combined dataset using IBM SPSS Statistics software,
version 26. For responses to 5-point Likert-type questions we assigned the values 1 to 5 (e.g.,
responses coded as 1 for strongly disagree to 5 for strongly agree). In a previous study, partici-
pant outcomes such as gains in knowledge and skills were investigated [17]. In that study, sin-
gle items concerning participants’ perceived gains in knowledge and skills were combined into
scales. In the current study, we used the same scales (see Table 3).

First, we investigated whether and to what extent participants’ perceived changes in knowl-
edge and skills were related to different project characteristics. We investigated the following
project characteristics from the perspective of both project coordinators and project
participants:

Table 3. Overview of scales for knowledge and skills (Peter et al. 2021).

Scales Number of items Reliability (Cronbach’s Alpha)
Knowledge

Change in awareness of species 3 0.857

Change in understanding of biodiversity 3 0.951

Learning about species, environment, and science 3 0.769

Skills

Gain in skills of data collection 4 0.845

Gain in skills of data analysis, etc. 6 0.865

https://doi.org/10.1371/journal.pone.0253692.t1003
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o Information provided by the project / received by participants
o Training provided by the project / received by participants

« Opportunities for social interaction among participants as provided by the project / used by
participants

 Opportunities for contact between project participants and project staff as provided by the
project / used by the participants

o Feedback and recognition provided by the project / received by participants

We performed one-way independent analyses of variance (ANOV As, including Levene’s
test of variance and Welch’s test whenever equal variance could not be assumed). In addition,
we summarized some variables of the project characteristics and examined whether these sum-
mary variables correlated with perceived changes in knowledge and skills. For this purpose, we
calculated the Pearson correlation index.

In the following section, we present the results of the quantitative data analyses. We provide
the number of respondents who answered a question (sample size, 1), averages (mean, M), the
spread of data around the mean (standard deviation, SD), the significance of results (p, results
are statistically significant if p < 0.05), and the size of the observed effect (partial eta squared,
1, and Pearson’s correlation coefficient r) (see Field [82]. For effect sizes, we followed the
widely used suggestions by [83], who defined effect sizes as follows:

« Partial eta squared: small effect: partial n* > 0.01, medium effect: partial n* > 0.06, large
effect: partial n> > 0.14.

o Pearson correlation index: small effect: r > 0.1, medium effect: » > 0.3, large effect: » > 0.5.

When we mention a majority of respondents, we are referring to a proportion of survey
respondents greater than 50%.

Results
Participants’ perceived gains in knowledge and skills

In the participant survey, we asked project participants to report perceived changes in knowl-

edge and skills resulting from project participation. Survey respondents answered by choosing

their level of agreement with a specific statement regarding gains in knowledge and skills.
Gains in knowledge. The majority of the participant survey respondents agreed that, as

a result of participating in their project, they had become more aware of species’ presence,

diversity, and threats to these species (Table 4). Similarly, many respondents agreed that

Table 4. Scales for self-reported changes in participants’ knowledge and skills.

Scale n Mean* SD
Knowledge

Change in awareness of species 871 4.13 0.73
Change in understanding of biodiversity 871 3.67 0.95
Learning about species, environment, and science 871 3.50 0.77
Skills

Gain in skills of data collection 859 3.87 0.70
Gain in skills of data analysis, etc. 859 2.89 0.73

(*1 = Strongly disagree, 2 = Disagree, 3 = Neutral, 4 = Agree, 5 = Strongly agree).

https://doi.org/10.1371/journal.pone.0253692.t1004
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participating in the project had increased their understanding of biodiversity and its impor-
tance, and threats to biodiversity. Finally, participants agreed that, through participating in the
project, they had learned a lot about the species they found or observed, about the environ-
ment in general, and, to a lesser degree, about how science works.

Gains in skills. Most respondents of the participant survey agreed that, as a result of par-
ticipating in the BDCS project, they had gained or increased their data collection skills
(Table 4) such as observing and recording species, identifying different species, collecting data
in a standardized manner, and submitting their observations to the project database. Fewer
respondents agreed that their skills beyond data collection had also increased through project
participation. Such skills were: using the project database to answer a question, communicat-
ing project findings to others, interpreting the meaning of project data presented in maps and
charts, training others to participate in the project, conducting statistical analyses using project
data, and designing their own study related to project data.

Project characteristics

We analyzed the extent to which gains in knowledge and skills reported by project participants
were related to the following project characteristics:

a. Information provided to and received by participants

b. Training provided to and received by participants

c. Opportunities for social interaction among participants

d. Contact between project participants and project staft

e. Feedback and recognition provided to and received by participants

We analyzed both the perspective of the project coordinators (e.g., training provided by the
project, as reported by the respondents to the coordinator questionnaire) and the perspective
of the participants (e.g., training received by the participants, as reported by the respondents to
the participant questionnaire). We found statistically significant relationships between project
characteristics and participant outcomes for all five project characteristics. In most cases, these
results were statistically significant for project characteristics as described by the participants,
but not for project characteristics as described by the coordinators. Here, we report only statis-
tically significant results (p < 0.05) with at least small effect sizes (partial > > 0.01, or r > 0.1).
Significant results with less than small effect sizes are not reported.

a. Information provided to and received by participants. In the coordinator survey, we
asked the BDCS project coordinators what information they provided their participants with
and how they provided the information (multiple-choice questions). Most projects provided
information on project goals/intended outcomes (96%) and project results (94%), followed by
information about threats to the species that the project focused on (89%), the scientific back-
ground and processes of the project (89%), and opportunities for engaging in conservation
activities outside the project (68%). The means of providing information used most frequently
were the project website (92% of projects), followed by emails (77%) (Fig 6).

Similarly, in the participant survey, we asked the project participants about the information
they received from their project (possible answers: no information, some information, com-
prehensive information). The majority of respondents stated that they received comprehensive
information about the project’s goals (58%) and overall results (57%) (Fig 7). Project newslet-
ters or other information received from the project were read by participants at least once a
month (36%), less than once a month (59%), or never (5%).
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Fig 6. Means of providing information to the project participants.
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The analysis of the participant data revealed that participants’ perceived gains in both
knowledge and skills were significantly related to the amount of information that participants
received regarding the project’s scientific background and overall results, the threats to the spe-
cies the project focused on (Table 5), the opportunities for engaging in conservation activities
outside the project, and partly to the information they received about the project’s overall
goals (learning about species, etc., skills of data analysis, etc.); effect sizes were small in all
cases. Participants who received more information reported higher gains in knowledge and
skills. In addition, participants who read such information more frequently reported higher
gains in knowledge and skills; effect sizes were small for skills and small to medium for
knowledge.

In contrast, the analysis of the respective coordinator data did not reveal any significant
relationships between the kind or amount of information provided to the participants and par-
ticipants’ perceived gains in knowledge or skills.

b. Training provided to and received by participants. In the coordinator survey, the
project staff was asked about the type of training they provided for their participants (multi-
ple-choice question). The type of training most often provided was written instructions or
training material online (79% of projects), followed by in-person training such as workshops
and seminars (68%) (Fig 8).

Likewise, in the participant survey, participants were asked about the kind of training they
received, and whether they received this training only once or at least twice. The training most
often received by participants was written instructions or training material either online (76%)
or in print (55%), followed by in-person training (23%) and interactive or multimedia online
training (video, quiz, etc.) (17%) (Fig 9).

The analysis of the participant data indicated that participants’ perceived gains in knowl-
edge and skills were significantly related to the amount of in-person or multimedia training

E Overall objectives and goals of project 58.4 57/ 4.6

% g Overall results of project 57.4 333 s

§ :g Scientific background and processes of project 39.6 46.5 13.9
b=

E g Threats to the species that the project focuses on 36.6 45.2 18.2

‘_E Opportunities for engaging in conservation activities 199 43.8 36.3

0O 10 20 30 40 50 60 70 80 90 100

Percentage of participants (%)

Comprehensive info Some info No info

Fig 7. Kinds of information received by the participants.

https://doi.org/10.1371/journal.pone.0253692.9007
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Table 5. Results of the one-way independent ANOVA test for the amount of information about threats to species that was received by the project participants.

Scale df (Degrees of freedom) F p (Significance)* Partial n* (Effect size)**
Knowledge (n = 871)

Change in awareness of species 2,868 19.569 <0.001 0.043

Change in understanding of biodiversity 2,868 11.643 <0.001 0.026
Learning about species, environment, and science 2, 868 25.876 <0.001 0.056

Skills (n = 859)

Gain in skills of data collection 2, 856 9.295 <0.001 0.021

Gain in skills of data analysis, etc. 2, 856 15.396 <0.001 0.035

(*p-values in bold are significant

**small effect: partial n* > 0.01, medium effect: partial n* > 0.06, large effect: n* > 0.14).

https://doi.org/10.1371/journal.pone.0253692.t005

they received; effect sizes were small (Table 6). Participants who received more in-person or
multimedia training reported higher gains in knowledge and skills. No significant relation-
ships were found for the amount of written instructions or training material that participants
received.

The analysis of the coordinator data concerning training opportunities revealed significant
results only for data collection skills: participants of projects that offered some kind of training
reported higher data collection skills than participants of projects that did not offer any kind of
training; effect sizes were small.

c. Opportunities for social interaction among participants. In the coordinator question-
naire, respondents provided information on opportunities for social interaction that were
available to participants (multiple-choice question). Most projects stated that training sessions
offered opportunities for participants to interact (53% of projects); this was followed by social
media (47%) and meetings (47%) (Fig 10).

Respondents to the participant questionnaire stated that they mostly used the following
resources when contacting other volunteers (multiple answers possible): list of volunteers’
email addresses (15%), followed by meetings (14%), online discussion forums or mailing lists
(11%), social media (10%), training sessions (9%), and a list of volunteers’ telephone numbers
(6%). However, the majority of respondents (62%) had not been in contact with other partici-
pants yet, 24% had been in contact less than once a month, and 14% had been in contact at
least once a month.

We also asked project participants whether they worked together with others when collect-
ing data for the project. The majority of respondents (60%) worked alone, only 30% sometimes
worked with others, and 10% always collected data with others. The respondents who worked

Written instructions or training material online [ N 7: 7
in-person training | 651
Written instructions or training material in print _ 48.9
Interactive or multimedia online training _ 27.7

No training . 4.3

Training provided by projects

0 10 20 30 40 50 60 70 8 90

Percentage of projects (%)

Fig 8. Training provided by the projects for their participants.
https://doi.org/10.1371/journal.pone.0253692.g008

PLOS ONE | https://doi.org/10.1371/journal.pone.0253692  July 15, 2021 14/30


https://doi.org/10.1371/journal.pone.0253692.t005
https://doi.org/10.1371/journal.pone.0253692.g008
https://doi.org/10.1371/journal.pone.0253692

PLOS ONE Citizen science project characteristics: Connection to participants’ knowledge and skills

@
E Written instructions or training material online 322 435 243

o

S

,fa Written instructions or training material in print 19 35.5 455

>

2

b In-person training 19190 12.8 77.4

s

°

S

e Interactive or multimedia online training 9.2 7.8 83

oo

c

€

® 0 10 20 30 40 50 60 70 80 90 100
=

Percentage of participants (%)

Training received at least twice Training received once Never

Fig 9. Training received by project participants.
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together with others most often did so with family members, followed by other members of
the same BDCS project, friends or neighbors, and members of a community club.

Our analyses of the participant data showed that participants’ amount of social interaction
with other volunteers was significantly related to participants’ perceived gains in knowledge
(with small effect sizes) and skills (with small to medium effect sizes) (Table 7): Participants
who interacted more with other project participants reported higher gains in knowledge and
skills. Furthermore, participants who worked with others when collecting data for the project
reported higher gains in skills; effect sizes were small.

By contrast, our analyses of the coordinator data did not reveal any significant relationships
between participant outcomes and opportunities for social interaction provided by the project.

d. Contact between project participants and project staff. In the coordinator question-
naire, respondents were asked to describe how project participants could contact project staff
when they had questions or problems (multiple-choice question). All projects stated that their
staff could be contacted via email; phone contact was offered by 79% of projects (Fig 11).
When asked whether participants had the opportunity to meet the project scientists personally,
77% answered positively.

Project participants were asked how often they communicated with project staft through
phone, email, online forum, and so forth. Nearly 30% of respondents stated that they never
communicated with project staff. The majority of respondents communicated with staff less
than once a month (61%); the remaining 10% communicated with staff once a month or more
often. When asked how often they met the project scientists in person, 71% responded that
they never met the scientists in person, 27% met the scientists less than once a month, and 2%
met them at least once a month.

Table 6. Results of the one-way independent ANOVA test for the amount of in-person training received by the project participants.

Scale df (Degrees of freedom) F p (Significance)* Partial n> (Effect size)**
Knowledge (n = 871)

Change in awareness of species 2, 868 7.452 0.001 0.017

Change in understanding of biodiversity 2, 868 11.518 <0.001 0.026

Learning about species, environment, and science 2,868 15.134 <0.001 0.034

Skills (n = 859)

Gain in skills of data collection 2, 856 10.353 <0.001 0.024

Gain in skills of data analysis, etc. 2, 856 20.977 <0.001 0.047

(*p-values in bold are significant
**small effect: partial n2 > 0.01, medium effect: partial n2 > 0.06, large effect: n2 > 0.14).

https://doi.org/10.1371/journal.pone.0253692.t006
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Analyzing the participants’ perspective, we found that the participants’ reported amount of
contact with project staff was significantly related to perceived gains in knowledge (small effect
sizes) and skills (small to medium effect sizes) (Table 8). The same applied to participants’
reported amount of contact with the project scientists in particular. Participants who had
more contact with project staff and scientists perceived higher gains in knowledge and skills.

Analyzing the coordinators’ perspective, means of contact with project staff as provided by
the project were not found to be connected to participant outcomes. Similarly, whether or not
the projects provided their participants with the opportunity to meet the project scientists was
not significantly associated with participant outcomes.

e. Feedback and recognition provided to and received by participants. We asked project
coordinators whether they provided their participants with individual feedback on their per-
formance of project tasks (e.g., on whether they identified a species correctly). The majority of
projects sometimes provided individual feedback (55%), 13% regularly provided such feed-
back, and 11% of projects stated that participants received feedback every time they submitted
data. 21% of projects did not provide participants with individual feedback.

When asked what kind of recognition or rewards the projects provided to volunteers for
participating in the project (multiple-choice question), the answer most often chosen was posi-
tive feedback (74% of projects), followed by public acknowledgment (47%) and volunteer
appreciation events (32%) (Fig 12).

Likewise, we asked participants about the individual feedback they received from the proj-
ect regarding their performance of project tasks. Most participants reported that they had not

Table 7. Results of the one-way independent ANOVA test for whether participants had been in contact with other participants or not.

Scale df (Degrees of freedom) F p (Significance)* Partial n? (Effect size)**
Knowledge (n = 871)

Change in awareness of species 1, 869 14.803 <0.001 0.017

Change in understanding of biodiversity 1, 869 21.67 <0.001 0.024
Learning about species, environment, and science 1, 869 37.957 <0.001 0.042

Skills (n = 859)

Gain in skills of data collection 1, 857 24.137 <0.001 0.027

Gain in skills of data analysis, etc. 1, 857 65.077 <0.001 0.071

(*p-values in bold are significant

**small effect: partial n2 > 0.01, medium effect: partial n2 > 0.06, large effect: n2 > 0.14).

https://doi.org/10.1371/journal.pone.0253692.t007
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Fig 11. Means of contact with project staff provided by the projects.
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received any feedback (46%). Fewer respondents received feedback sometimes (25%), regularly
(14%), or every time they submitted data (15%).

Concerning the kind of recognition or rewards that participants received for participating
in the project, most participants reported that they received either positive feedback as a form
of recognition (46%) or no recognition or rewards at all (40%). Other forms of recognition
were scarcely obtained: top contributor listings (8%), public acknowledgment (6%), certificates
(5%), promotional items (5%), free equipment or supplies (5%), volunteer appreciation events
(4%), new tasks or responsibilities (3%), personal performance ratings (2%), and naming and
co-authorship privileges (1%).

Our analyses of the participant survey data revealed that the frequency of individual feed-
back that participants received was significantly related to participants’ perceived gains in
knowledge (small effect sizes) and skills (small to medium effect sizes): participants who
received feedback more frequently reported higher gains in knowledge and skills (Table 9).

Recognition or rewards received by participants were also connected to participant out-
comes: participants who received some kind of recognition reported significantly higher gains
in knowledge and skills than participants who received no recognition at all (small effect
sizes). Concerning specific forms of recognition, only positive feedback had significant effects:
Participants who received positive feedback as a form of recognition reported significantly
higher gains in knowledge and skills (with small effect sizes) than participants who did not
receive this kind of recognition. Other kinds of recognition were not significantly related to
participant outcomes.

Table 8. Results of the one-way independent ANOVA test for the amount of contact between project participants and project staff.

Scale df (Degrees of freedom) F p (Significance)* Partial n? (Effect size)**
Knowledge (n = 840)

Change in awareness of species 4,835 3.371 0.01 0.016

Change in understanding of biodiversity 4,835 1.351 0.249 0.006
Learning about species, environment, and science 4, 835 4.207 0.002 0.020

Skills (n = 828)

Gain in skills of data collection 4,823 7.248 <0.001 0.034

Gain in skills of data analysis, etc. 4,823 12.027 <0.001 0.055

(*p-values in bold are significant

**small effect: partial n2 > 0.01, medium effect: partial n2 > 0.06, large effect: n2 > 0.14).

https://doi.org/10.1371/journal.pone.0253692.t008
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Regarding data provided in the coordinator survey, we did not find clear relationships. The
amount of individual feedback provided by the projects as well as the forms of recognition or
rewards did not seem to be significantly associated with participant outcomes.

Discussion

In our exploratory study, we investigated the extent to which participants’ gains in knowledge
and skills were connected to the following project characteristics: information provided to par-
ticipants, training provided to participants, opportunities for social interaction among partici-
pants, contact between project participants and project staff, and feedback and recognition
provided to participants. We examined the perspectives of both project coordinators and proj-
ect participants, that is, we looked at, for example, feedback provided by the project (as
reported by project coordinators) and feedback received by the participants (as reported by
project participants). While analyses of the participant survey data revealed connections
between all of the above project characteristics and participants’ gains in knowledge and skills,
analyses of the coordinator survey data yielded hardly any statistically significant results.

Project characteristics from the participants’ perspective

Participants’ perceived gains in biodiversity-related knowledge and skills were significantly
related to the project characteristics that were reported in the participant survey.

Table 9. Results of the one-way independent ANOVA test for the frequency of individual feedback received by project participants.

Scale df (Degrees of freedom) F p (Significance)* Partial n? (Effect size)**
Knowledge (n = 871)

Change in awareness of species 3, 867 5.461 0.001 0.019

Change in understanding of biodiversity 3, 867 7.028 <0.001 0.024
Learning about species, environment, and science 3, 867 14.657 <0.001 0.048

Skills (n = 859)

Gain in skills of data collection 3,855 14.272 <0.001 0.048

Gain in skills of data analysis, etc. 3,855 17.166 <0.001 0.057

(*p-values in bold are significant

**small effect: partial n2 > 0.01, medium effect: partial n2 > 0.06, large effect: n2 > 0.14).

https://doi.org/10.1371/journal.pone.0253692.t009
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Information received by participants. We found that project participants who received
more information on the project’s goals, the scientific background and results, the threats to
the species the project focused on, and the opportunities for engaging in conservation activities
outside the project reported higher gains in knowledge and skills. These results are supported
by previous research on learning in CS projects. Haywood [52] found that CS project partici-
pants need to "understand the big picture" in which their data collection takes place. By com-
paring their own findings with the overall project results, participants get the opportunity to
form links between local, regional, and possibly even global environmental issues [40]. Under-
standing this broader context contributes to science learning [84]. The need for CS projects to
provide information that explicitly explains the project’s scientific background and processes
is supported by Brossard et al. [85]. They found that participants’ content knowledge increased
during project participation, but participants’ understanding of the scientific process did not.
They reasoned that simply providing participants with reading material might not be suffi-
cient. Instead, both Brossard et al. [85] and Pandya and Dibner [44] emphasized that learning
about science would be increased if participants received explicit information not only about
the content, but also about the research process in which they are involved. Wyler and Haklay
[86] specifically recommended "full transparency of the research objectives, research protocol
and analysis techniques” (p. 177). Overall transparency concerning all aspects of the project,
including intended and achieved project outcomes, would clearly benefit participants’ gains in
environmental and scientific knowledge and skills.

Training received by participants. In our study, project participants who took part in
interactive or multimedia online training or in-person training reported higher gains in
knowledge and skills. By contrast, written instructions or training material in both printed and
online versions did not seem to have any connection with knowledge or skills. In a similar
way, Garcia-Soto et al. [87] found that providing participants with photographic guides and
text descriptions of species was not sufficient to ensure that participants correctly identified
seagrass species, especially in the case of species that participants had not encountered before.
Frequent misidentification of seagrasses was the result. Face-to-face training in the field turned
out to be necessary for participants to gain the appropriate skills. Peltola and Arpin [68] also
found that face-to-face training sessions outdoors had an important impact on participants’
learning. Furthermore, in-person training workshops led to participants’ increased environ-
mental knowledge [70, 71], science knowledge [70], and scientific skills [70, 88]. Our findings
are also supported by van der Wal et al. [72], who demonstrated that an interactive online
training program increased participants’ species identification skills. Especially beginners
appreciated the tool that helped them to acquire these skills that they perceived as difficult. We
thus conclude that interactive online or in-person training is most effective. Jordan et al. [34],
however, reported that a training workshop that consisted of providing content information
and practicing species identification increased participants’ content knowledge, but not their
understanding of the nature of science. The authors concluded that the training did not offer
enough time and opportunities for practice and reflection. Participants need to reflect on their
role in the scientific process, in order to achieve science learning outcomes [85, 89].

Thus, interactive training, be it in-person or online, needs to build in such opportunities
for practice and reflection. One way of doing this might be by not only offering separate train-
ing sessions, but by actually integrating training directly into the project activities, as recom-
mended by Edelson et al. [55]. This could be done, for example, by giving participants
educational tasks as part of the data collection protocol [55]. In addition, Pandya and Dibner
[44] suggest learning support in the form of, for example, mentoring of new participants by
more advanced participants. This could serve as a kind of ongoing on-the-job training,
enabling participants to reflect on and apply the skills and knowledge they have gained. In all
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this it is important to bear in mind that training of any kind needs to be adapted for the target
audience and its needs. Kountoupes and Oberhauser [56], for example, reported that training
activities were successfully modified in order to make them more suitable for younger partici-
pants by including more hands-on activities and "practicing rather than talking". We conclude
that interactive forms of online or in-person training, if well integrated into the project and tai-
lored to the participants’ needs, can effectively support participants in their learning.

Opportunities for social interaction among participants. We found that participants
who interacted more with other project participants reported higher gains in knowledge and,
especially, in skills. In addition, participants who collected data together with other people
(most often, family members) reported higher gains in skills than participants who worked on
their own. Our findings are supported by Peltola and Arpin [68], who found that social inter-
action in a group led to collective learning, which in turn resulted in increased knowledge and
skills on the part of the project participants (also see Lave and Wenger [90]). More specifically,
Deguines et al. [15] observed that the level of social interaction among project participants on
the project’s website (e.g., through commenting on each other’s photographs) was positively
related to participants’ gains in species identification skills. Similarly, a real-time message or
chat function on the project website was found by Tinati et al. [59] to facilitate participants
sharing knowledge and information and learning from each other.

The respondents of our participant survey who reported collecting data together with oth-
ers most often did so with family members. Engaging families in CS projects could hold a
potential for increased participation and learning. Kountoupes and Oberhauser [56] argued
that since there is a general lack of informal environmental and science education programs
for adults, involving their children in educational activities could be a motivator for parents to
participate in CS projects. In the study by Evans et al. [62], project participants mentioned that
they took part in the project because they wanted their children to learn about the environ-
ment. Through this shared or social learning, both parents and children could benefit by gain-
ing knowledge and skills.

However, our findings indicate that social interaction in CS projects might not happen
automatically. The majority of our participant survey respondents stated that they had not
been in contact with any other participants; similarly, most stated that they collected data on
their own. CS projects, therefore, need to be deliberately designed for social interaction, as
emphasized by Davis et al. [61]. Such interaction needs to be actively encouraged, for example,
by promoting data collection in pairs or teams, by having participants verify each other’s clas-
sifications [44], or by offering regular activities that specifically address families. Another
potential form of social interaction was described by Davis et al. [61]: social data sharing events
as part of an environmental health-related CS project. During these events, project participants
who lived close to each other compared data that they had collected and discussed potential
reasons for differences in their data. BDCS projects are often based on individuals collecting
data. By encouraging social interaction among project participants, these projects can be
designed in a way that makes their participants feel part of a larger endeavor [44] and that
encourages learning within a community (see Wenger [91]).

Contact between project staff and participants. We found that project participants who
had more contact with project staff and scientists reported higher gains in knowledge and, par-
ticularly, in skills. Evans et al. [62] even described interactions between research staff and proj-
ect participants to be one of the two most important factors influencing learning. Participants
in the study by Evans et al. [62] commented that meeting the project scientists face-to-face had
the biggest influence on their knowledge and skills. Participants learned, for example, from
observing the scientists, and also from discussions with the scientists. Participants who had the
chance to directly interact with researchers felt empowered and appreciated as partners in the
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research process [62]. Koss and Kingsley [63] and Toomey and Domroese [65] also argued
that direct interaction between scientists and participants influenced learning outcomes. Pel-
tola and Arpin [68] mentioned long-term relationships between project participants and
instructors as having contributed to participants’ learning.

Past research supports the results of our study that suggest that increased contact between
project participants and project staff is connected to participants’ learning. However, in our
study, the majority of participants reported that they had had little contact to project staff and
had not met the project scientists yet. This indicates that there is a need for more intentional
interaction. Edelson et al. [55] specifically recommended interaction between "science experts"
and project participants as an important strategy for improving participants’ scientific skills
and understanding of scientific concepts. Such interaction can take place, for instance, through
ongoing participant training events [52] or visits to areas where participants regularly monitor
species [62]. Davis et al. [61] suggest deliberately designing CS projects for dialogue and inter-
action, for example, through in-person training events that can also serve as participant
recruitment events, weekly conference calls with project staff and key volunteers, annual pro-
fessional development events with project staff and key volunteers, and "regular opportunities
for open, friendly engagement between project staff, [. . .] and participants at community
trainings, data sharing events, and informal "open house’ events throughout each year" (p. 20).
Several authors have emphasized the importance of intentional project design for achieving
participant outcomes (e.g., [36, 44, 74, 89]. By deliberately designing BDCS projects to include
interaction among project participants, staff, and scientists, these projects could potentially
achieve higher learning outcomes for the participants.

Feedback and recognition received by participants. In our study, project participants
who frequently received individual feedback from the project regarding their performance of
project tasks reported higher gains in knowledge and, especially, in skills. Similarly, partici-
pants who received positive feedback as a form of recognition or reward for participating in
the project reported higher gains in knowledge and skills. Previous research on BDCS projects
confirms these findings. BDCS projects, such as the ones surveyed in our study, often involve
participants in collecting specimens (or taking photographs thereof), identifying the speci-
mens, and submitting them (or the photographs thereof) to the project. Druschke and Seltzer
[36] described that, in their CS project, "participants did not get feedback about the species of
bees they actually collected or whether they collected any bees at all" (p. 182). The authors saw
this as a missed opportunity to educate their participants about pollinators, and they advised
future projects to report back to the participants as quickly as possible about the collected or
identified species. As a result, participants would feel that their contribution is valued and that
they are part of the overall research process [36]. Van der Wal et al. [72] demonstrated that
immediate automated feedback upon data submission allowed project participants, especially
beginners, to quickly gain or expand their species identification skills. This kind of feedback
even motivated the participants to further improve their identification skills. The authors
argued that, because recording species is often a rather solitary activity, which was confirmed
by the 60% of our survey respondents who collected data on their own, individual feedback to
participants is particularly valuable for participants’ learning. Pandya and Dibner [44] agree
that immediate feedback to project participants regarding the accuracy of submitted data can
enhance participants’ content knowledge and scientific skills. Peltola and Arpin [68] confirm
that giving regular positive feedback to project participants can help the participants to become
more confident in their abilities and can thereby contribute to their learning (also see Hattie
and Timperley [92]).

We conclude that participants would benefit from, on the one hand, regular and rapid indi-
vidual feedback on the accuracy of the data they have collected and submitted, and on the
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other hand, from recognition of their participation in the project through positive feedback.
Edelson et al. [55] recommend giving participants positive feedback by publicly acknowledg-
ing their contribution to the project. In addition, Pandya and Dibner [44] suggest that general
feedback could include information on how the collected data were used by scientists in the
past, and on how data have been and can be used to support decision making and inform pol-
icy in the future. By providing appropriate feedback to participants, BDCS projects can assist
their participants in gaining knowledge and skills.

Project characteristics from the project coordinators’ perspective

In contrast to the results discussed above, gains in knowledge and skills perceived by the par-
ticipants were scarcely connected to the project characteristics reported in the coordinator sur-
vey. No statistically significant connections were found for information provided by the
project, opportunities for social interaction among participants offered by the project, oppor-
tunities for contact with project staff and scientists offered by the project, or feedback and rec-
ognition provided by the project. Only in the case of training provided to the participants did
we find that participants of projects that offered some kind of training reported higher data
collection skills than participants of projects that did not offer any training. There seems to be
a general discrepancy between participant and coordinator perspectives.

There are several possible reasons for this discrepancy between the results obtained from
analyzing participant data and coordinator data. First, it is possible and even likely that certain
project characteristics are perceived differently by project coordinators and participants. For
example, in the case of information: projects might provide certain information, but partici-
pants might not receive it. If information is provided on the project website, only those partici-
pants who actively visit the website and navigate to those pages that contain the relevant
information will perceive that they received the respective information. Information provided
in the form of emails or postal mail might have better chances of being received by partici-
pants, but they still have to open the (e)mail, scroll through it, and read the information. Thus,
some effort on the part of the participant is required in order to receive the information offered
by the project. Participants who do not make that effort might simply not have noticed that the
information was provided. The same might apply to opportunities for social interaction
among participants, contact between project staff and participants, and training opportunities.
These opportunities might have been provided by the project, but that did not automatically
mean that participants made use of them. Only participants who made the effort and chose to
use the opportunities offered by the project will have stated in the participant questionnaire
that they received certain training or were in contact with project staff or scientists. More gen-
erally speaking, project participants might engage in their project and use certain project fea-
tures in ways that were not necessarily intended by the project. Or as Edwards et al. [43] put it,
"people learn different things in different ways within the same project. In other words, how
learning is designed into citizen science projects does not guarantee that volunteers will learn
what is intended or in the ways planned" (p. 388). This leads to potential methodological con-
clusions for our current and also for potential future research: in the case of certain project
characteristics, the inherent difference between features provided by the project and features
received and used by the participants might make it impossible to infer one from the other. It
could therefore be assumed that certain project characteristics as described by the project coor-
dinators cannot be directly connected to potential participant outcomes. In such cases, statisti-
cally significant relationships can only be found when project characteristics that are actually
received by the participants (and this is indicated in their perception) are investigated.
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Another reason for the observed discrepancy between project characteristics as reported by
project coordinators and project participants might be the flow of information. Projects might
offer a variety of training opportunities or means of getting in direct contact with other partici-
pants or with project staff and scientists, but participants might simply not know about these
opportunities and, thus, might not make use of them. Again, this could be due to participants
not having made the effort to read the respective information given by the project, as described
above. But it could also be due to the way in which information is provided to the participants
and the question of whether this way of providing information is suitable for the audience.
Depending on whom the project wants to reach, the means of communication might have to
be adapted to the audience. From the coordinator survey we know that information was pro-
vided by projects primarily on the project website and through emails. These forms of commu-
nication might be easiest to manage, but other forms might be more effective in reaching the
target audience. A postcard in the postal mail could be more suitable for reaching older partici-
pants, while a message through a smartphone app might be more effective in addressing youn-
ger participants. In addition, Santori et al. [41] suggest creating more direct links between the
different means of communication. By linking, for example, the project website to social
media and scientific publications, projects might be more successful in reaching their partici-
pants. In particular, reaching younger audiences should be high on the list of projects’ priori-
ties. As the demographic profile of our participant survey indicates, the majority of
participants in BDCS projects is 60 years and older. In the context of the decline in species
experts [8], recruiting youths and young adults into the projects is an urgent task. Suitable
modes of communication can play a crucial role.

Furthermore, certain project characteristics described by the project coordinators might
apply to only a small number of participants. In-person training, for instance, which we found
to be connected to participants’ learning, might only be offered in certain regions or for a
small number of participants, and might therefore not be accessible or attractive to the major-
ity of participants. Another example is the opportunity for project participants to meet the
project scientists personally. Evans et al. [62] described this as being a key factor that influences
participants’ learning. The majority of projects in our study stated that they offered this oppor-
tunity to their participants. However, coordinators’ comments revealed that these opportuni-
ties were often limited to an "annual conference” or "annual meeting", "twice yearly", "a species
monitoring day once every two years", "when the results are released", or "can be arranged if
really necessary". This might explain why 71% of the participant survey respondents stated
that they had never met the project scientists in person, and only 2% had met them at least
once a month. This means that there could be a great potential for increasing participants’
learning by providing more opportunities for personal interaction between project scientists
and project participants.

Having said this, for many projects, increased interaction between professional scientists
and volunteers might be difficult to achieve due to a lack of time and money. One project coor-
dinator commented: "Our scientists are time-poor and are only invited to corporate learning
days or large events where high level government personnel will be attending." Ways of partici-
pant-scientist interaction have to be found that are beneficial not only for the participants, but
also for the scientists. This might be achieved, for example, by asking participants for feedback
on the project, its procedures, and its results. Haywood [52] suggested that asking for feedback
should go beyond a simple "what can we do to improve your experience?" question. Instead,
participants could be involved in refining data collection processes and participant training by
answering more specific questions such as "what can we do to improve the science we are
developing, or the methods by which we collect information?" (p. 258). By asking for partici-
pants’ feedback, CS projects could also increase their participants’ engagement in the project
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[36, 37, 52]. Additionally, in-person contact with the project scientists could be complemented
by electronic forms of communication. Wyler and Haklay [86] suggest, for example, blogs by
the project scientists, electronic chats, and face-to-face video discussions allowing participants
to ask questions and comment on the project. Recognizing the importance of contact between
project staff and project participants, Wyler and Haklay [86] recommend employing, for
instance, a community manager, who could promote and organize such scientist-participant
interactions. They propose including such staff positions in the application for project funding.
As a result, it might be possible to foster interactions among scientists and participants that are
beneficial for both parties.

Limitations and future research

Our study was conducted to explore the connections between BDCS project characteristics
and participants’ perceived gains in knowledge and skill. The large scale of our study, which
comprised 48 BDCS projects and 1,067 project participants, allowed us to gain insights into a
broad range of projects and to draw valuable conclusions. Yet, this study has limitations,
which future research could overcome.

First, as discussed by Peter et al. [17], project participants’ gains in knowledge and skills
refer to gains as perceived and reported by the participant survey respondents themselves.
Future research would benefit from study designs and methods that measure and assess actual
gains in a more objective way. If possible, such assessments should be performed both before
and after the participants take part in the project. In this way, it would be possible to compare
pre-, post- and follow-up responses. So far, these kinds of studies have rarely been conducted
due to the difficulty of implementing them in CS projects, which rely on participants taking
part in the project voluntarily [45]. Embedded assessment as suggested by, for example,
Becker-Klein et al. [93] could be an alternative.

In a similar way, our study was based on project characteristics as reported by the project
coordinators and project participants. In addition to reported information, it might be benefi-
cial to objectively measure project characteristics where possible. This might be feasible for
project characteristics that are easy to measure and record, such as the amount of social inter-
action among participants on an online platform, the level of online interactive training that
participants take part in, or the kind of automated online feedback that participants receive
(see, e.g., van der Wal et al. [72], Aristeidou et al. [94, 95]). However, a direct investigation of
project characteristics and their connection to participants’ learning might be limited to the
aspects of a project that take part online. Mixed-methods approaches might be able to examine
online and offline aspects of CS projects and capture project characteristics from different
perspectives.

Another potential limitation of our study could be the different size of the CS projects in
our study and, hence, the number of project participants responding to the participant survey.
Large projects with a high number of survey participants might have had a disproportionately
large influence on the results obtained from analyzing the data provided by the coordinators.
Conversely, projects with few participant survey respondents might have had a disproportion-
ately small influence on the analysis of the coordinator data. Study results might be improved
by incorporating more projects into a comparative study. This would reduce the impact of
individual projects on the analysis. In addition, case studies of single (preferably large) CS
projects could focus on specific project characteristics in more depth. Ideally, such studies
would include control groups for the project characteristics of interest. Such a study could, for
example, compare gains in the data collection skills of participants who received either no
training, printed species identification brochures only, an interactive online training course, or
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an in-person training session in the field. In-depth studies could also comprise qualitative
methods such as interviews and focus groups to gain more comprehensive insights into the
connections between project characteristics and participants’ learning outcomes.

The findings of our exploratory study can provide a basis for in-depth research on CS proj-
ect characteristics and their connection to participants’ gains in knowledge and skills. Yet,
future research should focus not only on the connection to knowledge and skills, but also on
the connection to other participant outcomes such as gains in interest, motivation, and self-
efficacy, and changes in behavior (see, e.g., Phillips et al. [30], Peter et al. [17]). Moreover, fur-
ther research on project characteristics that were not addressed in our study would be valuable.
Such characteristics could be, for example, the level of difficulty of project activities [35, 52],
levels or layers of participation that are available to volunteers [18, 37, 52], the availability and
accessibility of data to project participants [96, 97], or characteristics of a survey site in connec-
tion with participants’ attachment to place [40, 62].

Conclusion

In our study, we explored characteristics of BDCS projects. While existing CS literature mainly
focuses on the connection of project design to general project success or to overall learning
outcomes, we specifically addressed the connection to participants’ biodiversity-related knowl-
edge and skills. We conducted a comprehensive study across 48 BDCS projects in 10 countries.
Our study included the perspective of both the project coordinators and the project partici-
pants. In this way, our study is the first to systematically investigate a number of specific proj-
ect characteristics and their connection to participants’ gains in knowledge and skills.

The results of our research suggest that participants’ perceived gains in knowledge and skills
were positively associated with the information they received from the project, the training
they took part in, the amount of interaction they had with other project participants, the
amount of contact they had with project staft and scientists, and the feedback and recognition
they received from the project. This indicates that it is important to deliberately integrate these
teatures into the design of CS projects if participants’ learning is among the project goals.

The importance of intentional project design for achieving participant outcomes has been
emphasized in the past. With our present study, we provide insights into project characteristics
that can impact participant outcomes. We hope that our findings will contribute to an
improved design of BDCS projects. As a result, BDCS projects could be more effective in fos-
tering participants’ gains in knowledge and skills. By improving participants’ knowledge as
well as their awareness and understanding of biodiversity and by increasing participants’ skills
in identifying biodiversity, BDCS projects can support the conservation of biological diversity
on Earth.

Supporting information

S1 File. S1-S13 Tables.
(PDF)

Acknowledgments

We would like to thank, first and foremost, the project coordinators (and their colleagues) for
being part of our study, for taking the time to provide us with such comprehensive and
detailed information about their projects, and for inviting their project participants to partici-
pate in our study. We would also like to thank the volunteers who participate in biodiversity
research and shared their perspectives with us. Finally, we are grateful to Till Bruckermann for

PLOS ONE | https://doi.org/10.1371/journal.pone.0253692  July 15, 2021 25/30


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0253692.s001
https://doi.org/10.1371/journal.pone.0253692

PLOS ONE

Citizen science project characteristics: Connection to participants’ knowledge and skills

discussing our research ideas and methods, and to Josephine Bernd for commenting on the
manuscript.

Author Contributions

Conceptualization: Maria Peter, Tim Diekotter, Kerstin Kremer.
Data curation: Maria Peter.

Formal analysis: Maria Peter, Tim Hoffler.

Investigation: Maria Peter.

Methodology: Maria Peter, Tim Hoffler.

Project administration: Maria Peter.

Validation: Maria Peter.

Visualization: Maria Peter.

Writing - original draft: Maria Peter.

Writing - review & editing: Maria Peter, Tim Diekoétter, Kerstin Kremer, Tim Hoéffler.

References

1. MEA (Millennium Ecosystem Assessment). Ecosystems and Human Well-being: Biodiversity Synthe-
sis. Washington, D.C., USA: World Resources Institute; 2005.

2. Cardinale BJ, Duffy JE, Gonzalez A, Hooper DU, Perrings C, Venail P, et al. Biodiversity loss and its
impact on humanity. Nature. 2012; 486: 59-67. https://doi.org/10.1038/nature11148 PMID: 22678280

3. Hallmann CA, Sorg M, Jongejans E, Siepel H, Hofland N, Schwan H, et al. More than 75 percent decline
over 27 years in total flying insect biomass in protected areas. PLOS ONE. 2017; 12: e0185809.
https://doi.org/10.1371/journal.pone.0185809 PMID: 29045418

4. Rosenberg KV, Dokter AM, Blancher PJ, Sauer JR, Smith AC, Smith PA, et al. Decline of the North
American avifauna. Science. 2019; 366: 120—124. https://doi.org/10.1126/science.aaw1313 PMID:
31604313

5. UNESCO. Education for Sustainable Development Goals. Learning Objectives. Paris: United Nations
Educational, Scientific and Cultural Organization; 2017.

6. Barker S, Elliott P. Planning a skills-based resource for biodiversity education. Journal of Biological Edu-
cation. 2000; 34: 123-127. https://doi.org/10.1080/00219266.2000.9655701

7. Navarro-Perez M, Tidball KG. Challenges of Biodiversity Education: A review of education strategies
for biodiversity education. International Electronic Journal of Environmental Education. 2012; 2: 13-30.

8. Frobel K, Schlumprecht H. Erosion der Artenkenner. Ergebnisse einer Befragung und notwendige
Reaktionen. Naturschutz und Landschaftsplanung. 2016; 48: 105-113.

9. Buck T, Bruchmann |, Zumstein P, Drees C. Just a small bunch of flowers. The botanical knowledge of
students and the positive effects of courses in plant identification at German universities. PeerJ. 2019;
7:e6581. https://doi.org/10.7717/peerj.6581 PMID: 30886774

10. Hopkins GW, Freckleton RP. Declines in the numbers of amateur and professional taxonomists. Impli-
cations for conservation. Animal Conservation. 2002; 5: 245-249. https://doi.org/10.1017/
S$1367943002002299

11. Kim KC, Byrne LB. Biodiversity loss and the taxonomic bottleneck. Emerging biodiversity science. Ecol
Res. 2006; 21: 794-810. https://doi.org/10.1007/s11284-006-0035-7

12. Lickmann K, Menzel S. Herbs versus trees. Influences on teenagers’ knowledge of plant species. Jour-
nal of Biological Education. 2014; 48: 80—90. https://doi.org/10.1080/00219266.2013.837404

13. Bebbington A. The ability of A-level students to name plants. Journal of Biological Education. 2005; 39:
63-67. https://doi.org/10.1080/00219266.2005.9655963

14. Bromme R, Stahl E, Bartholomé T, Pieschl S. The case of plant identification in biology: when is a rose
arose? Development of expertise as acquisition and use of robust and flexible knowledge. In: Boshui-
zen HPA, Bromme R, Gruber H, editors. Professional learning: gaps and transitions on the way from
novice to expert. Dordrecht: Springer; 2004. pp. 29-47.

PLOS ONE | https://doi.org/10.1371/journal.pone.0253692  July 15, 2021 26/30


https://doi.org/10.1038/nature11148
http://www.ncbi.nlm.nih.gov/pubmed/22678280
https://doi.org/10.1371/journal.pone.0185809
http://www.ncbi.nlm.nih.gov/pubmed/29045418
https://doi.org/10.1126/science.aaw1313
http://www.ncbi.nlm.nih.gov/pubmed/31604313
https://doi.org/10.1080/00219266.2000.9655701
https://doi.org/10.7717/peerj.6581
http://www.ncbi.nlm.nih.gov/pubmed/30886774
https://doi.org/10.1017/S1367943002002299
https://doi.org/10.1017/S1367943002002299
https://doi.org/10.1007/s11284-006-0035-7
https://doi.org/10.1080/00219266.2013.837404
https://doi.org/10.1080/00219266.2005.9655963
https://doi.org/10.1371/journal.pone.0253692

PLOS ONE

Citizen science project characteristics: Connection to participants’ knowledge and skills

15.

16.

17.

18.

19.

20.

21,

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Deguines N, Flores M de, Lois G, Julliard R, Fontaine C. Fostering close encounters of the entomologi-
cal kind. Frontiers in Ecology and the Environment. 2018; 16: 202—-203. https://doi.org/10.1002/fee.
1795

Schuttler SG, Sorensen AE, Jordan RC, Cooper C, Shwartz A. Bridging the nature gap. Can citizen sci-
ence reverse the extinction of experience. Frontiers in Ecology and the Environment. 2018; 16: 405—
411. https://doi.org/10.1002/fee.1826

Peter M, Diekoétter T, Hoffler T, Kremer K. Biodiversity citizen science: Outcomes for the participating
citizens. People and Nature. 2021; 3: 294—-311. https://doi.org/10.1002/pan3.10193

Bonney R, Ballard H, Jordan R, McCallie E, Phillips T, Shirk J, et al. Public Participation in Scientific
Research: Defining the Field and Assessing lts Potential for Informal Science Education. A CAISE
Inquiry Group Report. Washington, D.C., USA: Center for Advancement of Informal Science Education
(CAISE); 2009.

Pettibone L, Vohland K, Ziegler D. Understanding the (inter)disciplinary and institutional diversity of citi-
zen science: A survey of current practice in Germany and Austria. PLOS ONE. 2017; 12. https://doi.
org/10.1371/journal.pone.0178778 PMID: 28654930

Miller-Rushing A, Primack R, Bonney R. The history of public participation in ecological research. Fron-
tiers in Ecology and the Environment. 2012; 10: 285-290. https://doi.org/10.1890/110278

Theobald EJ, Ettinger AK, Burgess HK, DeBey LB, Schmidt NR, Froehlich HE, et al. Global change and
local solutions. Tapping the unrealized potential of citizen science for biodiversity research. Biological
Conservation. 2015; 181: 236-244. https://doi.org/10.1016/j.biocon.2014.10.021

Bonney R, Shirk JL, Phillips TB, Wiggins A, Ballard HL, Miller-Rushing AJ, et al. Next steps for citizen
science. Science. 2014; 343: 1436-1437. https://doi.org/10.1126/science.1251554 PMID: 24675940

Couvet D, Jiguet F, Julliard R, Levrel H, Teyssedre A. Enhancing citizen contributions to biodiversity sci-
ence and public policy. Interdisciplinary Science Reviews. 2008; 33: 95—103. https://doi.org/10.1179/
030801808X260031

Donnelly A, Crowe O, Regan E, Begley S, Caffarra A. The role of citizen science in monitoring biodiver-
sity in Ireland. Int J Biometeorol. 2014; 58: 1237—-1249. https://doi.org/10.1007/s00484-013-0717-0
PMID: 23975107

Chandler M, See L, Copas K, Bonde AMZ, Lopez BC, Danielsen F, et al. Contribution of citizen science
towards international biodiversity monitoring. Biological Conservation. 2017; 213: 280—294. https://doi.
org/10.1016/j.biocon.2016.09.004

Irga PJ, Barker K, Torpy FR. Conservation mycology in Australia and the potential role of citizen sci-
ence. Conservation Biology. 2018; 32: 1031—. https://doi.org/10.1111/cobi.13121 PMID: 29687520

Heilmann-Clausen J, Bruun HH, Ejrnaes R, Fraslev TG, Laessge T, Petersen JH. How citizen science
boosted primary knowledge on fungal biodiversity in Denmark. Biological Conservation. 2019; 237:
366—-372. https://doi.org/10.1016/j.biocon.2019.07.008

Jordan RC, Ballard HL, Phillips TB. Key issues and new approaches for evaluating citizen-science
learning outcomes. Frontiers in Ecology and the Environment. 2012; 10: 307—-309. https://doi.org/10.
1890/110280

Shirk JL, Ballard HL, Wilderman CC, Phillips T, Wiggins A, Jordan R, et al. Public Participation in Scien-
tific Research. A Framework for Deliberate Design. Ecology and Society. 2012; 17: 29. https://doi.org/
10.5751/ES-04705-170229

Phillips T, Porticella N, Constas M, Bonney R. A Framework for Articulating and Measuring Individual
Learning Outcomes from Participation. Citizen Science: Theory and Practice. 2018; 3: 3. https://doi.
org/10.5334/cstp.126

Peter M, Diekoétter T, Kremer K. Participant Outcomes of Biodiversity Citizen Science Projects: A Sys-
tematic Literature Review. Sustainability. 2019; 11: 2780, 1-18. https://doi.org/10.3390/su11102780

Land-Zandstra A, Agnello G, Gltekin YS. Participants in Citizen Science. In: Vohland K, Land-Zandstra
A, Ceccaroni L, Lemmens R, Perelld J, et al., editors. The Science of Citizen Science. Cham: Springer
International Publishing; 2021. 243-259.

Fernandez-Gimenez ME, Ballard HL, Sturtevant VE. Adaptive Management and Social Learning in Col-
laborative and Community-Based Monitoring. A Study of Five Community-Based Forestry Organiza-
tions in the western USA. Ecology and Society. 2008; 13: 4. https://doi.org/10.5751/ES-02400-130204

Jordan RC, Gray SA, Howe DV, Brooks WR, Ehrenfeld JG. Knowledge gain and behavioral change in
citizen-science programs. Conservation Biology. 2011; 25: 1148—1154. https://doi.org/10.1111/j.1523-
1739.2011.01745.x PMID: 21967292

Cosquer A, Raymond R, Prevot-Julliard A-C. Observations of Everyday Biodiversity. A New Perspec-
tive for Conservation. Ecology and Society. 2012; 17: 2. https://doi.org/10.5751/ES-04955-170402

PLOS ONE | https://doi.org/10.1371/journal.pone.0253692  July 15, 2021 27/30


https://doi.org/10.1002/fee.1795
https://doi.org/10.1002/fee.1795
https://doi.org/10.1002/fee.1826
https://doi.org/10.1002/pan3.10193
https://doi.org/10.1371/journal.pone.0178778
https://doi.org/10.1371/journal.pone.0178778
http://www.ncbi.nlm.nih.gov/pubmed/28654930
https://doi.org/10.1890/110278
https://doi.org/10.1016/j.biocon.2014.10.021
https://doi.org/10.1126/science.1251554
http://www.ncbi.nlm.nih.gov/pubmed/24675940
https://doi.org/10.1179/030801808X260031
https://doi.org/10.1179/030801808X260031
https://doi.org/10.1007/s00484-013-0717-0
http://www.ncbi.nlm.nih.gov/pubmed/23975107
https://doi.org/10.1016/j.biocon.2016.09.004
https://doi.org/10.1016/j.biocon.2016.09.004
https://doi.org/10.1111/cobi.13121
http://www.ncbi.nlm.nih.gov/pubmed/29687520
https://doi.org/10.1016/j.biocon.2019.07.008
https://doi.org/10.1890/110280
https://doi.org/10.1890/110280
https://doi.org/10.5751/ES-04705-170229
https://doi.org/10.5751/ES-04705-170229
https://doi.org/10.5334/cstp.126
https://doi.org/10.5334/cstp.126
https://doi.org/10.3390/su11102780
https://doi.org/10.5751/ES-02400-130204
https://doi.org/10.1111/j.1523-1739.2011.01745.x
https://doi.org/10.1111/j.1523-1739.2011.01745.x
http://www.ncbi.nlm.nih.gov/pubmed/21967292
https://doi.org/10.5751/ES-04955-170402
https://doi.org/10.1371/journal.pone.0253692

PLOS ONE

Citizen science project characteristics: Connection to participants’ knowledge and skills

36.

37.

38.

39.

40.

41.

42,

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Druschke CG, Seltzer CE. Failures of Engagement. Lessons Learned from a Citizen Science Pilot
Study. Applied Environmental Education & Communication. 2012; 11: 178—188. https://doi.org/10.
1080/1533015X.2012.777224

Sickler J, Cherry TM, Allee L, Smyth RR, Losey J. Scientific Value and Educational Goals. Balancing
Priorities and Increasing Adult Engagement in a Citizen Science Project. Applied Environmental Educa-
tion and Communication. 2014; 13: 109-119. https://doi.org/10.1080/1533015X.2014.947051

Branchini S, Meschini M, Covi C, Piccinetti C, Zaccanti F, Goffredo S. Participating in a Citizen Science
Monitoring Program. Implications for Environmental Education. PLOS ONE. 2015; 10. https://doi.org/
10.1371/journal.pone.0131812 PMID: 26200660

Bela G, Peltola T, Young JC, Balazs B, Arpin |, Pataki G, et al. Learning and the transformative potential
of citizen science. Conservation Biology. 2016; 30: 990—999. https://doi.org/10.1111/cobi.12762 PMID:
27185104

Haywood BK, Parrish JK, Dolliver J. Place-based and data-rich citizen science as a precursor for con-
servation action. Conservation Biology. 2016; 30: 476—486. https://doi.org/10.1111/cobi.12702 PMID:
27110934

Santori C, Keith RJ, Whittington CM, Thompson MB, van Dyke JU, Spencer R- J, et al. Changes in par-
ticipant behaviour and attitudes are associated with knowledge and skills gained by using a turtle con-
servation citizen science app. People and Nature. 2021; 3: 66—76. https://doi.org/10.1002/pan3.10184.

Falk S, Foster G, Comont R, Conroy J, Bostock H, Salisbury A, et al. Evaluating the ability of citizen sci-
entists to identify bumblebee (Bombus) species. PLOS ONE. 2019; 14: e0218614. https://doi.org/10.
1371/journal.pone.0218614 PMID: 31233521

Edwards R, Kirn S, Hillman T, Kloetzer L, Mathieson K, McDonnell D, et al. Learning and developing sci-
ence capital through citizen science. In: Hecker S, Haklay M, Bowser A, Makuch Z, Vogel J, et al., edi-
tors. Citzen Science. Innovation in Open Science, Society and Policy. London: UCL Press; 2018.

Pandya RE, Dibner KA, editors. Learning Through Citizen Science. Enhancing Opportunities by Design.
Washington, D.C.: National Academies Press; 2018.

Aristeidou M, Herodotou C. Online Citizen Science: A Systematic Review of Effects on Learning and
Scientific Literacy. Citizen Science: Theory and Practice. 2020; 5: 11. https://doi.org/10.5334/cstp.224

Rotman D, Hammock J, Preece J, Hansen D.: Boston C., Bowser A, He Y. Motivations Affecting Initial
and Long-Term Participation in Citizen Science Projects in Three Countries. In: Kindling M, Greifeneder
E, editors. iConference Berlin 2014. Breaking down walls; culture, context, computing; proceedings,
March 4-7,2014. Urbana-Champaign, lll.: IDEALS lllinois Digital Environment for Access to Learning
and Scholarship Open Access Repository at the Univ. of lllinois; 2014.

Tiago P. Social Context of Citizen Science Projects. In: Ceccaroni L, Piera J, editors. Analyzing the
Role of Citizen Science in Modern Research. Hershey, USA: |Gl Global; 2017. pp. 168—-191.

Capdevila ASL, Kokimova A, Ray SS, Avellan T, Kim J, Kirschke S. Success factors for citizen science
projects in water quality monitoring. Science of The Total Environment. 2020: 137843. https://doi.org/
10.1016/j.scitotenv.2020.137843 PMID: 32570323

MacPhail VJ, Colla SR. Power of the people. A review of citizen science programs for conservation. Bio-
logical Conservation. 2020; 249: 108739. https://doi.org/10.1016/j.biocon.2020.108739

Zhou X, Tang J, Zhao Y, Wang T. Effects of feedback design and dispositional goal orientations on vol-
unteer performance in citizen science projects. Computers in Human Behavior. 2020: 106266. https:/
doi.org/10.1016/j.chb.2020.106266

Robinson JA, Kocman D, Speyer O, Gerasopoulos E. Meeting volunteer expectations—a review of vol-
unteer motivations in citizen science and best practices for their retention through implementation of
functional features in CS tools. Journal of Environmental Planning and Management. 2021; 40: 1-31.
https://doi.org/10.1080/09640568.2020.1853507

Haywood BK. Beyond Data Points and Research Contributions. The Personal Meaning and Value
Associated with Public Participation in Scientific Research. International Journal of Science Education
Part B—Communication and Public Engagement. 2016; 6: 239-262. https://doi.org/10.1080/
21548455.2015.1043659

Lewandowski EJ, Oberhauser KS. Butterfly Citizen Science Projects Support Conservation Activities
among their Volunteers. Citizen Science: Theory and Practice. 2016; 1.

Lewandowski EJ, Oberhauser KS. Butterfly citizen scientists in the United States increase their engage-
ment in conservation. Biological Conservation. 2017; 208: 106—112. https://doi.org/10.1016/j.biocon.
2015.07.029

Edelson DC, Kirn SL, Workshop Participants. Designing Citizen Science for Both Science and Educa-
tion. A Workshop Report. Technical Report No. 2018-01. Colorado Springs: BSCS Science Learning;
2018.

PLOS ONE | https://doi.org/10.1371/journal.pone.0253692  July 15, 2021 28/30


https://doi.org/10.1080/1533015X.2012.777224
https://doi.org/10.1080/1533015X.2012.777224
https://doi.org/10.1080/1533015X.2014.947051
https://doi.org/10.1371/journal.pone.0131812
https://doi.org/10.1371/journal.pone.0131812
http://www.ncbi.nlm.nih.gov/pubmed/26200660
https://doi.org/10.1111/cobi.12762
http://www.ncbi.nlm.nih.gov/pubmed/27185104
https://doi.org/10.1111/cobi.12702
http://www.ncbi.nlm.nih.gov/pubmed/27110934
https://doi.org/10.1002/pan3.10184.
https://doi.org/10.1371/journal.pone.0218614
https://doi.org/10.1371/journal.pone.0218614
http://www.ncbi.nlm.nih.gov/pubmed/31233521
https://doi.org/10.5334/cstp.224
https://doi.org/10.1016/j.scitotenv.2020.137843
https://doi.org/10.1016/j.scitotenv.2020.137843
http://www.ncbi.nlm.nih.gov/pubmed/32570323
https://doi.org/10.1016/j.biocon.2020.108739
https://doi.org/10.1016/j.chb.2020.106266
https://doi.org/10.1016/j.chb.2020.106266
https://doi.org/10.1080/09640568.2020.1853507
https://doi.org/10.1080/21548455.2015.1043659
https://doi.org/10.1080/21548455.2015.1043659
https://doi.org/10.1016/j.biocon.2015.07.029
https://doi.org/10.1016/j.biocon.2015.07.029
https://doi.org/10.1371/journal.pone.0253692

PLOS ONE

Citizen science project characteristics: Connection to participants’ knowledge and skills

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

Kountoupes DL, Oberhauser KS. Citizen Science and Youth Audiences: Educational Outcomes of the
Monarch Larva Monitoring Project. Journal of Community Engagement and Scholarship. 2008; 1: 10—
20.

Price CA, Lee H-S. Changes in participants’ scientific attitudes and epistemological beliefs during an
astronomical citizen science project. Journal of Research in Science Teaching. 2013; 50: 773-801.
https://doi.org/10.1002/tea.21090

Jennett C, Kloetzer L, Schneider D, lacovides |, Cox A, Gold M. Motivations, learning and creativity in
online citizen science. Journal of Science Communication. 2016; 15.

Tinati R, Simperl E, Luczak-Roesch M. To Help or Hinder: Real-Time Chat in Citizen Science. Proceed-
ings of the Eleventh International AAAI Conference on Web and Social Media (ICWSM 2017);
2017. pp. 270-279.

Phillips TB, Ballard HL, Lewenstein BV, Bonney R. Engagement in science through citizen science.
Moving beyond data collection. Sci. Ed. 2019; 45: 369. https://doi.org/10.1002/sce.21501

Davis LF, Ramirez-Andreotta MD, Buxner SR. Engaging Diverse Citizen Scientists for Environmental
Health. Recommendations from Participants and Promotoras. Citizen Science: Theory and Practice.
2020; 5: 7. https://doi.org/10.5334/cstp.253

Evans C, Abrams E, Reitsma R, Roux K, Salmonsen L, Marra PP. The Neighborhood Nestwatch Pro-
gram. Participant Outcomes of a Citizen-Science Ecological Research Project. Conservation Biology.
2005; 19: 589-594. https://doi.org/10.1111/.1523-1739.2005.00s01.x

Koss RS, Kingsley J'Y’. Volunteer health and emotional wellbeing in marine protected areas. Ocean &
Coastal Management. 2010; 53: 447—453. https://doi.org/10.1016/j.ocecoaman.2010.06.002

Dickinson JL, Shirk J, Bonter D, Bonney R, Crain RL, Martin J, et al. The current state of citizen science
as a tool for ecological research and public engagement. Frontiers in Ecology and the Environment.
2012; 10: 291-297. https://doi.org/10.1890/110236

Toomey AH, Domroese MC. Can citizen science lead to positive conservation attitudes and behaviors.
Human Ecology Review. 2013; 20: 50-62.

Kieslinger B, Schéfer T, Heigl F, Dorler D, Richter A, Bonn A. Evaluating citizen science. Towards an
open framework. In: Hecker S, Haklay M, Bowser A, Makuch Z, Vogel J, et al., editors. Citzen Science.
Innovation in Open Science, Society and Policy. London: UCL Press; 2018. pp. 81-95.

Herodotou C, Aristeidou M, Sharples M, Scanlon E. Designing citizen science tools for learning. Les-
sons learnt from the iterative development of nQuire. RPTEL. 2018; 13:251. https://doi.org/10.1186/
$41039-018-0072-1 PMID: 30595735

Peltola T, Arpin . Science for everybody? Bridging the socio-economic gap in urban biodiversity moni-
toring. In: Hecker S, Haklay M, Bowser A, Makuch Z, Vogel J, et al., editors. Citzen Science. Innovation
in Open Science, Society and Policy. London: UCL Press; 2018. pp. 369-380.

Cronje R, Rohlinger S, Crall A, Newman G. Does Participation in Citizen Science Improve Scientific Lit-
eracy. A Study to Compare Assessment Methods. Applied Environmental Education & Communication.
2011; 10: 135—145. https://doi.org/10.1080/1533015X.2011.603611

Crall AW, Jordan R, Holfelder K, Newman GJ, Graham J, Waller DM. The impacts of an invasive spe-
cies citizen science training program on participant attitudes, behavior, and science literacy. Public
Underst Sci. 2012; 22: 745-764. https://doi.org/10.1177/0963662511434894 PMID: 23825234

Hsu C-H, Chang Y-M, Liu C-C. Can Short-Term Citizen Science Training Increase Knowledge, Improve
Attitudes, and Change Behavior to Protect Land Crabs. Sustainability. 2019; 11: 3918. https://doi.org/
10.3390/su11143918

van der Wal R, Sharma N, Mellish C, Robinson A, Siddharthan A. The role of automated feedback in
training and retaining biological recorders for citizen science. Conservation Biology. 2016; 30: 550—
561. https://doi.org/10.1111/cobi. 12705 PMID: 27111194

Stepenuck KF, Green LT. Individual- and community-level impacts of volunteer environmental monitor-
ing. A synthesis of peer-reviewed literature. Ecology and Society. 2015; 20: 19. https://doi.org/10.5751/
ES-07329-200319

Stern MJ, Powell RB, Hill D. Environmental education program evaluation in the new millennium. What
do we measure and what have we learned. Environmental Education Research. 2014; 20: 581-611.
https://doi.org/10.1080/13504622.2013.838749

Australian Citizen Science Association. Available online: https://citizenscience.org.au/ala-project-finder
(last accessed on 18 March 2021).

Osterreich forscht. Available online: https://www.citizen-science.at/aktuelleprojekte (last accessed on
18 March 2021).

Burger schaffen Wissen. Available online: https://www.buergerschaffenwissen/projekte (last accessed
on 18 March 2021).

PLOS ONE | https://doi.org/10.1371/journal.pone.0253692  July 15, 2021 29/30


https://doi.org/10.1002/tea.21090
https://doi.org/10.1002/sce.21501
https://doi.org/10.5334/cstp.253
https://doi.org/10.1111/j.1523-1739.2005.00s01.x
https://doi.org/10.1016/j.ocecoaman.2010.06.002
https://doi.org/10.1890/110236
https://doi.org/10.1186/s41039-018-0072-1
https://doi.org/10.1186/s41039-018-0072-1
http://www.ncbi.nlm.nih.gov/pubmed/30595735
https://doi.org/10.1080/1533015X.2011.603611
https://doi.org/10.1177/0963662511434894
http://www.ncbi.nlm.nih.gov/pubmed/23825234
https://doi.org/10.3390/su11143918
https://doi.org/10.3390/su11143918
https://doi.org/10.1111/cobi.12705
http://www.ncbi.nlm.nih.gov/pubmed/27111194
https://doi.org/10.5751/ES-07329-200319
https://doi.org/10.5751/ES-07329-200319
https://doi.org/10.1080/13504622.2013.838749
https://citizenscience.org.au/ala-project-finder
https://www.citizen-science.at/aktuelleprojekte
https://www.buergerschaffenwissen/projekte
https://doi.org/10.1371/journal.pone.0253692

PLOS ONE

Citizen science project characteristics: Connection to participants’ knowledge and skills

78.
79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

SciStarter. Available online: http:/scistarter.com (last accessed on 18 March 2021).

Wiggins A. Crowdsourcing Scientific Work: A Comparative Study of Technologies, Processes, and Out-
comes in Citizen Science. The School of Information Studies- Dissertations. Paper 72: Syracuse Uni-
versity; 2012.

Chase SK, Levine A. Citizen Science. Exploring the Potential of Natural Resource Monitoring Programs
to Influence Environmental Attitudes and Behaviors. Conservation Letters. 2017; 27: 1099. https://doi.
org/10.1111/conl.12382

Phillips T, Porticella N, Bonney R. Skills for Science Inquiry Scale (Generic). Technical Brief Series. Ith-
aca: Cornell Laboratory of Ornithology; 2017.

Field A. Discovering Statistics Using IBM SPSS Statistics. 4th Edition. London: SAGE Publications
Ltd; 2013.

Cohen J. Statistical power analysis for the behavioural sciences. 2nd ed. New York: Academic Press;
1988.

Krasny ME, Bonney R. Environmental education through Citizen Science and Participatory Action
Research. In: Johnson EA, Mappin MJ, editors. Environmental Education and Advocacy: Changing
Perspectives of Ecology and Education. Cambridge, UK: Cambridge University Press; 2005. pp. 292—
319.

Brossard D, Lewenstein B, Bonney R. Scientific knowledge and attitude change. The impact of a citizen
science project. International Journal of Science Education. 2005; 27: 1099-1121. https://doi.org/10.
1080/09500690500069483

Wyler D, Haklay M. Integrating Citizen Science into University. In: Hecker S, Haklay M, Bowser A,
Makuch Z, Vogel J, et al., editors. Citzen Science. Innovation in Open Science, Society and Policy. Lon-
don: UCL Press; 2018. pp. 168—182.

Garcia-Soto C, van der Meeren, G. |., Busch JA, Delany J, Domegan C, Dubsky K, et al. Advancing Citi-
zen Science for Coastal and Ocean Research. Position Paper 23 of the Euroopean Marine Board. Ost-
end: EMB; 2017.

Haywood BK. Birds and beaches: The affective geographies and sense of place of participants in the
COASST citizen science program. PhD dissertation: University of South Carolina; 2014.

Bonney R, Phillips TB, Ballard HL, Enck JW. Can citizen science enhance public understanding of sci-
ence. Public Underst Sci. 2015; 25: 2—16. https://doi.org/10.1177/0963662515607406 PMID:
26445860

Lave J, Wenger E. Situated Learning. Legitimate peripheral participation. Cambridge: Cambridge Uni-
versity Press; 1991.

Wenger E. Communities of practice. Learning, meaning, and identity. Cambridge: Cambridge Univer-
sity Press; 1998.

Hattie J, Timperley H. The Power of Feedback. Review of Educational Research. 2007; 77: 81—-112.
https://doi.org/10.3102/003465430298487

Becker-Klein R, Peterman K, Stylinski C. Embedded Assessment as an Essential Method for Under-
standing Public Engagement in Citizen Science. Citizen Science: Theory and Practice. 2016; 1: 8.
https://doi.org/10.5334/cstp.15

Aristeidou M, Scanlon E, Sharples M. Profiles of engagement in online communities of citizen science
participation. Computers in Human Behavior. 2017; 74: 246-256. https://doi.org/10.1016/j.chb.2017.
04.044

Aristeidou M, Scanlon E, Mike S. Learning outcomes in online citizen science communities designed for
inquiry. International Journal of Science Education, Part B. 2020: 1-18. https://doi.org/10.1080/
21548455.2020.1836689

Bonney R, Cooper CB, Dickinson J, Kelling S, Phillips T, Rosenberg KV, et al. Citizen Science. A Devel-
oping Tool for Expanding Science Knowledge and Scientific Literacy. BioScience. 2009; 59: 977-984.
https://doi.org/10.1525/bi0.2009.59.11.9

Land-Zastra AM, van Beusekom MM, Koppeschaar CE, van den Broek JM. Motivation and learning
impact of Dutch flu-trackers. Journal of Science Communication. 2016; 15. https://doi.org/10.22323/2.
15010204

PLOS ONE | https://doi.org/10.1371/journal.pone.0253692  July 15, 2021 30/30


http://scistarter.com
https://doi.org/10.1111/conl.12382
https://doi.org/10.1111/conl.12382
https://doi.org/10.1080/09500690500069483
https://doi.org/10.1080/09500690500069483
https://doi.org/10.1177/0963662515607406
http://www.ncbi.nlm.nih.gov/pubmed/26445860
https://doi.org/10.3102/003465430298487
https://doi.org/10.5334/cstp.15
https://doi.org/10.1016/j.chb.2017.04.044
https://doi.org/10.1016/j.chb.2017.04.044
https://doi.org/10.1080/21548455.2020.1836689
https://doi.org/10.1080/21548455.2020.1836689
https://doi.org/10.1525/bio.2009.59.11.9
https://doi.org/10.22323/2.15010204
https://doi.org/10.22323/2.15010204
https://doi.org/10.1371/journal.pone.0253692

