
Introduction
Wild and managed bees provide essential pollination 
services to crops and natural ecosystems (Goulson et al. 
2015). Because populations of wild and managed bees 
are globally threatened (Goulson et al. 2015), monitoring 
is critical to conserving pollinator populations (Ullman 
et al. 2010; LeBuhn et al. 2016; Roy et al. 2016; Wilson 
et al. 2017; Pocock et al. 2018). Engaging volunteers in 
monitoring may help to provide researchers with essen-
tial data on the factors mediating pollinator population 
declines (Kaartinen, Hardwick, and Roslin 2013; Le Féon 
et al. 2016; Pocock et al. 2018). However, the factors that 
promote data collection in pollinator citizen science pro-
jects are largely unknown (but see van der Wal et al. 2016; 
Domroese and Johnson 2017; Klienke et al. 2018), con-
tributing to uncertainty in the methods that may be most 
useful for wild and managed bee pollinator conservation 
worldwide.

Investigations into the motivations of citizen scien-
tists indicate that volunteers engage in projects to assist 
in data collection (Wright et al. 2015). However, citizen 
scientists may have diverse motivations including recrea-
tion (Dickinson et al. 2012; Lucrezi et al. 2018), education 
(Sullivan et al. 2009; Bonney et al. 2009; Domroese and 
Johnson 2017), and environmental concerns (Graham et 
al. 2014; Lucrezi et al. 2018), and these motivations may 
depend on the project. While few studies have addressed 
the motivations of volunteers who engaged in pollina-
tor citizen science projects, one revealed that volunteers 
engaged in such projects primarily to learn more about 
pollinators (Domroese and Johnson 2017). This may sug-
gest that volunteers engage in pollinator citizen science 
for educational reasons rather than to assist with data 
collection. Often, citizen science projects are developed 
to enhance education of the volunteer (Bonney et al. 
2009; Dickenson et al. 2012; Druschke and Seltzer 2013; 
Sauermann and Franzoni 2015; Turrini et al. 2018). This 
goal is then balanced with data collection, creating a pro-
ject that has educational benefits for volunteers while 
also enhancing data collection for researchers (Bonney 
et al. 2009). However, if volunteers engage in pollinator 
citizen science projects primarily for educational pur-
poses without an intent to engage in data collection, this 
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may undercut the data collection goal of the pollinator 
researcher (Bonney et al. 2009). Addressing this issue of 
the balance between education and data collection is 
important for promoting global pollinator research and 
conservation but has received scant attention.

Project methods also strongly affect rates of data col-
lection by volunteers. Projects that involve complex 
methodologies, with multiple detail-oriented steps, are 
less likely to receive data submissions (Birkin and Goulson 
2015; Kleinke et al. 2018). Conversely, projects that use 
easier, simple methods, and allow more flexibility in 
the data collection protocol, often receive more data 
(Kelling et al. 2019). Approaches by pollinator research-
ers to develop methods for data collection by volunteers 
are varied (Kremen, Ullman, and Thorp 2011; Birkin and 
Goulson 2015; Potter and LeBuhn 2015; Domroese and 
Johnson 2017; Kleinke et al. 2018; Mason and Arathi 
2019). Many projects use simplified versions of polli-
nator surveys which pool pollinator species into easily 
identifiable groups (Kremen, Ullman, and Thorp 2011). 
These surveys often involve photo documentation of the 
pollinator, which can allow researchers to verify observa-
tions (Ullman et al. 2010). The goal of these projects is 
to monitor pollinator biodiversity in a given natural or 
agronomic ecosystem (Kremen, Ullman, and Thorp 2011), 
and these data collected by volunteers using simplified 
methods often differ little from researcher-collected data 
(Kremen, Ullman, and Thorp 2011). Still other projects lev-
erage volunteers to document plant-bee interactions with 
the goal of monitoring pollination services (Birkin and 
Goulson 2015; Kleinke et al. 2018). While globally impor-
tant (Goulson et al. 2015), monitoring pollination services 
can rely on multiple steps and can be challenging for 
volunteers (Birkin and Goulson 2015; Kleinke et al. 2018). 
For example, in one study, 50% of volunteers were unable 
to collect data on pollination services with the methods 
outlined by researchers (Birkin and Goulson 2015). These 
studies indicate that project methods may strongly affect 
data collection in pollinator citizen science, although this 
has rarely been tested directly.

The level of educational attainment (highest level 
of education) of the citizen scientist also could affect 
data collection. Data on the level of educational attain-
ment of citizen scientists is not lacking in the literature 
(Brossard, Lewenstein, and Bonney 2011; Branchini et 
al. 2015; Domroese and Johnson 2017), although most 
studies used these data to assess whether volunteers 
are representative of a broader population (Crall et al. 
2013), or to assess recruitment shortcomings (Wright et 
al. 2015). While citizen scientists often have higher levels 
of educational attainment than the general population 
(Domroese and Johnson 2017; Roman et al. 2017), there 
is scant evidence as to whether the level of educational 
attainment affects propensity for data collection. Many 
pollinator citizen science projects leverage volunteers 
from urban centers that are skewed toward the highly 
educated (Potter and LeBuhn 2015; Mason and Arathi 
2019). However, the vast majority of agricultural land that 
relies on pollinators is found outside of urban areas (Koh 
et al. 2016) where the level of educational attainment is 
lower (USDA 2017). More broadly, only 7% of the global 

population has attained a college degree (Barro and Lee 
2013), indicating that researchers will likely need to rely 
on those with lower levels of educational attainment to 
gather data on wild and managed bee pollinators at the 
global scale. Thus, it is essential to determine whether the 
level of educational attainment influences data collection 
by volunteers.

Here we used two citizen science projects to evaluate 
the factors promoting data collection by volunteers. The 
projects focused on monitoring pollinator populations in 
the Puget Sound Region of Washington State, USA. Our 
projects were inspired by national and global efforts to 
address the decline of wild and managed bee pollinators 
(Pollinator Health Task Force 2015), and were developed 
by a team of Entomologists at Washington State University, 
Pullman, WA, USA. The project team trained volunteers in 
methods commonly accepted by researchers to collect 
high quality data on pollinators (Kremen, Ullman, and 
Thorp 2011; Graham et al. 2014) and followed many of 
the design principles recommended for citizen science 
projects more generally (Bonney et al. 2009; Phillips et al. 
2014). Each project in our study used dramatically differ-
ent methods, allowing us to determine how different pro-
ject methods may have mediated rates of data collection 
by volunteers. 

One project involved monitoring plant-bee interac-
tions with observations and photography. This project 
was inspired by previous studies that used similar meth-
ods to monitor pollinator biodiversity in agroecosystems 
(Kremen, Ullman, and Thorp 2011). The goal of this pro-
ject was to determine the floral resources that support 
pollinator populations. Our second project assessed the 
habitat needs of cavity-nesting bees using artificial nest 
boxes (Graham et al. 2014). This project documented the 
nesting habits of wild bee pollinators with the goal of 
determining the restoration needs for pollinator habitat 
in the study region. Both projects were extensions of 
monitoring conducted by the project team in the region 
(Bloom, Northfield, and Crowder 2019), and our overall 
goal was to extend our monitoring network by including 
observations by citizen scientists. Each project included 
trainings that educated volunteers in the project methods 
and all volunteers were evaluated with a questionnaire to 
ascertain their motivations for participating in the project 
and to determine their level of educational attainment. 
We used these questionnaires, and records of data sub-
missions, to assess whether volunteer motivations, project 
methods, and the level of educational attainment affected 
the propensity for data collection on wild and managed 
bee pollinators.

Materials and Methods
Community partners, project promotion, and 
training locations
In 2015, we partnered with two non-profits (Seattle Tilth 
and 21 Acres) and one government entity (Seattle Parks 
and Recreation) to conduct our two science projects 
(the Pollinator Post Project and WildBeeSense Biodiver-
sity Survey). These partners provided classrooms at 10 
locations across metropolitan Seattle, Washington, USA 
(Figure 1). The projects were initiated to enhance data 
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collection on the floral and nesting resources used by 
pollinator populations in the region, with an overarching 
goal of extending our research network to include obser-
vations made by citizen scientists (Bloom, Northfield, and 
Crowder 2019). The study systems were urban gardens, 
which all had high crop diversity and used organic farm-
ing practices. Training locations were in close proximity to 
urban gardens so we could demonstrate data collection 
techniques. Promotion was preformed through email and 
fliers, and all volunteers self-selected and registered in 
advance for each training.

Citizen science trainings
We produced two citizen science trainings, one training per 
project. One taught the trainee to identify floral visitors 
and record plant-bee interactions using photography. The 
second taught trainees about the habitat needs of bees 
and gave them artificial nests to monitor wild bee nesting 
preferences. Trainings were led by the project team, all of 
whom were trained in pollinator identification and moni-
toring. Each training was two hours, starting with trainee 
introductions. Trainees were then given a presentation 
describing the citizen science project and shown how to 
use microscopes and handle insect specimens. Trainees 
were then guided through the microscopic identifica-
tion of insects relevant to each training. The second half 

of each training was devoted to discussing data collection 
techniques and submitting data to our website. Training 
leaders demonstrated data collection techniques in urban 
gardens near each training location to provide in-field 
experience and explained that data gathered by the pro-
ject would be used to monitor and promote pollinator 
populations in the region. At the end of each training, 
training leaders distributed the materials necessary to col-
lect data for each project along with a guidebook (Bloom, 
Olsson, and Crowder 2017; Bloom et al. 2017).

While these trainings were similar in structure, trainees 
were required to collect data using different methods. In 
our training to educate volunteers on monitoring plant-
bee interactions with photography, trainees were given 
instructions on the best conditions under which to make 
observations (weather and time of day), the location from 
which observations would be suitable for submission 
to the project (urban gardens), and how to use our data 
collection form. Each data collection form recorded the 
name of the observer, date, duration of observation, GPS 
location, weather, and temperature. After collecting these 
metadata, the trainee was required to conduct a five-step 
process. In the first step, the trainee would record whether 
the observation was of a bee or other floral visitor (wasp, 
fly, butterfly, beetle, bug, or spider). If the floral visitor was 
a bee, in the second and third steps the trainee would then 

Figure 1: Scope of the study. Shown are training locations (yellow stars), plant-bee network monitoring sites (red dots), 
and habitat preference evaluation sites (blue squares).
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identify the bee to five morphological groups (honey bee, 
bumble bee, other large bee, green bee, and small bee) 
and take a photograph of the bee and the plant (flower, 
leaf, and leaf attachment to the stem) from which the bee 
was collecting resources. In the fourth step, the trainee 
would take extra notes about the observation, and in the 
fifth step the volunteer would submit these data online 
at our website. Submitting data online included logging 
into our website, selecting the correct submission form, 
copying data from the data form to the webpage, and 
uploading the photos. Importantly, photographing bees 
and making detailed observations can be highly challeng-
ing (Ullman et al. 2010; Kremen, Ullman, and Thorp 2011), 
however, this is often the only means to collect high-qual-
ity verifiable data on resource use by wild and managed 
bee pollinators.

Our second project, which evaluated the nesting pref-
erences of wild bees, used a vastly different methodology. 
Prior to training sessions, we constructed nest boxes to 
give to trainees (Figure 2). Trainees were instructed on 
where to install the nest box (in urban gardens) and at 
what time of year (February and March). Installation of nest 
boxes before spring was recommended, as many wild bees 
emerge in the spring and immediately search for nesting 
sites (Bloom et al. 2017). Trainees were also given a step-in 
fence post onto which the nest box was attached by the vol-
unteer with plastic zip ties. After installation, we requested 
that the trainee make observations three times per year 
in the spring (April–May), summer (June–July), and fall 
(August–September). Similar to the plant-bee interactions 
training, trainees were instructed to make observations of 
nests under specific environmental conditions between 
09:00 and 18:00 and given a datasheet that collected the 
observer name, date, and location of the nest box. The first 
step in the observation process was to record the nest box 
number; each nest box was given a unique number so we 
could track the nest box throughout the course of our pro-
ject. The trainee was then asked to observe the nest box 
for 15 min to determine the frequency of bee visits. The 
trainee would then count the number of nests that were 

filled with wild bee nesting materials and take an optional 
picture of their nest box. These data would then be sub-
mitted online at our website. At the end of the growing 
season (November), we requested that trainees remove the 
nest box from the step-in fence post and mail us the nest 
through the United States postal service. These nests were 
later incubated to determine the nest preference for differ-
ent wild bee species (data not shown).

Post-training questionnaire
All trainees were asked to participate in a post-training 
Likert-scale questionnaire that assessed the trainee’s 
degree of agreement with a set of standardized state-
ments, with the same statements used for both pro-
jects. The questionnaire was developed and pre-tested 
at Washington State University to prevent the use of 
double-barreled and negative questions, leading items, 
and confusing language, all of which can bias question-
naire results (Jamieson 2004; Phillips et al. 2014). Our 
questionnaire used a 5-point scale ranging from “Strongly 
Disagree” to “Strongly Agree” with “Neither Agree nor Dis-
agree” in the middle. Each level of the scale was assigned 
a numeric value for coding, starting at one for “Strongly 
Disagree” and ranging to five for “Strongly Agree.” Likert-
scale questionnaires are a statistically valid psychometric 
response scale (Phillips et al. 2014) that reliably measures 
the attitudes and preferences of volunteers (Likert 1932; 
Jamieson 2004).

The purpose of our questionnaire was to assess the 
motivations of trainees, evaluate the clarity of expecta-
tions for participation in the projects, and examine the 
trainee’s perception of training quality and content. The 
questionnaire also assessed each trainee’s knowledge of 
wild bee pollinators before and after the training and their 
reason for attending (i.e., to learn more about wild bees 
and/or to become part of a citizen science program), and 
addressed whether trainees intended to submit data on 
our website (see Table 1 for complete questionnaire state-
ments). Trainees were allotted five minutes to complete 
the questionnaire, and all responses were anonymous.

Figure 2: Nest box given to citizen scientists to record habitat preferences of wild bee pollinators in urban gardens.
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Website and volunteer educational attainment
Trainees were required to register on our website to sub-
mit data for both projects. However, website registration 
was open to all website visitors, allowing us to evaluate 
both website visitors in general and individuals who vis-
ited our website after receiving a training. We queried all 
registrants to determine their educational level attained 
(no college education, undergraduate, M.S., or Ph.D.) and 
previous experience with pollinator identification (took 
training, self-taught, none, or taught elsewhere). These 
data were assigned to each registrant’s account. Regis-
trants could also submit biographical information and 
choose a profile picture. Citizen scientists had to sign into 
their account to submit data, allowing us to correlate sub-
missions for each project with the volunteer’s educational 
level of attainment and prior experience with pollinator 
identification. We also were able to compare the number 
of unique project contributors to the total number of 
trainees, which allowed us to examine retention.

Data analysis
We used a Pearson’s chi-square test to assess if the educa-
tional level of attainments were associated with pollinator 
identification experience. This compared levels of pollinator 
identification experience across educational level of attain-
ment in a 4 × 4 contingency table (4 levels of experience × 4 
levels of educational attainment). We also used a Pearson’s 
chi-square test to assess whether trainee retention rates dif-
fered across the trainings using a 2 × 2 contingency table 
(2 trainings × 2 levels of data collection [yes, no]). Finally, 
we used a Pearson’s chi-square test to determine if educa-
tional level of attainment affected data collection with a 4 
× 2 contingency table (4 educational backgrounds × 2 train-
ings). Likert-scale responses from questionnaires were eval-
uated using Wilcoxon rank sum tests. Level of agreement 
with each statement was treated as a factor (5 = strongly 
agree, 4 = agree, 3 = neither agree nor disagree, 2 = disa-
gree and 1 = strongly disagree), and volunteer responses 
were compared across the two trainings. We also used Wil-
coxon rank sum tests to compare responses to statements 
within each training to determine the primary motivation 
for trainees to attend trainings. The study sample size was 
similar to contemporary pollinator citizen science projects 
(see Birkin and Goulson 2015; Klienke et al. 2018), and all 
analyses were performed in R (R Core Team 2017).

Results
We engaged 128 community members in our two citi-
zen science trainings. Of those, 94 took our training on 
monitoring plant-bee interactions with photography, 
and 34 took our training on monitoring cavity-nesting 
bees. Those who took our trainings submitted data from 
40 locations throughout the Seattle, WA, USA metropol-
itan area. For our project that assessed cavity-nesting 
bees, eight citizen scientists contributed data from two 
sites each (16 total locations), 13 citizen scientists con-
tributed data from one location each (13 locations), and 
two citizen scientists shared a location (1 location) for 
a total of 30 locations across the 23 data contributors. 
For the project that assessed plant-bee interactions, 
two citizen scientists submitted data from three sites 
(6 locations), while 4 citizen scientists submitted data 
from one location (4 locations) for a total of 10 loca-
tions across 6 contributors. Volunteers self-selected the 
garden from which to collect data and were encouraged 
to submit data from multiple locations to increase data 
collection for the projects (Figure 1). No volunteer sub-
mitted data for both projects.

Educational attainment and pollinator 
identification experience
The educational attainment of our website registrants was 
classified into four groups. More than 50% had an under-
graduate education, while 35% had an M.S. degree. Fewer 
than 10% had a Ph.D. or no college education (Figure 3a). 
Prior experience with bee identification was similarly dis-
tributed. Approximately 44% of registrants had taken our 
training before registering online (n = 60) while 20% of 
registrants had either no prior identification experience 
or were self-taught. Few (<10%) received formal educa-
tion elsewhere (Figure 3b). By crossing pollinator identifi-
cation experience with educational attainment, we found 
that 30 to 50% of volunteers from all levels of educational 
attainment had taken our training before registering 
online. Approximately 10 to 45% of volunteers from all 
educational levels of attainment reported having no previ-
ous experience with pollinator identification, 11 to 30% 
of volunteers from all educational levels of attainment 
were self-taught, and 8 to 12% were taught pollinator 
identification elsewhere (Figure 3c). However, there was 
no significant relationship between educational attain-

Table 1: Statements used in Likert-scale questionnaire of trainees. Volunteers were asked to respond to each statement 
on a 1 to 5 scale.

Statement Assessment Category

Prior to this course, my knowledge of how to properly identify floral visitors was limited Learning

After taking this course, I am more confident that my insect identifications are correct Learning

I came to this course to learn more about native bee identification Reason for attending

I came to this course to become part of a citizen science program Reason for attending

The expectations of course participants were clear and concise Expectations

The course was well organized Structure

I intend to submit my out-of-class observations of native bees on the website Intent
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ment and pollinator identification experience (Pearson’s 
chi-square test; χ2 = 4.50; df = 9, P = 0.88).

Retention of volunteers
Of those who took our trainings, 22% registered on our 
website and submitted data. The rate of retention of citizen 
scientists, from trainings to submitting data, was signifi-
cantly different among the two projects (Pearson’s chi-
square test; χ2 = 50.04; df = 1; P < 0.0001). Twenty-three 
out of 34 citizen scientists trained in our cavity-nesting 
bee project (70%) submitted data, while only 6 out of 94 
citizen scientists trained in monitoring plant-bee interac-
tions (6%) submitted data (Figure 4a). When crossed with 
data on educational attainment, 80% of data submitted 
for the plant-bee interactions project came from those 
with a M.S. degree, while data submitted for the project 
that monitors cavity-nesting bee populations was distrib-
uted more evenly (13% no college education, 40% under-
graduate, 39% M.S., 8% Ph.D.) (Figure 4b). However, 
educational attainment did not contribute to statistically 
significant differences in data collection between our citi-

zen science projects (Pearson’s chi-square test; χ2 = 3.93; 
df = 3; P = 0.27).

Motivations of volunteers and comparisons 
between trainings
Trainees who attended our cavity-nesting bee training 
were more likely than those who took our plant-bee 
interactions training to agree that: (1) their reason for 
attending was to become part of a citizen science pro-
gram, (2) expectations of the training were clear, and 
(3) they planned to submit data (Table 2). These results 
reflect the observation that those who took the cavity-
nesting bee training were more likely to submit data 
(Figure 4a). Trainees across both projects were similarly: 
(1) experienced prior to taking our training and (2) confi-
dent in their ability to monitor/identify the study organ-
ism after the training; volunteers also perceived both 
trainings as similarly well organized (Table 2). However, 
regardless of the training course, trainees were more 
likely to have attended to learn more about bees than to 
collect data (Table 3). 

Figure 3: Educational attainment and experience of study volunteers. We queried registrants (n = 128) to determine their 
(a) educational attainment and (b) experience with pollinator identification. (c) The frequency of each attainment 
level crossed with each experience level.
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Figure 4: Factors affecting the frequency of data submission. (a) The percentage of trainees, and the percentage 
that submitted data, for each project. (b) The percentage of trainees across different educational attainments that 
submitted data across the two projects.

Table 2: Results of Wilcoxon rank sum tests comparing differences of Likert-scale response to each question between 
the two citizen science trainings. P values below α = 0.05 (shown with an asterisk) indicate a significant difference in 
responses across the trainings.

Statement Assessment 
Category

Training Mean SE W P

Prior to this course, my knowledge of how to 
properly identify floral visitors was limited.

Learning Cavity-nesting bees 4.32 0.17 1871 0.11

Plant-bee interactions 4.18 0.08

After taking this course, I am more confident 
that my insect identifications are correct.

Learning Cavity-nesting bees 4.18 0.15 1638 0.58

Plant-bee interactions 4.19 0.06

I came to this course to learn more about native 
bee identification

Reason for 
attending

Cavity-nesting bees 4.76 0.07 1685 0.54

Plant-bee interactions 4.70 0.05

I came to this course to become part of a citizen 
science program

Reason for 
attending

Cavity-nesting bees 4.24 0.15 1946 0.014*

Plant-bee interactions 3.76 0.11

The expectations of course participants were 
clear and concise.

Expectations Cavity-nesting bees 4.74 0.08 1760 0.018*

Plant-bee interactions 4.45 0.06

The course was well organized. Structure Cavity-nesting bees 4.68 0.08 1670 0.56

Plant-bee interactions 4.61 0.05

I intend to submit my out-of-class observations 
of native bees on the website.

Intent Cavity-nesting bees 4.82 0.08 2224 <0.0001*

Plant-bee interactions 4.22 0.09
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Discussion
Many citizen science projects have an overarching goal 
of conserving wild and managed bee pollinators (Ullman 
et al. 2010; Potter and LeBuhn 2015; Bloom and Crowder 
2016; LeBuhn et al. 2016; Le Féon et al. 2016; van der 
Wal et al. 2016 Domroese and Johnson 2017; Pocock et 
al. 2018). However, the factors that affect data collection 
in pollinator citizen science projects have rarely been 
studied (but see van der Wal et al. 2016; Domroese and 
Johnson 2017; Klienke et al. 2018), hindering the devel-
opment of projects that could promote global pollinator 
populations. We show that regardless of project methods, 
volunteers were attracted to our citizen scientist train-
ings mainly to learn more about pollinators, rather than 
to assist with data collection on pollinators. This indicates 
that pollinator projects may need to account for volun-
teers who are mainly interested in learning, rather than 
data collection, when assessing the number of volunteers 
needed to meet the data collection goal of the researcher. 
We also found that data collection for pollinator projects 
is project dependent, indicating that the methods of a pro-
ject have a strong effect on the potential for a project to 
support pollinator conservation. Evaluation of volunteers 
indicated that the level of educational attainment of the 
volunteer did not influence data collection, suggesting 
that pollinator researchers can likely leverage volunteers 
from an array of educational attainments to assist with 
data collection.

Our project that used photography to monitor plant-
bee interactions was far less likely to receive data submis-
sions than the one that monitored cavity-nesting bees 
with nest boxes. Other studies have found that pollinator 
projects that require the volunteers to complete multiple 
challenging steps suffer from low rates of data collec-
tion (Birkin and Goulson 2015; Klienke et al. 2018). For 
example, Klienke et al. (2018) assessed effects of bees on 
crop pollination using citizen scientists. Although 76% of 
participants in their trainings volunteered to collect data, 
only 14% of participants did so. Surveys showed that the 
complex methods, which involved growing plants, observ-
ing pollination, and measuring seed set, were factors 
that reduced data submissions by volunteers (Klienke 
et al. 2018). Similarly, only 6% of individuals trained in 
our plant-bee interactions project submitted data. This 
project involved the photography of pollinators, which 

is known to be challenging for volunteers (Ullman et al. 
2010). Conversely, our cavity-nesting bee project, which 
involved the use of nest boxes that naturally attracted 
cavity-nesting bees (Bloom et al. 2017), had 70% of volun-
teers submit data. Our training questionnaire effectively 
predicted the likelihood of data submission for volunteers 
in each training and showed that if training participants 
perceive methods as too difficult (e.g., photographing 
pollinators), this may affect their responses. Our results 
indicate that pre-surveys could determine participation 
before data collection starts, aiding researchers to estimate 
the number of trainees needed to reach data collection 
goals. Moreover, data collected by nest boxes are also less 
likely to be skewed by the observer because they naturally 
attract bees (Bloom et al. 2017). Observational bias can 
skew data collection in citizen science projects (Wilson et 
al. 2017; Callaghan et al. 2019; Kelling et al. 2019), where 
volunteers have been found to overestimate species rich-
ness (Gardiner et al. 2012). Our projects indicate that 
recording plant-bee interactions may be too difficult for 
most volunteers, and researchers may collect more, higher 
quality data using nest boxes or other methods such as 
passive traps (Pocock et al. 2018).

While project methods can contribute to the likelihood 
of data collection, our study also revealed that volun-
teers were more likely to attend both of our trainings to 
learn more about pollinators rather than to participate 
in citizen science. This occurred despite volunteers often 
stating that training expectations were clear, suggesting 
that volunteers attended trainings to learn more about 
pollinators even when data collection was the main goal 
of our research team. This finding further indicates that 
the motivations for volunteerism may vary strongly across 
citizen science projects (Bonney et al. 2009; Sullivan et al. 
2009; Dickinson et al. 2012; Wright et al. 2015; Lucrezi 
et al. 2018), and agrees with contemporary findings that 
suggest volunteers engage in pollinator citizen science 
primarily for educational reasons (Domroese and Johnson 
2017). Our study therefore adds to a growing body of evi-
dence that pollinator citizen science projects may be serv-
ing as an educational resource for individuals interested 
in the global decline of pollinator populations (Wilson et 
al. 2017). One factor that may underlie the strong moti-
vation of volunteers in both of our trainings to further 
their own education is the general lack of educational 

Table 3: Results of Wilcoxon rank sum tests comparing whether volunteers in each training were primarily motivated 
by educational goals or to become part of a citizen science project. P values below α = 0.05 (shown with an asterisk) 
indicate a significant difference between the two possible motivations for each particular training.

Training Statement Mean SE W P

Monitoring plant-bee 
interactions

I came to this course to learn more about 
native bee identification

4.70 0.05 6534 <0.0001*

I came to this course to become part of a 
citizen science program

3.76 0.11

Assessing cavity-
nesting bees 

I came to this course to learn more about 
native bee identification

4.76 0.07 776 0.0049*

I came to this course to become part of a 
citizen science program

4.24 0.15
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programs available to the public on pollinator conser-
vation. For example, on average only 10.3% of citizen 
science registrants from all educational levels of attain-
ment received pollinator education outside of our train-
ing. This suggests that a lack of educational resources on 
pollinators, combined with the intense public interest 
in pollinator conservation, may be driving volunteers to 
attend our trainings. Moreover, it confirms that citizen sci-
ence can play a role not only in data collection but also in 
educating communities where researchers are collecting 
data (Bonney et al. 2009; Jordan et al. 2011).

Our results show that the educational level of attain-
ment did not affect the likelihood of data collection, 
and that pollinator identification experience was similar 
across the levels of educational attainment in our volun-
teer group. This suggests that volunteers with all levels of 
educational attainment were equally likely to contribute 
to citizen science. However, while we observed no effect 
of the level of educational attainment on the propensity 
to submit data for either of our citizen science projects, 
both projects did primarily attract individuals with college 
degrees. Data from the US Census Bureau (2016) show 
that 32.8% of individuals in our study region are without 
a college education, but this demographic represented 
less than 10% of our study volunteers. Indeed, our study 
shows that engaging participants from all levels of edu-
cational attainment remains a problem across citizen 
science projects and should thus be of increased consid-
eration for researchers (Brossard, Lewenstein, and Bonney 
2011; Crall et al. 2013; Branchini et al. 2015; Wright et al. 
2015; Domroese and Johnson 2017; Roman et al. 2017). 

Our study was conducted in Seattle, Washington, where 
the level of educational attainment is spatially segregated 
and regions with low educational attainment are histori-
cally represented by minority groups (US Census Bureau 
2016). Many small-scale farmers and urban gardeners in 
this region are from immigrant farming communities 
including Latino, Hmung, East African, and Eastern 
European farmer-operators (Ostrom and Donovan 2015). 
To encourage participation from such underrepresented 
groups, we suggest that researchers engage with com-
munity leaders to develop culturally sensitive monitoring 
guides (e.g., Spanish language translations) and training 
materials (Pandya 2012; Grasswitz 2019). For example, in 
Hmung culture, the written language is rarely used and 
farmers typically learn through storytelling and visual 
means. Therefore, citizen science training guides would 
likely need to be developed in video format to reach this 
underrepresented demographic (Grasswitz 2019). 

While our study focused on urban areas, rural regions 
also often have many pollinator dependent cropping 
systems (Kremen, Ullman, and Thorp 2011), and natural 
areas where pollinator populations are in decline (Goulson 
et al. 2015; Koh et al. 2016). The demographics and level 
of educational attainment in such rural regions often dif-
fers from adjacent urban areas (USDA 2017), suggesting 
a unique opportunity for researchers to engage citizen 
scientists across urban to rural gradients. We suggest that 
researchers work closely with university extension and 
government agencies (e.g., the Farm Service) in volunteer 

recruitment efforts and develop approaches for farmer 
operators that integrate citizen science into preexisting 
farming practices (e.g., scouting for pest insects). Indeed, 
we proposed a scheme whereby researchers work with 
farmer citizen scientists to enhance data collection on 
organic farming systems (Bloom and Crowder 2016), how-
ever, to our knowledge no such system has been developed 
(but see Dehnen-Schmutz et al. 2016) and would likely be 
useful in rural agricultural areas where pollinators may be 
in decline (Koh et al. 2016).

By understanding the factors that promote the success-
ful retention of citizen scientists, pollinator researchers 
may be able to optimize data collection efforts. For exam-
ple, some projects with high ecological value which have 
many detail-oriented steps may require training more 
participants to reach data collection goals (Birkin and 
Goulson 2015; Kleinke et al. 2018). However, citizen sci-
ence, regardless of the project or volunteer retention, has 
the potential to fulfill valuable science education needs 
for everyone who takes the training including those that 
do not contribute to data collection, and will not likely be 
hindered by including individuals of different educational 
levels of attainment. Researchers should leverage the pre-
dictive power of questionnaires prior to initiating projects 
(see Phillips et al. 2014) to determine the likelihood of 
data submission given that the loss of approximately 94% 
of trainees, as we observed in our plant-bee project, would 
be unacceptable for many researchers to reach data col-
lection goals. Moreover, data submission rates will lead to 
projects that fail to collect the abundance of data needed 
to meet the goals of researchers. Thus, it is important to 
be realistic and conservative when estimating data sub-
mission rates after training, especially for more difficult 
projects. More broadly, our results suggest that the future 
of pollinator citizen science depends on developing pro-
jects that promote data collection through the use of 
simple and highly robust data collection techniques and 
attractive educational components.
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