
Introduction
Citizen science, defined as participation of the general 
public in scientific research, has become a mainstream 
approach for collecting data on biodiversity (Chandler 
et al. 2017). This approach can substantially help scien-
tists to address large scale or global biodiversity issues 
(Chandler et al. 2016; Thornhill et al. 2016), through 
(1) monitoring the state of biodiversity by bringing a 
large amount of data needed in macro-ecology analysis 
(Devictor, Whittaker, and Beltrame 2010; Deguines et al. 
2012; Muratet and Fontaine 2015; Olivier et al. 2016) and 
(2) the creation of indicators providing relevant informa-

tion about the state of biodiversity and public concern 
and action (Couvet et al. 2008; Jiguet et al. 2012, French 
Biodiversity Observatory 2018). The development of citi-
zen science is an opportunity for the general public to 
familiarize with scientific thinking (Trumbull et al. 2000) 
and to improve their knowledge on specific subjects 
(Bonney et al. 2009; Deguines et al. 2018), which has been 
highlighted as one of the main motivations of participa-
tion (Bruyere and Rappe 2007; Domroese and Johnson 
2017; Curtis 2018). More specifically, citizen science is also 
a way to raise societal awareness about the stakes of biodi-
versity conservation (Lewandowski and Oberhauser 2017). 
The participation in nature-based citizen science projects 
can also be a way to reconnect people with nature (Guiney 
and Oberhauser 2009).

Recently, many citizen science programs monitoring 
pollinators have been launched (e.g., Deguines et al. 2012; 
Domroese and Johnson 2017; Suzuki-Ohno et al. 2017)]. 
This trend is tied to the growing awareness of pollinator 
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declines (Potts et al. 2010), which are a major threat to 
the functioning of terrestrial ecosystems. Indeed, 87.5% 
of angiosperms depend on animal pollination (Ollerton, 
Winfree, and Tarrant 2011). To help policy-makers meet 
the challenge of pollinator conservation, indicators of 
community composition changes and population trends 
are needed, triggering the set-up of long-term monitoring 
programs. Participation of the general public in monitor-
ing pollinators plays a critical role because many data over 
large areas and multiple years (even decades) is required 
(Dickinson, Zuckerberg, and Bonter 2010).

Some programs successfully addressed specific ques-
tions regarding the biology of a target species such as 
the Monarch butterfly (Ries and Oberhauser 2015), the 
distribution of bumblebees in Japan (Suzuki-Ohno et al. 
2017), community-level responses to land-use changes 
(Deguines et al. 2012; Deguines et al. 2016; Desaegher et 
al. 2018; Levé, Baudry, and Bessa-Gomes 2019), or global-
scale mapping of pollination services (LeBuhn, et al. 
2016). Silvertown et al. (2013) reported that, thanks to a 
citizen science project conducted in the UK, two species 
of insects never recorded in the country were discovered 
“including the first record of the Euonymus leaf notcher 
moth, discovered by a 6-year-old girl.”

However, the credibility of citizen science is sometimes 
debated. Data quality is one of the most challenging issue 
about citizen science (Cohn 2008; Bird et al. 2014), and 
some authors point out that many projects fail to provide 
data of sufficient quality for publishing in peer-rewiewed 
scientific journals (Theobald et al. 2015).

There are multiple aspects to data quality such as preci-
sion and accuracy in data collection, consistency in proto-
col between individuals and over time, adequate spatial 
and temporal representation, and sufficient sample size 
for statistical inferences (Lewandowski et al. 2015), all of 
which must be considered if researchers are to answer the 
research questions they seek to address. Many system-
atic methods can be used to ensure high levels of data 
quality, such as designing standard protocols adapted to 
participant’s skills and research questions, participant 
training, cross-checking, validation of observations and 
identifications by experts or other participants, systematic 
screening for aberrant contributions, technological help 
(automatic sorting or identification), and others (Wiggins 
et al. 2011; Freitag, Meyer, and Whiteman 2016).

Data quality is also linked to participant’s engagement 
through two mechanisms. First, engaged participants may 
contribute more observations and be more involved in 
the long-term: Collectively, overall quality of the dataset 
gathered thus increases and allows investigation of more 
complex (including temporal) questions. Second, as a 
citizen scientist continues to participate in a monitoring 
program, skills and knowledge may improve and resulting 
quality of individual data may be heightened (Deguines et 
al. 2018). Successfully engaging people in citizen science 
programs thus represent a critical challenge.

In this study, we compared methodologies of two citi-
zen science programs launched in France and South 
Korea. The data collected are used to address conserva-
tion and research questions related to pollinator distribu-
tion, richness, community composition, and community 

stability, and to understand how these characteristics 
are influenced by landscape composition, connectivity, 
and management from a long-term perspective. These 
objectives require standardized protocols allowing collec-
tion of many data about the presence of all the species 
observed on different types of landscapes over multiple 
years. Although both programs relied on similar protocols 
to monitor pollinators using photographs, there were a 
few differences in terms of methods and management. 
We assessed how the two approaches influenced (1) data 
quality and (2) participant’s engagement. Multiple met-
rics were used to assess data quality and level of partici-
pant engagement of both programs based on criteria both 
published (Lewandowski and Specht 2015; Ponciano and 
Brasileiro 2014) and developed by us.

We discuss how differences in metrics between the two 
programs may arise from their functioning and methodol-
ogy. From the critical assessment of the advantages and 
limits of these two case studies, we aim to emphasize key 
methodological choices in the development of citizen 
science programs using digital tools.

Methods
The Photographic Survey of Flower Visitors, Spipoll
The Photographic Survey of Flower Visitors, hereafter 
called Spipoll, was launched in France in 2010 (Deguines 
et al. 2012). The program was established by the National 
Museum of Natural History of Paris (France) in partner-
ship with the Office for insects and their environment 
(Opie, an entomological society). A website especially 
developed for the program provides information about 
the critical roles of pollinators for ecosystem functioning 
and the importance of long-term monitoring in scientific 
investigations (http://www.spipoll.org).

The standard protocol asks participants to choose a 
flowering plant species and to take pictures of all inverte-
brates landing on its flowers during a 20-minute period. 
The observations can be done on an area of 10 m², as long 
as all of the pictures were taken on the flowers belong-
ing to the same plant species. Observations can be done 
wherever participants can find a flowering plant (from 
dense urban centers to natural areas). Participants were 
also asked to take pictures of the plant and its environ-
ment and to provide date and time information, Global 
Positioning System coordinates, habitat characteristics, 
and climatic conditions (wind, temperature, cloud cover). 
Written tutorials explaining the protocol in detail were 
available on the website.

After their observations, participants had to sort their 
pictures and keep a single picture per species, choosing 
what they felt was the most useful one for insect iden-
tification. The website would not allow a participant to 
upload a session if s/he had not tried to identify at least 
50% of the photographed insects. Participants then iden-
tified the plant and insects using online computer-aided 
identification tools especially developed for the Spipoll 
(Deguines et al. 2012). These tools allowed observers to 
identify pollinators and plants using descriptors related 
to morphological traits (e.g., length of antennas, eyes 
shape, color pattern; number and color of petals), choos-
ing among 556 insects or insect groups and 333 plant 

http://www.spipoll.org
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morphospecies. All descriptors are explained through 
text and illustrations, using pictures featuring different 
examples. Entomologists and botanists review insect and 
plant pictures and correct the identification when neces-
sary. Each set of pictures of insects and associated plants 
from 20 minutes of observation at a given date and place 
is hereafter referred as a “session.”

A strong community management was set up through 
the dedicated website. Some entomologists from the Opie 
provided comments on the posted observations. Any par-
ticipants could also comment on observations from oth-
ers and notify them of potential incorrect identification or 
misapplied protocol. Eventually, a social network emerged 
from the program, involving both community manag-
ers from the Opie and observers themselves. In addition, 
observers received a monthly newsletter that provided 
information on the progress in overall participation, high-
lighted a “plant of the month” in bloom, featured a rich 
session from one participant, and shared interesting facts 
about pollination.

The Korean Photographic Survey of Pollinators, 
K-Spipoll
In 2017, the Korean Photographic Survey of Pollinators 
(hereafter abbreviated “K-Spipoll”) was launched in part-
nership with a publishing company (Donga Science) which 
proposed to its subscribers to participate in ecological sur-
veys on different taxa (plants, cicadas, birds, treefrogs). This 
program, called “The Earth Lovers Explorers,” is the first 
initiative of citizen science in South Korea and was estab-
lished in partnership with researchers from Ewha Womans 
University to address research questions in ecology and 
conservation biology. The protocol of K-Spipoll was the 
same as that of Spipoll, except that participants were asked 
to conduct the survey on a 15-minute period. The following 
metadata were collected with pictures: Date, time of day, 
GPS coordinates, and environmental conditions.

The data were collected through a dedicated cell-
phone application developed by Donga Science. This 
digital application was open only to its subscribers. 
Consequently, the targeted observers were the readers of 
the magazine (i.e., children and their parents).

Identification of the insects was not asked of observ-
ers of the K-Spipoll. The pictures were uploaded on the 
website and identified by professionals of Ewha Womans 
University, scientific partners of the company, and ama-
teur entomologists. Identifications were validated by 
an entomology expert, Dr. Lee Heung-Sik from Plant 
Quarantine Technology Center.

The publishing company and Ewha Womans University 
organized training events for K-Spipoll participants. Six 
training sessions (in which participation was optional) 
were organized between April and May 2017 in sev-
eral parks of Seoul; 60% of the first-year participants 
came to one of these sessions, and 83% of those who 
came uploaded data. The researchers of Ewha Womans 
University presented the importance of pollinators in eco-
systems and the need to protect them, and highlighted the 
advantages of citizen science programs for understanding 
pollinator communities. The researchers showed the par-
ticipants how to carry out the protocol and trained them 

in doing it. Experts encouraged and welcomed questions 
from the participants about the protocol or pollinator 
ecology in general.

Assessing data quality and participant’s engagement
According to a systematic review of the peer-reviewed 
literature, Lewandowski et al. (2015) identified four 
aspects of data quality: “Data collection” (precision and 
accuracy in data collection); “Standardized sampling” 
(consistency in protocol between individuals and over 
time); “Spatial and temporal representation” (adequate 
spatial and temporal representation); and “Sample size” 
(sufficient sample size for statistical inferences). We took 
inspiration from these four aspects and adapted them to 
the Spipoll and the K-Spipoll’s specificities to assess data 
quality in relation to the programs’ research questions.

Our first metric, “Accuracy in data collection,” was 
measured through the proportion of sessions respecting 
the protocol. Indeed, the accuracy of the information col-
lected, i.e., richness of pollinators and community com-
position observed in a given time, is necessary to address 
the research questions. We considered the protocol to 
have been violated when a session was not georeferenced, 
included pictures taken on different plant species or on 
leaves, because pictures across multiple plant species can-
not be assumed to represent community or abundance of 
insects using a single plant species over a fixed tempo-
ral period. Likewise, photos of leaves cannot be assumed 
to represent the community or abundance of pollinators 
associated with flowers. Furthermore, we also considered 
sessions containing only a single insect picture as violat-
ing the protocol. The probability to observe only one spe-
cies in 15 or 20 minutes is low (see Supplementary File); 
instead, this likely occurred if a participant did not observe 
during the 15 minute or 20 minute period or if there were 
a misunderstanding in the data that required uploading 
(e.g., upload one photo of an insect observed during the 
session). This violation would lead to an underestimation 
of the pollinator’s richness and would introduce a bias 
when analyzing variations in pollinator communities, 
because the observation effort would not be standardized 
and thus comparable between the sessions. For the rest 
of our analysis, the sessions considered as “strict viola-
tion of protocol” were removed from the dataset because 
they were not exploitable with regard to plant-pollinator 
ecology nor our analysis.

Our second metric, “Consistency in protocol relative 
to volume of sessions contributed by an individual,” was 
measured by comparing the proportion of single-species 
sessions according to participation; i.e., between partici-
pants having done one session, from two to 10 sessions, 
and more than 10 sessions. This metric assessed the point 
at which participation leads to a better understanding of 
the protocol, thanks to, for instance, the social networks 
created around the programs.

Our third metric, “Spatial representation of data,” was 
assessed by using two metrics of different spatial scales: 
Overall dataset level and participant’s level. First, we evalu-
ated whether participation within administrative regions 
of France and South Korea were proportional to popula-
tion size. Such a spatial distribution appears as a reasonable 
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objective for citizen science programs, corresponding to col-
lecting data primarily from where people live. Through geo-
graphical data processing or focusing on densely populated 
ecosystems, such dataset were shown to be scientifically val-
uable, especially to study the relationship between land use 
and biodiversity (Deguines et al. 2012, 2016; Desaegher et 
al. 2018; Levé, Baudry, and Bessa-Gomes 2019). Specifically, 
we computed linear regressions between the number of 
sessions and the population size in the 22 and 16 adminis-
trative regions of France and South Korea respectively, after 
both variables were ln(variable + 1) transformed. We used 
the rho coefficients retrieved from Spearman correlation 
tests and the coefficient of determination R² to compare 
the two regressions.

As a second spatial metric, we assessed the data spatial 
dispersion for each participant who did at least three ses-
sions. We assumed that the more “exploratory” partici-
pants are, the less the data have the risk to be spatially 
auto-correlated. For each participant, we calculated 
the median distance of each session to the centroid of 
his/her sessions. We then performed a Wilcoxon test to 
evaluate whether participants from South Korea and 
France differed in their spatial dispersion of participation. 
For this test, sample size was the number of participants 
from both programs who did three sessions or more (i.e., 
n = 165, with 95 and 70 participants for the Spipoll and 
the K-Spipoll respectively).

The metric “Sample size” was assessed by the total num-
ber of sessions done for each program. The size of this 
metric determines the statistical power for data analy-
ses. Moderately large datasets (e.g., 1000–3000 sessions 
distributed across a broad geographical areas) allowed 
investigating macro-ecological dynamics of pollinator 
communities (e.g., Deguines et al. 2016, Levé, Baudry, 
and Bessa-Gomes 2019). However, species distribution 
modelling for a given species of interests could be done 
with as little as ca. 100 records (e.g., Le Féon et al. 2018 
investigating the range expansion of the exotic Megachile 
sculpturalis in France, using records from various sources).

Metrics used for assessing participant’s engagements 
were proposed by Ponciano and Brasileiro (2015) and 
measure the involvement and interaction of participants 
with a project over time. For our study, we used two of 
their metrics. First, we counted the number of days 
between the first and the last observation (hereafter “con-
nected days”), which represents the amount of time that 
participants remained linked to the program. Second, 
we assessed the number of active days (number of days 
with one participation or more), representing the moti-
vation of participants to participate several times in the 
year rather than participating several times on a single 
day. These two metrics are critical to increase the sample 
size and potentially the spatial representation. Wilcoxon 
tests were used to test whether these two metrics differed 
between participants in the Spipoll and the K-Spipoll. We 
further considered four additional metrics of participant’s 
engagement: The number of participants, the proportion 
of participants contributing a single session, the average 
number of sessions per participant, and the distribution of 
numbers of contributions per participant in each program 

(allowing determination of the proportion of participants 
contributing to 50% of the data). These last metrics are 
also linked to the sample size. More particularly, the num-
ber of single sessions is further linked to temporal issues. 
Indeed, single participations are not ideal for assessing 
temporal trends.

Comparing methodologies
Design, methodology, and functioning specificities of 
both programs are presented in Table 1. After compar-
ing the above-mentioned metrics of the efficiency of the 
two programs in gathering the correct data and engag-
ing volunteers, we examine and discuss how programs’ 
specificities could lead to the differences observed.

Results
Data quality
In general, the Spipoll program had better results than the 
K-Spipoll program (Table 2). In regard to accuracy in data 
collection, we found that 57% of the Spipoll sessions fol-
lowed the protocol in contrast to only 26% of K-Spipoll 
sessions. The strict violations of the protocol (non-geo-
referenced picture, pictures taken on different plant spe-
cies or on leaves, no insect on the picture) were the most 
common source of non-respect of the protocol (29% of 
the sessions for Spipoll and 39% for the K-Spipoll). The 
proportion of single-species sessions was greater for the 
K-Spipoll (35%) than for the Spipoll (14%). This highlights 
the fact that these participants either misunderstood the 
protocol (which states to upload one picture per insect) or 
did not observe during the 15 or 20 minute period.

The percentage of sessions containing only one species 
decreased over time for the participants of the Spipoll. 
Participants having uploaded more than 10 sessions 
had only 15.7% of single-species sessions, compared to 
31.6% for participants having uploaded only one session 
(Figure 1). In contrast, the amount of single-species ses-
sions with K-Spipoll did not decrease with the volume of 
sessions contributed by an individual.

The spatial distribution of sessions was more highly 
correlated to the spatial distribution of population in the 
Spipoll program (R² = 0.82; p-value < 0.0001) than in the 
K-Spipoll program (R² = 0.49; p-value =  0.0025) (Figure 2).

Conversely, observations by K-Spipoll participants were 
more spread out in the landscape (median distance = 15.3 
km) than observations by Spipoll observers (median dis-
tance = 1.9 km; Wilcoxon tests associated p-values p-value 
< 2.2e–16, Z = –13.16) (Figure 3).

Participant engagement
K-Spipoll participants demonstrated greater engage-
ment across metrics than Spipoll participants (Table 2). 
The number of connected days and the number of active 
days were greater for the participants of the K-Spipoll pro-
gram with 70.8 (±66.5) connected days in average (n = 87) 
against 17.2(±24.5) for the Spipoll program (n = 417) 
(Figure 4; Wilcoxon tests associated p-values < 2.2e–16, 
Z = –8.15 and Z = –8.31 respectively).

With 75% fewer participants, the K-Spipoll reached 
almost the same number of sessions as the Spipoll, as 
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Table 1: Comparison of the methodologies for the K-Spipoll and the Spipoll.

Spipoll K-Spipoll

Generalities

Launching year 2010 2017

Observers targeted Anyone, general public Local publishing companies subscribers, 
children, and their parents 

Duration of the protocol 20 min 15 min

Community management

Possibility of comments Yes Yes

Professional animation of the social network, 
comments on incorrect participations

Yes No

Newsletter Yes, monthly None

Field training

In field education and training No Yes, 6 times in 2017

Partners involved

Research institution National Museum of Natural 
History, Paris

Ewha Womans University, Seoul 

Partners for community management Entomological society Publisher private company

Data collection

Photographic material Digital camera Smartphone

Data upload Dedicated website Smartphone application

Identification

Species identification by the observers 
required

Yes No

Identification material Online interactive identifica-
tion key – Computer-aided 
identification tool

Identification information in a guide 
book 

Table 2: Comparison of data quality and participant’s engagement between the K-Spipoll and the Spipoll projects.

Metrics Spipoll K-Spipoll

Data quality Number of sessions 1,853 2,163

Proportion of sessions following the protocol 57% 26%

Proportion of strict violation of protocol; proportion of 
single-species sessions

29%; 14% 39%; 35%

Proportion of participants who did only single-species sessions 22% 50%

Correlation between the population in administrative regions 
and the number of sessions (Spearman’s rho coefficient)

0.80 0.67

Median distance to centroid per participant (in km) 1.9 15.3

Engagement Number of participants 529 118

Average number of connected days 17.2 (±24.5) 70.8 (±66.5)

Average number of active days 2.04 (±1.5) 7 (±6)

Average number of participations per participant 2.8 (±2.4) 13.03 (±12.1)

Proportion of single participation 60.8% 17.1%

Proportion of main contributors contributing to 50% 
of the observations

10% 13%
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Figure 1: Percentage of single-species sessions according to the participant’s volume of sessions (where n represents 
the number of participants and s the sum of sessions).

Figure 2: Number of sessions according to the population in administrative regions in France (a) and South Korea (b).

Figure 3: Distance to centroids per observers for each program. In each panel, dotted lines represent the median value 
for Spipoll and K-Spipoll (in blue and red respectively).
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K-Spipoll participants each uploaded 13 sessions in aver-
age, compared to 2.8 sessions in average for participants 
of the Spipoll. Additionally, the proportion of single 
participation is lower in the K-Spipoll (17.1%) than the 
Spipoll (60.8%).

The number of observations per participant and their 
contribution to the entire dataset is represented in 
Figure 5, which shows that for K-Spipoll, 13% of partici-
pants (i.e., 13 observers) are contributing to 50% of the 
dataset. These participants did 26 sessions each or more. 
For the Spipoll, 10% of participants (i.e., 42 observers) col-
lected 50% of the data, each doing 5 sessions or more.

Discussion
The comparison of Spipoll and K-Spipoll showed that both 
methodologies had strengths and weaknesses regarding 
the different metrics we used to assess data quality and 
participant engagement. The Spipoll program is providing 
data of high quality regarding specifically the accuracy of 
data collection and the sample size usable to conduct anal-
yses, with most participants abiding by the standard pro-
tocol and providing identification for the photographed 
insects. As a result, this program successfully published 
analyses about contrasted affinities of pollinators with 
different land-use (Deguines et al. 2012), urbanization 
effects on community composition (Deguines et al. 2016), 
and more recently works about floral morphology as the 
main driver of flower-feeding insect occurrences in the 
Paris region (Desaegher et al. 2018) or the role of domes-

tic gardens as favorable pollinator habitats in impervi-
ous landscapes (Levé, Baudry, and Bessa-Gomes 2019). 
However, the cost of data upload for participant is high 
and demanding, which negatively influenced participant 
engagement. For the K-Spipoll, the pictures needed to be 
sorted and identified by researchers, which limited pos-
sibilities for prompt data analyses. Furthermore, the high 
proportion of single-species sessions for the first year lim-
ited the possibility of analyses. For the time being, it is 
possible that these data may be more challenging to use, 
or will be useful for a narrower range of questions, because 
of the quality issues (mainly that observation effort may 
not have been properly standardized). However, given 
flower visitor data in South Korea were very scarce before 
this program, these data constitute critical information 
on the presence of pollinator species that were not previ-
ously available. Some analysis using presence-only data to 
conduct Species Distribution Modeling and modeling of 
ecological networks are nevertheless possible where the 
sample size is large enough.

We showed that consistency in protocol between individ-
uals and over time was progressing for the Spipoll, as the 
number of single-species sessions decreased after several 
participations, showing that the participants were under-
standing the protocol better after several participations, 
but this was not the case for the K-Spipoll. The K-Spipoll 
program showed more efficiency for the participants’ 
engagement, a full participation demanding less effort in 
terms of data input. Participants were “connected” to the 

Figure 4: Number of connected (a) and active (b) days per observers for the Spipoll (blue) and the K-Spipoll (red). 
In each panel, dotted lines represent the median value for Spipoll and K-Spipoll (in blue and red respectively).
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project for a longer period, were participating more often 
(number of “active days”), and uploaded more sessions 
that were also spatially more widespread in K-Spipoll than 
the Spipoll. A “main contributor” (defined as being among 
the most active participants contributing to 50% of the 
dataset) for the K-Spipoll sent at least 26 sessions, whereas 
such contributors in the Spipoll did five sessions or more. 
Thus, the proportion of main contributors was slightly 
highest for the K-Spipoll (13% of participants) than for the 
Spipoll. The strong commitment of the participants of the 
K-Spipoll is encouraging in terms of long-term participa-
tion and to address the temporal monitoring aims of the 
program. We discuss below how these differences could 
have emerged, and provide suggestions for the implemen-
tation of future citizen science programs.

The social network vs. on-field activities
We suggest that the community management of the 
social network dedicated to the Spipoll program drove 
participant respect of the protocol. Indeed, a community 
manager provided online personalized and construc-
tive feedback (which could be seen by everyone) on each 
observation with a misidentified insect or that appeared 
to violate the protocol. These comments aimed to give 
participants some tips to better identify insects and to 
better follow the protocol. As a result, participants soon 
started to critically assess newly uploaded contributions, 
leaving comments to remind authors of “suspicious” con-
tributions about the standardized protocol and to explain 
the importance of abiding with it. This eventually led to a 

self-managed community that likely contributed to par-
ticipants quickly learning the importance of following the 
standardized protocol for the sake of scientific research.

For the K-Spipoll, the only driver of respect of the pro-
tocol was the explanations of the researcher during the 
on-field training activities. Previous studies showed that 
an appropriate training of the participants with a profes-
sional scientist could be seen as one of the most impor-
tant factors affecting their accuracy (Newman, Buesching, 
and Macdonald 2003; Silvertown et al. 2013). These events 
are important and allow exchanges between the observ-
ers and the researchers who are the recipients of the data. 
This direct contact can create a strong link between the 
scientists and the observers who can, in this way, better 
understand the stakes of their participation for biodiver-
sity conservation and why respecting the protocol is sci-
entifically important. The understanding of the scientific 
background has been shown to enhance participant’s 
motivation and comprehension (Martinich, Solarz, and 
Lyons 2006). It is also a way for the researcher to share 
his/her knowledge and passion about a specific species or 
group of species and to make the observers want to par-
ticipate. We suspect that the few training sessions organ-
ized the first year for the K-Spipoll were not attended by 
enough participants; additionally, attending a single train-
ing event might not be sufficient to ensure a full under-
standing of standardized research protocols.

These educational activities have been a way for a lot 
of participants to receive? experiences of nature in urban 
areas and to raise awareness about the importance of 

Figure 5: Number of sessions per participant (histogram) and contribution to the dataset (accumulation curve) of the 
Spipoll (a) and the K-Spipoll (b).
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pollinators for the functioning of ecosystems. Such “rou-
tine experiences of nature in cities” has been shown to 
increase personal commitment toward biodiversity con-
servation (Prévot et al. 2018).

The website vs. the phone digital application
The development of a cellphone digital application for 
the K-Spipoll presented advantages, decreasing the cost 
of participation by facilitating data entry. It might be 
the principal driver of participant engagement. The high 
number of sessions per observers for the K-Spipoll (13.3 
against 2.8 for the Spipoll) and the greater spatial distribu-
tion of the sessions suggest that having the opportunity to 
participate at any time and anywhere with a smartphone 
and sending directly the observations could motivate the 
observers to participate more (although it can lead to a 
decrease of data quality, as mentioned above).

In the first two to three months of the Spipoll’s start, its 
website encountered several bugs and crashes. This could 
have discouraged observers to upload their data, explain-
ing the high number of participants who participated only 
once and the even greater number who “registered” on 
the website but never actually sent data. However, there 
was considerable effort from the Spipoll team to answer 
participant’s questions about how to proceed with data 
uploading. Thus, website issues in initial months would 
not solely explain these participation patterns, which are 
more likely the result of the time necessary to participate.

Pre-sorting of data and insect identification
From the researchers’ point of view, the organization 
of the Spipoll is more efficient, as only a validation by 
experts is required prior to data analyses: Participants car-
ried out the time-consuming tasks of selecting the best 
picture of each insect recorded by session, and provided 
a first identification that was often correct, thanks to the 
online identification tool. For these observers, insect iden-
tification was a motivation to participate, bringing oppor-
tunities to learn more about pollinators and to improve 
their entomological skills (Deguines et al. 2018). Provid-
ing appropriate materials (e.g., online identification tools) 
to assist observers in insect identification, although chal-
lenging for pollinators, appears essential. However, learn-
ing to identify insects constitutes a demanding task that 
may discourage participants from continuing, explaining 
the high rate of one-time participation (60.8%).

In the case of the K-Spipoll, researchers had to find the 
best picture of each insect among the many photographs 
sent (including blurry or too-distant attempts). An addi-
tional substantial loss of time occurred as photographs 
lacked identification.

Recommendations for the design of future programs
Thanks to the transposition of a French citizen science 
program to South Korea, we were able to compare two 
very similar programs that nevertheless differed in a few 
characteristics. This unique opportunity allowed us to 
better understand the drivers influencing the quality of 
the data collected and participant engagement. Submis-
sion of observations via digital smartphone applications 

are becoming more popular in the field of citizen science 
(Liu et al. 2011; Newman et al. 2012; Land-Zandstra et al. 
2016). The use of digital applications can also allow gami-
fication (Tinati et al. 2017), which has the potential, thanks 
to a recreational and competitive approach, to recruit 
new participants by arousing their curiosity (Bowser et 
al. 2013) and to sustain engagement over time (Iacovides 
et al. 2013). The recruitment of sufficient participants 
every year and their commitment is critical to ensure the 
accuracy of data collection (especially for regular partici-
pants who are used to the protocol and who enhanced 
their identification skills), the collection of a large sample 
size every year, and the assessment of temporal dynamics 
of populations.

When Spipoll was launched in 2010, only 17% of the 
French population was equipped with smartphones 
(CREDOC 2016). Since then, their use increased dramati-
cally: In 2016, 65% of the population possessed a smart-
phone (CREDOC 2016). In South Korea, 88% of the adults 
had a smartphone in 2016, which put the country at the 
highest smartphone ownership rate in the world (Pew 
Research Center 2016). By 2023, 3.5 billion persons may 
possess a smartphone (Ericsson Mobility report 2018). The 
development of digital applications on smartphones could 
thus be considered as a way to develop future citizen science 
programs. Smartphones can easily be used to collect data, 
thanks to all the tools integrated such as digital camera or 
microphones, which have been used to monitor treefrog 
habitat preferences in South Korea (Roh, Borzée, and Jang 
2014). External devices can be used to improve the quality 
of the recording, such as ultrasonic microphones, used by 
the program iBat (Gibb, Mac, and Jones 2016).

However, to control the sending of accurate data, some 
features could be directly implemented on the applica-
tion, such as protocol reminder questions (“Have you 
completed the required time of observation?” K-Spipoll 
has now been updated to ask this question in an attempt 
to improve the quality of the data); tick boxes to choose 
the best picture(s); and automatic identification allowing 
a first classification (i.e.,order and family).

Conclusion
If the development of new technologies and digital appli-
cations can be seen as a convenient way to collect a large 
amount of data, implementation of controls at the stage of 
data collection is critical to ensure data quality and, there-
fore, the possibility to use these data to address ecologi-
cal research questions. This paper showed that the process 
and methodology of the Spipoll program ensured that data 
collection was optimal for their analysis. This has been 
proven by the research papers published thanks to these 
data (Deguines et al. 2012; Deguines et al. 2016; Desaegher 
et al. 2018; Levé, Baudry, and Bessa-Gomes 2019).

The K-Spipoll process and methodology were more effi-
cient to engage people to participate. The strong commit-
ment of the observers is promising for the future of this 
program, for which data collection has been enhanced 
by adding controls into the application. Organization of 
on-field training sessions has been successful in engag-
ing participants and providing experiences of nature in a 
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highly urban area, while meeting passionate researchers 
who can provide meaning to data collection.

Initial facilitation of a participant’s network is also a key 
for later emergence of a self-organized community, where 
participants correct each other and share their skills and 
knowledge. It has been shown that the motivations of the 
observers can be linked to the sense of belonging to a 
social network while exchanging with people sharing the 
same interests (West and Pateman 2016; Domroese and 
Johnson 2017).

With this study, we highlighted how different meth-
odologies between two similar pollinator monitoring 
programs led to various levels of data quality and par-
ticipant’s engagement, and we encourage researchers 
developing biodiversity monitoring programs relying on 
citizen science to carefully consider the multiple aspects 
presented here.
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