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ARTICLEINFO ABSTRACT

Keywords: Citizen science has proven to be a valuable tool for biodiversity conservation. However, to maximize the con-

Citizen science servation benefits of citizen science programs, researchers and practitioners would gain from a better under-
Community science standing of project volunteers and what drives them to participate. We examined the diverse motivations of

Conservation outcomes volunteers (n = 3041) participating in Audubon's Christmas Bird Count, one of the world's oldest ecological

Mm_iva.ﬁons . monitoring citizen (or community) science projects. Principal axis factor analysis along a 16-item scale revealed
ffzcl;alit::re;:z:;ement si'x distinct intrin.sic and extrinsi.c'motivat.ion.al consFructs: sci.enc.e a.nd conservation, outdoor Tecreation and
discovery, commitment and tradition, social interaction, classic birding, and personal accomplishment. Most
participants reported multiple motivations, but 40% indicated contribution to science and conservation was
their primary reason for initially engaging with the project. As project participation continued, science and
conservation-related motives became even more important (with 55% listing as primary continuing motivation).
Regression analyses showed motivational orientations varied by socio-demographic attributes and levels/type of
project participation. For example, social interaction and tradition were more important to aspiring project
leaders than casual observers. Results highlight insights into deepening project engagement and recruiting and
retaining citizen scientists. Adapted and applied across different contexts, our instrument and motivational
constructs could help to facilitate volunteer management and enhance citizen science's capacity to advance

biodiversity conservation goals.

1. Introduction (Conrad and Hilchey, 2011; Jordan et al., 2016).

The benefits of citizen science also extend beyond generating eco-

Citizen science is a rapidly growing field emphasizing collaboration
between scientists and members of the general public (Jordan et al.,
2012) that has proven to be a valuable tool for biodiversity conserva-
tion (Cooper et al., 2007; Ellwood et al., 2017; McKinley et al., 2017).
Data generated by citizen scientists have helped scientists track species
distributions for birds (Sullivan et al., 2014) and mammals (McShea
et al., 2016), monitor plant phenology (Feldman et al., 2018), predict
the spread of infectious diseases (Meentemeyer et al., 2015), and
monitor the effectiveness of natural resource management practices
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logical data. Research has shown that well-designed projects can enrich
volunteers, leading to increased understanding of the subject matter
(Forrester et al., 2017; Jordan et al., 2012; Shirk et al., 2012), devel-
opment of new skills and confidence (Shirk et al., 2012), interest in and
understanding of science (Bonney and Phillips, 2016), trust between
scientists and the public (Bonney et al., 2014; Jordan et al., 2012), and
conservation behaviors (Lewandowski and Oberhauser, 2017; Peter
et al., 2019; Toomey and Domroese, 2013). Using increasingly colla-
borative tools and resources, citizen science projects can advance
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conservation science, support public participation in science, and en-
hance appreciation and engagement in environmental stewardship
(Dickinson et al., 2012; McKinley et al., 2017; Phillips et al., 2018).

Despite the multifaceted benefits of citizen science, successful out-
comes can only be achieved through an active and engaged population
of volunteer participants. Many groups (including the National
Audubon Society) have adopted “community science” as a preferred
and more inclusive term to describe programs which involve volunteer
participation; here, we are using the term citizen science synonymously
following common usage in the scientific literature. Although research
into the practice of citizen science is expanding (Jordan et al., 2015),
much of this work has focused on contributions to conservation science
and the evaluation of participant outcomes (Peter et al., 2019; Phillips
et al., 2018). Far less is known about forces driving the engine behind
these outcomes: the motivations of the citizen scientists themselves
(Domroese and Johnson, 2017; Phillips et al., 2019). Phillips et al.
(2019) describe the critical importance of understanding volunteer
motivations in citizen science, defined as “the underlying psychological
need for why someone does something, expressed as initial cause for
participation or why they stay involved in the project” (p. 674). Be-
cause volunteer motivation and engagement are closely linked (Vecina
et al., 2012), a more advanced understanding of factors motivating
citizen scientists, and how these factors might change over time, could
facilitate recruitment and retention of volunteers (West and Pateman,
2016). If citizen science project design and activities mesh with vo-
lunteer motivations (Geoghegan et al., 2016; Van Den Berg et al., 2009;
Wright et al., 2015), managers and scientists will be better positioned to
realize the full potential of citizen science as a tool for biodiversity
conservation (Theobald et al., 2015).

1.1. Motivations to volunteer

A substantial body of literature has explored motivations for vo-
lunteering and social participation both within and outside of natural
resource contexts (Asah and Blahna, 2012; Batson et al., 2002; Bruyere
and Rappe, 2007; Clary and Snyder, 1999; Clary et al., 1998). Self-
determination theory (SDT) is often used to understand the different
factors that motivate people to engage in volunteerism. This theory
posits that people have basic psychological needs to feel competent,
autonomous, and connected to others (Ryan and Deci, 2008). Appli-
cations of SDT suggest that citizen science is an activity that can help
volunteers achieve all of these goals (Nov et al., 2014; Tiago et al.,
2017).

Within the context of SDT, motivations can be categorized as in-
trinsic or extrinsic (Ryan and Deci, 2000). People who are intrinsically
motivated engage in an activity for personal interest or enjoyment and
for the sake of the activity itself; people who are extrinsically motivated
engage in an activity based on incentives, perceived rewards, desirable
outcomes, and other factors that stimulate interest (Deci and Ryan,
1985; Ryan and Deci, 2008; Vallerand, 2000). In most cases, multiple
intrinsic and extrinsic motivations interact simultaneously to inspire a
particular action (Clary and Snyder, 1999; Vallerand, 2000). Different
combinations of motivations might be particularly relevant for citizen
scientists (Curtis, 2018; Domroese and Johnson, 2017; Geoghegan
et al., 2016; Raddick et al., 2013; Tiago et al., 2017). For example,
someone might participate in a project because they enjoy the activity
and are inherently interested in the topic (intrinsic reasons), but they
also hope to support ecological research or improve technical skills that
might translate to other contexts (extrinsic reasons).

Batson et al. (2002) offered a four-pronged typology of motivations
that is particularly useful for understanding reasons why people vo-
lunteer. In this framework, intrinsic motivational constructs include
egoism, or increasing one's own welfare, and principlism, or upholding
personal values. Motivational forces that are more extrinsic include
altruism, or increasing the welfare of others, and collectivism, or in-
creasing the welfare of one's group. These categories apply well to
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environmental volunteerism. In one study, Bruyere and Rappe (2007)
found that principlism and altruism were the most important motiva-
tors for pro-environmental engagement, expressed through strong va-
luation of nature and a desire to help the environment. In other words,
volunteer efforts became a source of personal identity and a means of
self-expression. Collectivism and egoism were secondary motivators,
expressed through a want to improve areas for personal use, to learn
about the natural environment, and to socialize with other volunteers.
However, other research suggests that for some conservation stewards,
personal and social benefits are more important than environment-re-
lated reasons for volunteering (Asah and Blahna, 2012).

Many citizen science volunteers report a similar range of motiva-
tions. In online citizen science projects, dominant motivations often
include personal interest in science (egoism), contributions to scientific
research (altruism), and collective motivations such as feeling part of a
group (collectivism) (Curtis, 2015; Jennett et al., 2016; Nov et al.,
2014; Raddick et al., 2013; Rotman et al., 2012). In ecological and
conservation oriented projects where motivations of participants are
less often studied, personal interest and contribution to science have
also emerged as key motivators (Domroese and Johnson, 2017;
Geoghegan et al., 2016; Phillips et al., 2019; Tiago et al., 2017).
However, much of this research has focused on qualitative measures of
motivation (Jennett et al., 2016; Phillips et al., 2019; Rotman et al.,
2014) or adapted versions of existing motivation inventories from other
sectors (Nov et al., 2014; Tiago et al., 2017; Wright et al., 2015). Few
studies have attempted to develop and implement scales that can be
used to assess the specific motivations of citizen scientists (Domroese
and Johnson, 2017; Porticella et al., 2017).

1.2. The dynamic nature of volunteer motivations

Evidence suggests that volunteer motivations can shift as time
progresses and engagement deepens (Clary and Snyder, 1999; Ryan
et al., 2001). This may occur in citizen science projects, with motiva-
tions changing over the lifespan of a volunteer's project involvement.
Studies of online citizen scientists indicate that initial motivations
mostly revolve around egoism expressed as personal interest in the
subject or in science and altruism, making contributions to science with
more collectivist and socially-driven motivations emerging and parti-
cipation progresses (Curtis, 2015; Nov et al., 2014; Rotman et al.,
2014). As Rotman and colleagues note (Rotman et al., 2012, 2014),
volunteers may need to extend beyond “self” to sustain participation
over time. Other research focused on ecological monitoring projects
suggests that extrinsic motivators were most important at the beginning
of a project, with intrinsic motivations becoming more important for
retention of volunteers over time (Geoghegan et al., 2016; Tiago et al.,
2017). In some cases, motivations appear relatively static even as par-
ticipants gain more experience with a project (Domroese and Johnson,
2017). Considering the dynamic nature of citizen science motivations,
more research is needed to understand how changes occur over time
and the implications of those motivational shifts for project manage-
ment and outcomes (West and Pateman, 2016; Wright et al., 2015).

Motivations can vary among socio-demographically diverse groups
of volunteers as well. Research suggests that women and individuals
with higher levels of education are more likely to engage in broader
volunteer efforts (Bureau of Labor Statistics, 2016; Einolf, 2011;
Lammers, 1991; Mesch et al., 2006). Skill acquisition, networking, and
career development might be key motivators for younger volunteers,
whereas older volunteers may be more interested in altruistic acts such
as sharing information and teaching others (Asah et al., 2014; Clary and
Snyder, 1999; Jacobsen et al., 2012). However, relatively little is
known about demographic differences in the motivations of citizen
science volunteers specifically, and many studies have featured small
samples and yielded null or inconclusive results (Geoghegan et al.,
2016; Tiago et al., 2017). Additionally, although researchers have ex-
amined the citizen science volunteer life cycle (Lorek Strauss and Rager,
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Table 1a
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Motivations® of CBC Volunteers: Pattern Matrix Coefficients for Principal Axis Factoring With Promax Rotation of Six-Factor Solution Examining (n=3041)

Factor/Item Mean Pattern Matrix

(SD)

A B C D E F

A. Science & Conservation” 4.37 (0.71)
Contribute to important scientific research 4.23 (0.87) 0.813
Help to generate data that support bird conservation efforts 4.49 (0.76) 0.775
Document and track changes in bird populations over time 4.38 (0.84) 0.731
B. Outdoor Recreation & Discovery® 4.08 (0.76)
Learn new things from other birders 3.90 (1.08) 0.766
Discover new information about ecosystems where 1 live 3.90 (1.07) 0.473
Get outdoors and enjoy time in nature 4.44 (0.81) 0.390
C. Commitment & Tradition®’ 3.83 (0.86)
Obligation to contribute to local compiler or CBC as a whole 3.69 (1.24) 0.557
Feel good being part of a group effort 3.84 (1.09) 0.360 0.461
Continue an important tradition 3.92 (1.08) 0.440
D. Social Interaction® 3.32(0.97)
Introduce friends to the joys of birdwatching 3.03 (1.29) 0.750
Build friendships with others who share my enjoyment of birds 3.58 (1.12) 0.469 0.524
Share my knowledge and skills with others 3.32 (1.14) 0.452 0.419
E. Classic Birding' 2.83(1.19)
Potentially see a rare bird 3.05 (1.24) 0.842
Add more birds to a personal bird list 2.61 (1.31) 0.789
F. Personal Accomplishment® 2.62 (1.08)
Feel proud of myself and what I can accomplish 3.12 (1.28) 0.822
Gain recognition and respect from others 2.13 (1.15) 0.690

NOTE: Primary factor loading coefficients for each item are bold; only coefficients = .300 are reported
#Motivations were rated on the following scale: 1=Not at all important, 2=Slightly important, 3=Moderately important, 4=important, 5=Very important
® Cronbach’s 0=0.828; Eigenvalue=5.56, Percentage of Variance Explained=34.86%
¢ Cronbach’s a=0.647; Eigenvalue=1.02, Percentage of Variance Explained=6.34%
4 Cronbach’s a=0.618; Eigenvalue=.82, Percentage of Variance Explained=5.14%
¢ Cronbach’s 0=0.753; Eigenvalue=.89, Percentage of Variance Explained=5.58%
fCronbach’s a=0.849; Eigenvalue=1.94, Percentage of Variance Explained=12.11%
¢ Cronbach’s 0=0.717; Eigenvalue=1.26; Percentage of Variance Explained=7.90%

2017), characterized motivational connections to different dimensions
of project engagement (Phillips et al., 2019), and considered motiva-
tional differences across stakeholder groups such as scientists vs.
practitioners (Geoghegan et al., 2016), research has not yet explored
how motivational orientations shift as citizen scientists take on different
leadership roles within a project. Answers to these questions could help
citizen science project managers recruit and retain a more diverse group
of volunteers (Chu et al., 2012).

1.3. Toward a broader understanding of citizen scientists' motivations

Collectively, the body of research focused on motivations of citizen
scientists has yielded inconclusive and often conflicting results. This has
been problematic, especially when recruitment and retention of vo-
lunteers relies on matching communication, activities, and program
outcomes to motivations (Phillips et al., 2019; Rotman et al., 2012;
Tiago et al., 2017; Van Den Berg et al., 2009; Wright et al., 2015). To
address these gaps, our study aimed to develop and implement a survey
instrument and subsequent factor analysis for measuring citizen science
volunteer motivations that could pertain to wide range of projects. We
tested the utility of the scale by focusing on participants in one of the
world's oldest ecological monitoring citizen science projects, Audubon's
Christmas Bird Count (CBC). Our objectives were to: 1) Identify, mea-
sure, and compare the different factors that motivate participation in
citizen science; 2) Explore how the importance of different motivations
changes as project participation progresses; 3) Examine socio-demo-
graphic and experiential factors associated with different types of mo-
tivations; and 4) Investigate differences in motivations among in-
dividuals participating in different project roles.

2. Methods

We collected data from volunteers who participated in the National

Audubon Society's (NAS) annual 2015-2016 Christmas Bird Count
(CBC). Initiated in 1900, the CBC is among the longest-running citizen/
community science projects in the world (National Audubon Society,
2019). From December 14 through January 5 each season, tens of
thousands of volunteers throughout the western hemisphere band to-
gether to record observations of birds in pre-approved, 15-mile dia-
meter geographic circles and create a database of avian population
distributions that is informative for researchers and conservationists.
The CBC represents a cross section of currently active birdwatchers and
provides a unique opportunity to learn more about these volunteers and
the factors that motivate them — factors that would likely extend to
many other biodiversity monitoring projects.

2.1. Participants & data collection protocol

The National Audubon Society currently receives limited contact
information from individual observers in the CBC. Instead, most com-
munication is routed through a tiered system of project managers and
participants. “Observers” work with “section leaders” to record bird
observations within each of the CBC's geographic circles or monitoring
areas. “Compilers” assigned to each circle coordinate these observa-
tions, then synthesize and manage all the data that are generated. For
this study, we asked compilers to complete a web-based survey and
forward it to all of the section leaders and observers who had partici-
pated in their circle(s). We emailed a survey to all of the 2131 U.S.
based compilers who were involved in the 2015-2016 CBC as well as to
over 20,000 U.S. participants with active email addresses within the
CBC system. Initially, 822 compilers and 2479 section leaders and ob-
servers completed the survey (total » = 3301). Because it is impossible
to know with certainty how many different individuals participated in
the CBC (in many cases, one person participates as an observer in
multiple circles) or how many observers actually received the survey
from compilers, we were not able to calculate a precise response rate.
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However, records suggest that overall compilers reported 59,039 ob-
servers in the field or at bird feeders participated during the 2015-2016
CBC in the United States. If we assume that the average participant
observed two or more times (LeBaron, 2016), we estimate that our
sample contained about 12% of the entire population of CBC partici-
pants (including observers, section leaders, and compilers).

2.2. Survey instrument

The web-based survey instrument, designed as part of a larger study
to examine CBC participation and associated outcomes, contained a set
of specific questions focused on participant motivations. The questions
asked: “How important are the following reasons to you when deciding
to take part in the Christmas Bird Count?” For each item, participants
could then choose one of five response options ranging from 1 = Not at
all important to 5 = Very important. Potential motivations included a
list of 16 specific items (Table 1a) adapted from themes and items used
in other studies focused on measuring citizen science motivations
(Domroese and Johnson, 2017; Porticella et al., 2017; Raddick et al.,
2013; Rotman et al., 2012). Items from these existing scales were in-
tegrated and adapted, based on feedback from citizen scientists, to
ensure coverage across the four dimensions of volunteer motivations
articulated by Batson et al. (2002): egoism, principlism, altruism, and
collectivism. For dimensions not adequately addressed by existing
scales, we created new items. Using informally gathered input from
volunteers participating in bird-focused citizen science projects, we
conceptualized six themes associated with these four motivational di-
mensions in our survey: outdoor recreation and discovery (egoism),
personal accomplishment (egoism), classic birding (principlism), con-
tributions to science and conservation (altruism), commitment and
tradition (collectivism), and social interaction (collectivism). Our final
survey instrument accounted for distinct motivations within each of
these categories. After rating the importance of each of 16 potential
motivations (see Table la), participants then answered the following
two questions. First, “Which ONE of the following general motivations
was your primary reason for initially deciding to take part in your first
CBC?” Then, “Which ONE of the following general motivations is the
primary reason that you continue taking part in the CBC?” In both
questions, participants could select one of the six overarching themes
described above using a drop-down menu.

Demographic information provided by respondents included
gender, age, education (advanced degree, or not), career (professional
in life or natural sciences field, or not), and political view (measured on
a five-point scale with response categories ranging from 1 = “liberal”
to 5 = “conservative”). Past experience with the CBC was measured
with two variables: years participating in the CBC and average number
of yearly “circles” where observations took place. We also asked par-
ticipants to identify the CBC roles in which they participated (observer,
section leader, or compiler) and to indicate how likely they would be to
participate in these different CBC roles going forward. Respondents
were removed from our analysis if they did not complete the portion of
the survey that pertained to participation motivations, resulting in a
final effective sample size of 3041.

2.3. Data analysis

To understand the diverse motivations of citizen scientists (Obj. 1),
we conducted a principal axis factor analysis with our 16-item moti-
vation scale. We applied an oblique (promax) rotation to account for
potential correlations among the factors, using the pattern matrix to
identify factor loadings (or standardized regression coefficients linking
each item to a particular factor) and the structure matrix to assess
correlations between each item and other factors. We extracted factors
with eigenvalues accounting for at least 5% of the variance explained
(>0.80) and retained items within factors whose pattern and structure
matrix loadings were >0.400 (Costello and Osborne, 2005). In the case
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of cross loading, items were grouped with the factor demonstrating the
highest loading. Cronbach's alpha was used to assess the internal con-
sistency of items in each factor (Vaske, 2008). We compared mean
ratings to determine which of the motivational subscales were most
important to participants.

To explore differences in the primary motivations driving initial vs.
continuing participation in the CBC (Obj. 2), we used proportional chi-
square comparison tests with 2 < 2 contingency tables (Campbell,
2007). We focused on shifts (or percentage change) in the number of
individuals who reported one primary motivation initially and a dif-
ferent motivation for continuing participation.

To explore associations between motivations and socio-demo-
graphic and experiential variables (Obj. 3), we used two separate
multinomial logistic regression models (one for initial and one for
continuing motivations) to examine significant correlates. Model fit was
assessed using likelihood ratio chi-square tests and Nagelkerke R*. The
most popular “science and conservation” motivation category served as
the reference category in each model. We used the odds ratios (OR) of
parameter estimates to assess the relative importance of each variable
when predicting a particular type of motivation compared to this re-
ference category.

To investigate relationships between different motivations and ci-
tizen science project roles and responsibilities (Obj. 4), we developed
three logistic regression models with likelihood of future CBC partici-
pation (as an observer, section leader, or compiler) as the dependent
variable and the various motivation subscale means as independent
variables. After assessing model fit using chi-square tests, Hosmer &
Lemeshow tests, and Nagelkerke R”, we examined the significance of
OR at a. = 0.05 to identify motivations that were particularly important
to volunteers aspiring to each project role. All data were analyzed using
IBM SPSS Statistics, Version 25.0 (IBM Corp., 2019).

3. Results

Our overall sample of CBC volunteers was 54% male. Other demo-
graphic attributes generally reflected populations of citizen scientists as
a whole. Respondents from the CBC were primarily white (97%), much
older than the average American (mean age = 61.6 years), highly
educated (50% held an advanced degree), and high income earners
(33% reported annual income over $100,000). About 46% of the
sample identified as a natural or life science professional, and re-
spondents generally skewed toward the liberal end of the political
spectrum. We observed a wide range of experience with the CBC: about
13% of the sample was in their first two years of CBC participation,
while 8% of the sample had been participating for 40 years or more.
Overall, many participations were highly engaged, with an overall
average of 15.3 years participating in the project and volunteers en-
gaging in an average of 1.9 observation circles (or sites) annually.
Likelihood of future participation among respondents was high, with
almost 94% of respondents likely or very likely to participate in the CBC
in some capacity in future years.

3.1. Motivations of citizen scientists

Using the KMO measure of sampling adequacy (0.87) and Bartlett's
test of sphericity, 9Q2120) = 18,790, p < 0.001, we determined that
factor analysis of the motivation items was appropriate. Our promax
rotation of the data converged in seven iterations, yielding the six
distinct motivational factors or themes that we anticipated (Tables la,
1b). Eigenvalues for the themes ranged from 5.56 (34.9% of variance
explained) for science and conservation to 0.82 (5.1% of variance ex-
plained) for commitment and tradition. Though distinct, many of these
factors — especially outdoor recreation and discovery - were also cor-
related with other factors (Table 2). According to mean subscale rat-
ings, the most important motivational themes for CBC participants were
science and conservation (M = 4.27, SD = 0.71), outdoor recreation
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Table 1b
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Motivations® of CBC Volunteers: Structure Matrix Coefficients for Principal Axis Factoring With Promax Rotation of Six-Factor Solution Examining (n=3041).

Factor/Item

Structure Matrix

A B C D E F
A. Science & Conservation
Contribute to important scientific research 0.837 0.365 0.420 0.413
Help to generate data that support bird conservation efforts 0.800 0.397 0.420 0.311
Document and track changes in bird populations over time 0.737 0.390
B. Outdoor Recreation & Discovery
Learn new things from other birders 0.718 0.357 0.456 0.394
Discover new information about ecosystems where 1 live 0.485 0.608 0.442 0.322 0.424
Get outdoors and enjoy time in nature 0.512 0.355 0.308 0.346
C. Commitment & Tradition
Obligation to contribute to local compiler or CBC as a whole 0.334 0.537 0.337 0.311
Feel good being part of a group effort 0.315 0.636 0.695 0.340 0.571
Continue an important tradition 0.364 0.430 0.575 0.302 0.445
D. Social Interaction
Introduce friends to the joys of birdwatching 0.421 0.426 0.791 0.401
Build friendships with others who share my enjoyment of birds 0.623 0.454 0.680 0.445
Share my knowledge and skills with others 0.394 0.422 0.417 0.637 0.611
E. Classic Birding
Potentially see a rare bird 0.492 0.873 0.426
Add more birds to a personal bird list 0.466 0.841 0.425
F. Personal Accomplishment
Feel proud of myself and what I can accomplish 0.327 0.555 0.548 0.339 0.344 0.836
Gain recognition and respect from others 0.367 0.383 0.393 0.369 0.685

NOTE: Primary factor loading coefficients for each item are bold; only coefficients = .300 are reported.
?Motivations were rated on the following scale: 1=Not at all important, 2=Slightly important, 3=Moderately important, 4=important, 5=Very important.

Table 2
Correlation Matrix Depicting Relationships Among Motivational Factors for
CBC Participants.

Factor A B C D E F
A. Science & Conservation 1

B. Outdoor Recreation & Discovery 0399 1

C. Commitment & Tradition 0.485  0.600 1

D. Social Interaction 0.295 0.463 0.443 1

E. Classic Birding 0.129 0486 0.194 0293 1

F. Personal Accomplishment 0.390 0.608 0.611 0.485 0438 1

and discovery (M = 4.08, SD = 0.76), commitment and tradition
(M = 3.83, SD = 0.86), social interaction (M = 3.32, SD = 0.97),
classic birding (M = 2.83, SD = 1.19), and personal accomplishment
(M = 2.62, SD = 1.08; Table 1a). The most important single items
motivating CBC participation were “helping to generate data that
support bird conservation efforts” (M = 4.49, SD = 0.76) and “getting
outdoors and enjoying time in nature” (M = 4.44, SD = 0.81).

3.2. Relative importance of initial and continuing motivations

Compared to other potential motivations, more people (40.2%)
listed contributions to science and conservation as the primary reason
for initiating their participation in the CBC (Fig. 1). Social interaction
(25.7%), classic birding (14.3%), and outdoor recreation and discovery
(9.9%) were primary initial motivations for large numbers of CBC
participants. The prevalence of these motivation themes shifted as
project participation progressed, however. Continuing participation in
the CBC appears to driven even more by science and conservation than
any other factor, with 14.9% more respondents listing conservation
contributions as the most important reason for continuing CBC parti-
cipation (Fig. 1). Commitment and tradition also became more im-
portant as longevity in the project increased (8.7% more people listed
this as most important). Other factors such as social interaction, classic
birding, and outdoor recreation and discovery significantly diminished
in importance over time (Fig. 1). About 4% of respondents listed other
reasons for initiating participation in the CBC (and 2% for continuing
participation). The most frequent responses in the other category

included gaining access to new areas, exercise, spending time with and/
or educating family members, and simply the enjoyment of watching
birds.

3.3. Demographic and experiential factors associated with motivations

Multinomial regression models examining associations between
demographic variables and different citizen science motivation cate-
gories were nearly identical for both initial and continuing motivations
(hence, only initial motivation correlates are reported in Table 3).
Males were more likely than females to report classic birding as a key
motivation and less likely to cite social interaction and commitment
and tradition as important. Natural and life science professionals were
more likely to list science and conservation as a key initial motivation
compared to volunteers from other backgrounds, who were fueled by a
more diverse range of motivations (Table 3). Compared to older vo-
lunteers, younger volunteers were more likely to report social interac-
tion, commitment and tradition, and classic birding as motivations.
Liberal volunteers were more strongly driven by science and con-
servation than conservative volunteers. Associations between educa-
tion, income, and motivations were generally weak, though higher in-
come individuals were more likely to report classic birding as a
motivation (Table 3).

One experiential factor, years participating in the CBC, was strongly
associated with motivations to participate. People who had participated
in the CBC for more years were more likely to list commitment and
tradition, classic birding, and social interaction as initial motivations,
and less likely to report science and conservation as an initial motivator
(Table 3). Intensity of participation (based on average numbers of
yearly circles) was only associated with one initial motivation category:
personal accomplishment. However, many of these patterns shifted
when continuing motivations were considered. In that model, volun-
teers with more years of CBC experience were equally likely as those
with less experience to be motivated by classic birding (OR = 0.992,
p = 0.335) and personal accomplishment (OR = 1.011, p = 0.501),
and significantly less likely to be motivated by social interaction
(OR = 0.988, p = 0.042). In other words, the relative importance of
science and conservation motivations grew for this population. For CBC
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Classic Birding
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Other
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+14.9%
-10.4*

Category

Primary Initial
Motivation (%)

-15 -7.5 0 7.5 15

Change in Continuing
Motivation (%)

Fig. 1. Most important motivations for initiating and continuing participation reported by citizen science volunteers in Audubon's Christmas Bird Count (n =3041).

Changes in primary continuing motivation frequencies that are significantly different than zero (based on proportion chi-squared comparison test) are denoted by *.

volunteers with more experience, only commitment and tradition re-
tained its original prominence (OR = 1.043, p << 0.001). These results
support the apparent shift toward conservation- and tradition-focused
motivations as project participation progresses (Fig. 1).

3.4. Differences in motivations by project role

We found that individuals in our sample were likely to participate in
future CBCs as an observer (94%), section leader (54%), or compiler
(61%). Logistic regression models indicated that motivations, when
considered in isolation, were relatively poor predictors of future

participation in specific project roles (Nagelkerke R* = 0.02 to 0.06).
Science and conservation motivations were significant predictors of
future participation in every role (OR = 1.14, Table 4). Future ob-
servers were also strongly motivated by outdoor recreation and dis-
covery (OR = 1.53), while social interaction was less important
(OR = 0.78). On the other hand, volunteers eager to take on more
leadership roles downplayed the value of outdoor recreation and dis-
covery (OR < 0.73) and placed a much stronger emphasis on social
interaction (OR = 1.56). Personal accomplishment appeared to be
particularly important to future section leaders (OR = 1.09), while
compilers were more strongly motivated by commitment and tradition

Table 3
Odds Ratios (OR) for Multinomial Logistic Regression Model Coefficients Depicting Demographic and Experiential Factors Associated with Initial Motivations for CBC
Participation.
Variable Sample Motivation Categories
Averages (note: Science & Conservation is the reference group)
Social Classic Birding Outdoor Rec & Discovery Commitment Personal Other
Interaction & Tradition Accomp-lishment
N 2233 581 337 222 97 29 72
Gender 56.7% 729%* 1.821%%* 1.125 .606* 722 946
(Male)
Race 97.8% 1.763 .896 .890 1.000 282 584
(White)
Age 60.71 .988* 97 TH** 997 981%* 986 985
(years)
Job 46.6% L602%*¥ 552%%% .606%* .606* .780 773
(Life or Nat. Sciences)
Education 50.9% 1.037 988 1.157 1.410 1.517 918
(Advanced degree)
Income 33.5 1.119 1.359* 999 1.332 1.170 1.148
(< $100k)
Political View” 2.12 1.100* 1.244%%* 1.135* 1.414%%* 1.363* 1.150
Years Participating 16.23 1.019%** 1.024%** 1.000 1.038%** 1.039%* 1.024%*
in CBC
Avg. Number of Yearly Circles 1.93 1.036 1.045 988 .899 1.278%* 1.073

NOTES: “Science & conservation” motivations (n=895) serves as the reference group. ORs > 1 suggest that individuals in a demographic group or individuals with

higher variables scores are more likely to report a particular motivation relative to science and conservation. *,** and *** denote statistical significance of OR of
a=.05, .01, and .001, respectively. Model Fit: Likelihood Ratio Test: x*(54)=182.58, p<.001; Nagelkerke R>= .082. Continuing motivation (not reported) models

reflects identical trends.

?Total sample size for this model reflects 1,068 cases that were excluded due to missing data on the demographic or experiential variables.

b Political View scale: 1=Liberal to 5=Conservative.
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Table 4

Bkgiad Cranction 22 RD ABLS

Binary Logistic Regression Models Depicting Relationship Between Citizen Science Motivations and Likelihood of Future Project Participation by Project Role.

Motivation Category Future Project Role

Observer” Section Leader” Compiler”

B SE OR B SE OR B SE OR
Science & Conservation 216 124 1.24%* 362 .074 1.44%%** 127 .075 1.14%*
Classic Birding -.049 .080 0.95 -.099 .043 0.91%* -.068 .045 0.93
Personal Accomplishment -.080 .094 0.92 .087 051 1.09* -.004 .052 1.00
Outdoor Recreation & Discovery 426 138 1.53%** -431 079 0.65%** =315 .080 0.73%**
Social Interaction -.253 107 0.78* 449 .057 1.57%%* 447 .060 1.56%**
Commitment & Tradition -.018 121 0.98 .025 .065 1.03 144 .067 1.16**

293.9% likely to participate as observer; n = 2843; Model Fit Statistics: y*(df=6) = 18.9, p = 0.004, Hosmer & Lemeshow x*(df=8) = 5.4, p = 0.718,

Nagelkerke R?>= 0.02.

©54.0% likely to participate as section leader; n = 2300; Model Fit Statistics: y*(df=6) = 138.1, p <0.001, Hosmer & Lemeshow y*(df=8) =9.2, p = 0.328,

Nagelkerke R?>= 0.08.

©61.3% likely to participate as compiler; n = 2283; Model Fit Statistics: y*(df=6) = 100.3, p < 0.001, Hosmer & Lemeshow y*(df=8) = 4.8, p = 0.783,

Nagelkerke R?= 0.06.

than other groups (OR = 1.16, Table 4). Classic birding motivations
were not positively linked to future participation in any CBC role.

4. Discussion

This study helped to advance knowledge of citizen science motiva-
tions in several ways, answering recent calls to move beyond data
collection and think more holistically about volunteers and how they
experience projects (Phillips et al., 2019; West and Pateman, 2016).

First and foremost, our approach provided a tool and an analytical
framework that revealed the variety of motivations fueling citizen sci-
ence participation.

4.1. Citizen scientists report many different motivations

Like volunteers in other sectors (Clary and Snyder, 1999; Ryan and
Deci, 2000), CBC participants reported a range of intrinsic and extrinsic
motivators across each of Batson et al.'s (2002) motivational constructs.
Although altruistic motives for advancing science and conservation
received the highest average ratings and were listed as the primary
motivating force for over 40% CBC participants, our study shows that
many other motivations were also important.

Some volunteers were fueled by collectivist tendencies, seeking
social interaction with like-minded colleagues. Other studies have de-
monstrated that collectivist motivations focused on social norms and
relationships are key correlates of engagement for both online (Curtis,
2015; Nov et al., 2014; Rotman et al., 2012) and field-based projects
(Bell et al., 2008). Egoistic motivations were also common in our
sample, as outdoor recreation and discovery motivations were highly
correlated with all other subscales. These relationships underscore the
importance of intrinsic interest and enjoyment for citizen science vo-
lunteers (Frensley et al., 2017); they also highlight connections between
recreation participation and conservation behavior (Larson et al.,
2018). Some volunteers were driven by principlism, typically mani-
fested as a commitment to their identity as birders and dedicated CBC
contributors. Identity-driven behavior is common in the highly-spe-
cialized birding community (Scott et al., 2005), but it may apply to
citizen science projects in other realms too. Regardless of discipline,
citizen science project managers seeking to understand volunteers and
improve their experience should be aware of these dynamic motivations
and dimensions of engagement and how they could influence project
design (Phillips et al., 2019; Wright et al., 2015).

4.2. Conservation-oriented motivations more prominent as participation
progresses

The fact that science and conservation-related themes dominate
initial motivations for the CBC, a conservation-focused ecological
monitoring project, is not surprising. Other research suggests that ci-
tizen scientists engaged in online projects are driven by a strong sense
of purpose and dedication to advancing scientific knowledge (Nov
etal., 2014; Raddick et al., 2013). Volunteers in field-based biodiversity
projects, in particular, want to help generate scientific data that informs
conservation of focal species (Domroese and Johnson, 2017; Geoghegan
et al., 2016; Phillips et al., 2019). But we did not expect to find that the
importance of motivations centered on advancing science and con-
servation would grow with project participation as other motivations
declined.

This appears to contradict previous studies suggesting extrinsic
motivations may be needed to help citizen scientists build on their in-
itial intrinsic interest to foster competence, autonomy, and connections
(Dickinson et al., 2012). For example, Rotman et al. (2014, 2012) found
that collectivist motivations and a need for enhanced social interaction
among long-term participants eventually eclipsed the egoistic and al-
truistic motivations that inspired initial project involvement. However,
other researchers have noted that as volunteer participation progresses,
actions that begin as altruistic contributions to science may eventually
morph into intrinsically rewarding deeds themselves (Domroese and
Johnson, 2017; Geoghegan et al., 2016; Tiago et al., 2017). When the
allure of extrinsic motivators erodes, those intrinsic motivations may be
needed to sustain support and involvement. Such a shift might be
especially relevant in place-based, ecological monitoring projects,
where conservation outcomes are more tangible and valuable to vo-
lunteers dedicated to protecting their local area (Haywood et al., 2016;
Newman et al., 2017). For example, if volunteer observers witness
changes in their favorite places over time, their commitment to con-
serving those habitats might increase. If managers help volunteers see
the value of their contributions as they engage with projects, those
volunteers may be even more inclined to work toward conservation
goals (Ballard et al., 2017; Domroese and Johnson, 2017).

The importance of commitment and tradition as a continuing mo-
tivation for citizen scientists should also be acknowledged. Tradition is
a critical element of established projects like the CBC, where volunteers
appreciate the legacy of impact and the opportunity to become part of a
larger collective monitoring effort. Many birders are therefore eager to
contribute to the CBC and other avian-focused citizen science projects
(Sullivan et al., 2014); similar commitment among enthusiastic volun-
teers might extend to other taxa as well (Theobald et al., 2015). As
citizen science projects evolve, they cultivate social norms and
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interactions that play a key role in group identity-building (Cialdini and
Goldstein, 2004). By striving to forge identity around these social
norms, citizen science project managers can create a tradition of sus-
tained engagement and build a larger community of practice committed
to advancing scientific, conservation, and educational goals (McKinley
etal., 2017).

4.3. Motivations vary among different groups of volunteers

We also observed socio-demographic patterns in motivations that
reinforce a key observation: not all citizen scientists are the same, and
they will likely respond differently to different types of project messa-
ging and framing (West and Pateman, 2016). For example, we found
that female volunteers were more likely than males to be motivated by
social interaction and commitment and tradition and less likely to
motivated by classic birding, reflecting other studies of gender differ-
ences in social participation behaviors (Lammers, 1991; Mesch et al.,
2006). Age also appeared to matter, with younger volunteers more
likely to report social interaction, classic birding, and commitment and
tradition as key motives. Volunteers who were more liberal and those
engaged in natural resource or life science professions were more likely
to report science and conservation motivations than other groups. De-
mographic differences based on race, education, and income were
minimal, mirroring previous studies (Geoghegan et al., 2016; Tiago
et al.,, 2017) and in part reflecting the homogeneity of the larger po-
pulation of citizen scientists (Chu et al., 2012) and underscoring a need
to engage more diverse populations.

Our results align with previous studies suggesting citizen science
motivations can vary by levels of project participation (Jennett et al.,
2016; Tiago et al., 2017). This is important because most citizen science
projects feature a large portion of participants who contribute in small
quantities (dabblers) and a few who do the bulk of the work (divers)
(Cooper et al., 2017; Eveleigh et al., 2014). We found that volunteers
with more years of project experience were less likely to report initial
motivations focused on science and conservation but equally likely to
list science and conservation as continuing motivations, supporting the
general shift toward conservation-oriented motives discussed earlier.
Volunteers who participated in more CBC observation circles per year
were the most likely to list personal accomplishment as a motivation.
Motivations also appeared to differ as volunteers aspired to take on
different project roles as observers, section leaders, or compilers. Mo-
tivations centered on science and conservation were linked to future
participation in each role. However, whereas observers reported
stronger outdoor recreation and discovery motives, individuals inclined
to adopt leadership roles in the CBC were more interested in social
interaction and commitment and tradition. These differences suggest
that, while science and conservation motives remain important
throughout the citizen science volunteer lifespan, managers hoping to
deepen engagement in projects through leadership roles must provide
social infrastructure that allows collective knowledge generation to
flourish (Curtis, 2015).

4.4. Future research on motivations in citizen science

Although this study focused on one biodiversity monitoring project,
the large and relatively varied sample of CBC volunteers suggests that our
scale and motivational constructs could be applied across a range of
contexts. Such applications would undoubtedly require some adaptations.
For example, rather than using the instrument as a whole in its current
form, projects focused on community and environmental health might
substitute contributions to community development or social well-being
for conservation dimensions (Den Broeder et al., 2018). Additional and
more sophisticated forms of validation (e.g., predictive validity, content
validity) are needed to confirm the utility of the motivations scale across
these diverse citizen science contexts. Additional qualitative and long-
itudinal inquiries examining if and how motivations shift over time,
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similar to some previous work (Everett and Geoghegan, 2016; Rotman
et al., 2014), would also help to reveal causal mechanisms driving moti-
vational change to inform dynamic volunteer management (Wright et al.,
2015). In addition to motivations, future research should also consider
barriers to citizen science participation (Frensley et al., 2017; Geoghegan
et al., 2016), and how changes in program communication, results dis-
tribution, and provision of digital tools may be influencing volunteer
motivations. Finally, despite some promising leads (Domroese and
Johnson, 2017; Lewandowski and Oberhauser, 2017), more studies are
needed to explore relationships between self-reported volunteer motiva-
tions and overt conservation outcomes and behaviors.

5. Conclusions

To maximize the conservation impact of citizen and community
science, scientists and project managers should engage in systematic
efforts to understand volunteers and what drives them to act (Domroese
and Johnson, 2017; Phillips et al., 2019; West and Pateman, 2016). This
knowledge will not only reveal new ways to empower current volun-
teers (Garner and Garner, 2011; Wright et al., 2015), but also strategies
for recruiting and retaining more diverse populations of citizen scien-
tists (Pandya, 2012), as well as informing participants of the outcomes
of their work. Our results show that contribution to science and con-
servation are the most important motivation for CBC participants, and
often become more important as project participation progresses. To
boost volunteer engagement and morale (Yanay and Yanay, 2008),
project-related communication should emphasize positive feedback in
these domains, helping participants recognize their positive conserva-
tion impacts (Tiago et al., 2017). But managers should also recognize
the wider range of other motivations (e.g., outdoor recreation and
discovery, social interaction) embraced by volunteers and attempt to
consider these motivational orientations in the design, development,
and communication about citizen science programs (Skarlatidou et al.,
2019). Ultimately, an enhanced understanding of factors motivating
participation in citizen and community science - and how those factors
might change over time — could enhance volunteer capacity to advance
biodiversity conservation goals and outcomes. The instrument and
motivational constructs outlined in this study could help researchers
and practitioners accomplish those goals.

CRediT authorship contribution statement

Lincoln R. Larson: Conceptualization, Methodology, Formal ana-
lysis, Investigation, Writing - original draft, Writing - review & editing,
Supervision,  Project  administration. = Caren B. Cooper:
Conceptualization, Methodology, Formal analysis, Investigation,
Writing - original draft, Writing - review & editing, Supervision, Project
administration. Sara Futch: Data curation, Writing - original draft,
Writing - review & editing. Devyani Singh: Data curation, Writing -
original draft, Writing - review & editing. Nathan J. Shipley:
Conceptualization, Methodology, Formal analysis, Writing - review &
editing. Kathy Dale: Conceptualization, Investigation, Writing - review
& editing, Project administration. Geoffrey S. LeBaron:
Conceptualization, Investigation, Writing - review & editing, Project
administration. John Y. Takekawa: Conceptualization, Investigation,
Writing - review & editing, Project administration.

Declaration of competing interest

The project was conducted without financial support, but several
co-authors on this paper are affiliated with National Audubon Society
(NAS), the organization that manages the Christmas Bird Count (CBC).
All data collection, analysis, and interpretation was conducted in-
dependently by members of university research teams not affiliated
with NAS or the CBC. Co-authors from NAS provided input during the
writing of the report.



L.R. Larson, et al.

Acknowledgments

The authors wish to acknowledge the organizers of Audubon's
Christmas Bird Count (CBC) and the thousands of CBC volunteers across
North America for their support and participation in this study.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.biocon.2020.108428.

References

Asah, S.T., Blahna, D.J., 2012. Motivational functionalism and urban conservation
stewardship: implications for volunteer involvement. Conserv. Lett. 5, 470-477.
https://doi.org/10.1111/j.1755-263X.2012.00263 .x.

Asah, S.T., Lenentine, M.M., Blahna, D.J., 2014. Benefits of urban landscape eco-vo-
lunteerism: mixed methods segmentation analysis and implications for volunteer
retention. Landsc. Urban Plan. 123, 108—113. https://doi.org/10.1016/j.
landurbplan.2013.12.011.

Ballard, H.L., Robinson, L.D., Young, A.N., Pauly, G.B., Higgins, L.M., Johnson, R.F.,
Tweddle, J.C., 2017. Contributions to conservation outcomes by natural history
museum-led citizen science: examining evidence and next steps. Biol. Conserv. 208,
87-97. https://doi.org/10.1016/j.biocon.2016.08.040.

Batson, C.D., Ahmad, N., Tsang, J.-A., 2002. Four motives for community involvement. J.
Soc. Issues 58 (3), 429-445.

Bell, S., Marzano, M., Cent, J., Kobierska, H., Podjed, D., Vandzinskaite, D., Reinert, H.,
Armaitiene, A., Grodzinska-Jurczak, M., Mursic, R., 2008. What counts? Volunteers
and their organisations in the recording and monitoring of biodiversity. Biodivers.
Conserv. 17, 3443-3454. https://doi.org/10.1007/s10531-008-9357-9.

Bonney, R., Phillips, T.B., 2016. Can citizen science enhance public understanding of
science? Public Underst. Sci. 25 (1), 2—16. https://doi.org/10.1177/
0963662515607406.

Bonney, R., Shirk, J.L., Phillips, T.B., Wiggins, A., Ballard, H.L., Miller-Rushing, A.J.,
Parrish, J.K., 2014. Next steps for citizen science. Science 343, 1436—1437.

Bruyere, B., Rappe, S., 2007. Identifying the motivations of environmental volunteers. J.
Environ. Plan. Manag. 50 (4), 503—-516. https://doi.org/10.1080/
09640560701402034.

Bureau of Labor Statistics, 2016. Volunteering in the United States - 2015. United States
Department of Labor, Washington, DC.

Campbell, I., 2007. Chi-squared and Fisher-Irwin tests of two-by-two tables with small
sample recommendations. Stat. Med. 26 (19), 3661-3675. https://doi.org/10.1002/
sim.2832.

Chu, M., Leonard, P., Stevenson, L., 2012. Growing the base for citizen science: recruiting
and enaging participants. In: Dickinson, J.L., Bonney, R. (Eds.), Citizen Science:
Public Participation in Environmental Research. Cornell University Press, Ithaca, NY,
pp. 69-81.

Cialdini, R.B., Goldstein, N.J., 2004. Social influence: compliance and conformity. Annu.
Rev. Psychol. 55, 591-621. https://doi.org/10.1146/annurev.psych.55.090902.
142015.

Clary, E.G., Snyder, M., 1999. The motivations to volunteer: theoretical and practical
considerations. Curr. Dir. Psychol. Sci. 8 (5), 156—159. https://doi.org/10.1111/
1467-8721.00037.

Clary, E.G., Snyder, M., Ridge, R.D., Copeland, J., Stukas, A.A., Haugen, J., Miene, P.,
1998. Understanding and assessing the motivations of volunteers: a functional ap-
proach. J. Pers. Soc. Psychol. 74 (6), 1516-1530. https://doi.org/10.1037/0022-
3514.74.6.1516.

Conrad, C.C., Hilchey, K.G., 2011. A review of citizen science and community-based
environmental monitoring: issues and opportunities. Environ. Monit. Assess. 176 (1),
273-291.

Cooper, C.B., Dickinson, J., Phillips, T., Bonney, R., 2007. Citizen science as a tool for
conservation in residential ecosystems. Ecol. Soc. 12 (2), 11.

Cooper, C.B., Larson, L.R., Holland, K.K., Gibson, R.A., Farnham, D.J., Hsueh, D.Y .,
Culligan, P.J., McGillis, W.R., 2017. Contrasting the views and actions of data col-
lectors and data consumers in a volunteer water quality monitoring project: im-
plications for project design and management. Citizen Sci. Theory Pract. 2 (2), 8.
https://doi.org/10.5334/cstp.82.

Costello, A.B., Osborne, J.W., 2005. Best practices in exploratory factor analysis: four
recommendations for getting the most from your analysis. Pract. Assess. Res. Eval. 10
(7), 1-9.

Curtis, V., 2015. Motivation to participate in an online citizen science game: a study of
Foldit. Sci. Commun. 37 (6), 723—746. https://doi.org/10.1177/
1075547015609322.

Curtis, V.,2018. Motivation for participation: From general volunteerism to online citizen
science. In: Curtis, V. (Ed.), Online Citizen Science and the Widening of Academia.
Palgrave MacMillan, Cham, Switzerland, pp. 69-92.

Deci, E., Ryan, R., 1985. Intrinsic Motivation and Self-determination in Human Behavior.
Plenum Press, New York.

Den Broeder, L., Devilee, J., Van Oers, H., Shuit, A.J., Wagemakers, A., 2018. Citizen
science for public health. Health Promot. Int. 33 (3), 505-514. https://doi.org/10.
1093/heapro/daw086.

Dickinson, J.L., Shirk, J., Bonter, D., Bonney, R., Crain, R.L., Martin, J., Phillips, T.,

kgl (Cranetion22@ ) ABLS

Purcell, K., 2012. The current state of citizen science as a tool for ecological research
and public engagement. Front. Ecol. Environ. 10 (6), 291-297. https://doi.org/10.
1890/110236.

Domroese, M.C., Johnson, E.A., 2017. Why watch bees? Motivations of citizen science
volunteers in the Great Pollinator Project. Biol. Conserv. 208, 40—47. https://doi.org/
10.1016/j.biocon.2016.08.020.

Einolf, C.J., 2011. Gender differences in the correlates of volunteering and charitable
giving. Nonprofit Volunt. Sect. Q. 40 (6), 1092—1112. https://doi.org/10.1177/
0899764010385949.

Ellwood, E.R., Crimmins, T.M., Miller-Rushing, A.J.,2017. Citizen science and con-
servation: recommendations for a rapidly moving field. Biol. Conserv. 208, 1-4.
https://doi.org/10.1016/j.biocon.2016.10.014.

Eveleigh, A., Jennett, C., Blandford, A., Brohan, P., Cox, A.L., 2014. Designing for dab-
blers and deterring drop-outs in citizen science. In: Paper Presented at the CHI 2014,
One of a CHInd, Toronta, ON, Canada.

Everett, G., Geoghegan, H., 2016. Initiating and continuing participation in citizen sci-
ence for natural history. BMC Ecol. 16, 13. https://doi.org/10.1186/s12898-016-
0062-3.

Feldman, R.E., Zemaite, I., Miller-Rushing, A.J., 2018. How training citizen scientists
affect precision of phenological data. Int. J. Biometeorol. 62 (8), 1421-1435.

Forrester, T.D., Baker, M., Costello, R., Kays, R., Parsons, A.W., McShea, W.J., 2017.
Creating advocates for mammal conservation through citizen science. Biol. Conserv.
208, 98—105. https://doi.org/10.1016/j.biocon.2016.06.025.

Frensley, T., Crall, A., Stern, M., Jordan, R., Gray, S., Prysby, M., Newman, G., Hmelo-
Silver, C., Mellor, D., Huang, J.,2017. Bridging the benefits of online and community
supported citizen science: a case study on motivation and retention with conserva-
tion-oriented volunteers. Citizen Sci. Theory Pract. 2 (1), 1-14. https://doi.org/10.
5334/cstp.84.

Garner, J.T., Garner, L.T., 2011. Volunteering an opinion: organizational voice and vo-
lunteer retention in nonprofit organizations. Nonprofit Volunt. Sect. Q. 40 (5),
813—-828. https://doi.org/10.1177/0899764010366181.

Geoghegan, H., Dyke, A., Pateman, R., West, S., Everett, G., 2016. Understanding
Motivations for Citizen Science. The UK Environmental Observation Framework,
Wiltshire, UK.

Haywood, B.K., Parrish, J.K., Dolliver, J., 2016. Place-based and data-rich citizen science
as a precursor for conservation action. Conserv. Biol. 30 (3), 476-486. https://doi.
org/10.1111/cobi.12702.

IBM Corporation, 2019. IBM SPSS Statistics for Windows, Version 25.0. IBM Corp,
Armonk, NY.

Jacobsen, S.K., Carlton, J.S., Monroe, M.C., 2012. Motivation and satisfaction of volun-
teers at a Florida natural resource agency. J. Park. Recreat. Adm. 30, 51-67.

Jennett, C., Kloetzer, L., Schneider, D., Iacovides, L., Cox, A., Gold, M., Fuchs, B., Eveleigh,
A., Methieu, K., Ajani, Z., Talsi, Y., 2016. Motivations, learning and creativity in
online citizen science. J. Sci. Commun. 15 (3), AOS.

Jordan, R.C., Ballard, H.L., Phillips, T.B., 2012. Key issues and new approaches for
evaluating citizen-science learning outcomes. Front. Ecol. Environ. 10 (6), 307—-309.
https://doi.org/10.1890/110280.

Jordan, R., Crall, A., Gray, S., Phillips, T., Mellor, D., 2015. Citizen science as a distinct
field of inquiry. BioScience 65 (2), 208-211. https://doi.org/10.1093/biosci/biu217.

Jordan, R.C., Gray, S., Sorensen, A., Newman, G., Mellor, D., Newman, G., Mellor, D.,
Hmelo-Silver, C., LaDeau, S., Biehler, D., Crall, A., 2016. Studying citizen science
through adaptive management and learning feedbacks as mechanisms for improving
conservation. Conserv. Biol. 30 (3), 487-495. https://doi.org/10.1111/cobi.12659.

Lammers, J.C., 1991. Attitudes, motives, and demographic predictors of volunteer com-
mitment and service duration. J. Soc. Serv. Res. 14 (3—4), 125-140.

Larson, L.R., Cooper, C.B., Stedman, R.C., Decker, D.J., Gagnon, R.J., 2018. Place-based
pathways to pro-environmental behavior: empirical evidence for a conservation-re-
creation model. Soc. Nat. Resour. 31 (8), 871-891. https://doi.org/10.1080/
08941920.2018.1447714.

LeBaron, G., 2016. The 116th Christmas Bird Count summary. Retrieved from. http://
www.audubon.org/news/the-116th-christmas-bird-count-summary.

Lewandowski, E.J., Oberhauser, K.S.,2017. Butterfly citizen scientists in the United States
increase their engagement in conservation. Biol. Conserv. 208, 106—112. https://doi.
org/10.1016/j.biocon.2015.07.029.

Lorek Strauss, A., Rager, A., 2017. Master volunteer life cycle: a wide angle lens on the
volunteer experience. J. Ext. 55 (4), 4TOT7.

McKinley, D.C., Miller-Rushing, A.J., Ballard, H.L., Bonney, R., Brown, H., Cook-Patton,
S.C., Evans, D.M., French, R.A., Parrish, J.K., Phillips, T.B., Ryan, S.F., Shanley, L.A.,
Shirk, J.L., Stepenuch, K.F., Weltzin, J.F., Wiggins, A., Boyle, O.D., Briggs, R.D.,
Chapinlll, S.F., Hewitt, D.A_, Preuss, P.W., Soukup, M.A.,2017. Citizen science can
improve conservation science, natural resource management, and environmental
protection. Biol. Conserv. 208, 15-28. https://doi.org/10.1016/j.biocon.2016.05.
015.

McShea, W.J., Forrester, T., Costello, R., He, Z., Kays, R., 2016. Volunteer-run cameras as
distributed sensors for macrosystem mammal research. Landsc. Ecol. 31 (1).

Meentemeyer, R.K., Dorning, M.A., Vogler, J.B., Schmidt, D., Garbelotto, M., 2015.
Citizenscience helps predictrisk ofemerging infectious disease. Front. Ecol. Environ.
13 (4), 189—194. https://doi.org/10.1890/140299.

Mesch, D.J., Rooney, P.M., Steinberg, K.S., Denton, B., 2006. The effects of race, gender,
and marital status on giving and volunteering in Indiana. Nonprofit Volunt. Sect. Q.
35 (4), 565-587. https://doi.org/10.1177/0899764006288288.

National Audubon Society, 2019. Audubon Christmas Bird Count. Retrieved from.
https://www.audubon.org/conservation/science/christmas-bird-count.

Newman, G., McGrady, B., Clyde, M., Chandler, M., Haklay, M., Ballard, H., Gray, S.,
Scarpino, R., Hauptfeld, R., Mellor, D., Gallo, J., 2017. Leveraging the power of place
in citizen science for effective conservation decision making. Biol. Conserv. 208,


https://doi.org/10.1016/j.biocon.2020.108428
https://doi.org/10.1016/j.biocon.2020.108428
https://doi.org/10.1111/j.1755-263X.2012.00263.x
https://doi.org/10.1016/j.landurbplan.2013.12.011
https://doi.org/10.1016/j.landurbplan.2013.12.011
https://doi.org/10.1016/j.biocon.2016.08.040
http://refhub.elsevier.com/S0006-3207(19)31357-6/rf0020
http://refhub.elsevier.com/S0006-3207(19)31357-6/rf0020
https://doi.org/10.1007/s10531-008-9357-9
https://doi.org/10.1177/0963662515607406
https://doi.org/10.1177/0963662515607406
http://refhub.elsevier.com/S0006-3207(19)31357-6/rf0035
http://refhub.elsevier.com/S0006-3207(19)31357-6/rf0035
https://doi.org/10.1080/09640560701402034
https://doi.org/10.1080/09640560701402034
http://refhub.elsevier.com/S0006-3207(19)31357-6/rf0045
http://refhub.elsevier.com/S0006-3207(19)31357-6/rf0045
https://doi.org/10.1002/sim.2832
https://doi.org/10.1002/sim.2832
http://refhub.elsevier.com/S0006-3207(19)31357-6/rf0055
http://refhub.elsevier.com/S0006-3207(19)31357-6/rf0055
http://refhub.elsevier.com/S0006-3207(19)31357-6/rf0055
http://refhub.elsevier.com/S0006-3207(19)31357-6/rf0055
https://doi.org/10.1146/annurev.psych.55.090902.142015
https://doi.org/10.1146/annurev.psych.55.090902.142015
https://doi.org/10.1111/1467-8721.00037
https://doi.org/10.1111/1467-8721.00037
https://doi.org/10.1037/0022-3514.74.6.1516
https://doi.org/10.1037/0022-3514.74.6.1516
http://refhub.elsevier.com/S0006-3207(19)31357-6/rf0075
http://refhub.elsevier.com/S0006-3207(19)31357-6/rf0075
http://refhub.elsevier.com/S0006-3207(19)31357-6/rf0075
http://refhub.elsevier.com/S0006-3207(19)31357-6/rf0080
http://refhub.elsevier.com/S0006-3207(19)31357-6/rf0080
https://doi.org/10.5334/cstp.82
http://refhub.elsevier.com/S0006-3207(19)31357-6/rf0090
http://refhub.elsevier.com/S0006-3207(19)31357-6/rf0090
http://refhub.elsevier.com/S0006-3207(19)31357-6/rf0090
https://doi.org/10.1177/1075547015609322
https://doi.org/10.1177/1075547015609322
http://refhub.elsevier.com/S0006-3207(19)31357-6/rf0100
http://refhub.elsevier.com/S0006-3207(19)31357-6/rf0100
http://refhub.elsevier.com/S0006-3207(19)31357-6/rf0100
http://refhub.elsevier.com/S0006-3207(19)31357-6/rf0105
http://refhub.elsevier.com/S0006-3207(19)31357-6/rf0105
https://doi.org/10.1093/heapro/daw086
https://doi.org/10.1093/heapro/daw086
https://doi.org/10.1890/110236
https://doi.org/10.1890/110236
https://doi.org/10.1016/j.biocon.2016.08.020
https://doi.org/10.1016/j.biocon.2016.08.020
https://doi.org/10.1177/0899764010385949
https://doi.org/10.1177/0899764010385949
https://doi.org/10.1016/j.biocon.2016.10.014
http://refhub.elsevier.com/S0006-3207(19)31357-6/rf0135
http://refhub.elsevier.com/S0006-3207(19)31357-6/rf0135
http://refhub.elsevier.com/S0006-3207(19)31357-6/rf0135
https://doi.org/10.1186/s12898-016-0062-3
https://doi.org/10.1186/s12898-016-0062-3
http://refhub.elsevier.com/S0006-3207(19)31357-6/rf0145
http://refhub.elsevier.com/S0006-3207(19)31357-6/rf0145
https://doi.org/10.1016/j.biocon.2016.06.025
https://doi.org/10.5334/cstp.84
https://doi.org/10.5334/cstp.84
https://doi.org/10.1177/0899764010366181
http://refhub.elsevier.com/S0006-3207(19)31357-6/rf0165
http://refhub.elsevier.com/S0006-3207(19)31357-6/rf0165
http://refhub.elsevier.com/S0006-3207(19)31357-6/rf0165
https://doi.org/10.1111/cobi.12702
https://doi.org/10.1111/cobi.12702
http://refhub.elsevier.com/S0006-3207(19)31357-6/rf0175
http://refhub.elsevier.com/S0006-3207(19)31357-6/rf0175
http://refhub.elsevier.com/S0006-3207(19)31357-6/rf0180
http://refhub.elsevier.com/S0006-3207(19)31357-6/rf0180
http://refhub.elsevier.com/S0006-3207(19)31357-6/rf0185
http://refhub.elsevier.com/S0006-3207(19)31357-6/rf0185
http://refhub.elsevier.com/S0006-3207(19)31357-6/rf0185
https://doi.org/10.1890/110280
https://doi.org/10.1093/biosci/biu217
https://doi.org/10.1111/cobi.12659
http://refhub.elsevier.com/S0006-3207(19)31357-6/rf0205
http://refhub.elsevier.com/S0006-3207(19)31357-6/rf0205
https://doi.org/10.1080/08941920.2018.1447714
https://doi.org/10.1080/08941920.2018.1447714
http://www.audubon.org/news/the-116th-christmas-bird-count-summary
http://www.audubon.org/news/the-116th-christmas-bird-count-summary
https://doi.org/10.1016/j.biocon.2015.07.029
https://doi.org/10.1016/j.biocon.2015.07.029
http://refhub.elsevier.com/S0006-3207(19)31357-6/rf0225
http://refhub.elsevier.com/S0006-3207(19)31357-6/rf0225
https://doi.org/10.1016/j.biocon.2016.05.015
https://doi.org/10.1016/j.biocon.2016.05.015
http://refhub.elsevier.com/S0006-3207(19)31357-6/rf0235
http://refhub.elsevier.com/S0006-3207(19)31357-6/rf0235
https://doi.org/10.1890/140299
https://doi.org/10.1177/0899764006288288
https://www.audubon.org/conservation/science/christmas-bird-count

L.R. Larson, et al.

55—64. https://doi.org/10.1016/j.biocon.2016.07.019.

Nov, O., Arazy, O., Anderson, D., 2014. Scientists@Home: what drives the quantity and
quality of online citizen science participation? PLoS One 9 (4), €¢90375. https://doi.
org/10.1371/journal.pone.0090375.

Pandya, R.E., 2012. A framework for engaging diverse communities in citizen science in
the US. Front. Ecol. Environ. 10 (6), 314-317.

Peter, M., Diekotter, T., Kremer, K., 2019. Participant outcomes of biodiversity citizen
science projects: a systematic literature review. Sustainability 11, 2780. https://doi.
org/10.3390/sul1102780.

Phillips, T., Porticella, N., Constas, M., Bonney, R., 2018. A framework for articulating
and measuring individual learning outcomes from participation in citizen science.
Citizen Sci. Theory Pract. 3 (2), 3. https://doi.org/10.5334/cstp.126.

Phillips, T.B., Ballard, H.L., Lewenstein, B.V., Bonney, R., 2019. Engagement in science
through citizen science: moving beyond data collection. Sci. Educ. 103, 665-690.
https://doi.org/10.1002/sce.21501.

Porticella, N., Phillips, T., Bonney, R., 2017. Motivation for Environmental Action Scale
(Generic). Cornell Lab of Ornithology, Ithaca, NY.

Raddick,M.J., Bracey, G.,Gay, P.L., Lintott,C.J., Cardamone, C.,Murray, P., Schawinski,
K., Szalay, A.S., Vandenberg, J., 2013. Galaxy Zoo: motivations of citizen scientists.
Astron. Educ. Rev. 12 (1), 10106. https://doi.org/10.3847/AER2011021.

Rotman, D., Preece, J., Hammock, J., Procita, K., Hansen, D., Parr, C., Lewis, D., Jacobs,
D., 2012. Dynamic changes in motivation in collaborative citizen-science projects. In:
Proceedings of 2012 Computer Supported Cooperative Work Conference (HCIL-2011-
28). Association for Computing Machinery, Seattle, WA, pp. 1-10.

Rotman, D., Hammock, J., Preece, J.J., Boston, C.L., Hansen, D.L., Bowser, A., He, Y.,
2014. Motivations affecting initial and long-term participation in citizen science
projects in three countries. In: iConference 2014 Proceedings. iSchools, Urbana-
Champaign, Illinois, pp. 110—-124.

Ryan, R.M., Deci, E.L., 2000. Self-determination theory and the facilitation of intrinsic
motivation, social development, and well-being. Am. Psychol. 55 (1), 68—78.

Ryan, R.M., Deci, E.L., 2008. Self-determination theory and the role of basic psycholo-
gical needs in personality and the organization of behavior. In: John, O.P., Robbins,
R.W., Pervin, L.A. (Eds.), Handbook of Personality: Theory and Research. Guilford
Press, New York, pp. 654-678.

Ryan, R.L., Kaplan, R., Grese, R.E., 2001. Predicting volunteer commitment in environ-
mental stewardship programmes. J. Environ. Plan. Manag. 44 (5), 629-648.

Scott, D., Ditton, R.B., Stoll, J.R., Eubanks, T.L., 2005. Measuring specialization among
birders: utility of a self-classification measure. Hum. Dimens. Wildl. 10, 53-74.
https://doi.org/10.1080/10871200590904888.

Shirk, J.L., Ballard, H.L., Wilderman, C.C., Phillips, T., Wiggins, A., Jordan, R., McCallie,
E., Minarchek, M., Lewenstien, B.V., Krasny, M.E., Bonney, R., 2012. Public partici-
pation in scientific research: a framework for deliberate design. Ecol. Soc. 17 (2), 29.

o=

kgl (Cranetion22@ ) ABLS

https://doi.org/10.5751/ES-04705-170229.

Skarlatidou, A., Hamilton, A., Vitos, M., Haklay, M., 2019. What do volunteers want from
citizen science technologies? A systematic literature review and best practice
guidelines. J. Sci. Commun. 18 (1), A02. https://doi.org/10.22323/2.18010202.

Sullivan, B.L., Aycrigg, J.L., Barry, J.H., Bonney, R.E., Bruns, N., Cooper, C.B., Damoulas,
T., Dhondt, A.A., Dietterich, T., Farnsworth, A., Fink, D., Fitzpatrick, J.W., Fredericks,
T., Gerbracht, J., Gomes, C., Hochachka, W.M., Iliff, M.J., Lagoze, C., La Sorte,F.A.,
Merrifield, M., Morris, M., Phillips, T.B., Reynolds, M., Rodewald, A.D., Rosenberg,
K.V, Trautmann, N.M., Wiggins, A., Winkler, D.W., Wong, W.-K., Wood, C.L., Yu, J.,
Kelling, S., 2014. The eBird enterprise: an integrated approach to development and
application of citizen science. Biol. Conserv. 169, 31-40. https://doi.org/10.1016/j.
biocon.2013.11.003.

Theobald, E.J., Ettinger, A.K., Burgess, H.K., DeBey, L.B., Schmidt, N.R., Froelich, H.E.,
Wagner, C., HilleRisLambers, J., Tewksbury, J., Harsch, M.A_, Parrish, J.K., 2015.
Global change and local solutions: tapping the unrealized potential of citizen science
for biodiversity research. Biol. Conserv. 181, 236-244. https://doi.org/10.1016/j.
biocon.2014.10.021.

Tiago, P.,Gouveia, M.J., Capinha, C., Santos-Reis, M., Pereira, H.M.,2017. The influence
of motivational factors on the frequency of participation in citizen science activities.
Nat. Conserv. 18, 61-78. https://doi.org/10.3987/natureconservation.18.13429.

Toomey, A.H., Domroese, M.C., 2013. Can citizen science lead to positive conservation
attitudes and behaviors? Res. Hum. Ecol. 20 (1), 50-62.

Vallerand, R.J., 2000. Deci and Ryan’s self-determination theory: a view from the hier-
archical model of intrinsic and extrinsic motivation. Psychol. Inq. 11 (4), 312-318.

Van Den Berg, H.A., Dann, S.L., Dirkx, J.M., 2009. Motivations of adults for non-formal
conservation education and volunteerism: implications for programming. Appl.
Environ. Educ. Commun. 8 (1), 6—17. https://doi.org/10.1080/
15330150902847328.

Vaske, J.J., 2008. Survey Research and Analysis: Application in Parks, Recreation, and
Human Dimensions. Venture Publishing, Inc, State College, CA.

Vecina, M.L., Chacon, F., Sueiro, M., Barron, A., 2012. Volunteer engagement: does en-
gagement predict the degree of satisfaction among new volunteers and the commit-
ment of those who have been active longer? Appl. Psychol. 61 (1), 130-148.

West, S., Pateman, R., 2016. Recruiting and retaining participants in citizen science: what
can be learned from the volunteering literature? Citizen Sci. Theory Pract. 1 (2), 15.
https://doi.org/10.5334/cstp.8.

Wright, D.R., Underhill, L.G., Keene, M., Knight, A.T., 2015. Understanding the motiva-
tions and satisfactions of volunteers to improve the effectiveness of citizen science
programs. Soc. Nat. Resour. 28, 1013-1029.

Yanay, G.V., Yanay, N., 2008. The decline of motivation?: from commitment to dropping
out of volunteering. Nonprofit Manag. Leadersh. 19 (1), 65-78.


https://doi.org/10.1016/j.biocon.2016.07.019
https://doi.org/10.1371/journal.pone.0090375
https://doi.org/10.1371/journal.pone.0090375
http://refhub.elsevier.com/S0006-3207(19)31357-6/rf0265
http://refhub.elsevier.com/S0006-3207(19)31357-6/rf0265
https://doi.org/10.3390/su11102780
https://doi.org/10.3390/su11102780
https://doi.org/10.5334/cstp.126
https://doi.org/10.1002/sce.21501
http://refhub.elsevier.com/S0006-3207(19)31357-6/rf0285
http://refhub.elsevier.com/S0006-3207(19)31357-6/rf0285
https://doi.org/10.3847/AER2011021
http://refhub.elsevier.com/S0006-3207(19)31357-6/rf0295
http://refhub.elsevier.com/S0006-3207(19)31357-6/rf0295
http://refhub.elsevier.com/S0006-3207(19)31357-6/rf0295
http://refhub.elsevier.com/S0006-3207(19)31357-6/rf0295
http://refhub.elsevier.com/S0006-3207(19)31357-6/rf0295
http://refhub.elsevier.com/S0006-3207(19)31357-6/rf0295
http://refhub.elsevier.com/S0006-3207(19)31357-6/rf0300
http://refhub.elsevier.com/S0006-3207(19)31357-6/rf0300
http://refhub.elsevier.com/S0006-3207(19)31357-6/rf0300
http://refhub.elsevier.com/S0006-3207(19)31357-6/rf0300
http://refhub.elsevier.com/S0006-3207(19)31357-6/rf0305
http://refhub.elsevier.com/S0006-3207(19)31357-6/rf0305
http://refhub.elsevier.com/S0006-3207(19)31357-6/rf0310
http://refhub.elsevier.com/S0006-3207(19)31357-6/rf0310
http://refhub.elsevier.com/S0006-3207(19)31357-6/rf0310
http://refhub.elsevier.com/S0006-3207(19)31357-6/rf0310
http://refhub.elsevier.com/S0006-3207(19)31357-6/rf0315
http://refhub.elsevier.com/S0006-3207(19)31357-6/rf0315
https://doi.org/10.1080/10871200590904888
https://doi.org/10.5751/ES-04705-170229
https://doi.org/10.22323/2.18010202
https://doi.org/10.1016/j.biocon.2013.11.003
https://doi.org/10.1016/j.biocon.2013.11.003
https://doi.org/10.1016/j.biocon.2014.10.021
https://doi.org/10.1016/j.biocon.2014.10.021
https://doi.org/10.3987/natureconservation.18.13429
http://refhub.elsevier.com/S0006-3207(19)31357-6/rf0350
http://refhub.elsevier.com/S0006-3207(19)31357-6/rf0350
http://refhub.elsevier.com/S0006-3207(19)31357-6/rf0355
http://refhub.elsevier.com/S0006-3207(19)31357-6/rf0355
https://doi.org/10.1080/15330150902847328
https://doi.org/10.1080/15330150902847328
http://refhub.elsevier.com/S0006-3207(19)31357-6/rf0365
http://refhub.elsevier.com/S0006-3207(19)31357-6/rf0365
http://refhub.elsevier.com/S0006-3207(19)31357-6/rf0370
http://refhub.elsevier.com/S0006-3207(19)31357-6/rf0370
http://refhub.elsevier.com/S0006-3207(19)31357-6/rf0370
https://doi.org/10.5334/cstp.8
http://refhub.elsevier.com/S0006-3207(19)31357-6/rf0380
http://refhub.elsevier.com/S0006-3207(19)31357-6/rf0380
http://refhub.elsevier.com/S0006-3207(19)31357-6/rf0380
http://refhub.elsevier.com/S0006-3207(19)31357-6/rf0385
http://refhub.elsevier.com/S0006-3207(19)31357-6/rf0385

