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Overview

How to get and keep citizens
involved in mobile crowd sensing
for water management? A review
of key success factors and
motivational aspects
Martine Rutten,1* Ellen Minkman1,3 and Maarten van der Sanden2

Citizen science and particularly mobile crowd sourcing (MCS) has large potential
in water resources management for data collection and awareness raising. Con-
cerns about data quality, and initiating and sustaining citizen involvement ham-
per incorporation of citizen science in water monitoring, together with a lack of
practical guidance how to set up citizen science monitoring programs. This
review presents an overview of key success factors for citizen science including
MCS. Specific attention is paid to motivational aspects. Success factors were
organized according to project phase and motivations according to self-
determination theory. The presented overviews provide practical guidelines for
setting up citizen science projects. © 2017 The Authors. WIREs Water published by Wiley

Periodicals, Inc.

How to cite this article:
WIREs Water 2017, 4:e1218. doi: 10.1002/wat2.1218

INTRODUCTION

Climate change, population growth, and eco-
nomic development are major challenges for

water resources management. For example, for the
Netherlands rising of sea level, higher river dis-
charges, more prolonged periods of droughts, and
increasing water quality challenges are foreseen.1 Sal-
inization, acidification, eutrophication, and habitat
fragmentation will further increase the pressure on
ecosystem and environment.1 It is expected that inno-
vations in water monitoring are needed to generate

knowledge to address the challenges and develop
effective water resource management.2

An additional challenge for water resources man-
agement is lack of citizen awareness. Case studies in the
Netherlands and the United Kingdom suggest that citi-
zens consider flood protection and water quality man-
agement as a task of the authorities and not a
community task.3 In 2014, the OECD4 warned of ‘a
striking awareness gap among Dutch citizens related to
key water management functions, how they are per-
formed and by whom.’ Citizen science can be an attrac-
tive instrument to address these challenges, because it
offers new monitoring options and can contribute to
awareness raising.

Citizen science is not a new phenomenon, but
revived in the 20th century and gained popularity
worldwide over the past two decades.5–7 Many scien-
tific fields adopted citizen science and water resource
management is about to join.2 Involvement of citizens
in scientific processes entered a new era in the 20th cen-
tury with the most well-known citizen science project:
the Christmas Bird Count,6,8 which started in 1900 as a
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volunteer-based inventory of winter bird populations.
Renewed attention for citizen science in the past
20 years has been fuelled by the knowledge-driven soci-
ety9 and by changing scientific grant regulations.6

Easy to use equipment may enhance citizen science
in water monitoring, mobile phones increase the set of
opportunities as well. Mobile crowd sensing (MCS), citi-
zen science using mobile devices for monitoring purposes,
has large potential. An average phone has more compu-
tational power and sensors than the whole of NASA in
1969.10 Common smartphones are equipped with sen-
sors for inertia, acceleration, sound (microphone), loca-
tion (GPS), ambient light, and proximity, and have
additional functionalities such as a compass, camera,
gyroscope, and light.11 Such sensors have the potential to
replace many conventional instruments used in science,
such as traditional compasses and GPS devices.11 These
emerging sensing technologies could enhance the devel-
opment of smart water management, which integrates
anticipative and integrative water management.12 Buy-
taert et al.2 describe the potential for hydrology (includ-
ing water quality monitoring) in terms of obtaining more
data and increased data coverage over remote areas. An
example is the plugin sensor of Sensorex (www.sensorex.
com). This is a multifunctional monitoring device that
combines the collection of information on pH, oxidation
reduction potential (ORP), temperature, electric conduc-
tivity (EC), and GPS locations.

Recognition of the importance and application
of citizen science in water management is upcoming,
but implementation is lingering.8,13 Major concerns
are how to get and keep citizens engaged and data
quality. In this review, we aim to contribute to
understanding on how to set up a successful citizen
science project. First, we identify key success factors
for citizen science projects and specifically MCS.
Second, we discuss citizen’s motivation in more
detail. The presented overviews can be used as practi-
cal guidelines in design of citizen science campaigns.

METHODS

A systematic literature review was carried out, as it is
less prone to bias than a narrative review.14 The liter-
ature was assessed with a protocol following the
dimensions suggested by Bryman14: (1) year con-
ducted, (2) location, (3) sample size, (4) data collec-
tion methods, and (5) main findings. All items found
were assessed on their relevance and validity. Litera-
ture was only included if:

• It is a peer-reviewed article, conference paper,
or research report of a trusted organization
(further explained below);

• It is published in the year 2005 or later;

• The success factors/motivations are mentioned
in the results, discussion, or conclusion section;

• The topic is related to environmental monitor-
ing (including ecology and atmospheric
sciences);

• The study took place in a developed country.
This was included because an apparent differ-
ence in goals of citizen science projects in devel-
oped and developing countries2: citizen science
projects in developed countries focus more on
raising awareness and scientific literacy,
whereas in developing countries the focus is
more on the well-being of communities.

Three types of documents were taken into account:
peer-reviewed scientific articles, conference papers,
and reports. Three main topics were included: the
goals of the party organizing citizen science; the citi-
zens’ motivations to participate and experienced
barriers; and key success factors when organizing
citizen science. The search was restricted to docu-
ments published between 2005 and 2015 because it
was assumed that the use of mobile devices in citi-
zen science only really took off after 2015 and the
first version of this manuscript was submitted
early 2016.

The starting point for each search was the fol-
lowing advanced search in Web of Science:

TS = ("citizen science" OR "participatory monitor-
ing" OR "participatory sensing" OR "human sen-
sing" OR "human computing" OR crowdsensing
OR "crowd sensing" OR crowdsourcing OR "crowd
sourcing" OR "public participation" OR “commu-
nity based monitoring”) AND SU = (Environmental
Sciences & Ecology OR Computer Science OR Beha-
viroral Science OR Water Resources OR Govern-
ment & Law OR Plant Studies OR Remote Sensing
OR Meteorology & Atmospheric Sciences OR Urban
Studies OR Biodiversity OR Science & Technology
Other Topics OR Engineering OR Communication).
Refined by: Document types: ARTICLE

Synonyms of and concepts related to citizen sci-
ence were included in this search, including online
crowd sourcing. The initial search integrated results
from all fields that engage in citizen science. This
resulted in over 8000 results, which were not feasible
to study in depth. The terms public participation,
human computing, and human sensing were omitted
after a quick scan of the results. Additionally specific
search terms were added, accompanied with their
synonyms. Within the results was searched for
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‘water.’ An overview of the initial and specific search
terms can be found in Figure 1 accompanied by the
number of results per search.

A further selection took place to choose studies
to include in the review. Abstracts and conclusions
were read to assess articles’ relevance. It was decided
to include articles covering all types of citizen science,
including online crowdsourcing, to cover the full spec-
ter of success factors and motivations. Next, relevant
articles were fully read and assessed on methods used.
Only articles with a clear method description and
original results were included and, to avoid double
counting, only success factors and motivations men-
tioned in the result section were included. A total of
16 articles were included based on the search and
additional selection criteria. Three other items were
included in the review that were not peer-reviewed,
being the report by Roy et al.7 and two conference
papers.15,16 These were included because they
appeared frequently in references, because they are
written by authors with publications on the topic and
because the studies were assessed to be well-designed.

KEY SUCCESS FACTORS

Several other authors mention success factors for citi-
zen science in environmental monitoring and for
water resources6,7,16 or climate studies.2 The result is
a long list of key success factors, originating from
various project types, view angles, and contexts.
Three time frames can be extracted: during project
design, at the project start, and during implementa-
tion. Success factors were organized according to
these phases in Figure 2 and are discussed below.

Project Formulation Phase
The project formulation phase is used to define and
develop the project. At the start of setting up a citizen
science scheme, the project outlines have to be
defined as the facilitating organization formulates
goals.6,19 A main challenge is the low acceptance of
citizen science data by end users, related to issues of
accuracy and reliability.7 The low cost instrumenta-
tion used in citizen science places additional
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FIGURE 1 | Overview of search terms (numbers as in August 2015). Terms in gray were omitted. OR indicates synonyms, which were
incorporated parallel in each search. Topics connected via AND indicate different searches. Asterisks (*) indicate that any character, a group of
characters, or nobs character at all can follow. N indicates the total number of studies retrieved and (N) represents the results filtered on ‘water.’
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challenges on precision and accuracy.20 Methods of
data collection therefore should be well-
designed.5–7,16–18 Silvertown6 notes that virtually all
projects validate the incoming data, although meth-
ods are not always standardized or well-designed.
Rotman et al.16 suggest standardized methods, so
that local projects can be integrated and to allow for
data validation. Organizations may set certain loca-
tions to collect data or accept data from random
locations. The first appears more important if an
explicit hypothesis is tested, although Silvertown6

believes that all organizations should have a hypothe-
sis in mind, even if it is superficial.

Several authors state that the possibilities for
methods are restricted by internal and external
limitations,16,18,19 listing various organizational, eco-
nomic, social, physical, cultural, and ethical barriers.
Cooper et al.19 consider the organizational capacity
of the constraining factor, as it determines the extent
to which data can be collected, analyzed, and stored.
Rotman et al.16 mainly stress the importance of moti-
vational limitations. Specifically for water quality
sampling participant safety can be of concern. Con-
rad and Hilchey17 suggest that the organization iden-
tifies its skills and resources including funding. The
ones lacking are limitations to the project, but could
be filled by strategic partnerships. These partnerships
are part of a stakeholder assessment that should
always take place.17 Connecting local projects, such
as happens with the annual bird count, will lead to a
large data pool.16 Shared standards for data collec-
tion, analysis, and sharing will create a large-scale
effort.

An important factor is that the end user should
acknowledge the importance of the citizen science
project,16 in order for the project to be successful.
End users often have a perception of low quality of
citizen science information7 and data are often not
used in the end.17 Managers focus on the utility of
data.17 Issues with data accuracy include data frag-
mentation and lack of participant objectivity.17 Par-
ticularly for a regulatory of statuary cause, such as
water management, data can have direct implications
for participants themselves and other stakeholders
and objectivity can be of concern. Projects often lack
pilot studies, sample sizes are not determined ade-
quately, or quality control is poor, which fortify
these issues.17 However, a focus on protocols that
provide optimal data for end users could make the
project unattractive or too demanding for partici-
pants.7 Data collection protocols should focus on
processes alongside monitoring tasks.17

With respect to citizens, it is mainly important
to acknowledge possible power relations2 and incor-
porate interests to allow for ownership of the proj-
ect.2,16 The ethical dimension of power relationship
between the professional and the volunteer becomes
especially apparent when balancing the privacy and
use of citizen scientists’ personal data.13,18,20 The use
of citizen data should be explicitly discussed in the
project formulation and participants should agree on
the use to create transparency and trust. Again this
appears more crucial for a regularly or statuary
cause, such as water management, than for example
for bird counts. Rotman et al.16 suggest incorporat-
ing local issues to trigger citizen interest. It further
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offers an opportunity to show citizens why their
(continuous) contribution is needed.

Two additional key success factors can be
added specifically for MCS. The scalability of
MCS20,21 offers a lot of opportunities, more than in
general citizen science, but these should be thought-
out. It should be kept in mind that devices differ in
communication features and storage and processing
capacity.21 An application should be able to take
these differences into account and adapt to system
updates or new models. The hardware of the used
mobile devices and the sensors built-in were not
designed for these kinds of activities.20 Muller et al.18

mention as advantage that MCS enables monitoring
on a high spatial resolution. This can be, e.g., useful
in urban areas. Additionally, there are more and
more devices on the market that can be connected to
a smartphone. Examples are the plugin sensors of
Sensorex (www.sensorex.com) and iQwtr: a device
to measure the Secchi depth using a smartphone
extension box.22 However, a reliance on novel tech-
nologies may lead to an exclusion of potential
participants.7

In MCS, data accuracy is a major concern as
well.11,20,21 Methods to increase data accuracy, such
as participant reputation building and exclusion of
participants that repeatedly enter erroneous data, can
conflict with privacy.20 Privacy is of a larger concern
than in general citizen science, because more sensitive
data are available.20 For example, IP addresses and
participant’s movements may disclose someone’s
home address or office. Especially in situations in
which images or audio material is shared, personal
information may be disclosed as well.

Launch Phase
A lack of interest by the public in general is one of
the main bottlenecks for citizen science projects.17 At
the start of the project, the organizing party should
put effort in marketing and recruitment of partici-
pants.5,16,19 A variety of media can be used to this
end, ranging from press releases and magazine arti-
cles to flyers and presentations.5 This recruitment
strategy can be general or targeted at specific groups
within society.19 In the latter case, it is important that
the recruitment methods match the desired audience
and strategic partnering can be useful to reach the
target audience.5 This notion is important, as the typ-
ical profile of citizen scientists is far from a cross-
section of society. Citizen scientists, like other volun-
teers, are higher educated, middle-aged, and
employed.23 Citizens with jobs related to environ-
ment are more likely to actively participate.24 As a

consequence, socioeconomically deprived areas are
underrepresented in citizen science participants,25

which was reflected in studies concluding that volun-
teers often have higher level incomes.24 A large
opportunity can be found reaching new groups of cit-
izen scientists and increase their literacy.7,17 These
community groups may be difficult to reach though,
as they are less involved with science16 or cannot
afford to accept unpaid work. This ethical concerns
that the citizen science concept excludes people who
cannot afford to work for free and that citizen sci-
ence may lead to unfair job competition for junior
scientists, stressed by Riesch and Potter,26 were not
explicitly mentioned in the literature included in our
query.

Once participants are recruited, the participat-
ing citizens should be instructed how to collect
data.5,7,19 Training participants are important for
three reasons. First, it is essential to have participants
digest the materials.5,7 Second, it provides citizens
with safe practices and confidence in their own data
collection skills.5,7,19 Third, it ensures that citizens
continue skill development.7 Several authors agree on
the two types of training given, ranging from sup-
portive material (e.g., instruction videos or example
material) to personal instructions (e.g., work-
shops).5,7,19 In case of projects on a large geographic
scale, it is beneficial to offer training regionally.5,7

In the launch of the campaign, motivations to
start participating should be addressed.16 The organi-
zation should communicate clearly about assump-
tions and expectations6 in such a way that trust and
legitimacy between actors are established.2 More
details on citizen’s motivation can be found in Citi-
zen Motivation section. Participants should be
matched to suitable tasks, which can be performed in
two ways.16 Creating a pool of citizen science pro-
jects could serve this, as the citizens can choose
which projects suit them best. Additionally, breaking
down tasks into smaller building blocks would allow
a better match between citizens and tasks as well and
allows citizen to have control over their level of con-
tribution. This second option will also enhance
recruitment, as it implies offering a concrete task.

During Project Execution
As soon as the project is running, measurements will
be flowing into a database and have to be treated
according to the developed protocols for data analy-
sis and interpretation.5 During the project execution,
it is important that the used tools enable the collec-
tion of metadata18 and dissemination. The results
should not only be disseminated within a
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professional circle, but also provided to citizens in an
understandable manner. This key success factor as
well as requirement to ensure common meta-ethical
values (transparency, thrust, autonomy, and mutual
learning27) was fairly mentioned by all
authors.2,6,7,16,17,19 Results should be actively distrib-
uted among citizens.19 Several authors suggest a
graphical representation of the results. Spatial maps
were the most common method to display results of
environmental citizen science monitoring according
to Roy et al.7 Bonney et al.5 stress the importance of
visualization in result feedback. Providing citizens
insight into trend lines is suggested to increase the
activity of participants.5 Some authors16,17 suggest
that not just the results should be communicated, but
also the use in management; i.e., how, where, and to
what extent the results were applied in practice.

The organization can involve citizens in the
interpretation and analysis of outcomes as an educa-
tional means according to Bonney et al.5 Buytaert
et al.2 merely see this as a way to increase citizen
power in decision making. It may empower citizens
in discussions on the implications of science and tech-
nology to critically and autonomously consider the
relevance and validity of research at stake and the
authority of science.9 This may lead to a better
informed dialogue or debate instead of polarized dis-
cussions during which scientific truth is downsized to
a simple for or against, yes or no.

In long-term projects, the participants should
be retained as much as possible, as it leads to partici-
pants with a higher level of experience and conse-
quently more reliable data.19 Two lines of thought
can be distinguished here. Cooper et al.19 emphasize
on organizational support for participants. They
advise to provide rapid response to questions via a
helpdesk and to establish an online community for
participants. Rotman et al.16 emphasize to increase
task levels to keep challenging participants and to
acknowledge the role of citizen motivations and how
they change over time. Organizations should identify
points where citizens reconsider their participation,
such as after an initial monitoring cycle, and identify
which motivational factors are important at that
time. The program should be adapted accordingly. A
more detailed description on (changing) citizen moti-
vation is given in the next section.

Although citizen science data have the potential
to overcome spatial and temporal representativeness
of standard data,18 the need for adequate documen-
tation of the observation context challenges the com-
position of a sampling strategy.2 In general, the
processing, interpretation, and use of citizen science
data in assimilation to traditional knowledge are

difficult, especially because it is hard to quantify
uncertainties.2 Defining the role of citizen science
data in decision support is a challenge as well.2

After the project is terminated, the output
should be measured, the project should be evaluated,
and results disseminated.5 An evaluation could meas-
ure scientific outcomes, such as journal publications
and educational outcomes, i.e., whether scientific lit-
eracy (the understanding of scientific content and
processes) increased. Methods to measure scientific
literacy can include5 surveys, analysis of communica-
tion streams, in-depth interviews, and focus groups.
The organizing party should formulate new strategies
based on the outcome.19

CITIZEN MOTIVATION

Over 40 motivations and a-motivations (discourage-
ments) were found and clustered based on the Self
Determination Theory (SDT) of Ryan and Deci.28

SDT proposes a classification based on an interpreta-
tion of psychological needs in social contexts. In their
model, Ryan and Deci distinguish between intrinsic,
extrinsic, and a-motivation. Intrinsic motivation sti-
mulates behavior that is performed out of enjoyment
or interest. Extrinsic motivation leads to behavior
because it is instrumental to some separable conse-
quence. Processes of internalization and integration
are used to make behavior that is extrinsically moti-
vated more self-determined. a-Motivational factors
discourage to perform certain behaviors. The model
in Table 1 is an extension of the model proposed by
Kaufmann et al.29 with addition of motivations
found in literature on citizen science in environmen-
tal monitoring and volunteering. Furthermore, the
classification is changed and tailored to the source of
a motivational factor, which could be internal, exter-
nal, or impersonal.28

Intrinsic Motivation
Intrinsic motivation is said to be the strongest,28

which will make that citizens put a greater effort in
the activity considered.32 Intrinsic motivation is com-
pletely intrinsically regulated and means an activity is
undertaken out of interest, enjoyment, or inherent
satisfaction.28 A reason often mentioned to partici-
pate in citizen science is enjoyment.7,30,31 Whether an
activity is ‘fun’ is personal. Kaufmann et al.29 defined
five factors that contribute to having fun. A variety
in skills to be used, a tangible and complete task,
autonomy in performing the task, receiving direct
feedback from the job, and using the task to kill time
are mentioned. Kaufmann et al. only distinguish
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between intrinsic and extrinsic motivation, thus some
of these factors will be placed under integrated regu-
lation in the SDT framework.

Besides enjoyment, a personal interest in the
topic16,25,31,33 or in the particular project7,31 could
motivate people to participate as well. Participants in
environmental monitoring mention that they have an
interest in nature or in the case of ecological monitor-
ing in the species they monitor. Interest in wildlife is
reported to be the main motivation of participants in
bird counts in the United Kingdom.25 In the Leeds

Garden Pond Survey and the BTO Garden Bird
Watch, 38 and 53% of the participants respectively
reported an interest in wildlife as their main motiva-
tion to participate. In Galaxy Zoo, 46% of partici-
pants reported to participate out of interest in
astronomy.31 Additionally, people may be impressed
by the topic or area of the tasks.7,25,31 For example,
25% of participants in the Galaxy Zoo project indi-
cated that the beauty of the universe triggered partici-
pation.31 Citizens are also considered to be
intrinsically motivated for a citizen science activity if

TABLE 1 | Citizen Motivations and Barriers Found in Literature and Categorized According to the Self-Determination Theory of Ryan and
Deci (2000)

Motivation a-Motivation Extrinsic Motivation
Intrinsic
Motivation

Regulatory
styles

Nonregulation External
regulation

Introjected
regulation

Identified
regulation

Integrated regulation Intrinsic
regulation

Source Impersonal External Somewhat
external

Somewhat internal Internal Internal

Mechanisms Nonintentional,
nonvaluing,
incompetence,
and lack of
control

Compliance,
external
rewards and
punishments

Self-control, ego-
involvement,
and internal
rewards or
punishments

Personal
importanceand
conscious
valuing

Congruence,
awareness, and
synthesis with goals
of self

Interest,
enjoyment, and
inherent
satisfaction

Motivations Data not being
used16

Payment15,29 Gaining
reputation29

Feel responsible to
do so16,25

Learn new skills23 Enjoyment-based
(fun)29–31

Not willing to
collect for
policy needs7

Human capital
advancement/
improve
skills29

Community
identification30

Contribute to
important
cause2,23,25,30,32

Use variety of
skills23,29,33

Pastime23,29,30

Lack of
confidence33

Action
significance
(external
obligations or
norms)29

I feel needed30 Contribute to
science31

Learning new
things2,16,25,30,31,33

It is beautiful/
amazing7,25,31

Lack of
resources33

Direct feedback29 Willingness to help
or improve
things23,30

Discover new things31 Was doing the
activity
already16,25

Self-promotion/
signaling2,16,29

Joining with
friends2,30

Do scientific
research16,31

Interest in
topic16,25,31,33

Gain political
influence2,16

Use it to teach
others31

Social contact (meet
others)7,30,31

Interest in
particular
project7,31

Recording
process25

Depth of
involvement7

Complete work
done by me29

Community impact
involvement16,30

Exchange
knowledge33

Power gap
between
scientist and
volunteer16

Recognition of
contribution16

Feeling control
over scientific
process7

Feedback on group
contribution16

Task autonomy7

Scientific
training16

Trust16

Notes: Motivations in gray are applicable when participants reconsider their participation. Numbers refer to cited literature.
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it matches their hobbies16 or existing activities.31

Examples can be nature photographers who combine
photography with monitoring.16 Equivalents for
water monitoring could be sports fishermen who
report on the fish population or water sports enthu-
siasts who measure water quality indicators while
being out on the water.

Extrinsic Motivation

Integrated Regulation
Integrated regulations internalize motivations to a
great extent and these motivational factors are con-
sidered fully internal as well and are driven by a
desire for congruence and synthesis with goals or the
self.28 Besides enjoyment or personal interest, learn-
ing is considered a common motivation to participate
as well.16,23,25,30,31,33 Specifications of learning are
discovery,31 knowledge exchange,33 and skill-related
learning.7 Such learning could focus on learning new
skills23 or combining several skills.23,29,33

A high skill variety in the tasks to be per-
formed has a positive influence on the quality of
results in online crowdsourcing.29 Whether this
applies as well to citizen science in environmental
monitoring is unknown. Getting the chance to do
scientific research can be a major motivation for
citizens to participate as well.16,31 This may be
related to the fact that many participants are higher
educated and have experience in science or environ-
mental monitoring.23

Identified Regulation
Motivational factors that have a personal impor-
tance or appeal to the conscious values of a person
are considered to be extrinsic motivations of the
identified regulation type.28 Participants in citizen
science indicate that they want to make a contribu-
tion. This contribution could be to a cause that is
important to them.23,25,30 For example, one in five
participants in bird counting indicate to participate
because they want to make a contribution to nature
conservation.25 Contribution could also be aimed at
enhancing scientific research, such as 22% of parti-
cipants in Galaxy Zoo indicated.31 This urge to
make a contribution may originate from a moral
obligation. Participants may feel responsible to
make this contribution16,25 or a need to help people
or improve things.23,30 Fifty-three percent of British
volunteers indicated to volunteer because they want
to help.23 This feeling of contribution is important
and should not be neglected by organizers of citizen
science. After a while, people will reconsider

participation.28 Feedback on the contribution of the
group to the cause of the project and seeing the
impact of citizen science efforts on communities
were identified as important.16,30 In online crowd-
sourcing a test with equal tasks in three different
level of meaning, there were lower dropout rates in
groups that were given a meaningful context while
performing the tasks.29 Not only making a contribu-
tion on community level is important. Participants
also indicated to participate in citizen science to do
the activity together with friends25,30 use it to edu-
cate other people.31

Introjected Regulation
Motivational factors that focus on self-control and
ego-involvement are of the introjected type of extrin-
sic motivation and are driven by internal rewards or
punishments.28Participation in citizen science can
influence the reputation or self-esteem of participants.
Participants can have a feeling that they are needed30

or that their friends will think positively about them
if they participate. Being part of a community when
participating can be a motivation to join a program
as well.30 To continue participation, it is important
that participants have a feeling of control over the
scientific process.7

External Regulation
Externally regulated motivation is triggered by com-
pliance to (social) norms or by external rewards and
punishments.28 In most projects in citizen science,
there is some form of compensation. A financial
reward though may work counterproductive. In
online crowdsourcing, financial compensation is
more common than in citizen science in environmen-
tal monitoring. Studies on Mechanical Turk (MTurk,
an online marketplace) reveal that financial compen-
sation may increase speed of task performance, but
decrease quality.15,32A nonfinancial reward could be
when citizens view participation as a career-building
step.16 Participation can be used to improve human
capital by advancing one’s skills29 or to increase
one’s visibility on the job market.16,29

Participants may also be driven by external
obligations or norms. Although they appear volun-
teers, external parties or social norms drive partici-
pation. Examples could be students who participate
because their professor expects them to do so.29

Feedback on the recorded process can be considered
a form of external reward as well.16,29 This feed-
back is of even greater importance when partici-
pants reconsider their participation. Rotman et al.16

found that citizens are more likely to continue par-
ticipation if their individual contribution is valued
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throughout the project. Important motivational fac-
tors in on-going participation are further a deeper
involvement, e.g., by taking part in data analysis,7

and having the opportunity to get advanced scien-
tific training.16 In water resource management con-
texts, citizens may participate to gain political
leverage in the community.2 Rotman et al.16

describe this as self-efficacy, a desire to have scien-
tific influence and to be known.

a-Motivation
a-Motivational factors are of the impersonal type.
They originate from a lack of control or a feeling of
incompetence or not being valued.28 Not using the
collected data is the most important a-motivational
factor in citizen science. Citizens may decide not to
participate if they see no personal application for the
collected data,33 but also if they feel there is no inten-
tion of the authority to use the data.16 More individ-
ual factors, such as a lack of confidence in one’s
ability to participate or a lack of resources,33 may
hamper participation as well. In the phase of reconsi-
dering participation, Hobbs and White25 reported
that volunteers dropped out bird counting programs
because the recording process did not appeal to
them. If participants experience a power gap between
the expert and themselves and if they feel underval-
ued they may dropout as well.16

CONCLUDING REMARKS

We performed a structured literature review to find
key success factors for citizen science and motiva-
tions for citizens to engage and keep interest in citi-
zen science projects. Success factors were categorized
according to the project phase with a specific focus
on MCS. At project formulations, success factors
include clear definition of goals, methods, and roles
and responsibilities. At the project start, recruitment
and training that address citizen motivation are keys.
During project execution, feedback to citizens, actual
use of the data, and process evaluation are essential.
In all phases, common meta-ethical values trust,
transparency, autonomy, and mutual beneficial prac-
tice need to be ensured. Motivations were categorized
according to Self-Determination Motivation Theory.
Intrinsic motivations include interest in topic and
pastime. Extrinsic motivations include social con-
tacts, reputation, learning, and payment. Data not
being used, lack of confidence in the use of the data
or lack of resources were important motivations not
to participate in citizen science campaigns.

The presented overviews provide helpful instru-
ments for designers and implementers of citizen sci-
ence campaigns, but are no blueprint. User-centered
design approaches and pilot studies are strongly
recommended when initiating a citizen science proj-
ect for data collection and awareness raising.
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