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Extension agents with an interest in increasing the scientific
and environmental awareness of their constituents may
find an answer through a form of participatory scientific
research known as citizen science. Citizen science uses
volunteers of all ages, professions, backgrounds, and
skills—often across broad geographic areas—to engage
non-scientists in a variety of tasks, but most commonly data
collection. Programs incorporating citizen scientists have
existed for decades and recently have grown in popularity
among the scientific community, both within the United
States and internationally. Examples of data collected by
citizen science programs include water quality parameters,
sightings of birds or invasive species, and reports of pheno-
logical events including first observed flower blooms and
arrival of migrating species. The number and geographic
extent of volunteers in citizen science programs can vary
greatly; one study of local water quality involved 12 high
school students in Hamilton, Ontario, Canada, while the
Audubon Society’s Annual Christmas Bird Count attracts
over 60,000 observers across the United States (Au et al.
2000; Cohn 2008). Citizen science programs are also being
designed for use in developing countries where the need for
education is great and travel cost and logistical demands
may constrain traditional research opportunities (Braschler
2009).

Both volunteers and researchers can potentially benefit
from citizen science programs (Figure 1.) Volunteers

can increase their knowledge and understanding of the
scientific process, gain deeper understanding of natural

phenomena and issues of local importance, strengthen
their attitudes toward their natural environment, and
participate in making science-based recommendations.
Citizen science programs can also provide scientists with
an opportunity to increase public awareness concerning
their areas of study across local or global scales and can
make it possible to answer research questions that require
observations spread over time or space or that otherwise
would not have sufficient resources to address. Additionally,
Couvet et al. (2008) note that the longevity of some well-
designed, self-sustaining citizen science programs exceeds
fifty years, giving researchers an invaluable, broad temporal
perspective.

o

Figure 1. Citizen scientist volunteers assist in the installation of
groundwater monitoring wells.
Credits: L. Gommerman.
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This fact sheet was written to inform potential citizen
science practitioners of recent evaluations of citizen science
programs. Looking closely at identifying appropriate tasks
for volunteers, assessing data validity, and evaluating
changes in volunteers’ knowledge and attitudes, can help
organizers avoid common pitfalls and develop citizen
science programs most likely to succeed.

What contexts are most
appropriate for citizen scientists?

Attributes of scientific projects that appear to be most suit-
able for using citizen scientists are found in Table 1. These
include projects where a large number of data collectors
will make the research study more feasible, for instance,
when data collection is labor-intensive (“Many hands make
light work”) or when it involves field-based activities over
extensive spatial and temporal scales, as would be the case
in showing changes in bird migration patterns in response
to climate change. Citizen scientists can provide nearly
instantaneous observations across thousands of miles
(Lepage and Francis 2002).
Table 1. Attributes of research projects ideally suited for citizen
science.

Data collection is labor intensive

Data are collected from field situations

Quantitative measurements/observations are needed

Protocols are well designed and easy to learn and execute

Spatial and/or temporal extents are broad

Internet-accessible data submission and results acquisition are
possible

Guide materials and/or professional assistance are available

Large data sets are needed

The characteristics identified in Table 1 can make large-
scale and smaller, local research projects most suitable for
citizen scientists. Data collected from field observations

are relevant and often interesting; well-designed protocols,
training materials, and professional assistance help ensure
the reliability of the data (Cohn 2008; Haag 2005). Internet
data entry systems enable people from a large geographic
area to be involved. They help make citizen science projects
more relevant and the resulting data more valid. In addi-
tion, participants can access initial results and see how their
data are being used, which has been found to encourage
continued involvement with a project (Gorman 2001:
Silvertown 2009).
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Are data collected by citizen
scientists valid?

Scientists, reviewers, and decision makers may question
the validity of data gathered by volunteers. Evaluations

of the data validity of citizen science projects have largely
been based on comparisons of volunteer data with those of
data obtained by professional staft. The majority of studies
indicate that, when given proper training and materials,
volunteers can collect data comparable to data collected by
professional scientists (Au et al. 2000; Canfield et al. 2002;
Fore et al. 2001; Delaney et al. 2008). In addition, while
technical data (e.g., species identification) may be sacrificed
with volunteers, more general monitoring parameters

(e.g., counts of all species or conspicuous species) can be
accurately obtained (Haag, 2005; Newman et al., 2010).

In some cases, new and equally reliable protocols are
developed that enable citizens to hold samples for profes-
sional analysis, such as chemical measurements in lakes
taken by LAKEWATCH volunteers (Canfield et al. 2002).
Evaluations have also revealed that quantitative measure-
ments appear more reliable than qualitative assessments
made by citizen scientists. Such findings are exemplified in
a transect study of white oak forests in Oregon by Galloway
et al. (2006). Here, while quantitative measurements (e.g.,
tree abundance, diameter at breast height) made by groups
of students in grades 3-5 and 6-10 were statistically similar
to those obtained by professionals working for federal
agencies, students” assessments of more subjective assays,
including tree dead/alive status or tree crown shape, did not
match with professionals’ assessments.

An alternative method for evaluation compares two

or more citizen science programs that monitor similar
parameters, with the assumption that comparable results
lend credence to one another. One such comparison was
conducted in Lepage and Francis’s (2002) formative evalu-
ation of two Cornell Laboratory of Ornithology projects:
Christmas Bird Counts and Project Feeder Watch. Results
indicated that the two projects obtained statistically similar
population trends for approximately 80% of the bird species
observed by both studies, leading to a conclusion that

both programs appear to be recording accurate population
demographics for a majority of bird species.

Trained staftf accompanying citizen scientists can help

to ensure data validity. When this is not possible, many
projects have successfully enhanced data validity by offering
training sessions, guidebooks, and clear instructions for
carrying out protocols (Canfield et al. 2002). Ultimately,
scientists are responsible for carefully analyzing data



obtained by volunteers and need to be prepared to remove
suspicious data sets.

All guidance and training materials used for citizen science
programs should be pilot tested before they are sent out

to ensure that these clearly communicate protocols or the
purpose of the study to volunteers. A pilot test of a citizen
science project reported by Phillips (2008) to survey
European honey bee colonies affected by Colony Collapse
Disorder revealed an interesting problem facing eager
citizen scientists. The protocol required volunteers to record
the appearance of bees visiting a sunflower over a 30-min-
ute time period. If they did not see any bees, however,
volunteers noted feeling that they were failing to fulfill their
scientific obligation and lost motivation to continue making
observations. This was alarming to the organizers, because
an observation of “no bees” is important for the study. The
protocol was modified to instead record the arrival time of
bees at the sunflower for 30 minutes or until five bees were
observed, whichever came first. The protocol was revised
again to limit observations to 15 minutes, recording only
the arrival time of each bee to a blooming sunflower (see
new protocols at http://www.greatsunflower.org/).

Citizen science programs often attract volunteers who are
already highly interested in the subject matter (e.g., birders,
butterfly enthusiasts). The prospect of obtaining additional
information and being a part of new discoveries may
motivate their participation. It may be helpful to provide
information about scientific processes and new findings

to promote effective scientific understanding (Brossard et
al. 2005). Galloway et al. (2006) also observed that partici-
pants’ preconceptions may lead to biases in data acquisition
and misinterpretation of results. These preconceptions
should be addressed during training or within guidance
material so that participants are aware of the importance of
following study protocols, such as randomized sampling,
before they begin collecting data. Citizen scientists who
feel they are making contributions to the scientific study
return higher quality data; hence, contact between profes-
sionals and volunteers appears to enhance the power of

the study (Nerbonne and Nelson, 2008). Development

of on-line resources can provide a forum for volunteers

to communicate with scientists or other volunteers. In
addition, websites can provide auxiliary learning materials
and allow volunteers to see that their observations are being
used, both of which can provide additional motivation for
continued participation.
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Do citizen scientists increase
their scientific or environmental
literacy?

Evaluations that assess whether citizen scientists experience
knowledge gains, improve their understanding of scientific
processes, or change their attitudes toward the environment
or science are also available. For these studies, pre- and
post-tests and responses from surveys, interviews, and
letters are often used to measure program impacts. For
example, Trumbull et al. (2000) examined the responses

of 700 citizen scientists involved in Cornell Laboratory

of Ornithology’s Seed Preference Test and observed that
78% of respondents undertook some scientific thinking
processes (ranging from making observations to developing
and testing their own hypotheses) during the course of their
participation in the project. Similarly, focused scientific
studies conducted by students of the Garden Mosaics
Program, in addition to interaction with more experienced
gardeners, led to knowledge gains in local ecology and
gardening (Krasny and Tidball, 2009). Additionally,
students participating in another Cornell Laboratory of
Ornithology citizen science project found an evolution of
student attitudes, ultimately leading to students thinking of
themselves as scientists (Lewenstein 2001).

Evaluations have also revealed ways in which citizen
science programs can be improved. While an evaluation

of the Smithsonian Ornithology Neighborhood Nestwatch
project by Evans (2005) indicated some large increases in
knowledge gain and an enhanced sense of place among
participants, there was little evidence of increased
knowledge regarding scientific processes. Brossard et al.
(2005) determined that while participating citizen scientists
exhibited increases in knowledge specific to bird biology,
they did not show significant attitude changes regarding the
environment and science. These results may be complicated
by the fact that participants demonstrated great concern for
environmental issues before they participated in the project,
and that there were large numbers of “undecided” responses
toward scientific perception questions, hinting at more
complex feelings toward science than previously thought.
An evaluation of middle school students by Trumbull et

al. (2005) observed only modest increases or unchanged
understanding of scientific methodology. These insights can
reveal where potential disconnects exist between citizens
and scientists and suggest how to improve scientific or
environmental understanding in the design of a project.

Clearly, the benefits of participation in citizen science
programs can make these projects important strategies
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for enhancing public science literacy and perhaps achiev-
ing greater consensus on science-based policies. The
demographics of citizen scientists, however, appear to be
slanted toward older individuals who are highly educated
and considered least in need of development regarding
scientific understanding, environmental awareness, and
skill advancement (Trumbull et al., 2000). Indeed, this is the
population more likely to volunteer for many community
programs. This limitation is even more pronounced in
developing countries, and more ironic since these areas

are often home to richly diverse and poorly understood
ecosystems most in need of study (Braschler 2009) (See also
www.monitoringmatters.org for analysis of the context and
work in less developed countries.).

To enable more people to gain the benefits of participating
in citizen science, and to improve decisions and recom-
mendations by incorporating more voices, citizen science
programs should increase efforts to diversify the ranks of
their volunteers. Actively reaching out to new populations,
such as secondary students, youth groups, or faith-based
communities, may attract a broader base of participants
than is possible when a project relies on volunteers who al-
ready have the interest and time needed. Working through
civic organizations or employers may be another strategy to
reach beyond the core of those interested in environmental
data. Large-scale programs are possible and can reap com-
munity benefits. Analyses of community-based monitoring
programs in India, Tanzania, and Madagascar demonstrate
the potential for local citizens to document and offset their
carbon emissions through sustainable resource manage-
ment (Danielsen et al. 2011).

Summary

Evaluations of citizen science programs reviewed here
reveal that there are numerous potential benefits of citizen
science. Citizen science projects can provide scientists with
important and reliable data while citizen scientists can
develop increased scientific and environmental understand-
ing. However, many citizen science programs have yet to

be evaluated for these attributes. Efforts to conduct more
evaluations of the attainment of science and education goals
are necessary and will likely reveal additional lessons to be
learned to improve the outcomes of these projects.

Additional online resources for designing, implementing,
and evaluating citizen science projects or for locating
programs looking for volunteers in your area are available

at the following websites:

http://www.citizenscience.org
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https://scistarter.org/

http://www.citizensciencealliance.org
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