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FOREWORD

REED F. NOSS

The need for reliable scientific information and expertise to guide policy, management, and
decisions of all kinds related to the environment has arguably never been greater. We live in
a world where anti-science, anti-intellectual, and even anti-truth attitudes prevail at the high-
est levels of government. Scientists are ridiculed as elitist nerds out of touch with the “real
world” of making and buying things to support endless economic growth. Indeed, they are
seen as impeding progress through their dire warnings about such trivial things as global
warming and species extinctions.

The people in power who promote these false and dangerous views were put there by citi-
zens who have an insufficient or incorrect understanding of science. These attitudes
and trends must be countered in a democracy by other citizens armed with factual knowl-
edge and critical thinking skills. Perhaps professional scientists might most effectively play
this role in society. Yet the number of trained scientists available to collect, analyze, inter-
pret, and disseminate scientific data is orders of magnitude below the need. And profes-
sional scientists are not necessarily the most appropriate or effective environmental advo-
cates. With a continued lack of significant state and federal funding dedicated to the
ecological sciences, as well as a reduced interest in science among some private foundations
and non-governmental environmental groups, the prospects seem bleak for generating and
communicating the information needed to make intelligent decisions on critical environ-
mental issues.

This is where citizen science steps in. Given the shortage of professionally trained scien-
tists and of funding to support the salaries of such professionals in the field and laboratory,
the need for trained participants (usually volunteers) to assist in the process of scientific
research is enormous. Moreover, the very process of assisting in scientific research might
help create a citizenry who understand the process of science and its value to society, as well
as benefiting the scientists overseeing the research. In the context of ecology and conserva-
tion biology, the focus of this book, citizen science has great potential to enhance ecological
literacy and promote a conservation ethic among many members of the public. As the
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numbers of these trained and ecologically enlightened citizens grow, we might reach a point
where democracy works again for the greater good.

I must confess to being initially skeptical of citizen science. How could members of the gen-
eral public not formally trained in the sciences be counted on to collect data in a rigorous fash-
ion? How could they learn field identification and other necessary skills in a short amount of
time? Could they be trusted to enter data accurately and maybe even analyze those data? Finally,
is it fair to consider amateurs working on a scientific project “real scientists”? Perhaps it was
unfair of me to have such reservations and ask such questions, since I myself participated in
what are now called citizen science projects, such as Christmas Bird Counts and Breeding Bird
Surveys, long before I was a professional scientist with advanced degrees. Not only was this
work fun and educational, but I felt that it was contributing valuable information—and it
was. Data from the volunteer-based ornithological projects in which I participated have been
published in many peer-reviewed journals and have been extremely informative about the sta-
tus and trends of bird populations. I have also seen how participants in these projects develop a
keen interest in the conservation of bird species in the regions where they live and work—as
well as a deeper appreciation of nature in general and of the importance of conserving it. These
are surely among the most important outcomes of citizen science.

This multi-authored book, edited by Christopher Lepczyk, Owen Boyle, and Timothy
Vargo, assuages my reservations about citizen science. Previous studies have shown that,
when done right and with rigorous training, citizen science works. The data collected in citi-
zen science projects are virtually as reliable as those gathered solely by professional scien-
tists, and at greatly reduced cost. As the editors hasten to point out in the Introduction, how-
ever, citizen science projects must not be seen as simply a way to conduct research on the
cheap. Significant resources are still required to conduct high-quality citizen science
projects, and highly trained professional scientists are usually needed to design the studies,
train and supervise the volunteers, and analyze and interpret the data. Otherwise, citizen
science is indeed not science.

The present volume germinated at a symposium on citizen science organized by the edi-
tors at the 2008 meeting of the Ecological Society of America, then gradually grew from
there. The various chapter authors all make important contributions. Case studies abound.
The ability of citizen science to vastly expand the geographic scope, temporal scale, and sam-
ple sizes of scientific projects—as well as their interdisciplinarity—is convincingly demon-
strated here. The chapters go into great detail on such topics as the history of amateur par-
ticipation in science, what kinds of projects are particularly suitable for citizen science,
project design and funding, recruiting and training of participants, pitfalls to avoid, health
and safety of participants, ethical and legal issues, data collection and analysis, quality con-
trol, data management, reporting of results, how to evaluate success, retention of partici-
pants, and promoting and publicizing projects. Building a sense of community among vol-
unteers and leaders is essential. The range of specific advice offered here, for anyone
thinking about organizing and leading a citizen science project, is enormous. I can hardly
imagine initiating a citizen science project without first reading this book!
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Citizen science offers an opportunity to advance scientific research and help the public
develop a better understanding of Earth and its inhabitants. It benefits individuals by
actively educating them about the process of science and giving them a “hobby” that pro-
vides a strong sense of purpose. It builds communities of volunteers and leaders and fosters
friendships among them. It builds awareness of environmental issues and creates advocates
for conservation and for science in the service of conservation. We need more of it.
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PREFACE

The seeds of this handbook go back many years, to when the three of us first began working
together on a citizen science project in Milwaukee, Wisconsin, with our good friend William
Mueller. At that time, citizen science was not a widely used term and there was only a loose
affiliation of practitioners engaged in it. As we began our research on the stopover ecology
of migrating birds in Milwaukee’s parks, we worked to recruit participants, train them, and
develop a successful project. But we had relatively little guidance, and as we discussed our
project, it became apparent that there was a need for communication about how to engage
in citizen science. This need was the catalyst for a symposium on citizen science that we
organized in 2008 for the Ecological Society of America Annual Meeting, held that year in
Milwaukee.

During the time leading up to the meeting, we started discussing the idea of creating a
handbook that practitioners, students, research scientists, and the layperson could use to
develop and guide an ecological or conservation-focused citizen science project, based on
our own experiences and those of our colleagues. However, finding the time to develop such
a book proved difficult as we focused on our day jobs and as many life changes intervened.
But over the years, we continued to have many great discussions about the need for a hand-
book as we watched citizen science start to really flourish. Finally, after many starts and
stops, we plotted out a book and a plan to produce it.

Hence, the handbook you are holding is the culmination of many years of friendship, col-
laboration, and thoughtful discussions. As we moved about the country, changed jobs, and
started and completed many different projects, we found time to have late-night phone calls
to discuss the book, write various components, and edit the chapters. We could not have
completed this task without the loving support of our families (Jean, Olivia, Isabel, Jessie,
Henry, Cecilia, Anne, and Linnea), the thoughtful comments of the reviewers, and the com-
mitment of the authors to produce their chapters. Likewise, we are indebted to Blake Edgar,
Merrik Bush-Pirkle, Bradley Depew, Kate Marshall, Stacy Eisenstark, Robin Manly, and the
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rest of the staff at the University of California Press who supported our work and provided
critical feedback.

We hope this handbook will serve you well in your own projects.

Chris, Tim, and Owen
January 2020
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Introduction

CHRISTOPHER A. LEPCZYK, OWEN D. BOYLE,
and TIMOTHY L. V. VARGO

Citizen science. These words convey a variety of ideas and meanings, depending on
one’s background and training. In fact, not too long ago these words often stirred contro-
versy in the scientific community. Today, however, citizen science is a fully fledged field that
has contributed a great deal to our understanding of the world and provided an opportunity
for countless numbers of individuals to participate with, and become, scientists.

While citizen science is widely practiced today, it is important to keep in mind that it is
not a replacement for professional science. Science will continue to need highly trained pro-
fessionals who have a formal education and experience in the scientific process, which often
requires years of apprenticeship (i.e., graduate school). Just as we need doctors and dentists
to have training and professional experience prior to practicing medicine on their own, we
need similar requirements for scientists. Training and experience are particularly important
in applied science contexts, such as conservation biology and natural resource management,
where ignorance can result in long-term or permanent environmental problems.

Another important point to keep in mind is that citizen science is not a license to use
unpaid volunteers to collect data. When considering a scientific project, it is important to
avoid implementing a citizen science approach simply to reduce costs or because a grant did
not provide the desired level of funding. Likewise, it is important for nonprofit organiza-
tions, government agencies, and academics not to turn to citizen science simply because of
a lean budget year or as a means to reduce costs. In other words, citizen science should not
be viewed as free labor.

Well-designed citizen science not only aids in scientific discovery, but can serve to edu-
cate the participants. In fact, one large reason for considering a citizen science approach is
to improve scientific literacy (or, as in the case of this book, ecological literacy). Many people



who engage in citizen science gain not only an improved understanding of the system or
project they work with, but an increased general interest in science. Thus, citizen science is
something to consider for people of all ages as a way to increase their appreciation for, and
understanding of, science. Indeed, as we will see in this handbook, citizen science is being
used as an educational tool and as a means to engage in outreach. Cooperative Extension
programs, for example, have used it to connect people to the world they live in.

Because citizen science offers a powerful approach to answering questions and educating
the public, it is important that it be carried out correctly. Hence, the focus of this handbook is
on the practice of citizen science as it relates to conservation and ecology, which includes con-
servation biology, applied ecology, basic ecology, and natural resource management. The book
is written primarily for practitioners working for government agencies, non-governmental
organizations, and academic institutions who are interested in beginning partnerships with
the community or enhancing and improving existing citizen science projects. However, the
book should hold value for anyone interested in citizen science and science education.

WHAT THIS BOOK IS NOT

We have sought to cover a wide swath, but we acknowledge that no handbook is perfect or
can address everything, particularly with regard to an actively innovating field like citizen
science. Hence, there are a handful of topics that we do not cover in this handbook, but we
will note them here, given their importance.

First and foremost is funding. As the old saying goes, there is no such thing as a free
lunch, and this is true in citizen science. All projects require financial resources of some
type (if only money to pay for gas or paper to record data). Even if at first you cannot identify
the financial costs of a project, simply consider the time involved, the number of people, and
the tools they will need and it should become clear that all projects have (and require) a
financial component. How projects are funded varies greatly, from grants to online funding
aggregators. However, the type and amount of funding needed often depend on the type of
project. Furthermore, organizations that fund projects vary markedly in what they are look-
ing to fund and what they require of the grantee. Ultimately, there is no single pathway to
funding and most projects will need to have individuals dedicated to raising funds and
applying for grants. In the end, if your project does not have the resources to be completed,
then the project should not be pursued.

Second, this handbook does not explicitly focus on experimental design. Any scientific
project needs to have a methodology, including a framework in which to test questions, if it
is to be successful. However, given the vast array of questions and hypotheses that ecologists
and conservation biologists address, and the many approaches available and statistical tools
needed, a primer on experimental design would require more space than is feasible in a
handbook like this. That said, we strongly recommend that at least one member of any team
planning a citizen science project understands experimental design; this may mean seeking
out a professional scientist who can assist with that aspect of the project.
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Third, the focus of this book is general and not aimed at one subdiscipline or segment of
ecology and conservation. However, while subdisciplines and fields are not specifically
called out in the chapters that follow, the approaches described are relevant for all. A case in
point is environmental justice. One key element of evaluating environmental justice ques-
tions is environmental monitoring, which is a common form of citizen science. Keep in
mind that we are focused here on process and the value of citizen science, not on specific
taxa, ecosystems, or subdisciplines.

Fourth, we initially had a placeholder for a chapter related to systemic imbalances of
power in the world of science and the importance of focusing on justice and the dignity of
each stakeholder. We soon realized that a single chapter on these extremely important issues
would run the risk of trivializing them and that to address them properly would require a
separate book. With this in mind, we encourage all practitioners to strongly consider the
social effects of their work. In true collaborations, one side is not deemed more important
and it should not be assumed that one side is going to control the budget or write the grants.
Nor should one assume that citizen scientists are replacing professional scientists, but one
should recognize that all parties bring important and necessary skills to the table.

Finally, this book is not a philosophical discussion on the pros and cons of citizen science
or on what citizen scientists should be called or how they should be valued. We view many
arguments about citizen science to be settled (e.g., data quality) and others as minor in rela-
tion to the larger value of the field. That said, we do tend to use the words participant or citi-
zen scientist, rather than volunteer, to describe individuals who participate in projects, in
order to avoid the view that citizen science is free.

ORGANIZATION OF THE HANDBOOK

We have laid out the handbook in three main sections. The first provides an introduction to
citizen science and a history of its emergence. This history is valuable in framing the larger
view of the handbook and provides the context in which citizen science has grown and
become useful. The second section is the heart of the book and focuses on the specifics of
citizen science, from project conception to completion. The final section focuses on real-
world examples of citizen science projects at scales from local to continental, in different eco-
systems and locations, and on a variety of topics. The goal of this final section is to illustrate
existing citizen science projects in conservation, ecology, and natural resource management
that can serve as role models for other projects.
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PART ONE

BACKGROUND







ONE

What Is Citizen Science?

JENNIFER L. SHIRK and RICK BONNEY

The broad field, and history, of citizen science encompasses many different ways that
members of the public can become involved in scientific work. In natural resource manage-
ment contexts, people often think of citizen science as long-standing bird-count projects that
now span a century and that have led to peer-reviewed publications about global trends. To
others the term may evoke the contributions of amateur natural historians that established
our understandings of many species, work that predates the term science itself (think Dar-
win, or even Aristotle). Still others may reference decades-long, volunteer water-monitoring
traditions, or newer low-cost sensor networks, each of which enables communities to bring
scientific data to the defense of environmental integrity in their neighborhoods and water-
sheds. A milestone was reached in 2014 when the Oxford English Dictionary included the
term citizen science with a definition broad enough to embrace all of these traditions: “Scien-
tific work undertaken by members of the general public, often in collaboration with or under the
direction of professional scientists and scientific institutions.”

Citizen science is real science—and therefore it reflects as wide a diversity of purpose
and design as does the realm of more conventional science. Scientific work through citizen
science may be intended for peer-reviewed publication or to inform management. Likewise,
citizen science work may address timely problems or monitor long-term trends. A given citi-
zen science research question may call for precision in data collection, or it may be better
served by accuracy and statistical power. In every case, citizen science results are subject to
the same system of peer review that applies to conventional science—in all cases, this review
must be based on the intended purposes and merits of the research efforts.

Although acceptance of volunteer contributions to conventional science has been slow,
ecologists and natural resource managers have been among the first to acknowledge the



value of citizen science efforts. Thoughtfully designed citizen science projects produce reli-
able data that are usable by scientists, policymakers, and the public. Data from such projects
have now been used in hundreds of scientific articles and have informed numerous natural-
resources policy and planning efforts (Dickinson et al. 2010). Indeed, our current under-
standing of the natural environment is due, in large part, to the amateur scientist commu-
nity’s decades of dedication and expertise.

More recently, the advent of the Internet and mobile technologies has enhanced oppor-
tunities to collect, store, share, manage, and analyze vast amounts of data quickly and easily.
As a result, scientific projects can now deploy large numbers of volunteers and can record
huge volumes of observations in centralized databases that can be analyzed in near real
time. Building on this opportunity, citizen science participation has become much more
widely possible at both large and small scales, and thousands of projects now engage mil-
lions of participants around the world. In fields ranging from astronomy to zoology, citizen
science is helping to answer many challenging questions—in ecological disciplines, in par-
ticular, it can help address issues that affect both the environment and our everyday lives.

WHEN IS CITIZEN SCIENCE AN APPROPRIATE TOOL?

In order to maximize the potential for citizen science to achieve intended results, research-
ers and managers must decide whether work with volunteers is an appropriate approach to
the research at hand. Citizen science projects can tackle major challenges in managing nat-
ural resources and the environment, such as species management, ecosystem services man-
agement, climate change adaptation, invasive species control, and pollution detection and
regulation. Understanding the relative strengths of citizen science can help determine when
it can provide advantages over conventional science. These strengths include the following:

Citizen science can often operate at greater geographic scales and over a longer time than
conventional science. Only volunteers can cost-effectively collect some types of
data over sufficiently large areas and long enough periods of time to produce
scientifically reliable and meaningful datasets. For example, eBird, a project of
the Cornell Lab of Ornithology, collects five million observations of birds each
month from locations across the globe. At maturity, a project’s dataset can be
geographically broad, locally dense, and temporally consistent, offering many
powerful opportunities for analysis.

Citizen science can increase resolution of data collection. Even at small geographic
scales, citizen science can benefit from mobilizing a large number of observers
in a given area. In addition to increasing observational power, citizen science
can also enhance access to data in new places such as private lands, thereby
filling in gaps in datasets. In some cases, projects have benefited greatly from
volunteers collecting data when scientists are not typically present, such as
during the Arctic autumn and winter.
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Citizen science can speed up and improve field detection. Having many eyes on the
lookout can help detect environmental changes (e.g., changes in the onset of
spring through plant phenology), identify phenomena that require management
responses (e.g., population declines, incidences of pollution, introduction of an
invasive species), and monitor the effectiveness of management practices.

Citizen science can improve data and image analysis. Humans have the ability to
recognize patterns and interpret large amounts of data as well as to detect
individual diversity. Volunteers with no specialized training can outperform
state-of-the-art algorithms in certain analytical tasks. Volunteers can also extract
information from digitally collected primary data (e.g., images or audio) by
identifying and recording secondary information (e.g., the abundance, behavior,
and frequency or duration of various phenomena), tasks that are often difficult
for computers. Finally, volunteers have additional knowledge and perspectives
that can complement or improve professional scientists’ interpretations of data
and results, whether from local or traditional knowledge that can shed light on
patterns or seeming anomalies, or by bringing attention to unappreciated social
dimensions of management, livelihoods, or ecological processes.

Citizen science can help refine research questions. Participants in citizen science are
affected by and observe local natural resources and the environment in their
daily lives, so they can help improve the relevance of location-specific research
questions and make them more useful to managers and local communities. A
full understanding of natural resource and environmental issues often requires
a holistic perspective, including human dimensions. Citizen science can help
provide this holistic perspective and improve research relevance.

Citizen science can help researchers appreciate connections between humans and their
environment. Citizen science is well suited for interdisciplinary collaboration,
particularly for projects that include both natural and social dimensions.
Natural resource and environmental managers increasingly address the social
aspects of difficult ecological issues, such as managing wildfires in the wild-
land-urban interface. By engaging local community members, citizen science
can facilitate a shared understanding among managers, scientists, regulators,
policymakers, volunteers, and others of the complex social dimensions of the
natural systems where people live.

WHEN AND HOW NOT TO DO CITIZEN SCIENCE

Some scientific inquiries are not appropriate for citizen science. It is often assumed that the
most common factor limiting volunteer participation in a scientific project is the ability of
trained volunteers to meaningfully contribute to the science. Some research questions,
methods, and analyses do require specialized knowledge, training, equipment, and time
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commitments that can make citizen science inefficient or impractical as an approach. How-
ever, an increasing number of new citizen science projects—and associated data-quality
studies—indicate that unexpected areas of scientific inquiry are successfully being advanced
through citizen science.

As innovators continue to overcome more and more perceived barriers to volunteer-based
research, it is difficult to outline any hard-and-fast rules about what will not work. Some gen-
eral concerns are outlined by Michael Pocock and colleagues (Pocock et al. 2014). Addition-
ally, any given research area will have case-specific constraints. We suggest that you proceed
with caution if any of the following statements apply:

Your primary goal is public education. Citizen science can be an effective means of
facilitating learning and can be utilized to great effect in both formal and
informal educational settings. However, research suggests that people partici-
pate in citizen science because they want to make a contribution or a difference
in the world. If your project is not grounded in purposeful research, expect
participation to fall flat.

There is significant concern about biasing decision making. This is not a reason to
avoid citizen science, but it is definitely a reason to be careful in project plan-
ning. Even professional scientists must proceed with caution—and ideally
transparency—in circumstances where they are both conducting research and
informing decision makers. Similar quality controls can be used for both citizen
science and conventional science. These quality controls can include training,
collection of duplicate samples, and post-data-collection analyses designed to
identify outliers and biases in the data. Quality controls should be used in most,
if not all, citizen science projects, even when volunteers are not involved in
decision making.

Participant interest is unknown. Not all citizen science projects stimulate widespread
or even sufficient public interest, from either curiosity or concern. Because
interests vary, people are selective about participating in citizen science. For
example, charismatic species such as wolves, bears, and certain birds receive—
in general—more public attention (and support for public funding) than other
species, including most plants. Similarly, study sites near tourist destinations
and college campuses tend to receive more attention than those in urban and
industrial areas. In addition, studies in small or remote communities may be of
great local interest, yet the pool of potential participants for a citizen science
project may be small. For certain taxa and ecological processes and for some
biogeographic regions or geographic locations, citizen science could be difficult
to sustain if large or ongoing datasets are required.

Activities put volunteers, species, or habitats at risk. Fieldwork can involve potentially
hazardous conditions for volunteers. Such hazards may include physical dangers
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but can also include issues of privacy, such as public data revealing home
addresses or patterns of activity. Citizen science also has the potential to draw
unwarranted or unexpected attention to sensitive species, and to increase
environmental impacts in remote areas. Some level of risk is unavoidable—Dbe
aware of the risks that volunteers, organizations, and landscapes will tolerate.
Also be sure that volunteers are aware of any dangers to themselves and to
species or habitats, and that policies and procedures are in place as safeguards.
These may include liability policies, privacy policies, and mitigation techniques
for sensitive data.

Sampling frequency is high—or low. The need for frequent sampling can limit the
feasibility of citizen science. Few volunteers are able to devote extended periods
of time to scientific projects. Extremely frequent (e.g., daily) sampling needs
may therefore discourage participation and increase turnover. There can also be
a mismatch between the availability of volunteers and the availability of manag-
ers or their staffs. For example, participants may be available primarily on
weekends, when staff is unavailable. As a result, it may be difficult to recruit
citizen science volunteers for certain projects. At the other extreme, infrequent
(e.g., annual) sampling could make it harder to sustain collection of high-quality
data, because participants may have to relearn even basic protocols. A successful
sampling design for volunteers lies in between, where sampling frequency is
just enough to keep participants well practiced and able to gather consistent
data, but not so high as to become onerous and discourage participation.

Skills needed do not align with skills available. Running a citizen science project calls
for an individual or team with a diverse skill set, ready to manage everything
from protocol development to outreach to data management. Additionally,
citizen science can increase research efficiency, but only if the benefits of having
volunteer assistants are not outweighed by the task of training or recruiting
skilled volunteers. Keep in mind, however, that most projects will require an
investment in planning, vetting, and training early on that may take some time
to show returns.

In short, consider the value of citizen science for answering the question at hand, in com-
parison to other approaches. Innovative research teams continue to adapt citizen science
approaches to overcome potential pitfalls and succeed despite perceived odds, so where you
or others see challenges, be careful not to overlook innovative solutions and possibilities. But
do consider the value of adapting to challenges, and then proceed if the potential benefits
seem worth the investment or at least worth a try. In general, if you have reasonable expec-
tations that align with volunteer interests, and if training opportunities and research proto-
cols are vetted and refined through pilot testing, you have a fair shot at a successful citizen
science project.
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BEST-FIT OPPORTUNITIES FOR CITIZEN SCIENCE

Considering all the aforementioned points, citizen science may be most advantageous under
the following circumstances.

Volunteers Can Collect High-Quality Data

Sometimes volunteers need only minimal training to be able to collect high-quality data. For
example, it may be easy to collect insects or make simple measurements, such as tree cir-
cumference, without extensive instruction or instrumentation. Volunteers can also collect
data that require following elaborate protocols or developing certain specialized skills, such
as in many water-quality monitoring programs. Research has shown that volunteers with
proper training and guidance can accurately identify specimens at various taxonomic levels
and accurately assess important population attributes, such as species abundance and distri-
bution. Individual volunteers can even develop the skills to use sophisticated analytical
instruments. However, projects that depend on numerous volunteers should not expect a
sophisticated level of skill from all individuals, nor should volunteers be expected to under-
take activities that require extensive training or certification. Generally speaking, the simpler
the methods, the easier it is to engage volunteers in collecting high-quality data. Simple tasks
also make it feasible to increase the number of contributors and easier to sustain collection
of high-quality data. Organizations should also use data quality controls to identify question-
able data and correct or discard them. The use of quality controls is relevant for all types of
survey and assessment, whether implemented by volunteers or by professional scientists.

Volunteers Can Address Unanswerable Questions

Participation by volunteers can make it possible to address questions that would be unanswer-
able in any other way. Public participation can be integral to the ability to collect, analyze, and
interpret certain data. A major strength of citizen science is its ability to collect fine-grained
information over broad areas and long periods and to process large amounts of data (such as
images), simply because the number of volunteers may exceed the number of professionals
(including researchers, faculty, and students) by several orders of magnitude. In some cases,
volunteers can obtain data inaccessible to government employees, such as data on private
lands or data related to individual activities such as hunting or fishing. When a rapid response
is needed, such as to environmental disasters or sudden large-scale bird or fish die-offs,
research efforts can benefit from the ability to swiftly mobilize large numbers of volunteers.
A few types of studies that lend themselves well to citizen science include the following:

Monitoring studies that assess patterns, in space and/or time, of one or more
ecosystem components (e.g., Is this species here now? How many individuals of
this species are here now?) or functions (e.g., Is this process happening now?).
Data collection is standardized (the same for all sampling locations) and
effort-controlled (data are recorded even if none are found—i.e., zeros count!).
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Process studies that assess the impacts of factors (e.g., hazardous-fuel reduction
treatments or pollution) on ecosystem components or functions (e.g., nutrient
and water cycling). The researchers control the level and duration of the expo-
sure, and there is a control (e.g., the status quo).

Opportunistic and observational studies that do not follow a strict design but are often
deliberate in the subject and timing of observation. These studies can be useful
because of the scale of the data collection, the rarity of the phenomena observed
(e.g., a rare species or infrequent weather event), or the timeliness of the
observations (e.g., collecting information for crisis response, such as after
earthquakes or oil spills).

Public Participation Meets Organizational Goals

Public participation in the scientific process can serve the organization’s goals for public
input and engagement and helps in decision making through the generation of both scien-
tific knowledge and learning. Public input can help identify the most relevant questions that
a scientific study is designed to answer and the best methods to carry out the study, particu-
larly if the research is focused on an issue that affects or involves local people. If research is
intended to affect natural resource management or environmental policymaking decisions,
then public participation could aid in developing locally appropriate research questions and
methods, particularly if the management or policymaking question requires understanding
how human behavior interacts with ecological processes. In addition, local or traditional
knowledge can reveal complementary ways of understanding local ecology, environmental
trends, and threats to species and livelihoods. When the research problem is informed by
the best available knowledge and by multiple perspectives, research questions and methods
can be formulated that take into account the integrated social and scientific dimensions that
managers and policymakers must address.

When Citizen Science Works Best

In brief, citizen science works best when

+ the project’s aims are clearly defined and shared from the start;
- the research activities are beneficial to both scientists and participants;

- the project team includes expertise in all aspects, from data analysis to
communication;

« evaluation is built into the project design, and there is a willingness to listen
and adapt;

- small-scale pilot trials are undertaken as proof-of-concept and to improve
procedures;

- the participants are meaningfully recruited and supported;
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+ the motivations and skill levels of all involved are understood;
+ the participants feel they are part of the team;
+ the project is an efficient and enjoyable way to gather and analyze the data; and

+ the quality of the data is measurable.

Around these basic guidelines, researchers continue to open new possibilities and fron-
tiers for citizen science. Citizen science can be done in almost any setting, but it takes a par-
ticular combination of skills, intentions, interests, and careful design to make it work (see
box 1.1).

WHAT /S CITIZEN SCIENCE?

Citizen science, in all of its diverse forms, is a means of public engagement in scientific work that
can expand the scope, reach, and impact of research. Citizen science can provide opportunities
to collect data at scales otherwise not feasible for professional scientists alone and can engage
members of the public in compiling and using issue-relevant evidence to effect change.
Taken together, these opportunities have the potential to bring new power to addressing
major challenges in conservation and natural resource management, particularly those that
require attention to both social and scientific aspects of a problem.

But citizen science is a complex undertaking, often demanding dedicated time and
money as well as a willingness to understand what it means to engage with the public. In
ecology in particular, with so much at stake, citizen science gives us the opportunity to
reflect on and learn about the human dimensions of ecological research and environmental
management, as well as about the science. Citizen science provides an opportunity to do
more than hand off this task to educators or outreach specialists. If we, as researchers and
managers, embrace the opportunity—and challenge—to listen and learn as well as interpret
and share, we may be best prepared to fulfill the potential of citizen science to expand knowl-
edge for science-based conservation.
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BOX 1.1 Not Whether but How to Do Citizen Science

In order to maximize the potential for citizen sci-
ence to achieve intended results, it is important
to understand how the structure of a project—
particularly the ways volunteers are engaged—
will affect the project’s outcomes. Projects un-
dertaken to address questions or issues that
require large amounts of data to be collected
over time and space are often contributory in
their approach to participation. These contrib-
utory projects are typically top-down in de-
sign, with scientists controlling all aspects of
research: determining the questions or issues
to be addressed, designing data-collection
protocols, processing and analyzing the data
collected by public participants, and commu-
nicating the results. A contributory approach
thus allows scientists to rigorously structure
the procedures for data collection and submis-
sion. Meanwhile, a contributory approach can
provide volunteers a chance to hone their skills
and learn research techniques, but with lim-
ited opportunities to engage with scientists (in
large-scale projects) or with the process of sci-
ence, which limits deeper learning.
Alternatively, research opportunities can
emerge in response to a need identified by com-
munity members. Such community-driven proj-
ects, called co-created or community science,
typically focus on studying issues of pressing
concern for local residents, such as environmen-
tal health or degradation. The co-created
approach to citizen science is most relevant to
projects addressing a specific environmental

question or problem that will benefit from estab-
lishing a community- or volunteer-led monitor-
ing scheme in which all parties have a stake in
the outcomes. Such projects can involve signifi-
cant volunteer commitment, and all parties must
be willing to listen, plan, adapt, and reach con-
sensus about mutually beneficial research goals
and approaches. As a result, co-created projects
can provide deep insights—for participants and
researchers alike—into science and management
processes, but they can also be difficult to oper-
ate at large geographic scales.

Despite these generalities, individual citi-
zen science projects themselves cannot always
be easily categorized. Some large-scale con-
tributory projects have distinct goals for policy
and management and can be leveraged in a co-
created fashion by local communities. The
global eBird dataset, for example, is accessed
by the Nature Conservancy to determine areas
of California’s Central Valley that the Conser-
vancy can pay farmers to flood during times of
peak migration. Likewise, community science
projects can yield outcomes with implications
at broader geographic scales, such as by
aggregating community-level data to look at
statewide trends in water quality. Therefore, it
is worth taking into account the significance of
participant engagement when considering not
just whether but how to employ citizen science
as a tool to meet needs in ecological science,
management, or policy (Bonney et al. 2009,
Shirk et al. 2012).
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The History of Citizen Science
in Ecology and Conservation

ABRAHAM J. MILLER-RUSHING, RICHARD B. PRIMACK,
RICK BONNEY, and EMMA ALBEE

WHAT IS CITIZEN SCIENCE? A HISTORICAL PERSPECTIVE

As described in the preceding chapter, citizen science refers to the engagement of nonprofes-
sionals in scientific investigations—asking questions, collecting data, or interpreting
results. In the past, a large portion of citizen science was done by expert amateurs who car-
ried out scientific investigations independently of professional scientists, or in collaborations
as peers—an approach now categorized as a collegial model of citizen science (Shirk et al.
2012). These citizen scientists, or expert amateur scientists, still exist and make important
contributions to many fields, especially taxonomy and natural history (Costello et al. 2013).

Prior to the professionalization of science in the late nineteenth century, nearly all scien-
tific research in North America and Europe was conducted by amateurs—that is, by people
who were not paid as scientists (Vetter 2011a). Many of these individuals were pursuing
research because of an innate interest in particular topics or questions (e.g., gentlemen sci-
entists), as a part of religious or government activities (e.g., in their roles as bishops or record
keepers), or as a part of vocations or subsistence (e.g., farmers, herbalists, hunters) (Porter
1978). Many amateurs were recognized experts in their field and conducted research indis-
tinguishable from, and sometimes superior to, that done by most professional scientists of
the time, although public perceptions of amateur scientists were complex and changed
through time (Vetter 2011a).

As early as the seventeenth century and probably earlier, some of these amateur experts
had recruited nonexperts to contribute natural history observations. For example, in the mid-
eighteenth century, a Norwegian bishop created a network of clergymen and asked them to
contribute observations and collections of natural objects throughout Norway to aid his
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research (Brenna 2011). This type of networking was a common way for early ecologists, such
as John Ray and Carl Linnaeus, to collect specimens and observations from across the known
world. Such contributions by nontrained scientists have helped to build some of the most val-
uable collections of animals, plants, rocks, fossils, artifacts, and other specimens worldwide.

Others who have collected information and data about the natural world in the past
include farmers, hunters, and amateur naturalists. For instance, winegrowers in France
have been recording grape harvest days for more than 640 years (Chuine et al. 2004), while
court diarists in Kyoto, Japan, have been recording dates of the traditional cherry blossom
festival for 1,200 years (Primack et al. 2009). In China, both citizens and officials have been
tracking outbreaks of locusts for at least 3,500 years (Tian et al. 2011). In the United States,
among the oldest continuous organized datasets are phenological records kept by farmers
and agricultural organizations, documenting the timing of important agronomical events,
such as sowing, harvests, and pest outbreaks (Hopkins 1918, Schwartz et al. 2012).

THE CHANGING ROLE OF CITIZEN SCIENCE

During the professionalization of science over the past 150 years, the role of amateurs as
peers or colleagues to professional scientists diminished. Amateur scientists still abound, as
evidenced by the many naturalist clubs (e.g., bird-, insect-, mushroom-, and plant-focused
groups) across the United States and by the growth in citizen science worldwide, but the
major roles of amateurs in conducting research have changed somewhat. They began to fill
two major roles within scientific pursuits (although they contribute in many other ways,
too).

The first role involves projects that tackle ecological questions at scales that are simply
not possible without a great deal of on-the-ground effort. Programs that follow a contributory
or collaborative participatory model (see chapter 3), such as the North American Breeding
Bird Survey, the U.S. National Weather Service’s Cooperative Observer Program (NWS-
COOP), the North American Bird Phenology Program, and lilac monitoring programs (the
latter two are now part of the USA National Phenology Network; see chapter 14), have yielded
national- or continental-scale datasets of biological and physical data that could not have
been collected otherwise. In the late 1800s and early 1900s, the National Weather Service,
for example, was tasked with gathering weather data that were critical to a variety of aspects
of the U.S. economy, particularly agriculture, but was provided with only a limited budget to
do so (Vetter 2011b). The agency therefore followed the example of weather bureaus in
Europe by turning to volunteers who were broadly distributed throughout the country. The
outcome of their work was one of the most important long-term datasets in North America,
essential for agriculture, development planning, and assessment of recent climate change.

The second major role that citizen science has filled is in undertaking projects that pro-
fessional scientists would not do on their own, whether because of the type of question or
the place of study. For example, research scientists have incentives to study questions that
advance knowledge of the field as a whole and to avoid projects that are too restricted in
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scope to be widely cited or of interest beyond a narrow audience. Thus, many local, place-
based projects go uninvestigated by professional scientists and are carried out instead by
local residents. A project may focus on finding causes of local problems, such as pollution,
wildlife deaths, or pest outbreaks, and may also lead to management or policy solutions once
the causes are found. For instance, the volunteer program Save Our Streams was founded in
1969 to monitor, protect, and restore streams in Maryland (Firehock and West 1995). The
program has since been used as a model for a national program supported by the Izaak Wal-
ton League of America and has been widely recognized for its role in understanding and
restoring streams throughout the United States. Volunteer programs aimed at tackling local
issues have long existed across the country and continue to make important contributions to
science and resource management today.

ECOLOGICAL INSIGHTS FROM HISTORICAL CITIZEN SCIENCE
Museums, Herbaria, and Other Collections

Historical collections of specimens, photographs, and similar records held at museums and
other institutions around the world have yielded innumerable insights into ecology, evolu-
tion, and conservation biology. Professional scientists and untrained or self-trained ama-
teurs contributed to the creation of these collections. Such collections have been used exten-
sively to develop modern taxonomic systems of naming and classifying and to understand
the dynamics of evolution and the distribution of species.

More recently, ecologists and conservation biologists have utilized historical collections to
analyze shifts in the distribution and abundance of species due to land-use change, climate
change, and other anthropogenic forces (Jetz et al. 2012, Pimm et al. 2014). For example, her-
baria in the northeastern United States tend to have large numbers of specimens collected
between 1870 and 1940. By using intensive field surveys to compare the abundance and distri-
bution of herbarium specimens with the modern abundance and distribution of the same spe-
cies, researchers can document the decline of rare and endangered species and the arrival and
spread of non-native invasive species (Lavoie and Saint-Louis 2008, Lavoie et al. 2012). Simi-
larly, by comparing the flowering dates of herbarium specimens with flowering records gath-
ered by current observers, we can detect shifts in flowering times associated with a warming
climate (Primack et al. 2004). Other biological phenomena, such as the adult phases of butter-
flies, dragonflies, bees, and moths, can be investigated using the same approach (Bartomeus
et al. 2011, Brooks et al. 2014). Collections of dated photographs—in particular, old landscape
photos—also represent an enormous resource for studying changes caused by climate change,
land use, air pollution, invasive species, overfishing, and the impact of deer, cattle, and other
large herbivores (Miller-Rushing et al. 2006, McClenachan 2009, Webb et al. 2010).

Small-Scale Datasets: Individuals and Groups

Historical records held by individual amateur naturalists or groups provide ecologists poten-
tial insight for understanding long-term changes in ecosystems. Some of these naturalists
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are famous, like Meriwether Lewis and William Clark (of the nineteenth-century Lewis and
Clark Expedition) or President Thomas Jefferson, but most are relatively unknown beyond
their local communities. Generally, the people who made these historical observations were
not intentionally participating in scientific projects, or were collecting data to address ques-
tions unrelated to their current use. However, their observations, particularly those for
which the methods of collection and other metadata are well documented, provide key data
for current scientific studies. Researchers have begun using these datasets to gain impor-
tant insights into ecological responses to climate change.

One particularly noteworthy dataset is the record of first flowering dates, first leaf-out
dates, and first arrival dates for migratory birds in Concord, Massachusetts, made by the
famous writer and early environmentalist Henry David Thoreau between 1851 and 1858.
Thoreau’s observations are so valuable because they were collected from one well-defined
place over many years, and he was able to accurately identify the large numbers of species
involved. Later botanists (professional and amateur alike) continued his observations of first
flowering times, and also recorded the abundance of different plant species in Concord.
Likewise, a series of ornithologists and amateur birdwatchers recorded the first arrival dates
of birds in later decades. These historical records, combined with modern observations, have
been used to demonstrate that plant phenology is responding more strongly than bird phe-
nology to warming temperatures (Ellwood et al. 2010, Primack and Miller-Rushing 2012).
Furthermore, these data can reveal relationships between phenological changes and declines
in the abundance of many native species, as well as increases in the abundance of different
invasive species (Willis et al. 2008, 2010).

Many groups of amateur naturalists have also kept important ecological records. For
instance, members of the Cayuga Bird Club in Ithaca, New York, have been recording the
arrival dates of migratory birds each spring since 1903. Although the goal of the bird club is
simply to preserve a record of sightings and arrival dates, their observations are a valuable
source of data for ecologists studying the impacts of climate change on bird migration pat-
terns and have shown that many species are arriving earlier than in the past (Butler 2003).

Large-Scale Programs and Datasets

Many of ecology’s most important and widely used datasets come from citizen science pro-
grams. For example, the aforementioned NWS-COOP has been collecting basic weather
data across the United States since 189o. The results inform much of what we know about
variability and directional changes in climate over the past 120 years (Karl et al. 2009).
Other datasets collected by citizen science programs provide the basis for many policy
and management decisions. Perhaps the best example is the widespread involvement of vol-
unteers in monitoring water quality across the United States. The water quality data they col-
lected have frequently been used by management agencies to define baseline conditions,
identify problems, and determine what management actions were needed. These water
quality data are so important that many states have passed rules providing guidelines for
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their use in policy and management decisions, sometimes considering volunteer-collected
data analogous to data collected by state agencies (Firehock and West 1995).

Many wildlife ecologists, agricultural scientists, and resource managers also rely on citi-
zen science for critical data. For example, some of the best datasets describing migrations,
population dynamics, phenology, and pest outbreaks were generated by citizen science pro-
grams such as the North American Breeding Bird Survey, the Christmas Bird Count, and
extensive agricultural monitoring initiatives. These datasets have led to insights regarding
bird population dynamics and conservation status (Bled et al. 2013) and factors that influ-
ence bird wintering ranges (La Sorte and Jetz 2012). Furthermore, these large-scale datasets
have contributed to insights that are now central to our understanding of ecology and agri-
culture, such as the recognition of the relationships among temperature, latitude, elevation,
and plant and insect phenology (Hopkins 1918). Beyond monitoring programs, wildlife
management agencies also rely on hunters for data on wildlife diseases, such as chronic
wasting disease in deer, to improve our understanding of disease prevalence and transmis-
sion and to guide management and policy responses (Williams et al. 2002). Likewise, long-
term records kept by both amateur and commercial fishermen are increasingly being ana-
lyzed to detect changing patterns in the abundance and structure of fish populations and to
determine whether fisheries management is having the desired outcome (Rosenberg et al.
2005, Granek et al. 2008, McClenachan 2009).

DISCOVERING AND ANALYZING PAST CITIZEN SCIENCE DATA

Interest in climate change, land-use history, invasive species biology, and conservation has
led many researchers to search for historical records gathered through citizen science meth-
ods. Such records include observations of species occurrences, population sizes, behaviors,
and phenology, as well as community-level records, such as local floras and faunas, gathered
by individuals or groups of people with specialized interests. Although such datasets can be
challenging to find, an unexpectedly large number exist and are being organized and
archived by government agencies and research institutions, such as the USA National Phe-
nology Network, iDigBio, and the National Park Service, which hold records dating back to
the 1700s or earlier.

Historical datasets of all types must be interpreted carefully because we do not always
know how the data were gathered (Lepage and Francis 2002). Additionally, because many of
these historical datasets have been collected by different observers over time, determining
whether patterns or trends in the data are genuine or the result of changes in observer or
methods can be challenging. For instance, a variable as simple as the number of days per
week that two observers gathered data could substantially affect the results (Miller-Rushing
et al. 2008). Nevertheless, we have found a surprising number of historical citizen science
datasets that are documented reasonably or very well and include high-quality data (Primack
and Miller-Rushing 2012).
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PROGRESS IN CITIZEN SCIENCE THROUGH HISTORY
Innovations

Over time, the techniques involved in developing and managing citizen science projects
have changed, improving both the scientific and educational outcomes of many projects.
Advances in communications, transportation, and computing have made it easier for volun-
teers to contribute and for scientists and volunteers to manage and analyze the resulting
data. For example, railroads and the telegraph were integral to the development of NWS-
COOP (as well as other observer networks) and the near-term weather forecasts it supported
(Vetter 2011b). More recent advances in data management, online resources (e.g., Citizen-
Science.org), and communications technology, as well as studies of the quality and value of
citizen science data, have continued to transform the field (Dickinson and Bonney 2012,
Bonney et al. 2014).

Engagement and Science Literacy

Citizen science is also increasingly seen as a way to engage the public in science, improve
scientific literacy and interest in science, and inform participants about particular topics,
such as butterfly ecology, vernal pool conservation, or climate change (Lowman et al. 2009,
Zoellick et al. 2012, Wals et al. 2014). This engagement is a major departure from most of
the history of citizen science, when projects were set up mainly to achieve scientific objec-
tives. Instead, many citizen science projects are now being organized in part as a means to
improve participants’ scientific literacy and understanding of the topics they are studying
(Bonney et al. 2009). Scientists are also increasingly aware of the potential for combining
historical citizen science datasets with current observations to gain insights into the ecologi-
cal impacts of changes in climate, land use, and other drivers of environmental change. This
renewed interest in citizen science, enriched with the perspectives and data provided by the
long tradition of public participation in science, has the opportunity to broaden the engage-
ment of the public in ecological research and lead to improvements in scientific education
and insights.

RECOMMENDATIONS FOR THE FUTURE
Improving Our Understanding

Surprisingly little has been written about the history of citizen science, leaving much room
for future research on the topic. Two recent, related projects, Constructing Scientific Com-
munities (https://conscicom.web.ox.ac.uk) and Science Gossip (http://sciencegossip.org), are
helping to fill this gap by digitizing historical scientific papers and documents and asking
volunteers to identify the authors, the subject matter, and any species they portray. These
documents will yield insights into important times in the history of citizen science and the
whole of science.
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Using Historical Citizen Science

Rapid, anthropogenic changes in the environment currently have attracted a great deal of
attention from scientists and government agencies. This attention is well deserved as cli-
mate change, ocean acidification, invasive species, land-use change, and other environmen-
tal perturbations are dramatically affecting ecosystems and forcing conservation organiza-
tions to rethink their approaches. Historical citizen science work provides a large source of
data to inform the study of ecological responses to human actions and forecasts of future
ecological responses. Some of the historical datasets that have been published in recent
years, collected by both professionals and amateurs, have led to high-profile insights critical
to our current understanding of ecological responses to anthropogenic change (Moritz et al.
2008, Willis et al. 2008, McClenachan 2009, Tingley et al. 2009, Burkle et al. 2013). Many
other historical citizen science datasets have provided insights relevant to local ecology and
conservation (Greene et al. 2005). Still other, similarly valuable citizen science datasets are
likely waiting to be discovered in museums, libraries, government archives, and private
homes (Hampton et al. 2013). We strongly encourage interested organizations to search for
these caches of historical data and, when they have been found, to digitize and make them
accessible.

Efforts to make data accessible are indeed occurring on a variety of scales—at individual
museums and libraries, and across networks. For example, the National Park Service and
the Schoodic Institute are working together to digitize the historical natural history collec-
tions held at Acadia National Park, which include many natural history datasets, journals,
images, and biological specimens. Early analysis of these records and subsequent resurveys
of plants and insects have demonstrated that the main section of the national park has lost
18 percent of its native flora over the past 120 years, while gaining hundreds of new species
of insects (Greene et al. 2005, Chandler et al. 2012). Another example is the iDigBio project
(www.idigbio.org), a large-scale effort to digitize biological museum specimens, many of
which were collected by volunteers. As these historical citizen science data become accessi-
ble, more studies will be able to use them to explore changes in phenology, species distribu-
tion and abundance, and species interactions (Moritz et al. 2008, Bartomeus et al. 2013,
Burkle et al. 2013, Scheper et al. 2014).
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THREE

Current Approaches to Citizen Science

FINN DANIELSEN, TEIS ADRIAN, PER MOESTRUP JENSEN,
JESUS MUNOZ, JENNIFER L. SHIRK, AND NEIL D. BURGESS

The citizen science approach one chooses will depend on the context of the project.
There are many different ways to do citizen science, and the choices made when designing
a project will influence its outcomes (Shirk et al. 2012). Common to all citizen science proj-
ects is the involvement of participants. However, the amount and type of participation differ
substantially from one project to the next. As a result, citizen science projects can be divided
into five models based on the degree of participation (Shirk et al. 2012):

1. Contractual projects, where communities ask professional researchers to conduct
a specific scientific investigation and report on the results;

2. Contributory projects, which are generally designed by scientists and for which
members of the public primarily contribute data;

3. Collaborative projects, which are generally designed by scientists and for which
members of the public contribute data but also help to refine project design,
analyze data, or disseminate findings;

4. Co-created projects, which are designed by scientists and members of the
public working together and for which at least some of the public
participants are actively involved in most or all aspects of the research
process; and

5. Collegial contributions, where non-credentialed individuals conduct research
independently with varying degrees of expected recognition by institutionalized
science or professionals.
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Among these five models of participation, it is important to understand how the contribu-
tory, collaborative, and co-created approaches differ. In contributory projects, participants
are involved primarily as data collectors, whereas in the collaborative and co-created
approaches participants are involved in additional stages of the scientific process, including
identifying the question of interest, designing methodologies, and analyzing data.

Citizen science projects can also be categorized by the types of activities in which the
participants are involved (Bonney et al. 2016). We will discuss three such categories here:

Citizen scientists as data collectors
Citizen scientists as data interpreters

Citizen scientists as full partners

CITIZEN SCIENTISTS AS DATA COLLECTORS

How Does It Work?
Projects in this category involve participants only in data collection. Design, analysis, and
interpretation of the results are undertaken by professional scientists.

Examples In developed countries, participants are often volunteers who donate
their time (e.g., to survey water and air quality, vegetation, weather, or populations of birds,
amphibians, fishes, invertebrates, and invasive species; see, e.g., Stottrup et al. 2018). Com-
mercially exploited wildlife populations are also surveyed by volunteers through such
approaches as fisheries statistics, hunter records, and angler-diary programs (Venturelli et
al. 2017). These citizen science projects often involve hundreds or thousands of participants
whose efforts are embedded within a strong organizational infrastructure that provides
sophisticated professional support and feedback to the participating volunteers. In devel-
oping countries, there are fewer examples of volunteer-based surveys (see chapter 17) and
participants are more commonly paid to collect data as rangers working in protected areas,
as staff on scientific expeditions, as staff assisting tourist volunteers doing survey work, or
within hunter or fisher survey programs (Brofeldt et al. 2014, Chandler et al. 2017).

Pros and Cons In this approach, participants collect large amounts of data that oth-
erwise would be extremely costly to gather. The skills required of participants are limited,
the investment in training is small, and the interactions between professional scientists
and participants are minimal. Sometimes the reliability of data collected by citizen scien-
tists is questioned. However, the results of multiple studies demonstrate that such data
are just as accurate and precise as data collected by professional scientists (Danielsen et al.
2014a; see chapter 9). Citizen science projects in this category are mainly of the contribu-
tory approach.
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CITIZEN SCIENTISTS AS DATA INTERPRETERS

How Does It Work?
Projects in this category involve volunteers in data interpretation only. Professional scien-
tists design the survey, collect the data, and analyze the results.

Examples In this category, we find citizen science projects with very large datasets
that do not require a high degree of technical skill to interpret, such as images taken by
trail cameras. Participants observe photos or videos and detect and classify specific, easily
recorded features. Each classification is conducted by multiple participants, and the results
are cross-validated. Examples of such projects include Camera CATalogue, Snapshot Ser-
engeti, Snapshot Wisconsin, Western Shield Camera Watch, and WildCam Gorongosa.
There are also examples of projects in which participants identify individual age classes of
wildlife, such as adults, chicks, and eggs of penguins (PenguinWatch), or classify submerged
kelp forests in satellite images (Floating Forest) or plankton in underwater images (Plankton
Portal). Sometimes volunteers classify the behavior of wildlife in video recordings (Arizona
BatWatch, Chimp&See) or hand-drawn pencil lines representing African rainforest trees’
life-cycle events (Jungle Rhythms). There is even a project in which volunteers classify the
similarity of spatial patterns within a river catchment, helping scientists model the hydrology
of a river basin (Pattern Perception).

Pros and Cons The advantage of this approach is that it significantly reduces the
time needed to interpret huge datasets from passive recording devices, which would oth-
erwise need to be done by professional scientists. A potential challenge is inaccuracy of
interpretation by the participants, though this is easily overcome by ensuring that the same
images are interpreted by multiple people. Moreover, the basic knowledge required for
interpretation can be provided by introductory training. This category is useful in surveys
with large datasets in which the data’s interpretation does not require technical skills but
cannot be conducted by machines. It is particularly effective when patterns or features need
to be recognized in many images. Projects in this category are mainly examples of the con-
tributory approach.

CITIZEN SCIENTISTS AS FULL PARTNERS

How Does It Work?
Projects in this category involve citizen scientists in the entire research process—from formu-
lation of questions and project design to data collection, analysis, and finally use of data in nat-
ural resource management, although professional scientists may provide advice and training.

Examples Projects in this category are often undertaken in areas where community
members have some degree of control over the management of land and resources (Danielsen
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et al. 2014b). They are more participatory in character (Pocock et al. 2018) and are typically
developed as part of an adaptive management plan. Most citizen science programs in the
tropics and the Arctic belong to this category (Johnson et al. 2016). Sometimes they involve
local and traditional knowledge held by communities who have long-term affiliations with
specific landscapes (Zhao et al. 2016, Mustonen and Tossavainen 2018, Tengo et al. 2017).
Examples in developed countries include volunteer wardens at nature reserves collecting data
on which to base local management decisions and providing those data to national programs
for larger-scale analyses. In the United States, projects of this type are often seen in relation-
ship to environmental justice, where communities take up science as a tool to help address
critical problems related to water, air, food, or personal health. An example is ALLARM
(Alliance for Aquatic Resource Monitoring), a project in Pennsylvania that assists communi-
ties in addressing water quality concerns through data. Assistance is provided at all stages,
from establishing protocols to interpreting data (Wilderman et al. 2004, Shirk et al. 2012).
Examples from developing countries include community-based observation schemes—
particularly those operating in community-managed protected areas, for instance in
Namibia and other African countries (Danielsen et al. 2005, Chandler et al. 2017).

Pros and Cons While this category of project requires a large effort by the partici-
pants, it is also potentially very rewarding and beneficial to those involved. Benefits include
participants having their voices heard, influencing how an area is managed, and contribut-
ing to capacity building and self-empowerment (Funder et al. 2013). However, if this cate-
gory of project is to be successful, scientists must be able to facilitate a constructive dialogue
with the participants. The category is particularly useful in areas where community mem-
bers are closely connected to wildlife and the environment and where the government has
a policy of involving and listening to community members in decisions on resource man-
agement (Danielsen et al. 2020). When digital platforms are used for storing and sharing
data (Johnson et al. 2018), it may often be possible to connect and cross-weave with scientist-
executed projects (Fidel et al. 2017). Projects of this category are mainly collaborative or co-
created approaches.

SUMMARY

Citizen science projects are often categorized by the degree of participation of volunteers,
but they can also be categorized by the types of activities in which volunteers are involved.
The first such category involves citizen scientists in data collection only and is useful in ecol-
ogy and natural resource projects where large amounts of data need to be collected, an effort
that would not be possible without a large number of participants. Even though citizen sci-
entists only collect data, they are critical for the entire process, since there will be no data
without their involvement. The second category involves citizen scientists only in interpreta-
tion of data and is useful when there is a very large number of items to be classified or inter-
preted (e.g., photos or other forms of data from passive recording devices) and when volun-
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teer participation can significantly reduce the time spent by professional researchers in
interpreting huge datasets. The last category involves citizen scientists in the entire scien-
tific process, from formulation of questions to use of the data for conservation and manage-
ment. This last approach is more demanding in terms of time and effort on the part of the
participants, but the potential benefits are huge. Specifically, the full-participation approach
can provide valuable data and, at the same time, help generate transparency, accountability,
and local ownership in conservation and management initiatives, thereby empowering par-
ticipants and prompting locally meaningful conservation actions. Since volunteers may be
involved in a wide array of activities, their knowledge can play a greater role. While we rec-
ommend that you begin by thinking of particular types of citizen science projects, the real-
ity is that each project is tailor-made to the particular needs being addressed and to the avail-
able resources and participants. Furthermore, regardless of the approach used, the amount
of investment you put into the project is likely to influence the social cohesion and interac-
tions among participants, and hence the quality of the work performed.
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Project Planning and Design
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If one is considering a citizen science approach to a project, effective planning and
design are the keys to achieving and maximizing the benefits (Tweddle et al. 2012, Pocock
etal. 2014). Getting the planning and design right will increase the chances of meeting your
project objectives, be they scientific or focused on policy, conservation, learning, or partici-
pant experience. Citizen science is a highly flexible approach that can be used in a multitude
of settings in terms of scale and methods, each with its own individual styles and goals (as
reviewed in Roy et al. 2012, Pocock et al. 2018; also see chapter 3). Fortunately, a set of com-
mon principles of project planning and design can be applied in a wide range of settings,
and we encourage the reader to refer to the Ten Principles of Citizen Science (Robinson et
al. 2018) for additional guidance on good practice.

This chapter aims to provide guidance for the citizen science community by providing
an introduction to the key topics to consider when designing a new citizen science project or
updating an existing initiative. We assume that you have already identified the scientific
question or hypothesis that you wish to study and are considering using a citizen science
approach. Although our focus is on ecological or conservation-based projects, the guidance
given here is broadly relevant to other disciplines. Similarly, while primarily focused on
field-based projects, such as wildlife observation and environmental monitoring, many of
the themes are transferable to online crowdsourcing projects such as those that invite par-
ticipants to classify or analyze existing data (e.g., photographs or acoustic recordings; see
www.citizensciencealliance.org). The ideas and recommendations presented here draw on
key findings from a growing number of excellent, freely available resources that are helping
to make citizen science an accessible and rewarding field of practice.
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No two projects are the same, and there are many routes to success, along with numer-
ous potential barriers and pitfalls. Hence, the ideas presented within this chapter are a start-
ing point that you can add to and adapt to best fit your specific needs.

MODELS FOR EFFECTIVE PROJECT DESIGN

A helpful way to consider a citizen science project is as a series of interconnected steps, each
with their own goals and deadlines. These steps make a project seem less daunting while also
identifying critical phases, timings, and resource requirements. In fact, many of the steps that
apply to standard scientific research projects also hold for citizen science (Shirk et al. 2012):

1. Choose or define topic(s) for study.

Gather information and resources.

»

Develop specific questions (hypotheses).

Design data-collection methods (both experimental and observational).
Collect samples and/or record data.

Analyze samples and/or data.

Interpret data and draw conclusions.

Disseminate conclusions/translate results into action.

© ® N o B

Discuss results and ask new questions.

Project design needs to ensure that overall research goals can be met, that sufficient data of
appropriate quality can be gathered and/or analyzed, and that findings are reported through
the most appropriate mechanism(s). Where citizen science differs is through the involvement of the
citizen scientists themselves, and this brings an additional, and exciting, dimension to project design.

A range of strategies for developing a citizen science project have been proposed (e.g.,
Prysby and Super 2007, Bonney et al. 2009, Tweddle et al. 2012, Pocock et al. 2018). The
features common to these strategies are (1) a structured approach, (2) an emphasis on pilot-
testing the project with a subset of participants, (3) a willingness to adapt in response to
feedback received, and (4) effective and timely communication with participants at all stages
of the project. Many potential problems can be avoided by regular and thoughtful evaluation
throughout the project’s development (RCUK 2011; also see chapter 12).

Our planning and design approach is based on a well-established framework (Tweddle et
al. 2012, Pocock et al. 2014) that provides a basis for introducing and discussing the key steps
in planning and developing a citizen science project, many of which are discussed in further
detail in subsequent chapters. This framework is based on a review of over 230 citizen sci-
ence projects (Roy et al. 2012, Pocock et al. 2017) and considers the development and delivery
of a typical citizen science project as five linked phases of activity (figure 4.1). The key steps
hold for the majority of citizen science initiatives, irrespective of whether they are developed
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Before you start

Identify question
(this could be driven by scientific,
community, or policy needs)

Establish project team Define project aims
Identify funding Identify and understand
and resources target participants

Development phase

Choose a citizen
science approach

Consider data Consider
requirements, technological
storage, and analysis requirements

Design the survey
or scheme

Test and modify Develop supporting
protocols materials

Live phase

Promote and publicize the project
Accept data and provide rapid feedback

Analysis and reporting phase

k

FIGURE 4.1 A proposed framework for designing and delivering an ecological
or environmental citizen science project. Credit: designed by Heather
Lowther, Centre for Ecology and Hydrology; reproduced, with permission,
from Tweddle et al. (2012).



Clarity of Importance of | Resources Scale of Complexity of | Motivation of
aim/question | engagement | available sampling protocol participants

Clear aim/ Engagement is | Plenty of Large-scale Simple protocol | Good reasons
question important resources sampling to participate

Increasing suitability for a
citizen science approach

No engagement Reasons to
Vague aim/ or only one-way Small-scale Complex participate are
question communication No resources sampling protocol not clear

FIGURE 4.2. Is your project suitable for citizen science? Here are six broad areas to consider.
Credit: designed by Heather Lowther, Centre for Ecology and Hydrology; reproduced, with
permission, from Pocock et al. (2014).

by an academic institution, created in partnership between a professional organization and a
community group to research a shared interest, or entirely community based and led.

BEFORE YOU START

Citizen science has emerged as a highly popular method through which to generate new sci-
entific understanding, support learning and skills development, address local environmen-
tal concerns, and/or foster ownership of local places. As an approach, citizen science can
facilitate like-minded people to share their enthusiasm and knowledge and to develop new
skills through shared endeavor. However, citizen science as a methodology does not work in
all circumstances.

Before starting out, it is worth taking a step back and assessing whether citizen science
is the best approach through which to meet the project goals (e.g., data collection, education,
community building) that you have identified. Consider how involving participants will ben-
efit your project and the participants themselves. Is participation essential and desirable, or
will it detract from the overall aims of the project? Will your project appeal to participants,
and be a practical and safe way to generate or analyze the volume and quality of scientific
data that are needed? Can the project aims be clearly communicated to participants and are
you willing and able to support their involvement by providing coordination, training,
resources, and feedback? There are a range of other factors that you may wish to consider
before committing to a citizen science approach (figure 4.2).

FIRST STEPS

Assuming that a citizen science approach will be the best way to meet your research and
other goals, the next step is to develop your project! This section outlines a few key ideas that
will help you establish a stable foundation.
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Key Tasks

Establish a project team.

Identify funding and resources.

Identify and understand potential participants.
Define and agree on project goals and objectives.

Consider ethical and legal requirements.

Establish a Project Team

Whether a citizen science project is led by a researcher, a natural history group, an educator,
a charity, or a community group, an effective team will be central to its success. A strong and
enthusiastic team with relevant expertise will make for efficient and enjoyable project design
and delivery. Irrespective of the style or type of project, you will need to access a variety of
skill sets, from scientific skills to evaluation, communication, and marketing. Identify the
specific skills required and aim to build a team with the appropriate experience. Each team
member brings their own perspective and expertise and should use this in a positive way.
Clarity of direction, identification of shared goals, and an environment in which all team
members are listened to and have the opportunity to shape the project are keys to successful
team dynamics. Notably, for co-created projects (see chapter 3) it is important that a team
contains an equal balance of representatives from each of the communities that will be co-
developing the project. Existing networks of naturalists and active community environmen-
tal groups can be good places to start.

Effective teams share ideas and expertise and can be an excellent way to pool resources,
maximize publicity, and avoid duplication of effort. Include all interested parties in conver-
sations, use accessible language, and be open to the views, ideas, and priorities of others.
Such openness can be challenging if you are working with a broad range of stakeholder
groups (e.g., Ramirez-Andreotta et al. 2014) or across academic disciplines. Thus, at the out-
set of a project, differences in language used, values, and priorities can be challenging, par-
ticularly for topics like environmental protection and nature conservation. However, with
time and commitment from all parties, long-lasting trust-based partnerships can be built,
to mutual benefit. Chapter 6 explores team development in more depth.

Identify Funding and Resources

A common misconception is that citizen science is a free or low-cost option for undertaking
science. When paired with appropriate goals, citizen science can certainly offer a cost-
effective approach (e.g., Roy et al. 2012, Pocock et al. 2014, Blaney et al. 2016), but it is
important to recognize that time and financial resources are required throughout the life
span of the project. Thus, it is critical to consider the likely resource requirements early on
(e.g., James 2011a) and compare these with the resources currently available, financial or
otherwise. As mentioned above, working in a partnership can be a great way to pool fund-
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ing, staff, and volunteer time, and to access in-kind contributions and physical resources.
Blaney et al. (2016) provide an excellent interactive tool for cost-benefit analysis.

The total amount of resources required to plan, design, and deliver a project will be
highly dependent on the nature of the project itself. However, you can consider three main
categories of resources in your planning: staff or participant time, physical resources (e.g.,
equipment), and financial resources. The contributions of each of these three will vary
throughout the project’s life span, such that advanced planning is key to ensuring that
appropriate forms and levels of resources are available at the right times. The early stages of
project development can be particularly resource intensive in terms of staff or participant
time, physical and financial resources (e.g., to test and develop protocols), and the design
and production of project materials (e.g., website, participants pack, training resources).
Remember that a project organizer’s time will be required throughout to promote the
project, support participants, and analyze and share results (Pocock et al. 2014). As such,
your commitment and enthusiasm are vital to the success of the project.

If you decide to seek external funding to help deliver your project (e.g., grants, commer-
cial sponsorship, or crowdfunding), try to plan as far in advance as possible and allow
enough time to identify suitable funders and to complete the application process. Further-
more, it is a good idea to check funder priorities and expectations at the outset, as these will
highlight what funders are interested in supporting and any requirements that will need to
be met alongside your own project goals. If additional funding is critical to your project, but
you do not have grant-writing or fund-raising experience at your disposal, this could be a
great opportunity to partner with an individual or organization that can help.

Identify and Understand Potential Participants

Think carefully about who the most appropriate audience(s) will be for your project and why. It
can be appealing to try to develop a citizen science project for “anyone and everyone,” but we are
all different, with varying motivations, interests, skills, and concerns. Understanding the inter-
ests, abilities, and expectations of potential participants is key to both encouraging their involve-
ment and designing effective project materials, because people participate in outdoor ecological
citizen science projects for a wide range of reasons (see table 4.1). Similarly, people take part in
online crowdsourced projects for various reasons, including contribution to research efforts,
interest and enthusiasm for the subject, personal learning, and cooperative endeavor.

In project design terms, what appeals to and works for one group of potential partici-
pants (e.g., naturalists) may be less effective with another (e.g., schoolchildren). Focusing on
a clearly defined type of participant is an effective approach. Experimental protocols, tech-
nologies, training, reporting, and even the style of language employed will be most effective
if tailored to the specific audience or audiences that you are inviting to participate. Talk to
potential participants as early as possible. What are participant interests and motivations,
and can your project build on these? How would they like to contribute their time and skills,
and do they have specific technology, access, or training requirements? What do they per-
ceive as barriers to participation?
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TABLE 41 Examples of Motivational Factors for Involvement in Ecological Citizen Science
Projects by Different Stakeholder Groups

Amateur naturalists

Local communities

Educators

Interest in project
Contributing to a shared
scientific endeavor that
matches personal
conservation and
environmental values
Enjoyment of finding,
identifying, and recording
wildlife

Aesthetic appreciation of
nature

Rapidity of feedback

Personal learning and
reputation

To support conservation
activity
Social aspects

To spend time outdoors

Interest in project
Contributing to a shared
scientific endeavor that
matches personal
conservation and
environmental values
Deep affinity with location
(historical, social, cultural
value)

Projects that support shared,
locally relevant goals

Rapidity of feedback

Opportunity to share
knowledge

New activities in a familiar
space

Social aspects

To spend time outdoors

Interest in project

Contributing to a shared
scientific endeavor that matches
personal conservation and
environmental values

Participation in “real” science

Fit with curriculum

Rapidity of feedback

Personal confidence in subject
area (e.g., ability to identify the
species concerned)

Ease of participation; ready-
made, accessible materials

Location and cost

Teaching outside the classroom

Sources: Ellis and Waterton 2005, Grove-White et al. 2007, Hobbs and White 2012, Roy et al. 2012, Tweddle
etal. 2012, Robinson et al. 2013, Geoghegan et al. 2016.

As humans, we often make assumptions concerning what will appeal to others or work

based on our own personal experiences, and these are unlikely to be representative. Much
in the same way that scientists collect pilot data, one of the best ways to learn about partici-
pants is to run a small-scale trial. Make contact with your target audience, present your
ideas, and give them a chance to try out and comment on your initial protocols. Reflect on
the experience, evaluate, and be prepared to alter the approach—or even completely rede-
sign the project. Chapter 7 further explores methods for maintaining the support of citizen
scientists in the context of longer-term projects.

Consider accessibility, equity, and integrity from the outset. For example, it is quite pos-
sible that decisions made in good faith at the start of the project may unintentionally result
in the exclusion of certain demographics and communities. If your project specifically aims
to increase participation from an underrepresented group or community, then time spent
getting to know the values, interests, and potential barriers to participation within this
community is essential. Visit the community at a venue of their choosing, be open about
your goals and accepting of differing views and values, and ensure, above all, that you
make time to develop the partnership. If you are seeking to engage with communities
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that are traditionally underrepresented in science or the environment, then you may want to
conduct some additional reading specifically focused on this topic (Pandya 2012).

Define and Agree on Project Goals and Objectives

Once you have identified available resources and the expertise and interests of the team and
potential participants, it is valuable to refine your goals, as what was initially considered and
what you have in place may differ. Citizen science projects often have multiple aims, from
undertaking novel research, to addressing policy needs, to engaging participants with local
environmental or conservation issues. In addition, you may want to include specific goals
that focus on the participants themselves, such as goals related to education and skill devel-
opment, attitudinal or behavioral change, or capacity building within a particular
community.

Managing multiple goals (e.g., engagement, education, and data collection) can be
demanding. As a result, it is easy to lose sight of some goals and allow one to dominate.
Thus, be clear about what balance you are trying to achieve. Team members may have dif-
fering priorities, so ensure that communication is open and effective. Aim to establish con-
sensus and strike a balance that everyone is happy with. As with any project, it is important
to agree on goals at the outset and to establish processes that provide opportunities for evalu-
ation and review. Agree on an end point, on what success looks like, and, importantly, on
how it will be assessed. We stress that engagement and dialogue about science is a worth-
while activity for its own sake (see Bowater and Yeoman 2012), but engagement alone is not
citizen science. If you would like to learn more about how scientific and social outcomes can
work together to influence the success of nature conservation activity, Kapos et al. (2008),
McKinley et al. (2017), and Ballard et al. (2017) provide helpful summaries.

Consider Ethical and Legal Requirements

Once you have identified your project goals and objectives—and before you start to develop
the project in earnest—we recommend that you confirm that the project will run according
to best practices. When running a citizen science project, you have a degree of duty to care
for the participants. Your project needs to meet ethical guidelines (see chapter 5; Resnik et
al. 2015, Robinson et al. 2018) and other relevant policy and legal considerations, including
public liability, risk assessment, intellectual property rights (Scassa and Chung 20r15), data
protection and privacy (especially if collecting digital information about participants; see
Bowser et al. 2013), and any applicable local laws (such as land access). Data protection needs
to consider both your storage and use of the data and any third-party accessibility to the data,
including passing on to repositories for wider sharing. Chapter 5 explains the policy and
legal aspects of citizen science in more detail.

At first glance, the first steps of a project may look daunting. But the public nature of citi-
zen science means that it is important to consider these first steps thoroughly because get-
ting them right will protect you as a project organizer, in addition to protecting other stake-
holders and, most importantly, the participants themselves.
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DEVELOPMENT PHASE

The development phase of the project focuses on design and testing of protocols, tools, and
resources that will be used. Remember to regularly check progress against aims and
objectives.

Key Tasks

Research existing projects to avoid duplication.
Design the survey or scheme.

Plan how you will evaluate success.

Consider data requirements, storage, and analysis.
Consider technological requirements.

Develop training and supporting materials.

Test and modify protocols.

Research Existing Projects to Avoid Duplication

Search for other, similar projects and try not to reinvent the wheel. Most practitioners are
keen to share ideas and experiences and will be open to collaboration. Look for opportunities
that will benefit both you and your potential collaborators and consider whether your proto-
col will produce or analyze data that can be shared or added to existing datasets to provide
greater value.

Design the Survey or Scheme

Design a protocol that will enable participating citizen scientists to efficiently gather and/or
analyze the data appropriate to your scientific aims. In general, there will be greater participa-
tion in (1) simple projects versus those perceived to have complex and demanding protocols,
(2) short-term versus long-term projects, and (3) single-visit versus multiple-visit projects.
However, it may be appropriate to develop a complex protocol with the expectation that a few
highly skilled or motivated participants will be involved from the outset, or that participants
may progress from a simple to a complex protocol as they develop skills and deepen their
engagement. Indeed, some citizen scientists will thrive on the complexity. Notably, there is
often a trade-off between the complexity or length of a task and the number of participants,
and this can be challenging to manage. It is generally good practice to avoid unnecessary
complexity, while still enabling capture of the data you require (that is, make it “as simple as
possible but no simpler”). Finally, ensure that protocols are appropriate for the target audience
and aim to minimize the number of steps between data collection and data submission.

For field-based citizen science projects, consider the types and volumes of data that you
need to collect and the spatial and temporal resolution required. Is it feasible to standardize
the methods so that all participants gather or analyze data in the same way? Such standardi-
zation can greatly increase the range of statistical analyses that are possible. Additionally,
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can participants choose their own survey sites, or will they need to be pre-allocated? How
will participants send their results to you—via an online data-entry form or smartphone
app, or will they need to submit paper-based results or physical samples by post? If any
equipment is required, consider how it might be obtained by participants.

The health and safety of participants is paramount, so test your protocol under realistic
conditions and ensure that you write a risk assessment and standard operating procedures
(note that these are required by many organizations). Amend the protocol to minimize any
identified risks and give guidance where necessary (e.g., for the safe handling of equipment,
wildlife, or samples). Similarly, consider any unintended harm that could be caused to peo-
ple or the environment by your proposed activity and check any relevant legislation.

Keep in mind the expectations and skills of the target participants throughout the
project. Is the activity appealing and realistically achievable? You may wish to develop a
tiered protocol that offers simple and/or quick activities for beginners or participants with
limited time, through to more complex activities for those who wish to progress or be more
involved from the outset. Remember to keep in mind that the language and technology you
employ can potentially exclude some individuals and communities. Understanding (and
working with) your intended audience (see above) can help identify and then avoid this issue.

Plan How You Will Evaluate Success

Evaluation is an ongoing process that can improve your project and help you measure the
outcomes, in terms of both the data collected or analyzed and the experience that your par-
ticipants receive. Evaluation (which is often done too late to be helpful) should be planned at
an early stage and resourced throughout to be most effective. It is important to evaluate
against the specific goals you set at the outset of the project. Consider working with an evalu-
ator if your team does not have relevant experience.

Front-end (or baseline) evaluation occurs at the start of project development and provides
a baseline understanding of an audience from which to measure change over the project
(e.g., in their scientific knowledge, attitudes, and interests). Findings can be used to refine
project aims and goals and help ensure that they fit with audience needs and interests.
Formative (or implementation) evaluation is carried out as you develop the project and can
help you determine strengths and weaknesses of the project’s design and fine tune your pro-
tocol. Finally, summative (or impact/outcomes) evaluation happens at the end of the project
or during a natural break. This summative evaluation can help you measure the effects and
impacts that your project has on science, participants, policy, and so on (Tweddle et al. 2012,
Phillips et al. 2014). Evaluation is discussed in detail in chapter 12.

Consider Data Requirements, Storage, and Analysis

Plan how you are going to manage the data that are received, store them securely, and make
them available in the long term (see chapter 10; also see James 2o011b, Wiggins et al. 2013).
As a general rule, try to maximize the value of your data to others by providing open access
to nonsensitive data and by using accepted data and metadata standards and licensing.
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These agreed-upon formats for storing and describing your data will make it easier for you
to share your information with others (see chapter 10).

From the outset of your project, it is important to be transparent regarding how data will
be stored and shared, particularly where there are data protection, data conservation, policy,
or legal implications. This transparency will give members of the project team, potential
participants, and other stakeholders the opportunity to raise concerns before issues arise.
We strongly recommend that you develop data policies appropriate to your project (Bowser
et al. 2013; also see chapter 5).

As with any scientific research, it is critical to plan a data-analysis approach before begin-
ning to collect data, as this will help confirm that your protocol will generate the required
information. Think carefully about the scientific question that you are investigating, or the
hypothesis that you are aiming to test, and create a detailed breakdown of the data that you
need to gather and analyze. Double-check who is best placed to complete the constituent
tasks, which tasks can be best delivered by participants, which should be completed by other
members of the team, and when you may need to recruit a specialist such as a statistician.
You should also consider possible sources of error and bias in order to design a protocol and
analyses that minimize and/or quantify their influence. Finally, double-check that you have
incorporated data quality controls into your protocols.

The quality of data collected by participants is heavily influenced by the survey design,
training materials, and support you provide. As with any project, it is important both to min-
imize the opportunities for errors and to understand how data quality varies between sam-
ples or even participants. Data of “known quality” (i.e., when accuracy and precision are
quantified, even if not necessarily perfect) are scientifically useful and are also more likely
to be used as evidence by policymakers, whereas data of unknown quality are open to scien-
tific criticism. One of the most cost-effective ways to maximize data quality is by testing and
retesting project protocols with potential participants. As well as helping to optimize the
protocol itself and quantify data accuracy, testing can highlight commonly made mistakes
and sources of bias and inform project training.

Data also need appropriate verification. Verification could include assessing a subset of
data, looking at submitted photographs, or confirming that grid references match place-
names. Online quizzes or self-assessment tools can help, but these will be inappropriate for
some projects and, if not presented with care, can sometimes discourage participation (not
everyone likes to feel they are being tested). Data quality and analysis are considered further
in chapter 9.

Consider Technological Requirements

Technological developments have revolutionized citizen science. Web-based data capture,
analysis, and presentation tools and smartphone apps are in common use and are increasingly
easy to develop (see Roy et al. 2012, August et al. 2015). A good website or app can enable rapid
data entry, data validation, and real-time mapping of participants’ results. Furthermore, a web-
site or app can host background materials, training resources, and forums and blogs through
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which participants and project developers can interact as part of a project community. A wide
range of cheap (including DIY), user-friendly environmental sensors are increasingly availa-
ble, and field-based molecular biology tools will soon become an affordable possibility.

While technology is bringing exciting innovations to citizen science and can capture peo-
ple’s imaginations, it is worth remembering that technology can also form a barrier to par-
ticipation (Tweddle et al. 2012) and that your choice of technology will have a direct influence
on who takes part. If you opt for a high-tech approach, consider whether you can also accept
data through more traditional routes (e.g., paper-based forms) to make the project accessible
and appealing to all. Be aware that technologies develop and move on quickly, and an
apparently cutting-edge technology can rapidly become out-of-date. Of course, cutting-edge
technology can also rapidly become mainstream (e.g., the adoption of smartphones), so there
is value, but also a high development cost, in adopting new technologies. All technology has
a resource implication, so focus on employing technology that is appropriate and appealing
to your audience and make sure it adds value to the project.

Develop Training and Supporting Materials

A common reason for participants not submitting their data is a lack of confidence in the
accuracy of their results. Well-supported citizen scientists will not only produce higher-
quality data, but they will gain far more from participation (e.g., increased skills, improved
confidence, new social networks). Consider the types of supporting materials that partici-
pants will need and the most appropriate forms they might take. These materials could
include printed or online instructions, identification guides, lesson plans for schools, and
any physical equipment that is needed. Video clips can be an excellent way to demonstrate
techniques and introduce your team. You may also wish to develop a Frequently Asked
Questions page, or a web forum that allows participants to share skills and experiences.

Pick the format that works best for your participants, but, as a general rule, minimize the
amount of text. User testing is vital, so develop these resources with input from potential
participants. Try to reuse existing materials where possible. Many groups will be happy to
share resources they have produced if they are acknowledged appropriately—Dbetter still,
they may be interested in contributing to your project.

Face-to-face training can be an excellent way to build skills and retain involvement in a
project, but it is resource intensive. Mentoring can and should be an option for longer-run-
ning projects. Training is covered in greater depth in chapter 8.

Test and Modify Protocols

This is the final and, in many ways, most critical aspect of the development phase. Test the
survey protocols, data-entry forms, any analytical tools, and training materials with partici-
pants, under realistic conditions. It can be tempting to skip testing when deadlines get tight,
so allow plenty of time for this activity. Observe how people use materials, and solicit feed-
back. Where do participants go wrong and what questions do they ask? Consider all con-
structive feedback and adapt your protocol and supporting materials accordingly. How can

44 Planning and Implementation



you amend your approach to maximize the clarity of materials, quality of data generated,
and user experience? Testing by users is often an iterative process, so be ready to retest and
adapt again if necessary. Be prepared to make radical changes to your project if feedback
from participants suggests that it will not be successful in its current form.

LIVE PHASE

The live phase is when publicity efforts will peak and participants will be gathering or ana-
lyzing the data that the scientific aspects of your project depend on. The live phase can be
the most enjoyable and rewarding part of the project, as you see enthusiasm growing and
data or samples come flooding in. However, the live phase is also when unexpected glitches
are most likely to appear, so be prepared to respond. Allow plenty of time across the project
team to publicize the project, support participants, and fix any problems that arise.

Key Tasks

Promote and publicize your project.

Accept data and provide rapid feedback.

Promote and Publicize Your Project

If it fits with your project goals, you may need to promote and publicize your project to gen-
erate participation. The level of effort needed for publicity will be highly dependent on the
specifics of your project, but it is another aspect of project delivery that will benefit from
time spent understanding the motivations and expectations of potential participants
(Geoghegan et al. 2016). Publicity can be relatively straightforward for co-created and
community-led projects, as the key stakeholders will already be actively involved and can
help spread the word through their contact networks. Publicity may be most challenging for
contributory projects that depend on attracting a large audience of citizen scientists over a
dispersed geographic area. In such cases, develop a communications plan and be prepared
to spend a lot of time and effort promoting your project if it is not part of an existing, well-
known scheme or web platform. If you do not have experience with marketing or working
with the media, consider partnering with someone who does. Remember that the methods
you use to recruit participants will play a large role in determining who participates.
Manage expectations from the outset by being honest and not overstating the likely impacts
of the project. Target your efforts on the publicity outlets that are most likely to reach your cho-
sen audience(s). Do you need national publicity, or are you aiming at a more local audience,
such as a place-based community group or natural history society? Existing networks can be
an excellent place to start, especially if their interests and goals match those of your project.
Prepare in advance and tailor the messaging to the participant groups you are aiming at,
using clear and accessible language that communicates your key messages as succinctly as
possible. If you only had thirty seconds to explain your project to a potential participant or
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journalist, what would you say? Why do you need their input? What are you inviting people
to do, and how can they get involved? Try to explain why your project is personally or socially
relevant (i.e., its value) to those you are aiming to reach, as this will be key to gaining their
support. The following list summarizes some of the publicity outlets that have proved suc-
cessful for promoting citizen science projects:

Existing contact networks

Websites: project site, project partner sites, online databases of citizen science
projects

Press, TV, and radio

Social media via blogs or platforms such as Facebook and Twitter

Face-to-face communication (e.g., talks, workshops, and events)

Launch event (e.g., a BioBlitz)

Email newsletters and newsgroups (e.g., for school teachers or special interest
groups)
Posters and fliers in local libraries, community centers, or parks

Pick those that will be appropriate to your audience, be innovative, and be prepared to try
more than one approach if necessary.

Negative messaging can put people off, so try to focus on the positive aims of the project
(e.g., generating knowledge or conducting a conservation activity). Emphasizing the positive
can be effective even when dealing with fundamentally challenging issues such as the
impacts of environmental change or the spread of invasive species.

Finally, keep in mind that retention of participants is a critical aspect for projects that
require ongoing contributions, such as community-based environmental monitoring initia-
tives. In some cases, people’s motivations for initially getting involved in a project may differ
from their motivations for staying involved once the initial task is completed (Geoghegan et
al. 2016). Participant retention is discussed further in chapter 7.

Accept Data and Provide Rapid Feedback

The procedures established during the development phase will handle the submission of
data and/or samples. During and after submission of data and samples, we recommend pro-
viding feedback to the participants and, wherever possible, engaging in two-way dialogue or
building a discussion forum around the project for the whole community. As a minimum,
feedback should include thanking participants, which shows they are valued and can be a
powerful motivator in encouraging continued involvement as well as providing a sense of
purpose and achievement.

Routes for providing feedback depend on your budget and the mechanisms through
which you will be receiving data and reporting results. When possible, rapid feedback is
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preferable. Initial feedback could be as simple as an automated email thanking participants
for submitting their results. If you have time, or where it is desirable to establish a relation-
ship with each participant, you may wish to consider thanking them personally. This per-
sonal touch is a great way to highlight an interesting find or support participants to further
develop their skills, but be realistic about whether you have the resources to undertake and
sustain this approach. For projects that work with a specific community, face-to-face contact
is invaluable. Try to factor in as much time as possible to provide feedback and results, and
discuss other aspects of the project, ideally at a venue within the community.

If you cannot thank participants individually, ensure that it is easy for them to both ascer-
tain that their data have been received and find out how the project is progressing. For wildlife
observations or environmental data, an up-to-date results map on the project website can be
particularly effective. Seeing your records appear on a map not only shows that data have been
received but can be a powerful motivator, particularly with family and school audiences.

Try to provide a regular project update that summarizes results and activity to date.
Updates could be through the project website, a newsletter, a blog or email, or a short printed
update on a community-center or park notice board. Social media can also provide an effec-
tive and rapid method for feedback, though its reach will be limited to followers in the plat-
forms that you target.

ANALYSIS AND REPORTING PHASE

For some projects, the analysis and reporting phase is the final stage, during which results
are analyzed and communicated, data are shared and archived, and a final evaluation is com-
pleted. For long-term projects, analysis and reporting can present an opportunity to share
the results that have been obtained to date and to improve project protocols.

Key Tasks

Plan and complete data analysis and interpretation.
Report results.
Share data.

Take action in response to data and evaluate success.

Plan and Complete Data Analysis and Interpretation

Data analysis and interpretation are time-consuming elements of any scientific project, so
plan accordingly. Moreover, as with any scientific dataset, it is important to understand sources
of error or bias and to account for them when interpreting results. One way to increase data
quality and reduce time on data cleaning is through the inclusion of validation and verification
processes in project design (see chapter 12). Finally, which statistical analyses you choose for
your data will depend entirely on the type of data collected. If in doubt, enlist the help of a stat-
istician (though ideally you would have already done that in the project design phase).
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Alongside the scientific data, you may also need to analyze qualitative or ethnographic
data, particularly if one of your goals is to influence behavioral change or learning within
your participants. Chapter 13 looks in depth at how this can be approached.

Whether your project contains societal or participant-focused goals or not, it is worth
considering whether you wish to incorporate any qualitative data into your interpretation
and project reporting (e.g., comments or feedback that you have gathered from participants).
Qualitative data can be more labor intensive to evaluate, but they may provide valuable
insights or useful evaluation and feedback for improving the project. Data quality and analy-
sis are considered further in chapters 9 and 12.

Report Results

Reporting the results of a project is a critical aspect of all scientific studies. For citizen sci-
ence projects, reporting results is particularly important because stakeholders can be both
varied and numerous: from the citizen scientists who have made the project possible, to
project partners, data users, academia, conservation agencies, and the press. Communicat-
ing your findings ensures that the knowledge generated by your project is shared, and it
rewards the participants and other stakeholders who have contributed their time and exper-
tise. We all want to see that our efforts have been productive (Tweddle et al. 2012, Geoghe-
gan et al. 2010).

Effective communication of your results will help maximize the utility of your data and
findings, whether for practical conservation and environmental improvement or for aca-
demic or legislative purposes. Be mindful that it can often take a period of months to years
to collate, analyze, and then publish the scientific findings, or to implement conservation
measures that may be informed by your results. It is important that participants are kept up-
to-date while the publication or communication process progresses.

Different audiences will require different key messages, levels of detail, and types of data
visualization. Participants will be interested in seeing how their efforts have helped the
project in terms of general trends, summary statistics, and visualizations of the data. Where
possible, it can also be very effective to highlight the local relevance of results. You could also
consider presenting interviews with participants or inviting them to contribute blog posts
(for example) so that they can share their experience of the project. Scientists and policy-
makers will be interested in the broad results—what your data show and how the results fit
with the wider picture—Dbut also in the details (methods and analyses employed, data qual-
ity and confidence levels, and comparison with previous understanding). Media and press
look for short, snappy phrases that explain what you did, for what purpose, and why your
results are so fascinating. Make your communication relevant to the audience (viewers or
readers) by phrasing it in a way that will capture their interest and imagination. Regional
press will be particularly interested in local stories.

Aim to report your results by the most appropriate route for the audience, which may
include some of the feedback mechanisms discussed above. Face-to-face presentations and
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question-and-answer sessions can have a fantastic impact and should form a key element of
reporting for community-based projects. Always highlight the input of the citizen scientists.

Finally, failure to communicate results to stakeholders is sometimes cited as a stumbling
block by project organizers. It can be tempting not to communicate results if a project did
not go as planned. However, there is always something to report back to stakeholders, so do
not be afraid to talk about the challenges you encountered, alongside the successes of the
project. Not only does this openness convey an accurate representation of the scientific proc-
ess to project contributors, but it also helps other practitioners. Chapter 11 explores the topic
of reporting in more detail.

Share Data

Sharing nonsensitive data as widely as possible and in a format that can be used by others
will greatly increase the value of the project and, thus, that of the contribution the partici-
pants have made. Remember to consider potential intellectual property rights and data pro-
tection requirements at an early stage (chapter 5) and try to make data available in electronic
format with a machine-readable license wherever possible, as this will increase their acces-
sibility to others. Data can be hosted on your own website or in dedicated repositories. Ensur-
ing that project data are stored in a secure and accessible place will reassure participants of
the long-term value of their efforts. Finally, to maximize the value of the data, it is important
to consider how data can be actively shared with others, not just passively made available. For
example, wildlife records should be shared with repositories that are part of the Global Bio-
diversity Information Facility (GBIF). Further information on how best to store and share
the data your project has generated is available in chapter 10.

Take Action in Response to Data and Evaluate Success

So you have conducted your project, reported the findings to key stakeholders, and
ensured that the data are archived and accessible to others. What happens next will be highly
dependent on your project and resourcing going forward. Here are some things you
might do:

+  Close the project and celebrate its successes! For projects with websites,
provide an archive of resources (which could be used for public engagement
with science activities) and results and provide a clear summary of the
main messages of the project. Consider the participants and direct
them and new website visitors to other similar projects (run by you or by
others).

+  Continue to build on any partnerships or new ways of working that have been
established.

«  Pursue any new research questions that arise from the results (which could be
through citizen science or other research approaches).
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+  Take action in response to the scientific (or social) findings. In some cases,
appropriate action may arise from the information gathered—for example, the
containment or removal of populations of invasive species that your project has
identified. In other cases, citizen science can inform policy actions and manage-
ment of specific sites.

+  Complete the project evaluation (see above and chapter 12) so that you can learn
from your experience. What worked? What would you do differently next time?
Consider sharing your experiences with other practitioners.

HOW TO FIND OUT MORE

We hope this chapter has given you a useful introduction to the main factors that need to be
considered when developing a citizen science project. These factors will all be elucidated
further in the following chapters. If you are interested in exploring these themes in more
detail, please explore the cited references. Another fantastic way to understand particular
issues is to get in touch with other practitioners and learn from their experiences.
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FIVE

Legal, Ethical, and Policy Considerations

ANNE BOWSER, ANDREA WIGGINS, and ELIZABETH TYSON

LAW, ETHICS, AND POLICY IN CITIZEN SCIENCE

If a participant is injured while contributing to a citizen science project, who is liable for the
cost of their recovery? How should data-sharing ideals be balanced with proprietary uses,
through publication for example? And how should data-sharing ideals be balanced with the
need to protect volunteer privacy? This chapter addresses these questions and other legal,
ethical, and policy issues.!

Law, ethics, and policy are three types of guidelines that describe and prescribe interac-
tions between different social agents, including individuals, community groups, formal
organizations, and political bodies. Laws are the most stable of these and are enforceable by
government entities. For example, in the United States, the Children’s Online Privacy Pro-
tection Act (COPPA) is enforced by the Federal Trade Commission (FTC). Parties that violate
COPPA are subject to civil prosecution by the FTC and to fines.

Ethics are general moral guidelines and are the least stable of the three types of guide-
lines we discuss. For example, many ethics decisions are determined by the specifics or con-
text of a particular situation. Asking volunteers to collect soil samples may be generally con-
sidered ethical if the samples are collected from some public properties, such as the yards of
public schools, but not from others, such as protected national parks. Asking volunteers to

1. The authors are not legal experts, and this chapter is neither offered nor intended as legal
advice. Only you know what your project does and what it needs. In addition, while this chapter
offers examples primarily from the U.S. legal paradigm, similar legal, policy, and ethical con-
straints apply in other countries.
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collect soil samples on private land may or may not be ethical, depending on how sensitive
data, such as the full names and ages of participants who collected samples, are treated.

Policy refers to a collection of formal and informal principles that guide decision making
and are developed iteratively over time. Policy is thus more flexible than law and less subjec-
tive than ethics. Some policy directly reflects law, while other policy reflects interpretations
of the law, such as cases heard by the Supreme Court. Some public policies may become law,
while other policies remain lesser guidelines. Policy is designed to be more flexible than law
so that it can incorporate new precedent cases and research on a particular topic.

In the citizen science context, policies are collections of documents that dictate how one
party, such as a citizen science project coordinator, may interact with another, such as a citi-
zen science participant. Such policies are a crucial, but often neglected, feature of project
design. They specify the legal and ethical responsibilities that projects have toward partici-
pants, such as protecting participant privacy or mitigating physical and emotional harm.
Policies also clarify the responsibilities participants have toward projects, such as taking full
responsibility for injuries gained in the course of service or promising to adhere to commu-
nity standards of conduct. Finally, data policies clarify data ownership and management.

Data policy codifies and dictates the practices of organizations in relation to data (Bowser
et al. 2013). Because citizen science activities that involve both professionals and volunteers
are often related to data (collection, processing, etc.), data policies are more salient in citizen
science than in traditional scientific research conducted from within organizations or other
formalized partnerships. Common types of policies include the following:

Legal policies address liability concerns and may describe compliance with
existing law.

Privacy policies deal with how data, including personally identifiable information,
are collected and stored.

Terms of use dictate how a product (including data) or a service (including data
collection and/or analysis) can be accessed and used.

These policies become meaningful when embedded within a user agreement or a legal con-
tract between a project and its volunteers.

Throughout this chapter, when we identify an important law, ethical principle, or public
policy, we also offer guidelines for how citizen science projects can write their policies to
demonstrate alignment. We cannot overemphasize the importance of having formal policies
and a user agreement in place. In some cases, documentation of data practices is required as
a component of legal compliance. Documentation may also be a prerequisite if practices are
to be recognized by a court of law. That said, we understand that scientists and project coor-
dinators are driven by their passion for research or education conducted with the help of
citizen science volunteers. Thus, to make legal, ethical, and policy considerations more
relevant, we use a model of the citizen science research process to frame the concerns
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FIGURE 5.1. Research life cycle for citizen science. Key steps include
plan, launch, manage, preserve and share, disseminate results, and
measure.

facing practitioners. This chapter covers the six stages of the research life cycle (figure 5.1)
and discusses key considerations at each step.

THE RESEARCH LIFE CYCLE

Figure 5.1 shows the typical steps in managing citizen science projects from creation
through preservation and discovery. The activities involved in this research life cycle are
nonlinear. In other words, within an ongoing citizen science project, multiple project- and
data-management processes may occur at the same time, occur in a different order than is
shown in figure 5.1, or skip steps that are not applicable. At the same time, decisions related
to every life-cycle stage are made during planning. One of the advantages of using a life-
cycle model is that it readily supports long-term, big-picture planning that can be helpful
when considering policy decisions. Notably, the research life cycle is similar to the project
planning and design framework discussed in chapter 4.

Just as the research life cycle is cyclical rather than linear, data policies should be estab-
lished during a project’s planning stages and periodically revisited. So, while policies about
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sharing data are covered in the preservation and discovery sections of the research life cycle,
these need to be in place before data collection begins. In the remainder of this chapter, each
section of the research life cycle is described in depth, along with the primary legal, ethical,
and policy considerations.

RESEARCH LIFE CYCLE, PHASE 1: PLAN

The planning stage of the research life cycle includes mapping out the policies and
processes for the entire life cycle, starting with project goals and working backwards to
develop policies that meet the project’s needs. One of the first steps in planning is deter-
mining the relevant types of legal, policy, and ethical guidelines that will affect a project.
Some considerations—including compliance with certain laws—are unique to projects
with specific characteristics (e.g., projects supported by U.S. federal agencies). Other
considerations—Ilike ethical deliberation and/or formal review—are common to all citizen
science projects.

General Legal and Policy Considerations

Some legal, ethical, and policy considerations are determined by funding source or institu-
tional involvement. As a result, projects with shared funding sources and institutional
requirements often express similar concerns (table 5.1).

Projects that are run by U.S. federal agencies, or projects that receive direct financial sup-
port from these agencies, express common legal concerns (Gellman 20r15). For example, fed-
erally funded projects must comply with the Privacy Act of 1974, the Paperwork Reduction
Act, and the Freedom of Information Act, in addition to ethical regulations. Citizen science
projects that receive grants from U.S. federal agencies—such as the National Science Founda-
tion (NSF), the National Institutes of Health (NIH), and others—are subject to specific
guidelines as a condition of the award. For example, NSF and NIH grantees must obtain
approval for work with human subjects from an institutional review board (IRB) and for ani-
mal use and welfare from an institutional animal care and use committee (IACUC). Human
subjects review often applies to social survey instruments or projects involving data collec-
tion from or by people, whereas animal use oversight ensures the ethical treatment of both
laboratory animals and wild vertebrates. Other project-specific guidelines—such as those
dealing with age-based discrimination, which may impact some projects, and requirements
for data sharing and management plans—are detailed in grant policies (e.g., the NSF’s grant
policy manual; National Science Foundation 2019).

Nonfederal funders, such as private foundations, may have different requirements. For
example, the Alfred P. Sloan Foundation suggests that, in line with their core values, infor-
mation products—including publications, code, and presentation materials—should be
offered as open source. Citizen science projects should review the grant policy manuals of
their individual funders and negotiate any differences between funder policies when sup-
port comes from multiple sources.
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FIGURE 5.2. Land-access rights are an important consideration for citizen
science projects. Not all land-use policies are communicated as clearly as
those on this sign at a USDA research facility on public land. Nearby signs
similarly specify land-use access conditions for pedestrians and bicyclists,
with additional warnings of potential exposure to pesticides. Credit: photo
by Andrea Wiggins.

Other legal and policy considerations are determined by data-collection protocols, such
as the locations where data are collected. Land ownership and access rights play a significant
role in where and when projects are legally able to collect data (McElfish et al. 2016). There
are two types of land designation in the United States: government-owned land (or public
land) and private land. Because public land requires permission for access by every type of
entity (including individual, organizational, and governmental entities), while access to pri-
vate land is at the sole discretion of the landowner, we focus on the nuances of public land
access in this chapter. Projects that will collect data on private land must negotiate permis-
sions directly with landowners or engage landowners as project participants.

Land owned by the government is considered to be held in trust for the public, providing
recreational and natural resource value for the benefit of everyone, and is managed by myr-
iad federal, state, and municipal authorities that designate the type of access and use of
the land according to their agency missions (figure 5.2). For simplicity, we discuss federal
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agencies here. The mission of the U.S. National Park Service, for example, is to preserve the
environment in perpetuity, which places restrictions on any type of resource extraction. On
the other hand, the mission of the U.S. Forest Service is to provide sustainable yield to maxi-
mize the natural resource value of the land, which requires managed resource extraction. In
the case of scientific research, these two agencies’ differing missions can influence permis-
sions and how research is done on public land.

If a study will collect specimens, the researchers will need to consult the policy for speci-
men collection outlined by the relevant land management agency before collection begins.
For example, hobby paleontologists who are interested in collecting or cataloguing cultural
resources on land managed by the Bureau of Land Management (BLM) will need to famil-
iarize themselves with the Paleontological Resources Preservation Act. This act authorizes
BLM to issue survey permits for research conducted on its land if the disturbance remains
within one square meter of rock or soil. Furthermore, the permit also allows BLM to cata-
logue the research initiatives conducted on BLM land, which is vital information for long-
term land-use planning.

When it comes to opportunistic or noninvasive data-collection techniques like recording
observations via paper and electronic data-collection forms, identifying a policy becomes
less straightforward, and projects should proceed with due diligence. For example, in 2015
the Wyoming State Legislature passed a law colloquially known as the Data Trespass Law,
which was challenged in 2016 as unconstitutional (Bleizeffer 2016). The law makes nonin-
vasive data-collection techniques illegal on private and public land within Wyoming and
allows criminal trespass charges to be brought against individuals who engage in such activ-
ity without permission. This ongoing legal battle illustrates the complexities of data collec-
tion where public land and private land are adjacent and emphasizes the importance of
determining land ownership before data collection begins.

The above information is helpful for projects seeking to comply with different laws and
policies. Some projects may also wish to change or inform different policies, for example by
collecting information to influence the formation of conservation policy or land management
decisions. There are a number of laws and policies at the local, state, and federal levels that
support public impact in decision making (McElfish et al. 2016). For example, through the
Clean Water Act, the U.S. Environmental Protection Agency (EPA) allows citizen science data
to influence a continuing planning process of priority setting and also to be used in evalua-
tion. Similarly, the Endangered Species Act allows any person to submit a petition (to be
accompanied by “substantial information”) suggesting that a species should be listed as
threatened or endangered. Species-specific laws, such as the Migratory Bird Act, are addi-
tional opportunities for input. Citizen science is increasingly promoted as a cost-effective
mechanism for collecting the information required by these regulations (Evans et al. 2016).

While these laws do provide compelling opportunities for citizen science to be used in
policy decisions, many also have important constraints. For example, if data are to be used
by the EPA in decision making, they must be collected in line with agency-specific protocols.
Such protocols are commonly made available on agency websites.
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Recommendations

After reviewing key laws and policies (table 5.1), projects are advised to:

survey international, national, state, and local laws that pertain to unique aspects of
their research, including laws and policies connected to funding source and to
planned data collection;

review their own organization’s policies and those of any granting organizations,
especially to verify whether an ethics review is required from an IRB and/or
IACUC;

identify a few citizen science projects that have studied a similar topic and review
the specific methods utilized, the source of funding (e.g., BioBlitzes or long-
term ecological monitoring funded by the U.S. Geological Survey), and the data
policies of their websites to identify any additional considerations; and

become familiar—if the goal of the project is to advocate a change in land manage-
ment policy or influence a public decision—with the applicable laws and policies
of the relevant authority (e.g., the laws of a federal regulatory agency or laws
pertaining to a specific species) (McElfish et al. 2016).

Ethics and Human Subjects

In addition to the legal guidelines described above, ethical guidelines for the protection of
research subjects should also be considered. In citizen science, the role of volunteers is often
difficult to describe. In some ways, volunteers act as field technicians or as scientists who
participate in data collection, analysis, interpretation, and, in some cases, publication. In
other ways, volunteers act as research subjects. The observations they submit may contain
data about an organism and also contain data about the volunteer (e.g., by sharing a volun-
teer’s location in real time). Additionally, projects may survey volunteers about their prac-
tices and preferences to support general research and individual project design. In both of
these cases, interactions with volunteers could be considered human subjects research.
Understanding what constitutes human subjects research requires understanding what
is considered research and who is considered a human subject. In the United States, the fed-
eral Department of Health and Human Services (HHS) sets the standards for human sub-
jects research (see National Commission for the Protection of Human Subjects of Biomedi-
cal and Behavioral Research 1978). The HHS defines research as “a systematic investigation,
including research development, testing and evaluation designed to develop or contribute to
generalizable knowledge.” Investigations designed to support operations are excluded from
this definition. In other words, a project manager who gathers survey feedback on tweaks to
a single aspect of project design—such as asking volunteers to perform activities alone ver-
sus in pairs—is not necessarily conducting research. But if that project manager later pub-
lishes an article describing the impact of socialization on data quality, the work is redefined
as research. Many (if not most) surveys of project participants that are intended to support
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project operations also have potential to yield research results and benefit the broader com-
munity of citizen science practitioners.

Human subjects are defined as living individuals about whom an investigator obtains
“data through intervention or interaction . . . or identifiable private information.” For ecolog-
ical citizen science, the most relevant portion of this clause is interaction, which designates
any form of communication or contract between a researcher and a volunteer. This commu-
nication includes in-person as well as online interactions (e.g., asking a volunteer to take a
digital survey about their project experiences).

In the case of projects conducted in a university setting, information about procedures for
human subjects ethics review is typically available on university websites to help researchers
determine whether an activity is considered subject to IRB approval. Because the definition
of human subjects research is so ambiguous, project leaders who are unsure whether their
activities fall under this umbrella are encouraged to consult these resources for clarification.
Many IRBs may briefly review proposed research before officially designating this research as
exempt from full review. Such exemptions are particularly common in social science research
(e.g., if a project wishes to conduct anonymous interviews in order to better understand the
motivations of citizen science volunteers). With that said, each IRB has independent decision
authority, and what is considered exempt by one may not be considered exempt by another.

From an ethical perspective, all projects conducting human subjects research, whether
funded or not, should align with ethical guidelines. From a legal perspective, all projects
receiving federal funding (e.g., grants) are required to comply, as are many projects run by
federal agencies. Citizen science projects operated by some, but not all, federal agencies
must comply with these regulations as well.2 Projects run by nonprofits should consult with
their specific institutions.

Generally, human subjects research compliance requires three main categories of
actions:

submitting the proposed research for IRB review,

ensuring that volunteers have the opportunity to give informed consent before
participating in research activities, and

providing a publicly accessible statement of compliance to relevant regulations.

Ethical guidelines for conducting human subjects research are provided by a range of inter-
national organizations, such as the World Health Organization, and by national authorities
such as HHS in the United States. In some cases, there are additional guidelines in specific
domains like medicine.

While there are no formal or broadly accepted ethical guidelines for citizen science
researchers and practitioners at the time of this writing, established citizen science associa-

2. For a list of agencies that must comply, visit www.hhs.gov/ohrp/humansubjects
Jcommonrule/.
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tions are beginning to recognize the need for such guidelines. The European Citizen Sci-
ence Association published a statement on “Ten Principles of Citizen Science” that touches
on ethical concerns. The U.S.-based Citizen Science Association has an Ethics Working
Group to develop insight and guidance on ethics in citizen science.

In the absence of specific guidelines, we recommend the Ethical Principles for Participa-
tory Research Design (Bowser and Wiggins 2016), which were derived from the intersec-
tions of the Belmont Report® and guidelines for protecting privacy in participatory sensing.
This framework was developed specifically for citizen science and includes seven principles
that acknowledge the dynamic and diverse nature of citizen science. While several principles
recommend adopting practices new to the field, others advocate following best practices that
are already widely accepted and used by practitioners. We summarize these principles as
follows:

Ethical engagement: A project should identify a set of ethical principles (e.g.,
from established guidelines, professional codes of conduct, and project-
specific goals) to govern project design, implementation, and management
decisions.

Ongoing assessment: The ethical principles must be available to multiple stakehold-
ers so that each party can continually evaluate and improve practices supporting
ethical engagement. Project leaders can demonstrate accountability and trans-
parency by making their ethical principles explicit and available to funders,
volunteers, and collaborators, which also improves the likelihood of adherence
over time.

Informed participation: Projects should emulate a process of informed consent to
provide volunteers a clear and complete explanation of participation expecta-
tions prior to accepting contributions. Informed participation does not require
increasing barriers to entry, but rather making project policies explicit and
easily accessible throughout the participation process.

Evolving consent: When project policies or participation expectations change,
volunteers should be proactively informed, providing an opportunity to recon-
sider informed-participation choices. In other words, informed participation
is not a one-time opportunity; evolving consent demonstrates respect for

3. The Belmont Report was issued in 1978 (and published in the Federal Register in 1979) by
researchers working for the Department of Health and Human Services (HHS). The report was
commissioned by HHS following controversy over the Tuskegee Syphilis Study, in which a disad-
vantaged population of African American sharecroppers were deliberately infected with syphilis
and left untreated for the purposes of the research. The Belmont Report is considered an ethical
standard within the United States and informs codes published by HHS and other federal agencies,
including the National Science Foundation and the Office of Human Research Protections.
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volunteers by acknowledging that changes in the project may impact their
choice to contribute.

Participant benefit: Projects should find ways to maximize the benefits of participa-
tion to individuals and groups, which often means providing access to data and
opportunities to engage more deeply in the science. While clearly intended to
foster a mutually beneficial arrangement, participation is also a self-serving best
practice: projects designed to explicitly deliver the experience, data, or outcomes
that interest their volunteers tend to perform well overall. Providing easy access
to project data is a common strategy to offer participants multiple ways to
benefit from their involvement.

Meaningful choice: When informing volunteers about policies and expectations or
changes to them, projects should clearly identify known or likely risks and
benefits associated with participation. Such communication mirrors the
standard informed-consent process in human subjects research but focuses
primarily on supporting deliberate participation choices. Communicating the
risks and benefits of participation in addition to the expectations and policies
allows these choices to be more meaningful.

Evolving choice: Because contexts of participation may change in ways that affect
volunteers’ willingness to participate, projects should support ways to make
contextually meaningful choices about participation. Providing this choice is
intended to safeguard volunteers by giving them options for risk reduction
related to disclosure—for example, enabling participation on different terms (or
offering choices related to public access or visibility) for data collected at a public
park versus a private residence. A common approach adopted by a number of
projects is providing mechanisms for volunteers to obscure selected data points
to preserve their privacy.

Recommendations

Projects are encouraged to:

determine whether formal IRB assessment is necessary, based on the potential for
producing general knowledge (such as that intended for peer-reviewed
publications);

determine whether IACUC assessment is necessary, based on the level of involve-
ment with nonhuman vertebrates; and

consider adopting the Ethical Principles for Participatory Research Design, which
will include developing a short list of ethical principles to be shared with
interested parties and identifying ways to ensure that volunteers have access to
the policies, updates, and options that demonstrate respect for them as partners
in the research or aligning with another ethics framework.

62 Planning and Implementation



RESEARCH LIFE CYCLE, PHASE 2: LAUNCH

During the second phase of the research life cycle, projects recruit volunteers and mobilize
communities. In addition, protocols for data collection and quality assurance are piloted and
refined, sometimes in conjunction with volunteers. From a legal, ethics, and policy perspec-
tive, the primary considerations during project launch are (1) the liability concerns that arise
when engaging volunteers in data collection and (2) policies related to the use of technolo-
gies for collecting and sharing data. User agreements between projects and volunteers cod-
ify these considerations, along with expectations for data use.

Liability and Risk Management

In U.S. law, liability is a legal obligation to pay debts or damages. In citizen science, tort
liability—which occurs when the actions of a party cause damages to another party, who
then files a complaint—is a key concern of projects and volunteers (Smith 2014). If a volun-
teer becomes injured in the process of collecting data, the project leaders or the organization
hosting the project could face a lawsuit. Generally, projects manage this risk by having vol-
unteers sign a liability waiver. While most projects involve minimal risk, this additional
requirement may be important for some projects. Your legal counsel can help determine
whether a liability waiver is necessary.

Researchers who study liability in sports and recreation (a similar context of voluntary
participation) identify four factors that increase the likelihood that a liability waiver will hold
up in court (Cotten and Cotton 1997):

Waivers should contain clear and unambiguous language.

Waivers should not codify expectations that breach law or policy, for example by
asking volunteers to collect data on private land owned by other individuals.

Waivers must be presented in the form of a contract that both parties explicitly
agree to. In other words, waivers hosted on static web pages are unlikely to hold
up to scrutiny, which is problematic for many citizen science projects.

Waivers must be signed by parties who are legally capable of signing contracts
(i-e., healthy adults over the age of eighteen).

These general guidelines for writing waivers would theoretically protect projects run in collab-
oration with different authorities, such as a nonprofits, government agencies, and/or academic
institutions. Some researchers suggest that projects run out of federal agencies are additionally
protected from liability through precedent, such as through court decisions related to the Fed-
eral Tort Claims Act. Projects that are self-organized and run by volunteers have a slightly dif-
ferent list of considerations and may find guidance in the white paper “Responding to Liability:
Evaluating and Reducing Tort Liability for Digital Volunteers” (Robson 2012).

Policies and liability also need to be considered in regard to data collection. All projects
need valid, high-quality data to achieve their goals. Data quality depends on data-collection pro-

Legal, Ethical, and Policy Considerations 63



tocols and on the tools and technologies used in data collection. In regard to protocols, the need
to collect observational data with detailed metadata must be weighed against the potential risks
of acquiring multiple and diverse types of information. When deciding which types of data and
metadata to collect, we encourage project coordinators to ask the following questions:

1. What information is necessary to. ..
a. Answer research questions or otherwise achieve project goals?
b. Address similar research questions that support related goals?
2. Are there risks associated with the types of information collected?

a. Is the process of data collection sensitive? For instance, might collection
disturb vulnerable habitats? Likewise, are data collected on private land?

b. Are the data themselves sensitive? For example, do the data contain
information on the location of sensitive or endangered species?

c. Are there additional data-collection concerns? For example, are there
concerns related to land management rules?

3. What tools and technologies will be used to collect, upload, and share data?

a. What are the risks associated with these tools? For example, many
smartphones can automatically collect potentially sensitive location
information.

Answering these questions often requires balancing different goals. For instance, a
project may be required to choose between limiting data collection to protect volunteer pri-
vacy and collecting extra data to support future research. Recommendations for negotiating
different goals are presented below in the section on managing, preserving, and sharing
data. Regardless of which protocols are selected, coordinators have an ethical obligation to
share these decisions with volunteers by making data-collection protocols clear and trans-
parent, and also by implementing a user agreement.

User Agreements

A user agreement is a contract between one organization (here, a citizen science project) and
an employee, volunteer, or second organization. There are two main types of user agree-
ments. Clickwrap agreements are explicit agreements between a volunteer and a project—
either paper forms signed by volunteers or online forms where volunteers click a box saying
“I agree” to a set of terms and conditions. By contrast, browsewrap agreements are implicit
agreements. These take the form of posted policies that volunteers may see but do not explic-
itly agree to abide to.

Legal review of these two agreement types suggests that clickwrap agreements are sig-
nificantly more likely to hold up in a court of law than browsewrap agreements (Organ and
Corcoran 2008). Here, one determining factor may be whether volunteers are given ade-
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quate notice and meaningful opportunity to review terms and conditions. One court ruled that
the act of clicking “Continue” to move past an online form stating “I have read and agreed
to [provider] terms and conditions” constituted a valid user agreement when the same form
linked to those terms and conditions.

Recommendations

Write a liability waiver stating that participation is voluntary, describing the
potential risks and benefits of participation, and asserting that any damages
incurred by volunteers are the full responsibility of those volunteers; ask
volunteers to sign this waiver before participating.

Consider exactly which types of data you wish to collect and share, and communi-
cate this decision to volunteers through protocols and terms of use.

Construct a clickwrap user agreement linking to information about participation,
including a liability waiver, a description of data-collection activities, a data-use
policy, and a privacy policy (some of these components are described elsewhere
in this chapter).

If possible, seek legal counsel while crafting these policies, preferably during the
pilot stage of project development, so that policies reflect any substantial
changes to protocols or tools.

RESEARCH LIFE CYCLE, PHASES 3 AND 4:
MANAGE; PRESERVE AND SHARE

During the management stage of the research life cycle, projects maintain active data-
collection and analysis activities. Data collection involves operational data-management
activities—for example, to support a species observation record being transmitted from a
volunteer’s cell phone and ingested by a project’s database. Preservation requires attention
to data security and development of documentation to make data ready for sharing with
external researchers and volunteers.

Data Documentation

Project metadata is one form of documentation that describes key features of a citizen sci-
ence project and associated data collection, including quality assurance protocols, the geo-
graphic scope of participation, units (e.g., meters or hectares), and descriptions of the data
structure. This documentation, provided so that other researchers and volunteers can under-
stand the types of data collected, rarely poses a risk to volunteers.

At the datum (or data record) level, observational metadata about individual measure-
ments or observations are important for analysis and data sharing. Observational data may
include information about a data point that is also indirectly about the volunteer who
contributed the record, for example by stating the exact date, time, and location of data
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collection. Record-level data documentation has the potential to reveal details about volun-
teers’ identities and must be handled with care (Bowser and Wiggins 2016). For NSF grant-
ees, protecting volunteer privacy is a policy consideration: according to the NSF’s grant pol-
icy manual, “privileged or confidential information should be released only in a form that
protects the privacy of individuals and subjects involved” (National Science Foundation
2019). Protecting volunteer privacy is also an ethical best practice, as discussed above.

There are no universal solutions to the potential conflict between providing maximal pri-
vacy protection for volunteers and the growth of policies and practices supporting scientific
ideals for open access to data that may include details on effort, location, and other informa-
tion that could put volunteer privacy at risk. In cases where privacy threat is a realistic sce-
nario, it is important to make a considered choice and document it in project policies. Ide-
ally, decisions should be made through an ongoing assessment of values and concerns,
conducted in cooperation with volunteers and other stakeholders (Bowser and Wiggins
20106).

In terms of documentation, the privacy policies presented on most citizen science project
websites primarily cover the website itself (e.g., by describing whether cookies are used) and
do not always mention how volunteers’ privacy will be safeguarded when data are used for
scientific research and related conservation, recreation, and education goals. Both types of
information should be included, in addition to information on how data are de-identified or
anonymized when shared. The “safe harbor” method of the Health Insurance Portability
and Accountability Act,* developed to guide medical data sharing, provides a valuable set of
guidelines for de-identification. The safe harbor guidelines emphasize the removal of eight-
een unique identifiers and have been widely embraced within and outside of the medical
domain.

Identifiers relevant to ecological citizen science may include the following:

Legal name

Social security number

All geographic subdivisions smaller than state

All elements (except year) of dates related to an individual (e.g., birthdate)
Telephone numbers, fax numbers, and email addresses

IP addresses

Device identifiers and serial numbers for mobile devices
Certificate/license numbers

Full-face photographs and comparable images

4. Not to be confused with the Safe Harbor Framework for complying with the privacy stand-
ards of the European Union (EU), which was developed in collaboration between the U.S. Depart-
ment of Commerce and the EU.
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TABLE 5.2 Levels of Privacy Risk for Different Types of Data

Data type Description Example Level of risk
1. Raw data Clearly identifiable Volunteer name, physical mailing High
data address, email address
2. Masked data  Use of pseudonyms Pseudonym (or assigned High/medium
identification number) replaces
name but no other data are
altered
3. Exposed data  Masking key Reducing GIS location precision High/medium
attributes to 1 km radius in publicly
shared data
4. Managed data Obfuscating key Replacing birthdate with birth Low/medium
attributes and year, in accordance with
objective HIPAA and U.S.-EU Safe
evaluation of risk Harbor guidelines
5. Aggregated/  Data contain no Paper checklists of species Low

occurrence data taken in a
public park and returned to
a drop box

anonymized data potential identifiers

Note: These levels are based on a synthesis of published information (El Emam 2010, U.S. Department of
Health and Human Services 2015) and are applied here to the domain of ecological citizen science.

To clarify, we do not suggest that a project should never collect personally identifiable
information or other sensitive data types like those discussed above. Rather, it is important
to be aware of the potential sensitivities associated with different types of data, especially
when setting up protocols and selecting tools or repositories for data storage, or when decid-
ing whether and how to share data with volunteers, other researchers, and the public at
large. To this end, researchers studying privacy have identified how different types of data
correspond to different levels of privacy risk (table 5.2). Ultimately, it is important that data
policies include information on which types of data are collected, and how these data will be
used and shared. Such information might be placed on a page labeled terms of use or on a
separate privacy policy page.

Data Preservation

Like documenting data, preserving data serves multiple interests. One important considera-
tion is supporting the scientific ideal of repeatable research. A second concern is supporting
the expectation of volunteers that you will safeguard the data they invested their time and
energy to contribute. Data preservation focuses on avoiding data loss in the short term, and
on ensuring access to data in the long term.

Short-term data preservation policies are more likely to take the form of standard operat-
ing procedures for data backup and secure storage. While there are no widely known
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instances of citizen science projects encountering data-security problems, there is also no
special immunity to viruses or identity thieves. Whenever possible, online data submission
should be conducted through secure web forms to protect participants’ privacy.

Long-term data preservation involves additional policy considerations. For instance, will
data be deposited in a repository, and if so, are there any limitations that should be placed on
access? Wherever reasonable, making data open access is increasingly required of publicly
funded research, and it is also consistent with the goals of many citizen science projects. If
data updates are regularly deposited, how will retroactive changes to data (editing or delet-
ing data points) be handled? In most cases, for both practical and scientific reasons, deleted
accounts or data are not removed from data that have already been archived, but are simply
excluded from data updates moving forward.

Recommendations

Consider exactly which types of data you wish to collect and evaluate how these data
could threaten the privacy or security of volunteers.

If possible, decide which types of sensitive data you will obscure, and how.

Document decisions and potential risks in data policies, including terms of use or a
separate privacy policy.

Decide how best to preserve your data in the short and long terms to balance
security needs with potential benefits of broader use.

Communicate information to your stakeholders through data policies, such as
terms of use.

RESEARCH LIFE CYCLE, PHASE 5: DISSEMINATE RESULTS

Citizen science projects collect data to achieve a number of research, education, and policy
goals. During the dissemination phase of the research life cycle, projects share raw and aggre-
gate data, as well as analysis and interpretation, with different parties and at different times. In
some cases, data collected by citizen science projects may be a form of intellectual property sub-
ject to copyright (Scassa and Huang 201s). Intellectual property is a legal term that protects the
rights to “creations of the mind,” including patents, creative works, and trade secrets. Copyright
is a legal term that designates ownership of creative works. Within intellectual property and
copyright law, there are two important considerations: potential copyright of individual observa-
tions as creative works, and potential copyright of project databases as creative compilations.
Some examples of creative works are literary works, including all types of written expres-
sions; pictorial and graphic works, including photographs and drawings; and audiovisual works,
including video footage and sound recordings (Scassa and Huang 2015). Many ecological citi-
zen science projects collect information that may be considered creative works. For example,
volunteers who photograph butterflies, record and share audio recordings of bird songs, and
contribute to written expressions in the form of open-text comments or software could all be
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sharing copyrighted material. In the United States, copyright is automatically established when
anew creative work is produced. Copyright gives the creator of a work the exclusive right to use
and distribution that work for a finite period (currently, the author’s lifetime plus seventy years).
Copyright introduces restrictions on use that are not in keeping with the intent of many
projects, but usage rights can be granted through strategies described later in this section.

According to the U.S. Copyright Act, creative compilations are produced through “collec-
tion and assembling of preexisting materials or of data that are selected in such a way that
the resulting work as a whole constitutes an original work of authorship.” In the context of
ecological citizen science, databases that contain the observations of many volunteers could
be considered copyrighted as creative works. However, as the 2001 Supreme Court Case
Feist Publications, Inc. v. Rural Telephone Service Company, Inc. clarifies, there are some limi-
tations to the copyright of creative compilations. Specifically, this case reached the Supreme
Court when a small, rural publisher of a telephone directory (Rural Telephone Service Com-
pany) refused to share their directory with a larger, regional publisher (Feist Publications).
The Supreme Court ruled that the Rural Telephone Service Company could not claim copy-
right of their directory for two reasons. Neither their method of data selection—namely,
including all residents in a particular geography—nor their method of data presentation—
intuitive alphabetical listing—involved sufficient originality to merit copyright protection.
Feist also clarified that the factual data within a database, such as the street address of a par-
ticular individual, never enjoys copyright protection.

To date, no legal cases have addressed whether citizen science datasets should be consid-
ered creative compilations, but legal analysis suggests that some citizen science datasets
may be considered creative compilations and thus subject to copyright law (Scassa and
Huang 2015). In such situations, there may be an inherent conflict between the copyrights
of volunteers, for example when original photographs are submitted, and the copyrights of
researchers who create compilation databases. In such a scenario, it is unclear whose rights
might take precedence.

Any potential conflict may be resolved through data policies and browsewrap user agree-
ments that make these policies binding. Citizen science volunteers may formally waive their
copyright by transferring copyright to a project or by placing an individual creative work in
the public domain, or they can apply a license that grants permission for use. Licensing may
be used when volunteers or projects wish to maintain copyright while sharing data or other
information. A license grants formal permission for one party to access the intellectual prop-
erty of another and dictates the acceptable terms of use. For example, a project might permit
reuse of its data for research and education, but not for commercial use. Or a project might
require that a copyright notice linking to the project’s web page accompanies all instances of
reuse. Creative Commons produces a popular collection of international licenses designed
to support data sharing under various conditions, available from its website (https://creative-
commons.org). The Creative Commons website also hosts an online tool to generate custom-
ized licenses that typically include the type of work (e.g., a dataset), the name (e.g., of a
project), and a URL.
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In some cases, a project may wish to completely waive ownership of its data. Designating
a dataset part of the public domain, which means forfeiting all benefit from and control over
the product, may achieve this end. However, projects that put their data in the public domain
may still be under certain obligations, such as the moral right to object to abuse of the data,
and Creative Commons recommends against placing copyrighted data in the public domain
for precisely this reason.

Many project data policies should therefore assert ownership of the datasets collected and
also describe conditions for reuse. This information supports volunteer agency in deciding
whether to contribute to a project and helps other researchers discover and use datasets. Fur-
thermore, it is equally important for data users and projects that integrate third-party datasets
to consider the stated policies of data providers, where available. For example, while most U.S.
government data (such as census data) are designated as open for all to access and reuse, data
collected through private-sector institutions or specific government entities (e.g., the Ord-
nance Survey in Great Britain) may place restrictions on reuse. Some citizen science projects
simply require properly citing datasets. Other projects ask that a project lead be included as a
coauthor on any publication resulting from data use. These policies should be adhered to as
best practices from an ethical point of view, and they may also be legally binding.

We do not mean to suggest that all projects must share data through the mechanisms
described above. We recognize that the level to which each project can and should share
data, both with other scientists and with the general public, is highly variable and depends
on many contextual factors. On one hand, data sharing promotes new knowledge and is
increasingly considered a best practice or even required. For example, the NSF states: “Inves-
tigators are expected to share with other researchers, at no more than incremental cost and
within a reasonable time, the primary data, samples, physical collections and other support-
ing materials created or gathered in the course of work under NSF grants” (National Science
Foundation 2019). On the other hand, many researchers rely on publication to support their
careers. In such cases, the success of current and future citizen science projects may depend
on keeping raw data private, at least until the results of a study can be published. Research-
ers should also resist sharing unprocessed datasets when doing so could put participant pri-
vacy at risk—a point acknowledged by the NSF in their data policy manual. Producing a
modified dataset for distribution purposes is often a reasonable compromise when these
concerns are in tension.

Recommendations

Projects that may be collecting copyrighted information from volunteers should use
data policies to indicate whether volunteers are waiving copyright or applying a
license to their data through participation.

Projects that believe their datasets are creative compilations should decide how,
when, and whether volunteers, external researchers, and the general public
should access data; decide how data should be cited or attributed, and identify a
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suitable license; and communicate this attribution and license information to
volunteers and potential data users through data policies, such as terms of use,
and in descriptive documentation of the dataset.

Data users and projects that wish to integrate their data with external sources
should carefully review the associated data policies, including terms of use,
of partner researchers and their host organizations.

RESEARCH LIFE CYCLE, PHASE 6: MEASURE

During the measurement phase of the research life cycle, projects assess the effects of citi-
zen science activities and document important outcomes. Periodically reflecting on the role
of various legal, ethical, and policy considerations can help researchers improve the design
of future citizen science activities and related policies. In addition, sharing assessment and
evaluation information with other practitioners, whether through publication or communi-
ties of practice, can help support and advance the practice of ecological citizen science. As
previously mentioned, however, assessment data may also be sensitive, particularly if they
includes such material as volunteer-feedback survey responses. One important community
of practice, the Citizen Science Association (www.citizenscience.org), hosts a biannual con-
ference to convene practitioners and support information sharing and collaboration. Sister
organizations in Europe and Australia provide similar opportunities for international knowl-
edge sharing.

SUMMARY

This chapter presents important legal, ethical, and policy concerns associated with ecologi-
cal citizen science. During project planning, it is important for coordinators to understand
all applicable regulations connected to institutional affiliations, sources of funding, and
data-collection plans. Project coordinators hoping to influence policy decisions should also
align their protocols with existing laws and standards to maximize the usefulness of their
data. Launching a project often requires mobilizing a significant number of volunteers and
dealing with potential liability concerns through the use of waivers. The practical decisions
involved in managing a project, particularly around data preservation and sharing, require
balancing ideals of openness with volunteer privacy protections. Disseminating results and
sharing data invokes intellectual property concerns, as both individual contributions and
databases as compilations may be copyrighted under U.S. law. Sharing evaluation outcomes
can both benefit the practitioner community and require another set of decisions around
data sharing.

None of the aforementioned challenges are insurmountable. However, projects are
encouraged to take the information in this chapter as a starting point and educate them-
selves on the key legal, policy, and ethical considerations that come into play at each stage of
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the research life cycle. Planning helps maximize the value of the data that a project collects
and analyzes, and it should be considered an iterative process that includes and takes advan-
tage of feedback from project volunteers. In addition, clearly written policies should commu-
nicate information ranging from the privacy implications of data-collection protocols to the
intellectual property rights of projects and volunteers.
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SIX

Recruitment and Building the Team

MICHELLE D. PRYSBY

Finding and engaging participants in your citizen science project is an important
part of the process. After all, if citizen involvement did not matter, you would be pursuing
your research, conservation, or education goals in a different way. There is not, however, any
one formula for volunteer recruitment. Your project could involve ten volunteers or ten thou-
sand, young children or expert naturalists, all in one neighborhood or scattered across the
continent. To illustrate the breadth of possibilities, let us examine three very different citizen
science projects that are all considered successful.

In 1999, two scientists, Doug Wachob of the Teton Science School and Bruce Smith of
the National Elk Refuge, launched a study of elk migration patterns near Jackson Hole, Wyo-
ming. In 2001, while presenting some preliminary results to the community, they realized
that residents had local knowledge and observations to share about elk movement through
their neighborhoods and that they might be able to learn more by involving the residents in
collecting additional observations. The two scientists thus revised their study to include a
citizen science component. Wachob and Smith then selectively chose homes to maximize
the geographic area covered and contacted homeowners individually to invite them to par-
ticipate. The scientists’ team provided in-person, individualized training at each resident’s
home and also made personal visits to all twenty participants to retrieve the data at the end
of the study. While the citizen science volunteers did not detect any new significant elk
migration routes, they did provide additional details on nonmigratory movements of elk and
validated the data collected by the field technicians (Wachob and Smith 2007).

A second example comes from Snapshot Serengeti, an online citizen science project that is
part of the Zooniverse suite of projects. Snapshot Serengeti volunteers identify wildlife
through images taken by infrared cameras in the Serengeti National Park. The scientific goals
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of the project are focused on understanding how competing wildlife species coexist in a land-
scape. The assistance of volunteers is extremely useful in order to process the vast amount of
data produced by the more than two hundred cameras deployed on the landscape. A typical
field season results in tens of thousands of photos to be viewed and interpreted, and each
photo is interpreted by multiple volunteers in order to maximize data quality. Unlike the Teton
elk project, Snapshot Serengeti requires a vast number of volunteers, but they can be located
anywhere in the world with an Internet connection. Hundreds of thousands of people have
participated in the project online (Swanson 2014, University of Minnesota Lion Project 2014).

The third example illustrates yet a different type of volunteer citizen scientist. Thousands
of children have helped scientists track the migrations of monarch butterflies, humming-
birds, bald eagles, and other species each year since 1994 through the Journey North program.
The children contribute by reporting the first sightings of these species in their area. Although
any member of the public can report observations to Journey North, the program is especially
tailored to schoolchildren, with classroom lessons designed to teach students about phenology,
global change, ecology, conservation, and more while engaging them in collecting and sharing
real data. Like Snapshot Serengeti, Journey North involves very high numbers of volunteers,
but it is not solely an online project, as the volunteers are contributing their own observations
of monarchs and other species in the field. Journey North has a strong focus on providing pro-
grams and resources to improve K-12 education. Thus, developing curricula that help teachers
incorporate citizen science activities into their teaching is a cornerstone of the project and an
aspect that helps attract their key audience of K-12 students (https://journeynorth.org).

Each of these three programs used quite different strategies to recruit volunteers. The elk
project required going door-to-door and issuing personal invitations to residents, because the
study area was small and the project had goals related to engaging the local community. Snap-
shot Serengeti, on the other hand, focused on recruiting volunteers through social media and
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FIGURE 6.1. An example of a logic model used to define project goals and outcomes for a citizen science
project. To interpret the logic model, read it from left to right, answering the questions with a series of
“if . .. then” statements. For example, “If we have and use these resources, then we can conduct these

activities. If we conduct these activities, we will produce the following outputs. With these outputs, we will
achieve these short-term outcomes.” Credit: based on Kellogg Foundation (2004).
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other online methods because of its need for many volunteers. Finally, Journey North focuses
mainly on word-of-mouth and online recruiting, but it originally connected with K-12 stu-
dents by partnering with their teachers and school districts. Despite these differences, each
project has achieved its intended outcomes related to both science and public outreach.

Because the degree to which a citizen science project can be accomplished depends on
its volunteers, a central part of any project is recruiting participants. Thus, the focus of this
chapter is the recruitment process. Notably, even if you are part of an existing project and
already have the volunteers you need, you still will want to consider other aspects of build-
ing the team, such as articulating your project’s goals, understanding the motivations of
your volunteers, and including a variety of expertise on your project team, all of which are
discussed in this chapter.

UNDERSTANDING YOUR PROJECT’S GOALS AND NEEDS

Before crafting your volunteer recruitment plan, it is important to understand and put into
words your project’s goals and intended outcomes (chapter 4; figure 6.1). After you have
developed and articulated your project’s goals, you can develop a better understanding of the
volunteer audience you need to engage for recruitment. Some questions to consider include
the following:

How many volunteers do you need to involve to achieve your research, education,
and conservation goals?

Do you need volunteers with a particular skill or expertise? If so, is it a skill that can
be developed through training you offer, or do you need to seek volunteers who
are already skilled?

Do you need the volunteers to work in a specific geographic area?
Will the volunteers need to identify and have access to their own field sites?
Do you need volunteers who will work independently or in groups?

Do you need volunteers who will participate in the project repeatedly over time, or
can participation be one time only?

Do your educational goals indicate a particular audience, such as K-12 students or
teachers, landowners, or underrepresented communities?

Will the volunteers be engaged solely in data collection and reporting, or will they
be involved in planning, developing protocols, and other aspects of the scientific
process?

What level of autonomy will volunteers have in the project?

Do the volunteers need access to and the ability to use technology, such as the
Internet?

What are the minimum and maximum expected time commitments for a volunteer?
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Once you have defined the volunteer audience you wish to engage, consider how best to
connect with them. The following questions can help guide you:

What media sources does this audience prefer?
To what organizations do individuals in this audience belong?
What motivations would this audience have to volunteer?

Does this audience already have a relationship with you or your organization? Isita
positive one?

Who are the trusted leaders or respected members of this audience?

What barriers might exist for this audience in terms of volunteering with the
project?

What incentives might appeal to this audience?

UNDERSTANDING VOLUNTEER MOTIVATIONS

In looking at the diverse array of citizen science projects now in existence, itis truly astound-
ing what volunteers are interested in and willing to do. For instance, they collect water sam-
ples and plate them in their homes to look for fecal coliform bacterial growth (Stepenuck et
al. 2010), commit to checking and reporting on weather data at their homes every single day
for years (National Oceanic and Atmospheric Administration 2019), and spend hours on the
computer, painstakingly transcribing handwritten museum labels into an electronic data-
base (Allen and Guralnick 2014). Others subject themselves to biting insects and thorny
plants to reach field sites, rise before dawn or stay out late at night to collect data, and endure
all kinds of inclement weather. In other words, on the surface it appears that volunteers will
do almost anything in the name of science and conservation. However, gaining a better
understanding of volunteer motivations can help a citizen science project build a cadre of
volunteers who are best suited to the project’s goals and who will actively participate and
continue with the project over time. In fact, research demonstrates that matching volun-
teers’ needs and motivations to the project’s goals will improve volunteer recruitment, par-
ticipation, and retention (e.g., Clary et al. 1992, Houle et al. 2005). Hence, matching volun-
teers’ needs and motivations can save time, money, and other resources for the project and
increase the likelihood of achieving its goals.

One of the primary reasons people volunteer for anything is that they were asked (Free-
man 1997). However, while simply asking may get volunteers in the door (or out in the field),
citizen science volunteers have their own motivations for participating. One primary moti-
vation for participation in ecological and conservation-related projects is a desire to help the
environment. There are also social motivations; a desire to learn new things, to spend time
in and experience nature, or to alleviate guilt about environmental issues; and potential
career benefits (Grese et al. 2001, Bruyere and Rappe 2007, Jacobson et al. 2012). These
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motivations may change over time, and motivations that are important initially may not be
the factors that predict long-term commitment to a project. However, social motivations—
the desire to meet and spend time with people who have similar interests—are one of the
best predictors of volunteer commitment, which includes the frequency, duration, and
extent to which a volunteer continues to participate over time (Ryan et al. 2001, McDougle
etal. 2011, Asah and Blahna 2012).

Much of our understanding of volunteer motivations for citizen science projects has
focused on online, virtual projects (particularly projects in the Zooniverse suite) rather than
field-based projects. As with other ecological and conservation-related volunteering, research
shows a wide variety of reasons why volunteers participate, ranging from personal motiva-
tions, such as a desire to satisfy one’s curiosity, to more altruistic motivations, such as a
desire to contribute to a large scientific endeavor (Rotman et al. 2012, Raddick et al. 2013,
Reed et al. 2013). Again, initial motivations for contributing to citizen science efforts may
differ from the factors that predict commitment over time (Nov et al. 2011, Eveleigh et al.
2014, West and Pateman 2016). For example, one study found that participants’ initial moti-
vations for joining citizen science projects were focused on personal interest, but other moti-
vations, such as a desire to help scientists, became more important for continued participa-
tion (Nov et al. 2011).

The bottom line for citizen science project organizers in ecology and conservation is the
importance of taking time in the project development phase to identify and understand
the potential motivations people may have to volunteer with the project, and then design the
project to fill those needs and desires as much as possible within the context of the project’s
scientific, conservation, and educational goals. Consider designing the project to meet a
wide range of motivations by having a variety of roles, levels of participation, and activities
from which volunteers may choose. You can gather information on motivations and inter-
ests through focus groups, surveys, talking to key informants, or looking at similar projects
and efforts. Again, keep in mind that volunteers’ motivations may change over time. In par-
ticular, consider the importance of social aspects over time, and consider designing the
project to promote social connections among volunteers.

VOLUNTEER RECRUITMENT STRATEGIES

At the very beginning of the project, consider involving volunteers by having a small group
of them as part of your project planning team, providing advice and perspectives as you
develop goals, protocols, training plans, and so on. This inclusion at the planning stage is
especially helpful if you are hoping to engage volunteers from marginalized communities or
from groups traditionally underrepresented in the environmental field.

A good rule to practice is to recruit volunteers only when you have something ready for
them to do. A large lag time between recruiting volunteers and actually having specific
activities for them can result in volunteers losing interest and moving on to other priorities
in their lives. You should be prepared to handle inquiries about volunteering year-round.
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You may not need new volunteers until the summer field season, but perhaps a prospective
volunteer runs across your website in December, is excited by your project, and sends an
email asking how to volunteer. Do not let the inquiry languish, thinking that you will send
aresponse in the spring. Be prepared to respond to all inquiries from prospective volunteers
promptly, letting them know the timeline for the project and when they can expect to hear
from you again. Volunteer recruitment is a year-round process. Even when you are not
actively signing up volunteers, you will want to be doing other activities (e.g., website
updates, newsletters, press releases, talks for community groups) that will raise public
awareness about your project. Then, when you are ready to recruit volunteers, you will have
a pool of people who are already familiar with and, hopefully, interested in the project. Even
the most well-run citizen science projects face volunteer attrition, so recruitment must be
done repeatedly if the project is anything beyond a one-time event.

For prospective volunteers to evaluate whether an opportunity fits their needs and inter-
ests, they need to know the specifics of what they are being asked to do. Develop a “job”
description that states exactly what the expectations for volunteers are, including the pur-
pose of the project, the expected time commitment, required skills, specific activities and
where they will take place, and any training needed or provided. Highlight the expected ben-
efits of participation, which ideally will match the motivations you expect your target volun-
teer group to have. Ultimately, the project’s goals, the number and type of volunteers needed,
the project’s geographic scope, and the resources that are available will all determine the
specific recruitment strategies you use.

Door-to-Door Personal Contact and Neighborhood Recruitment

Going door-to-door to talk with individuals is time-consuming, but it may be the best
method for projects that are focused on a small geographic area, that need to engage home-
owners, or that aim to engage a marginalized population such as residents of a low-income
neighborhood. The elk project described at the beginning of this chapter is a good example
of a project that needed the buy-in of numerous landowners within a small and defined geo-
graphic area in order to be scientifically successful and that also had goals related to engag-
ing the local community around the education center leading the project. A similar recruit-
ment strategy can be found in another form of participatory research, popular epidemiology.
Popular epidemiology projects often begin when community members recognize a common
health issue in the community. The community members work through grassroots efforts
to develop maps of where these diseases or health issues are occurring and locations of pos-
sible causes such as sources of pollution, and they go door-to-door to engage other members
of the community in the efforts (Leung et al. 2004).

To build trust with community members, it can be effective to establish a relationship
with a local community leader, such as a religious leader, tribal leader, or cultural practi-
tioner. These leaders can help you better understand the needs of the community, the best
methods for recruiting and communicating with community members, and how your
project’s goals could mesh with the community’s own goals (Bodin et al. 2006). Working
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with these leaders is particularly important when you are not already part of the community
you wish to engage, or when there is any history of distrust or animosity between the com-
munity and your institution.

Once a small group of individuals are on board with your project, you can consider a
snowball recruitment technique, asking each individual to recruit additional friends, family,
or neighbors to participate. Be aware, however, that snowball recruiting can lead to a homog-
enized volunteer base if the initial group of volunteers is not racially, ethnically, geographi-
cally, or socioeconomically diverse.

Another technique for recruiting volunteers from a defined geographic area (such as a
neighborhood) is to work with existing organizations that either have their own members or
have ties to the community you wish to reach. For example, neighborhood and homeowners’
associations typically have established communication methods such as community meet-
ings, newsletters, and listservs that could possibly publicize your project. In addition, the
elected leaders of these organizations can assist you with identifying potential volunteers.

Collaborating with Other Groups and Organizations

Collaborating with existing organizations is one of the most effective ways to involve volun-
teers in citizen science. These collaborations have the added benefit of providing infrastruc-
ture that can make communication, training, data sharing, and volunteer retention easier.
For conservation projects in the United States, Master Naturalist (e.g., https://anrosp.wild-
apricot.org; Larese-Casanova and Prysby 2018) and Master Gardener (https://mastergar-
dener.extension.org) organizations can be very good resources. These are lifelong learning
programs that usually have a required volunteer component for participants, so they are
often seeking potential projects for their volunteers. The participants take an extensive
(often forty or more hours) training course on natural history and natural resource manage-
ment (in the case of Master Naturalists) or on home horticulture (in the case of Master Gar-
deners). The participants typically (though not always) have ties to the Cooperative Exten-
sion Service (the arm of land-grant universities in each state that is focused on conducting
and sharing applied research for the betterment of individuals’ lives and communities).
Cooperative Extension offices typically have educators and volunteers working in many or all
counties within a state, making them an excellent community resource.

A good example of a Master Naturalist program is Virginia’s (www.virginiamaster
naturalist.org), which is sponsored by Virginia Cooperative Extension (associated with Vir-
ginia Tech) and has program chapters in thirty localities throughout the state. Virginia’s pro-
gram has more than 1,800 active volunteers, all of whom engage in regular volunteer work
in natural resource education, stewardship, and citizen science. In one example of a citizen
science partnership, scientists at Virginia Commonwealth University partnered with the
Virginia Master Naturalist program to engage volunteers in monitoring vernal pools in their
communities. By working with the program leadership, the scientists connected with volun-
teers who were both interested in vernal pool monitoring and located near the identified ver-
nal pools. Furthermore, the infrastructure of the Virginia Master Naturalist program,
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including locally based chapters with elected leaders, communication systems, and incen-
tives for volunteering, helped maximize volunteer retention in the project, ensure that data
were submitted, and provide additional project publicity.

Another type of organization that can be a wonderful partner and source of volunteers is
a “Friends of” organization. Many parks, wildlife refuges, community centers, and libraries
have such groups. For example, Friends of Sky Meadows State Park, in Virginia, conduct
bluebird nest-box monitoring at the park. The participants submit the bluebird data not only
to the park, but also to a statewide organization (the Virginia Bluebird Society) and even to
a national citizen science project (Cornell Lab of Ornithology’s NestWatch). Other interest
groups that could be partners for volunteer recruitment include bird clubs, wildflower or
native plant societies, and herpetology clubs. These groups are made up of both professional
and amateur naturalists, some highly skilled.

Natural resource recreation groups such as hunting and fishing organizations, hiking
clubs, and boating clubs are another set of community or interest groups to consider. For
example, the Appalachian Trail MEGA-Transect project, a collaborative effort to use the hik-
ing trail as an environmental monitoring transect, regularly engages volunteers from Appa-
lachian Trail hiking clubs in collecting data for studies of American chestnut populations,
phenology, and invasive species (Appalachian Trail Conservancy 2019). Likewise, state wild-
life agencies engage hunters in measuring populations of American woodcock, ruffed
grouse, and other game species of interest. Sometimes the group may be an unexpected one.
For example, the Lion Guardians project in Kenya collaborates with Maasai men who tradi-
tionally kill lions to protect their livestock. Through the Lion Guardians project, the men are
instead incentivized to monitor and protect lion populations (Hazzah et al. 2014).

Youth-based interest groups, such as scouting programs and 4-H, are often eager to have
the youths participate in meaningful volunteer service and could be partners for citizen sci-
ence projects that focus on youth participation. Partnering with after-school programs or
clubs is one way to engage young people while avoiding some of the difficulties of designing
a project to match the existing curriculum requirements and learning standards of a formal
classroom.

Collaborating with Professional Groups

In some cases, it may be more effective to solicit participation in your project from individu-
als in specific jobs or professions. These individuals could be participating in the project vol-
untarily, but also as part of their regular work. A long-running project that uses individuals
from specific professions is the Rural Mail Carrier Survey. Since the 1940s, state wildlife
agencies have asked rural mail carriers to report wildlife sightings as part of the agencies’
tracking of game species’ population trends (Robinson et al. 2000). Since the rural mail car-
riers are already driving roads in consistent patterns all across the states, they represent an
inexpensive and far-reaching volunteer pool. More recently, the U.S. Geological Survey is
engaging professional rafting guides in a citizen science project to monitor aquatic insect
populations on the Colorado River in the Grand Canyon. As with the rural mail carriers, the
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rafting guides are already in the right place at the right time. The guides are eager to incor-
porate the monitoring into their trips, because it provides an interesting camp activity for
their passengers, and the guides themselves care deeply about the Grand Canyon and are
interested in helping with studies that increase understanding of this ecosystem (U.S. Geo-
logical Survey 2019).

Collaborating with Non-formal Education Centers

Non-formal education centers, such as nature centers, science and natural history muse-
ums, environmental education centers, and botanical gardens, often make excellent part-
ners for citizen science endeavors. They typically have members who could be engaged as
volunteers, and they often run K-12 school or after-school programs into which citizen sci-
ence projects could be incorporated. Moreover, these non-formal education centers have staff
with expertise in education, and they often have land that can make suitable field sites, or
else have easy access to public lands.

One program that has partnered effectively with non-formal education centers, particu-
larly nature centers, is the Monarch Larva Monitoring Project (https://monarchlab.org
/mlmp). One of the primary ways the project recruited its original volunteers was through
trainings held at nature centers in key geographic areas. Since that initial recruitment, the
project has expanded to partner with additional nature centers to engage youth and other
audiences through outreach programs and training workshops.

The USA National Phenology Network and its Nature’s Notebook program (see chapter
14) have used partnerships with non-formal education centers to support their educational
goals and to develop local research studies that tie into their national-level research. In Tuc-
son, Arizona, they collaborated with more than a dozen education centers, including parks,
botanical gardens, and environmental education centers, to develop a Phenology Trail,
essentially a set of sites with shared research questions and educational curricula. Each site
tailors the project to fit its own education and outreach programs but maintains similar
enough protocols to contribute to the larger project. This effort is still relatively new, but pre-
liminary evaluations indicate that the collaboration is having a positive effect on volunteer
recruitment and retention for the Nature’s Notebook project, and they are expanding the
Phenology Trail concept to other communities (USA National Phenology Network 2012,
2015).

Collaborating with Classrooms

Involving K-12 students in citizen science is both rewarding and challenging. With increas-
ing focus on standardized testing and accountability, it is often challenging for teachers to
add extra things to the curriculum. To effectively engage K-12 classrooms in a citizen sci-
ence project, your program should document how the project is tied to the specific knowl-
edge and skills taught at a particular grade level and how involvement in the project will
improve students’ learning outcomes. Also keep in mind the end users of your data and
whether they will find data collected by children credible. That said, many successful citizen
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science projects have focused on engaging K-12 students, such as Journey North (https://
journeynorth.org), Project Budburst (http://budburst.org), and the Lost Ladybug Project
(www.lostladybug.org).

The most efficient way to connect with K-12 classrooms is through teachers. A common
strategy is to offer professional development for teachers to train them in the curriculum
associated with the project. Professional development workshops can be offered independ-
ently, through the school district, or at conferences attended by teachers, such as the National
Science Teaching Association’s conferences, or state-level environmental education confer-
ences. Partnering with teacher education faculty within a school or department of education
at a college or university when planning professional development for teachers also may be
effective.

College and university students are another potential pool of volunteers. You can partner
with faculty or leaders of campus student organizations to engage students in citizen sci-
ence to enhance their studies and educational experiences. In one example of such a collabo-
ration, the Beetle Project at SUNY Empire State College aims to increase student retention
in science disciplines while also improving the understanding of Japanese beetles in New
York. Multiple courses at the institution incorporate the project into the curriculum, using
it as a real-world study in which students can practice all aspects of the scientific process
(Empire State College 20106).

Event-Based Recruiting

Some projects recruit volunteers through special events, such as festivals, conferences, or
public outreach events. Staffing a booth at a community event, such as an Earth Day festival,
is an opportunity to disseminate information about your project as well as to pique interest
in becoming a citizen science volunteer. Use a public lecture or field trip to draw in people
interested in lifelong learning, and then invite them to participate in the project. Partnering
with a nature center or park is particularly useful for this strategy, as they likely can assist
with hosting and advertising the event.

Recruiting through Mass Media and Social Media

Depending on the geographic scope of your project, both traditional mass media and social
media may be useful recruiting tools. If you would like to use traditional mass media, develop
a media contact list for the geographic area of your project, to include key subscription-based
newspapers, free newspapers, public and commercial radio stations, and public and commer-
cial television stations. Send press releases about your project to your media contact list, sub-
mit public service announcements to the radio stations, and invite local TV news to your
events. Depending on your project’s budget, you could consider paid advertisement on web-
sites and in publications read by the specific audience you wish to engage.

There are online listservs, discussion boards, and user groups for nearly every interest
group imaginable. Circulating your recruitment materials through these groups is generally
free and simple to do. Use of social media (e.g., Facebook, Twitter, LinkedIn, Instagram)
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to recruit volunteers will be most effective if you have already built a following of
social media users by creating and sharing high-quality content. Starting a brand-new
Facebook page for your project is unlikely to yield many new volunteers, but sharing
information about your project on pages that already have a lot of followers can. Building a
social media following takes time and dedication to posting new and captivating content
regularly. Either begin the process of building a social media following well before you need
to recruit volunteers or instead make use of the social media presence of your agency or
organization and any partnering organization. Keep in mind that you can link different
social media platforms together so that, for example, a new blog post results in an automatic
Facebook profile update and an automatic tweet. You also can make use of paid advertise-
ment options on social media sites such as Facebook. There is little research into the effec-
tiveness of recruiting volunteers through paid social media advertising, but one benefit of
this strategy is that you can often target your ads to very specific audiences (based on zip
code, age, gender, etc.)

One crowdsourcing-type citizen science project that made good use of traditional and
social media was Galaxy Zoo, the first citizen science project in what is now the Zooniverse
suite of projects. In 2007, an initial post about the project on one of the project organizer’s
websites, combined with a press release picked up by BBC television, yielded tens of thou-
sands of people registering as volunteers on the project website within just a few days (Clery
20r11). While it was likely a combination of factors that helped the Galaxy Zoo project go viral,
it certainly helped that one of the project leaders was a co-presenter on a long-running BBC
television documentary show on astronomy and thus had an existing social media following
and media contacts.

Recruiting through Volunteer Referral Sites

Volunteer centers and volunteer referral sites serve as clearinghouses for volunteer opportu-
nities at local, state, or national scales. VolunteerMatch.org, for example, is a national-level
site where organizations can post volunteer opportunities, and potential volunteers can filter
the opportunities based on location, topic, and other variables. Similarly, the United Way
operates volunteer centers on a local community scale.

The most significant volunteer clearinghouse for citizen science is SciStarter (https://
scistarter.org), an online portal where citizen science project leaders can post information
about their projects and interested volunteers can seek out projects by topic, location, or type
of activity. In addition, SciStarter promotes individual projects through blog posts and an
e-newsletter.

The EarthWatch Institute (https://earthwatch.org) is well known for its strategy of
recruiting citizen science volunteers through expeditions—travel experiences that involve
participants in doing fieldwork for specific research studies. EarthWatch participants pay to
participate and join the expeditions. In this way, EarthWatch is able to act as a grant-making
entity, providing funding to scientists to lead the research as well as a volunteer recruiter for
the projects (EarthWatch Institute 2014).
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As with mass media recruitment techniques, volunteer referral sites cast a very wide net,
and you should include a clear “job” description and possibly screen potential volunteers to
be sure that they meet your project’s needs. The level and type of screening necessary will
depend on your own organization’s policies and the volunteer roles. Your organization may
require a high level of screening if the volunteers are considered unpaid staff, if they are in
a position of trust, and if they are protected by the organization’s liability insurance.

CONSIDERING DIVERSITY AND INCLUSION

Diversity among citizen science participants can refer to many attributes, including race,
ethnicity, cultural background, income level, socioeconomic status, geographic location,
gender, educational background, level of scientific or naturalist expertise, and more. Like
many facets of the natural resource profession, ecological and conservation-oriented citizen
science projects often have volunteer bases that lack diversity in one or more of these areas
(Porticella et al. 2013, Taylor 2014). This lack of diversity may not be a hindrance to accom-
plishing the scientific goals of a project. A pool of volunteers that all have strong naturalist
skills, experience and comfort in the outdoors, college degrees, and a lot of leisure time may
indeed be easy to train for the project and easily able to collect high-quality data and partici-
pate fully in other aspects of the scientific process. They may, on the other hand, be prima-
rily white, English-speaking, and middle or upper middle class.

There are a variety of reasons why citizen science practitioners may want to diversify
their volunteer pools and make their programs more inclusive. Projects based in or spon-
sored by federal or state agencies often have a mandate to reach diverse audiences and must
report demographic data. If you are organizing a project with a narrow geographic scope,
and a diverse population lives in that area, you will likely want to attract all sectors of that
area. The project’s educational or conservation goals may mean you want to involve volun-
teers with varying backgrounds in order to more significantly impact participants’ learning
and behaviors. A diversity of backgrounds could lead to new insights and outcomes that
would not otherwise be possible.

Diversity is a topic of interest in both the citizen science and the natural resource, ecology,
and conservation communities. While there are no formulas for increasing diversity that
work across all projects, there are a few recommendations to consider. Keep in mind that
some of the recruitment strategies described earlier in this chapter (snowball, working with
preexisting bird or wildflower clubs) tend to lead to less racial, ethnic, and socioeconomic
diversity. Methods that could be more effective at promoting diversity include working with
schools that serve diverse neighborhoods, partnering with religious or other community
leaders, and providing benefits to participation that are well aligned with the interests of
the community (Robinson 2008, Porticella et al. 2013). A 2013 report commissioned by
the Association of Science-Technology Centers highlights many specific strategies and
examples of programs that have focused on engaging diverse audiences (Porticella et al. 2013;
see box 6.1).
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BOX 6.1 Six Practices for Enhancing Equity, Diversity, and Inclusion
in Public Participation in Scientific Research

«  Provide concrete benefits for participants.

+  Build on what’s familiar.

«  Develop collaborative partnerships.

«  Beflexible and adaptive.

«  Offer genuine, equitable, and sustained personal contact with the community.

« Uncover and address additional context-specific barriers.

SOURCE: Porticella et al. 2013.

REMEMBER OTHER TEAM MEMBERS

Depending on your own skills and experience, you may need to recruit individuals with spe-
cific skills who can assist with project vision, development, and execution. A robust project
team includes members with expertise in a variety of scientific skills, including
project design and planning, protocol development, data management, information
technology, and statistics. Likewise, the project team should also include members with
expertise in education and outreach skills, including volunteer management, developing
and presenting training materials, developing curricula, communications, public relations,
and evaluation. In addition, if you are a scientist or land manager designing a top-down-type
project, it is a good idea to involve as part of the project team, from the beginning, one or
more leaders from the community you hope to engage. These community leaders can help
ensure that the project will be a good fit with the community and inform decisions about
protocols, communication, and training to ensure that they are effective. Likewise, if you are
part of a community group developing a grassroots or bottom-up citizen science project,
consider including scientists, land managers, and other subject-matter experts as part of
your planning team or as an advisory board, particularly if their areas of expertise are not
otherwise represented in your community group. A scientist can assist you in developing
research protocols and quality-control systems that will result in meaningful and statisti-
cally sound data.

SUMMARY

The most important step to building a successful team is having a strong understanding of
your project’s goals and an ability to articulate them clearly, be they scientific, educational,
or conservation-oriented. A thorough understanding of what you are trying to achieve
will clarify the expertise you need on your team. In thinking about the volunteer
component, you will want to understand the likely needs, interests, and motivations of your
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potential volunteers so that you can make sure your project will be a good fit. Your specific
recruitment strategies will match your intended volunteer audience.

If improving science learning for youth is an important goal, you will want to pursue col-
laborations with and recruitment strategies for K-12 classrooms or non-formal youth groups.
If one of your goals is changing landowner behavior in a specific area, you may need to
knock on doors to recruit individuals within that area. If the success of your project depends
on massive participation but a low time commitment per volunteer, you may instead be look-
ing at social media or other online recruiting tools.

In the end, keep in mind that citizen science is all about building beneficial relationships
and opening up science beyond professional scientists to include a diversity of individuals
who may be able to contribute something new to our understanding of the natural world.
Volunteers are your partners in this endeavor, not a resource waiting for you to use them.
Enter into citizen science as a partnership, and continually keep in mind what you can do to
make sure the project is meeting the needs of all partners.
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SEVEN

Retaining Citizen Scientists

RACHEL GOAD, SUSANNE MASI, and PATI VITT

Citizen science projects vary in length, but many being carried out at present seek to
develop long-term understanding. In particular, long-term citizen science projects are needed
because ecological questions are not easily answered with one or two years of data. As such,
many citizen science projects need not only to recruit participants, but to retain them over time.
Thus, retention of participants is of particular importance for many citizen science projects.

Returning participants gain expertise as a result of continued training, educational
opportunities, and on-the-ground experience. Such a corps of returning citizen scientists
constitutes an informed and expert volunteer group whose contributions are of increasingly
high quality. Further, these citizen scientists can serve as volunteer leaders, helping new
participants become familiar with the program and extending the reach of program staff.
Benefits of long-term involvement are not limited to the program, however. Volunteers who
choose to participate over a number of years often find personal value in educational oppor-
tunities and deepening involvement in scientific research. While many aspects of citizen
science programming affect volunteer retention, the focus of this chapter is on strategies
related to program design, training, support and resources, building community, and the
meaningful use of data.

In discussing volunteer retention, we are using our own experience with the Plants of
Concern (POC) program (box 7.1), a citizen science rare-plant-monitoring program of the
Chicago Botanic Garden, as a guide. The POC program was established in 2001 in response
to the Chicago Wilderness Biodiversity Recovery Plan (Chicago Region Biodiversity Council
1999) and has since partnered with 120 public and private entities and trained almost a
thousand volunteer rare plant monitors to collect data across the Chicago region (figure 7.1).
In addition to our own experiences, we have also incorporated thoughts and best practices
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FIGURE 7.1. A Plants of Concern field site. Credit: photo by Rachel Goad.

for retaining volunteers from other long-term volunteer programs in the U.S. Midwest and
beyond. Although we incorporate some ideas and examples from larger-scale efforts with
more distributed systems of volunteer engagement, such as web-based programs with an
international scope like eBird, our expertise and network of program contacts are largely
focused on local and regional place-based efforts. Hence, while our discussion will be highly
relevant to programs with a similar scope of interest, the general principles of long-term vol-
unteer engagement are germane to any long-term citizen science program.

DESIGNING A PROGRAM THAT SUSTAINS VOLUNTEER INVOLVEMENT

Volunteers are the core of any citizen science project, contributing their time, energy, and
intellect to the goal of addressing substantive research questions. Many volunteers in con-
servation and ecology projects are energized by the promise of meaningful work and the
opportunity to make a difference; they should never be perceived simply as free labor. The
design of a program should consider the ways in which citizen scientists will contribute and
how their contributions will be translated into real-world benefits. The Volunteer Steward-
ship Network (see box 7.1) has distilled three foundational components for volunteer-based
programs: provide meaningful work, empower volunteers to lead, and connect people
socially.

Integrating flexibility into data-collection protocols facilitates participation by people
with varying levels of expertise, ability, and availability. As such, many programs allow
volunteers to fill different roles within a project. For instance, some citizen scientists are

88 Planning and Implementation



BOX 7.1

In the Chicagoland area, a conservation volun-
teer culture had been developing since 1977,
when Stephen Packard and colleagues initiated
the North Branch Prairie Project (now North
Branch Restoration Project) within the Forest
Preserve District of Cook County. Over the next
two decades, more such groups formed and
were gathered under the umbrella of the Volun-
teer Stewardship Network, a public-private col-
laboration of the Illinois Nature Preserves Com-
mission and the lllinois Nature Conservancy.
Paralleling this movement, during the 1990s
local, state, and federal public agencies, con-
servation-minded NGOs, and university scien-
tists began partnering to share resources amid
regional conservation efforts that culminated in
the 1996 establishment of Chicago Wilderness.
This dynamic conservation alliance, built from
a community of more than five thousand vol-
unteers and many organizations already active
in the region (Ross 1997), now numbers almost
two hundred institutional and thirteen corpo-
rate members from four states. One of the first
collaborative efforts undertaken by the mem-
bers of Chicago Wilderness was the release of
the Chicago Wilderness Biodiversity Recov-
ery Plan (Chicago Region Biodiversity Council
1999), a call to action to involve citizens, organ-
izations, and agencies in a broad effort to im-
prove the scientific basis of ecological manage-
ment and restoration of natural areas, and to
develop citizens’ awareness of the importance
of protecting and conserving local biodiversity.
A key recommendation of the Recovery Plan
was to establish regional monitoring protocols
to support the implementation of evidence-
based management of local biodiversity.
Within this conservation matrix and well be-
fore the term citizen science came into common
use, volunteers were already monitoring many
organisms and habitats through the Habitat
Project (a former project of Audubon Chicago

Plants of Concern and the Chicago Area Citizen Science Movement

Region and Chicago Wilderness). Monitoring of
calling frogs (Peggy Notebaert Nature Museum
2019), breeding birds (Bird Conservation Net-
work 2019), and butterflies (lllinois Butterfly
Monitoring Network 2019) engaged numerous
citizen scientists. Outside of the Habitat Project
network, citizen scientists were monitoring
the eastern prairie fringed orchid with the U.S.
Fish and Wildlife Service and the Nature Con-
servancy (Marinelli 2007) and monitoring riv-
ers, forests, and prairies through the State of
lllinois’ EcoWatch and RiverWatch programs
(Latteier 2001).

The region’s citizen science program for
monitoring rare plants, Plants of Concern (POC),
was established in 2001 by the Chicago Botanic
Garden, working in conjunction with the Habi-
tat Project of Audubon Chicago Region (now
Audubon Great Lakes). From its inception, POC
has worked to collect critically needed, region-
wide data and to leverage an increasingly en-
gaged pool of ecologically focused volunteers
(Ross 1997, Chicago Botanic Garden 2019, Chi-
cago Wilderness 2019). In addition to providing
data to local landowners (e.g., county conserva-
tion districts) who use it in management plan-
ning, POC has also partnered with the State of
lllinois to update the statewide database of en-
dangered and threatened plant locations. Tara
Kieninger, program director of the Illinois Natu-
ral Heritage Database, says, “Because so many
groups rely on our data, it is imperative that we
keep our database as current as possible. Aside
from providing much-needed updates of known
populations of rare plants, the POC project
gives us information about rare plant popula-
tions previously unreported. As such, POC is
our largest provider of endangered plant data
in the state.” POC volunteers are energized by
this active partnership and know that their data
contribute meaningfully to rare plant conserva-
tion in their local area and statewide.




interested in leadership roles while others are interested in participating as an assistant.
Other volunteers may be motivated by a communal task or prefer to “work alone and just
turn in their datasheet.” Citizen scientists with POC may assist an experienced monitor dur-
ing a field visit, choose to monitor on their own, or can even volunteer in the office, which
appeals to those with clerical skills or mobility limitations.

Some programs also engage citizen scientists in work with differing degrees of complex-
ity, as illustrated by Wisconsin’s Citizen-based Water Monitoring Network, which offers
three levels of monitoring that citizen scientists can engage in (UW Extension 2019). Like-
wise, citizen scientists with POC have assisted with two levels of monitoring: single-visit
population censuses and in-depth plant demographic studies, the latter of which require
revisiting the same plants annually to collect detailed data. Another example comes from the
Echinacea Project, which is a small but in-depth research program on narrow-leaved cone-
flower (Echinacea angustifolia; figure 7.2) that engages citizen scientists in detailed
tasks, like counting and weighing fruits from individual flowering heads (figure 7.3). Citizen
scientists are matched with a task they are comfortable with, and they can participate
seasonally or when they have time. Flexible work, along with fostering community among
the volunteers, communicating results to them, and spending time explaining the purpose
of their activities, has created a strongly committed core of participants (Echinacea Project
2019). Building flexibility into a program maximizes participation by meeting individual
volunteer needs and comfort levels and serves as a way for less experienced citizen scientists
to become more familiar with scientific research and the focus of the project to which
they contribute. In place-based programs, the project coordinator can help sort out these
personal differences and find an appropriate position within the program for interested
volunteers.

Ensuring scientific credibility is an important consideration of program design that is
critical for all aspects of long-term program sustainability, including retention of citizen sci-
entists and program partners who value such credibility. One means of safeguarding the
scientific integrity of a program is by putting together an advisory group of professional sci-
entists and experts. An advisory group can serve as a key resource, providing feedback on
the scientific merit of program directions, helping ensure that all aspects of the program are
in alignment with its mission and goals, and weighing in on priorities for future directions.
In addition, an advisory group can facilitate partnerships with well-known and respected
agencies and organizations that lend additional credibility, support program longevity, and
may also lead to funding opportunities.

Lastly, the formation of Citizen Science Central (Cornell Lab of Ornithology 2019) and
the establishment of the Citizen Science Association in 2014 (Citizen Science Association
2019) have immeasurably expanded the collaborative capacity of all citizen science programs
and may be particularly useful to newly developing programs that are just beginning to con-
sider how to design and implement a project. By offering resources, ideas, support, public
recognition, and a community of other citizen science programs, these efforts increase the
likelihood of success for long-term programs.
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FIGURE 7.2. A bee on a narrow-leaved coneflower.
Credit: photo by Gretel Kiefer.

FIGURE 7.3. A participant dissecting a coneflower.
Credit: photo by Danny Hanson.

TRAINING

Following recruitment (chapter 6), proper training provides a necessary framework for
beginning citizen scientists to understand program goals and their role in advancing them.
Training should provide clear, step-by-step instructions for following protocols, as well as
the background information necessary to comprehend protocol design. With this solid foun-
dation, citizen scientists will be better equipped to ask good questions, collect high-quality
data, solve problems as they occur, and make valuable contributions to the program. Train-
ing should also emphasize the important role played by citizen scientists, specifically how
their data contribute to larger scientific efforts.
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FIGURE 7.4. Participants learning to use GPS. Credit: photo by Rachel Goad.

A variety of training approaches are available to ensure that citizen scientists are well
equipped. In-person, hands-on training sessions are an excellent way to connect face-to-face
with volunteers, evaluate their needs, introduce them to the project and protocol, and prac-
tice necessary skills. After initial training, advanced skill-development workshops can help
address specific needs. For example, POC developed an advanced training session focused
exclusively on use of GPS (global positioning system) equipment and proper reporting of the
resulting data in order to address specific data-quality issues (figure 77.4). Participants have
reported feeling significantly more knowledgeable and prepared to collect data after attend-
ing this session. Similar training modules can be developed to address needs identified
when evaluating project data, and each module should include evaluation of its effectiveness
(chapter 12). Connecting volunteers to relevant skill-development opportunities through
other organizations can further support their capacity to contribute to the program. Starting
and continuing with a solid training foundation will lead to successful performance that
helps keep citizen scientists engaged over time.

For volunteers who began with a strong drive to contribute to the project, training and
participation may provide sufficient motivation for continued involvement. Others may find
more motivation in opportunities that provide transferable skills or helpful tools. For
instance, some citizen scientists consider their training and experience with a volunteer pro-
gram valuable in preparing for a career or avocation in a similar field. A case in point is the
set of tools developed by the Cornell Lab of Ornithology for bird watching, including the
ability to maintain bird lists collected at different locations across years and how to share
these with other birders in a community setting. The development of these tools has signifi-
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cantly increased participation in eBird and other projects at the Cornell Lab of Ornithology
(Chu et al. 2012).

PROVIDING SUPPORT AND RESOURCES FOR CITIZEN SCIENTISTS

As discussed in earlier chapters, one of the most effective means of supporting volunteers is
through personalized and frequent contact. While such contact may be untenable in projects
with a national or global focus, projects with a more local scope will find maintaining per-
sonal connections instrumental in achieving program goals. Individual communication
makes it clear to volunteers that they are valued and part of a larger effort, allows staff to
respond to a volunteer’s needs, and increases the likelihood that volunteers will ask for clari-
fication when needed. Frequent contact with volunteers through meetings, newsletters,
group emails, blogs, and social networking posts is a necessary component of a successful,
ongoing citizen science—based program. In programs with strongly seasonal activities, like
POC, regular communication keeps volunteers engaged throughout the year and not just
when their participation is needed.

Individual interaction is essential to the mutual determination of the appropriate role
and assignment for each new volunteer, and successful placement is critical to their long-
term retention. In-person meetings with volunteers in the field or in the lab (or wherever
project data-collection occurs) allow staff to assess a volunteer’s capacity, address questions,
evaluate the potential for data-quality issues, and gauge whether additional resources are
needed. In the case of POC, new monitors are usually paired with someone more experi-
enced who can acquaint them with field protocol. Such support efforts at the outset are criti-
cal. Kris Stepenuck, former coordinator of the Wisconsin Water Action Volunteers Stream
Monitoring Program, notes that volunteers “can’t just be trained and sent out to do the mon-
itoring with no follow-up. The groups that have the highest retention rates not only train vol-
unteers in hands-on training to begin, but the local coordinators go to the field site with each
volunteer on their first visit.” While individual communication is time-consuming, there is
no better method for supporting volunteers, showing them that the effort they make is rec-
ognized and appreciated, and confirming that they are appropriately trained and equipped
for their task. Additionally, it provides an opportunity to ensure adherence to the project pro-
tocols, addressing issues as they arise rather than after the fact.

Volunteer support extends to tools and resources as well. A well-designed website can
help support, engage, and retain citizen scientists and could even be considered a critical
program element in our digital culture. In addition to housing static resources (e.g., species
lists, links, and datasheets), many citizen science project websites are also a portal to the
project’s database where participants can access and submit data (Sullivan et al. 2014). Web-
sites should be designed to be as clear and easy to use as possible. Difficult-to-use interfaces
or frustrating processes on a website will discourage volunteers. In our own situation, the
POC website provides password-protected access to past data on populations that volunteers
are assigned to monitor. Data can be submitted through the website by volunteers, and a
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submission triggers emails to relevant partners (e.g., landowners), alerting them to the sub-
mission, which they can also access. This alert system allows partners and POC staff to
review the data, provide feedback to monitors on data quality and completeness, and clarify
protocols that may have been misunderstood or overlooked. Thus, web-based tools can help
improve data quality and enhance the volunteer experience.

Lastly, ensuring that all participants can access necessary data-collection equipment
(e.g., GPS units and measuring tapes) is an important, if obvious, component of volunteer
support. Accessing equipment can be challenging, depending on the regional scope of the
project and the type of equipment needed. Equipment funds should be included as a line
item in grant or operating budgets whenever possible, to guarantee that enough equipment
is available to carry out project objectives. Partnering with agencies and other stakeholders
to share equipment can be a solution for extending a project’s resources, since similar equip-
ment may be used by multiple projects. Even something as simple as ensuring that all vol-
unteers have the list of equipment necessary to undertake a task can provide an important
resource that enhances volunteer preparedness.

BUILDING A CITIZEN SCIENCE COMMUNITY

Successful long-term programs often cultivate a community of citizen scientists who share
a common interest and vision. Such a community is a powerful motivator for volunteers to
join up and remain engaged. Newsletters that discuss project results as well as compelling
accounts of individual experiences can help communicate a coherent and inspiring vision of
program goals and accomplishments. Many programs organize social and recognition
events, which foster interaction among citizen scientists and offer encouragement in
response to their efforts. Providing refreshments is a time-honored and well-tested way to
ensure that people attend and participate in events, and the act of sharing a meal can solidify
social bonds. When recognizing citizen scientists, both individual efforts and group accom-
plishments can be celebrated. Community building is not usually included as a grant deliv-
erable, but it is a recognized benefit of (and to) citizen science projects. Therefore, it is impor-
tant to include funding needed for events and awards in project budgets whenever possible.
However, while this type of recognition is appreciated by many volunteers, it should not be
considered a substitute for more substantive responses to volunteer input and needs.
Programs that have a geographically dispersed group of participants may find it difficult
for participants to attend in-person recognition events, but many groups find such events to
be bond-building and valuable. In the Chicago region, regular joint gatherings involving
multiple citizen science programs provide participants a sense of being part of a much
larger conservation community, while also reducing the number of separate events that
regional citizen science volunteers would have to travel to attend. For example, Wild Things:
A Chicago Wilderness Conference for People and Nature attracts both staff and volunteer
conservationists who participate in its planning. This long-established biennial conference
serves to disseminate information about local conservation and ongoing research and
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provides a community-building opportunity for the one-thousand-plus participants who
attend it. Citizen science programs, their results, and opportunities for new participants to
get involved are featured prominently. Where programs are unable to organize such events,
they can develop an online presence that facilitates communication among citizen scientists
or with staff to ask questions or discuss findings, for example through a discussion board or
social media group.

Citizen scientists often work in pairs or teams, and the companionship that develops can
foster a sense of community, which is both rewarding and educational. Participants learn
from each other, and some find satisfaction in leadership roles by mentoring new members.
For example, one POC monitor, having assembled a group of trained assistant monitors,
schedules joint field sessions in which a team works together to find and count plants. They
consider themselves “buddies with a common bond.” In this way, an esprit de corps is forged
and mutual learning fostered, building confidence and a sense of accomplishment that con-
tribute to the desire to stay engaged.

A sense of community is also fostered when scientists engage with citizen science volun-
teers directly to share information or practice data collection. Such opportunities offer inter-
action and technical support and serve to strengthen the connection between citizen scien-
tists and their work. Group data-collection events that engage volunteer citizen scientists
alongside program staff provide an opportunity for citizen scientists to become more confi-
dent in their work and more familiar with program staff and other participants. Meetings
can be held annually where results are presented to citizen scientists, and during these, time
should be allotted for citizen scientists to ask questions and provide feedback on the pro-
gram. Building these kinds of opportunities into a program encourages the development of
an engaged community of committed volunteers.

Listening to and empowering volunteers is a critical factor in cultivating a community of
long-term volunteers who can make significant program contributions. Allowing volunteers
to take ownership of site-based ecological stewardship work has helped the Forest Preserve
District of Cook County’s North Branch Restoration Project build a large constituency of
committed, knowledgeable volunteers. Likewise, the U.S. Forest Service’s Eastern Prairie
Fringed Orchid Recovery Team makes a point of including volunteers in decision making
on important issues, such as deciding whether to hand pollinate the plants they monitor,
and the Calling Frog Survey regularly recruits volunteers to help lead workshop trainings
(Chicago Academy of Sciences 2019).

The concept of community can be further extended to volunteer engagement with the
natural world, when that is the focus of a citizen science project. The shared cause of caring
for the earth—biophilia—can be a powerful motivator for citizen scientists and other volun-
teers involved in ecology and conservation projects (Wilson 1984). By their nature, volun-
teers contributing to ecological citizen science care about ecosystems and their components
and tend to be passionate about conservation. Many place-based, conservation-focused pro-
grams allow citizen scientists to get up-close and personal with their adopted organisms and
habitats, follow their progress from year to year, and work to ensure that conservation goals,
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like preservation of a rare species or eradication of an invasive species, are met. Encouraging
this connection to place has been a powerful motivator for volunteer involvement in citizen
science programs of the Chicago region.

THE ROLE OF DATA IN SUPPORTING LONG-TERM PROJECTS

Citizen science data that are effectively managed and utilized can energize volunteers, as
they see their contributions leading to meaningful results (Kelling 2012). Effective data use
also motivates partners to continue their involvement because access to a useful, well-
curated, long-term dataset becomes invaluable. Not surprisingly, funders are more likely to
continue their support when presented with clear and useful results.

Establishing means by which results of data analysis are delivered to participants is an
important component of any program. The eBird project provides a high-tech example of
how data delivery can be done, with results translated into interactive maps and graphics
(https://ebird.org). Likewise, the Eastern Prairie Fringed Orchid Recovery Team holds
annual meetings at which researchers share results from analysis of the data collected by
volunteers. This group and others have found that volunteers who learn about the project
they are contributing to are motivated to maintain their involvement. In the case of POC, we
communicate program results through meetings, newsletters, outreach pieces, website con-
tent, and published research, while keeping volunteer motivation in mind (Fant et al. 2008,
Vitt et al. 2009, Bernardo et al. 2018).

More than simply reading about program results, citizen scientists who see the data they
have collected having an impact in real and measurable ways gain a tremendous sense of
satisfaction and may be more motivated to continue participating. POC data influence land
management on a very local scale, addressing acute threats like mowing of endangered spe-
cies or invasion by non-native species. When landowners address such threats in response
to data submitted by citizen scientists, participants may see on-the-ground changes in the
populations they monitor and feel empowered by their participation in the program.

Citizen scientists should also have the opportunity to provide feedback about their expe-
rience collecting data. Since participants serve as a program’s “boots on the ground,” many
become experts in data gathering and have significant insight to offer. Citizen scientists
may be the first to notice that a protocol needs to be adjusted to account for real-world condi-
tions, or their feedback may indicate that additional training or resources are needed. Afford-
ing such opportunities is critical to both clarifying protocols and procedures and retaining
active participants.

SUMMARY

Citizen scientists generously commit their time, skill, and passion to a scientific initiative in
the belief that they can make a substantial and meaningful contribution. However, effective
engagement of these participants requires careful planning and implementation. Be sure to
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show volunteers that their efforts are recognized and their contributions utilized, and
remind them that they are collaborating with a focused community of like-minded partici-
pants. While the suggestions and points discussed in this chapter are not exhaustive, they
do represent well-tested methods of long-term volunteer engagement, particularly in place-
based citizen science. Thus, we suggest the following best practices as a useful guide in
developing a citizen science project:

Communicate an inspiring vision of the work to be done.

Set clear scientific goals for project data and maintain scientific oversight to
establish program credibility for volunteers as well as partners.

Provide frequent communication and, when possible, individualized attention. Be
vigilant in balancing administrative demands and volunteer communication.

Provide flexibility and adaptability to volunteer needs.

Accommodate a variety of backgrounds and learning styles while simultaneously
communicating the need to follow scientific protocol in a rigorous manner.

Acknowledge citizen scientists as partners in a common cause and solicit their
input.

Do not belabor the idea that citizen scientists save professionals money, and be wary
of phrases like “using citizen scientists.”

Provide results and feedback on what the data show, how they are used by scientists,
and how data collected by citizen scientists make a significant contribution.

Disseminate results and demonstrate program credibility through publications,
press releases, and an engaging website.

Provide ongoing training and learning opportunities for citizen scientists.

Develop volunteer leaders by involving experienced citizen scientists in training
others and serving as advocates for the program.

Nurture camaraderie and social connections to foster community.
Encourage a “connection to place” for volunteers working in place-based programs.
Give meaningful appreciation and recognition.

Prioritize long-term sustainability when designing a program, and consider how
funding, partnership, and institutional affiliation can help support that goal.
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EIGHT

Training

HEIDI L. BALLARD and EMILY M. HARRIS

Most citizen science projects require some type of training for participants (as dis-
cussed in chapter 7). Training can provide instruction for proper data collection and serve as
a communication tool between project leaders and participants. Whether in person or
online, training can be one of the best opportunities for project leaders to inform partici-
pants of the scientific, conservation, and educational goals of the program. In turn, a train-
ing session may be the first (or only) chance for participants to communicate their interests
and expectations to project leaders. Therefore, careful planning, implementation, and evalu-
ation of citizen science training can support many of the goals of a citizen science project.
In this chapter, we introduce some of the different goals for citizen science training and
effective ways to accomplish them. We discuss types of training, give some brief background
on what educational researchers understand about how people learn, and offer detailed sug-
gestions for facilitators! who wish to provide structured, effective sessions on collecting, sub-
mitting, and analyzing high-quality data that are engaging, informative, and a rich experi-
ence for participants.

1. We describe the people developing and/or implementing a training as facilitators (whether
they are scientists, project leaders, educators, or volunteers) to emphasize that the facilitator’s role
is to facilitate hands-on learning experiences for participants to learn, practice, and get feedback,
rather than solely lecture to participants.
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GOALS OF TRAINING
Quality Control and Quality Assurance

Training is one of the key methods for delivering quality control and quality assurance to
citizen science programs. In particular, training can evaluate, provide feedback on, and
check the performance of citizen science participants in relation to data and other protocols.
Furthermore, thoughtful and thorough training helps ensure that participants understand
the underlying goals and rationale for the way they will be collecting data or accomplishing
other parts of the project, which means they will be conscientious and thoughtful contribu-
tors rather than simply technicians.

Broader Science and Environmental Learning

Citizen science project leaders often make a range of assumptions about what their partici-
pants will learn through participating in their project. These assumptions include a better
understanding of the scientific process and developing a stronger environmental steward-
ship or conservation ethic. Fortunately, educational research is emerging to test these
assumptions. A key question is which of these various learning outcomes result from the
activities of data collection and analysis that participants engage in, and which of them
result from the training program. Depending on the structure and nature of the citizen sci-
ence project, the training sessions could be the best and last chance that project leaders (as
facilitators) have to facilitate the learning goals for their participants. For example, if your
goal is for participants to understand the connection between monitoring birds or plants in
their backyard and their own behaviors of spraying pesticides in their gardens, you must be
explicit about the behaviors you hope to influence (Monroe 2003), and the training session
is an ideal time to explain this clearly.

Many facilitators assume that participants will learn through exposure to the larger con-
ceptual or behavioral connections between the skills and tasks of the project and the bigger
picture of science and the environment. However, exposure is usually not enough to effect
such learning. By providing the background, context, and history of the project during train-
ing, facilitators can be confident that they are targeting the key things they hope participants
will learn (chapter 12 describes how to evaluate whether you have met your learning goals
for the project overall). Finally, a key learning goal of citizen science training is to facilitate
participants’ meaningful engagement with a project from the beginning in a way that
speaks to their own personal motivations and interests. Thus, incorporating participant
motivations is an important part of training. One way to incorporate motivations is by tak-
ing time at the start of a training to find out what motivated the participants to come in the
first place, and what they hope to get out of the project. These questions can be answered
either through discussion or with a more formal pretraining questionnaire, which facilita-
tors can use first to guide their approach to the training and then to frame the rest of the
project for participants in ways that resonate with their motivations.
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TYPES OF TRAINING

Citizen science training is carried out in a variety of contexts, settings, and locations, with
different audiences and organizational partners, and through many different mechanisms.
That said, training typically involves two main types of approaches: in-person or online.
Depending on the nature of your project, you may decide to use either or both of these
approaches.

In-Person Training

Citizen science projects often have two stages of in-person training: initiation or orientation
training, and refresher training. During the former, participants learn project goals, content
and background, tasks they will be doing, and new skills that they will need to use, includ-
ing data entry in the field or when they return home to a computer. This initial training
often occurs before the trainees have committed to ongoing participation and thus may
include an element of recruitment and “selling” the program. Aside from initial training,
some projects include ongoing training or refresher sessions for existing participants. This
can ensure they keep their project skills sharp and can provide a sense of community and a
social dimension, particularly if participants do not typically get to see each other often to
compare notes about what they are doing in the field. Longer-term projects that have long
time spans between field seasons (e.g., migratory bird and butterfly monitoring or plant phe-
nology projects) should consider providing these refresher training sessions to ensure that
participants remember protocols and identification strategies.

In-Depth Training for Long-Term Projects

In-person training can take many forms, depending on the structure of the project. For
long-term projects, the general rule is that it is always better to conduct a training in the hab-
itat in which participants will be collecting data. That being said, it may not be possible to
train at the field site, or there are practical reasons to hold the training indoors where partici-
pants can better focus on the information before being asked to learn and perform tasks.
However, indoor training should still include hands-on activities as much as possible, such
as practicing identification of specimens or use of special tools like calipers and hand lenses,
so that participants can become familiar with materials and procedures.

BioBlitzes and One-Time Citizen Science Events

In contrast to long-term projects, some citizen science programs are one-time events, such
as BioBlitzes or meet-up events. Training for these short events will likely be quick and take
place on site where data will be collected. Natural history museums, science centers, munici-
pal governments, Cooperative Extension programs, and community-based organizations are
increasingly offering these one-time events to entice participants who might not be ready to
join long-term projects. For one-time programs, we suggest you use the same principles and
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guidelines discussed here for the more in-depth training, but condense the training time to
be proportional to the amount of time people will be participating in data collection overall.
For example, if the BioBlitz event is to last six hours, the training should probably take thirty
minutes to an hour. Another common feature of BioBlitzes and other one-time events is a
train-the-trainer model in which past project participants are enlisted to help train and per-
haps lead groups of new participants during the event. In this case, it is important to provide
those participant leaders with training in advance of the event (the morning before or ear-
lier) so they can feel confident and be prepared.

Online Training

Online tools provide a wealth of resources for citizen science project training. In fact, many
projects now include online training materials and online data submission. Moreover,
much of the communication that occurs between the project leaders and participants
happens online, depending on the audience. As such, you should make sure to set aside
time in your training sessions for participants to learn and practice the online tasks that
are required of them. However, it is important to remember that not all participants will
have access to or feel comfortable with all online tools, and hence it is important to check in
with them and provide, if possible, paper versions of surveys, data protocols, newsletters,
and so on.

Many large national and international citizen science projects, such as the USA National
Phenology Network (www.usanpn.org), NestWatch (https://nestwatch.org), the Monarch
Larva Monitoring Project (https://monarchlab.org/mlmp), and the Great Sunflower Project
(www.greatsunflower.org), provide all the training and information needed to participate
through online resources on their websites. However, many national and international
projects are easily adapted by locally or regionally focused programs that organize training
and data collection in a specific place (e.g., park, preserve, or neighborhood) and contribute
their data to the larger project. Using such existing projects can be an efficient and useful
way to engage more people in citizen science without having to reinvent the wheel and
design an entire program from scratch, especially if a given program meets your goals for
scientific data and participant engagement and learning. Local project leaders can create a
constituency of committed participants who will monitor a park or neighborhood, by offer-
ing in-person training to complement national projects like those mentioned above.

Finally, many project leaders rely on the Internet to communicate with participants
about training, through newsletters, email, and social media. A variety of online tools are
available for communicating with participants about training, including those found at
CitSci.org, which has templates for newsletters, advertisements, and so on. In addition, you
may want to use online survey tools such as SurveyMonkey (www.surveymonkey.com) to
conduct surveys with participants both before and after the training. Surveying beforehand
is useful to gauge the backgrounds and interests of participants, and surveying afterward is
an easy way to evaluate the effectiveness of the training session.
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ELEMENTS OF TEACHING AND LEARNING RELEVANT FOR TRAINING

Depending on whether your audience consists of youths, adults, or both, developing and
implementing training is conceptually somewhere between a teacher developing and teach-
ing a lesson plan and a facilitator running a workshop. While youth and adult audiences are
different in some key ways with respect to citizen science training (as discussed below),
many of the principles of good teaching and facilitation are the same. In particular, educa-
tion and environmental education research indicate the following principles about how peo-
ple learn (paraphrased from Wals and Dillon 2013):

Learning requires the active, constructive involvement of the learner.

Learning is primarily a social activity.

People learn best when they participate in activities that are perceived to be useful
in real life and that are culturally relevant.

New knowledge is constructed on the basis of what is already understood and
believed.

Learning is better when material is organized around general principles and
explanations, rather than based on memorization of isolated facts and
procedures.

Learning is a complex cognitive activity that cannot be rushed. Considerable time
and periods of practice are required to build expertise in an area.

Learning is critically influenced by learner motivation, so consider what interests
and needs might bring someone to a training.

Training Considerations for Adults

Youth and adult audiences likely come to citizen science training sessions with different
interests and expectations, which will influence the design and implementation of the train-
ing. We know that adult learners differ from young learners in some fundamental ways.
Specifically, adults often have vast experiences and a wealth of knowledge that they bring to
any new educational experience, and they typically respond well when their knowledge and
experience are respected and utilized within the training (Jacobson et al. 2016). And, while
all learners need to see the relevance of what they are learning to their own lives, adults par-
ticularly need to be able to apply and reflect on what they are learning and why it is impor-
tant in the bigger picture of the citizen science project. Finally, it is crucial to remember that
adults are volunteering their time of their own free will, so if a training activity does not
seem useful or meaningful, they can simply walk out. Therefore, make sure to communi-
cate clearly what the training will entail and why, so that people have clear expectations
when they arrive.
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Training Considerations for Children and Youths

Young people may or may not be participating in a project on the direction of a teacher, a
parent, or another adult. To support young people’s intrinsic motivation, emphasize the real
scientific audience, create opportunities to recognize their contributions, and support their
social interests. Some young people are motivated because they feel that citizen science
projects offer an opportunity to participate in real science (Ballard et. al. 2017) and/or con-
nect with and steward a place that is important to them (Haywood 2014). Furthermore, rec-
ognition of young people supports their ability to see themselves as science experts and can
include receiving badges or recognizing specific achievements, such as who registered the
most observations. Providing food at training is appreciated by youths and adults alike. Fam-
ily and other social dynamics can also influence how well participants engage with training
activities. In some cases, it makes sense to separate families from other adults for a few skill-
building activities that target each generation’s interest and ability levels. However, if young
people are attending a training with adults, they will likely be collecting data with those
adults, so it is also important to design activities that are accessible and interesting to both
audiences simultaneously, and allow them to work together as a team (see some suggestions
below).

Citizen science programs are increasingly used as a tool for teachers to engage young
people in science in formal school settings (Harris and Ballard 2018). Several large, national
citizen science projects—such as Driven to Discover (https://extension.umn.edu/citizen-
science/driven-discover) and BirdSleuth (www.birds.cornell.edu/citscitoolkit/projects/clo
/birdsleuth)—have developed science-focused curricula that allow teachers in schools to
train their own students to conduct data collection, which not only helps children learn sci-
entific concepts and processes but can also contribute high-quality data to the citizen science
project. In other cases—such as LIMPETS (https://limpets.org) and Vital Signs (http://vital-
signs.org)—teachers and after-school educators can attend training workshops in their local
area and then conduct field-site data collection with their students that contributes to a larger
dataset used by scientists. In both cases, the project leaders need to target training materials
to the teachers, parents, or educators who will then work with the students themselves.
Thus, if you are working with teachers, you may need to design background material for
them as well as more detailed behind-the-scenes instructions, in addition to the standard
protocols that the youth and adult data collectors will use (see the “Youth-Focused Commu-
nity and Citizen Science” resources at http://yccs.ucdavis.edu).

HOW TO PLAN, IMPLEMENT, AND EVALUATE A TRAINING
Planning

Big-Picture Planning
Establishing the goals and desired results (Wiggins et al. 1998) of the training is an important
first step of the planning process. In determining your training goals, consider your partici-
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pants (see chapter 4), the anticipated timeframe for their involvement (e.g., one day or
ongoing), and what parts of the scientific research they will be involved in. In addition to
accurate data collection, consider other goals you may have, such as participants being able
to (1) analyze and classify data, disseminate conclusions, or engage in other parts of the scien-
tific research; (2) understand why the research questions of the project are important and
how they are contributing; (3) teach members of the public about the project while they are
in the field; and (4) understand the nature of scientific knowledge generation and “what
scientists do.”

Once you have established training goals, determine what evidence is needed to demon-
strate that participants have met the goals (Wiggins et al. 1998). That is, how will you know
that the participants understand and can do what you had hoped by the end of the training?
One way to assess participant understanding is to have them perform a task—an activity in
which they do something similar to what they will later be expected to do on their own dur-
ing data collection or other project activities (often called “performance-based assessment”).
For example, if a desired goal is for participants to correctly identify an organism with 8o
percent accuracy while monitoring with a partner on a field transect, an appropriate per-
formance task would be to have participants spend fifteen minutes at the end of the training
session working in pairs to identify twenty organisms. Similarly, if training for species iden-
tification or classification of photos occurs online, make sure that participants get to practice
classifying and testing themselves before doing it for real. For more detail about evaluating
whether participants have learned what you expected, see chapter 12. Starting with these
goals and the tasks or evidence you will use to determine whether the training was success-
ful, you can use them to “backward design” a plan for a training session of appropriate learn-
ing activities that meet the training goals (box 8.1).

Planning the Learning Experiences

When planning the details of the training, project leaders and facilitators should include
a variety of activities and teaching styles beyond just direct instruction (i.e., one-way
verbal presentation of information). Depending on your training goals, these activities
can include presentations, investigations of the species or phenomenon of interest, time to
practice protocols with feedback from instructors, small- or whole-group discussion, and
participant reflection about what they have learned and how to apply it. Some activities will
be most appropriate as presentations, while others will be more effective in a hands-on for-
mat. You should strive for a balance in time between how much you will be talking in a pres-
entation and how much participants will be actively engaging in hands-on activities. If
building a social community among participants is a goal, include activities that facilitate
participants connecting with each other. In order to determine what needs to be included in
the training and what kind of resources will support participants in the field, consider their
expected roles in the project. For example, how often do you expect participants to engage in
monitoring, are they monitoring alone or in groups, and what kind of data will they
collect?
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BOX 8.1 Example of a Backward-Designed Plan for a Training Session about
Plant Phenology

Goals
Participants will be able to:

Identify the correct phenophase 85 percent of the time when working with a
partner

Upload the data to the project website

Give a five-minute “elevator pitch” (a very succinct explanation that could be
delivered in the span of time one has on a ride in an elevator) to someone about
what they are doing, what questions the project is trying to answer, and how
their work is important to the project

Evidence of Learning
At the end of the training, participants will:
Work with a partner to fill out the data sheet
Upload their data to the project website
Practice their five-minute elevator pitch with a partner
Learning Activities/Plan for the Day
Day 1, in the classroom with time to practice with the same plants, but not the same trail
9:00-9:15 Sign-in (coffee, bagels, mingling; anticipating that some people will come
late)
9:15-10:15 Introduction
|cebreaker
Plan for the day
Personal introductions (whole-group discussion where everyone shares)

Project introduction (PowerPoint presentation on the goals of the
project)

10:15-10:30 Break (coffee refills, bathroom visits)

10:30-12:00 Meet the plants and prepare for monitoring
Look at cuttings in courtyard (hands-on activity)
Estimation Game (hands-on activity)

Botany 101 refresher (PowerPoint presentation with cuttings)

Interactive Presentation

Presentations interspersed with audience participation can be effective for developing concep-
tual knowledge, drawing out participants’ knowledge and experience, sharing the larger con-
text in which participants are working on the project, introducing participants to specific parts
of the work, or making meaning of what participants are observing. For example, at the start
of a training session, many facilitators lay out the larger context of the research, including what
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12:00-12:45 Lunch
12:45-2:00 Practice the monitoring protocol

Group plant practice and data sheet (whole-group discussion and modeling the
monitoring protocol)

Observation practice in the arboretum in small groups/pairs (small-group
practice using the protocol with several individual plants)

2:00-2:15 Break
2:15-2:45 Uploading the data
Orient participants to data entry online (presentation)
Participants enter data together in small groups (guided practice)
2:45-3:00 Closing
Closing activity

Post-training survey

Day 2, in the field at the location of the trail
9:30-10:00 Introduction
Icebreaker
Plan for the day
10:00-10:15 On-site materials
Orientation to different trails (hand out maps)
Demonstrate lock box and proper storage of data sheets
10:15-10:45 Whole-group plant monitoring

Participants practice together on one plant and then have whole-group
discussion

10:45-12:00 Small-group monitoring

In groups of three or four, participants practice monitoring while facilitators
circulate to answer questions and provide feedback

12:00-12:30 Elevator pitches
Develop elevator pitches
Practice giving them to other participants

12:30-1:00 Lunch and closing circle (“Tell the group one thing that surprised you
today”)

research questions the scientists are asking, what progress has been made on the research,
and why the research is important to the scientists and to the public. This type of presentation
could happen as either an in-person training or a module in an online training.
Presentations do not need to follow a one-way form of communication. Instead, presen-
tations are better if they are interactive and engage participants throughout. Telling specific,
compelling stories during the presentation—in particular, stories from the professional
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BOX 8.2 Strategies for Engaging Participants through Presentations
or Whole-Group Discussions

Telling specific stories from the project. Keep track of memorable stories from the
project and build them into your presentation to encourage engagement.

Accessing prior knowledge. Ask participants to share their previous experiences related
to the topic at hand. For example, in ecologically related projects, what signs of
spring (or other seasons) have you noticed? What do you know about this species?
Have you ever been to this location or a site that was similar to it? What do you
remember about it?

Thought exercise. Present a question or problem and ask participants to talk through
(with a partner or small group) how they might solve the problem. For example,
show an image of a tree with many flowers. Ask participants to think about how they
would estimate the number of flowers on that tree. Participants work in pairs or
triads to talk through different strategies. Then everyone shares.

Think-pair-share. First pose a thought-provoking question to the whole group. Then give
participants time to think about their response and write down some notes (make
sure to give this time for people to collect their thoughts). Next, have participants
share their responses with a partner sitting close to them. Once both partners have
shared, have a few of them report to the whole group on what they discussed. This
method gives people a chance to develop their own meaning and invites engage-
ment. It can break up a presentation and keep people interested.

Verbal or nonverbal checking for understanding. Make eye contact, look for engage-
ment and enthusiasm, and pause when people look confused to solicit any clarifica-
tion questions. At the end of each part of a training, ask for questions and informally
suggest that the participants review the key points about what you just covered.

scientist’s perspective of curiosity and discovery or from a prior participant’s experience—
can inspire and motivate new participants. In addition, eliciting participants’ interests,
goals, and prior knowledge not only breaks up a presentation, but also helps instructors bet-
ter understand participants’ motivations and levels of existing knowledge. Including ques-
tions for discussion, such as “think-pair-share” (think about a question, turn to your neigh-
bor, and discuss it for two minutes) or thought exercises (where learners can think through
an issue or question before the whole group discusses), can also help engage participants,
particularly language learners or people who do not like to talk in large group settings.
Finally, checking for understanding and using verbal or nonverbal cues not only keeps par-
ticipants engaged, but can also indicate whether participants are ready to move on or need
more time to discuss and review (for examples, see box 8.2). When planning a presentation,
always ask yourself if there is an interactive way to engage participants. Also try to include
more than one presenter or facilitator, if staffing allows, which varies the energy and
approach to the topic and keeps people engaged.
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Hands-On Activities

Hands-on activities provide an opportunity to teach many different skills, including organ-
ism identification, data-collection methodology (e.g., how to estimate or accurately measure),
following a protocol, and how to upload data. In many cases, such hands-on activities can be
derived directly from a presentation (box 8.3).

One of the most important hands-on parts of a training session is teaching new partici-
pants to accurately follow a protocol. For citizen science projects in conservation and ecology,
where species identification or knowledge is a key component, it can be valuable to divide the
training for the protocol into the following three parts (building on Jordan et al. 2012; their
related cognitive tasks are shown in parentheses).

Identify and Recall Species of Interest (Object Identification and Memorization)
Instead of describing different structures of a species in a presentation and then asking par-
ticipants to immediately identify a specimen, participants can first compare and contrast
specimens by sorting them. This sorting allows participants to construct their own under-
standing of important structures that will help them identify species (Brooks and Brooks
1993). A small tweak in how the learning is structured will aid in identification and memo-
rization of important differences (box 8.3).

Detect the Species of Interest in the Field (Discrimination and Authority)

Detecting a species in the field is more challenging than identifying it in a classroom or lab
setting. Thus, have participants practice identifying specimens in an environment where the
organism is obvious and then gradually introduce more complex situations. This obvious-to-
complex pathway of learning allows participants to develop a language for and understand-
ing of the species. For example, if participants are learning to identify birds, they should start
by observing key features of a species (e.g., field marks) by looking at pictures and specimens
in the classroom. Then, when the participants are in the field and a bird flies by, they already
have some level of familiarity with the key features they are looking for on the bird.

Appropriately Follow the Data-Collection Protocol (Accuracy and Automaticity)
In order to accurately collect data for the project—which will require a level of expertise and
automaticity in enacting the protocol correctly—participants need opportunities to practice
the protocol (Monroe 2003) with support from the trainers. They should practice in small
groups at first, and then either alone, in pairs, or in groups—however they will be working
during actual data collection. One way to accomplish protocol training is by gradually shift-
ing the responsibility for the activities from the facilitator to the participant (Collins et al.
1989; figure 8.1). For example, the facilitators start by modeling how a protocol should be
run for the entire group of participants, which allows participants to become familiar with
data-collection sheets or apps and develop a conceptual model of the whole process. Then
the participants break into groups of three to six to practice the protocol together, with the
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BOX 8.3 From PowerPoint to Participation: The California Phenology Project (CPP)

at Stebbins Cold Canyon Natural Reserve

Here is one example of how to transform a
presentation-style session into an active hands-
on learning activity. For our CPP Stebbins
project, our team had outlined a well-developed
forty-five-minute botany PowerPoint presenta-
tion that introduced the six plants participants
would be monitoring and important botanical
structures. This presentation was scheduled to
happen after another forty-five-minute intro-
ductory PowerPoint introducing what phenol-
ogy is, the link between phenology and climate
change, and the places where our project par-
ticipants would be fitting in. However, we were
concerned that ninety minutes of lecture would
leave participants sitting for too long, so we de-
cided to modify the plant presentation to be in-
teractive, to help participants identify different
plant structures in a hands-on way.

WHOLE-GROUP OBSERVATION PRACTICE

We decided that having participants explore
the six plants in small stations would allow them
to construct their own knowledge and under-
standing of each plant. Not only that, but in the
process of observation they would notice many
important structures that we could reference
afterward in our botany lesson. Because our
training was not close to the monitoring site,
we decided to bring cuttings of plants for the
participants to explore. We introduced the ac-
tivity by stating the goal of the session: to intro-
duce participants to the six plants they would
be monitoring. We asked participants to make
a chart in their notebooks with two columns: /
notice and / wonder. Then we passed out a cut-
ting of one of the plants to each of several small
group of two to four participants and had them
record statements about things they noticed
about the plant and questions they had. We also
had them come up with a name for the plant
based on characteristics they had observed. We
emphasized that we did not care if people knew
the name of the plant and encouraged them
to make careful observations. After about five

minutes of exploration, we brought all the small
groups together and they shared their observa-
tions and plant names. In this whole-group de-
brief, we encouraged participants to expand on
their observations with prompts such as these:
Can you explain what you meanby _____ ?
What did you notice that made you wonder
that? Why did you name your plant that? This
led to participants articulating their observa-
tions of the characteristics of plant parts.

SMALL-GROUP OBSERVATION PRACTICE
AND FORMATIVE ASSESSMENT

Once everyone had practiced together, the
small groups rotated through the other five
stations, doing the same activity for each of
the other five plants. After visiting all the sta-
tions, we had a whole-group discussion, shar-
ing notable observations for each species and
pointing out specific plant-part structures to
pay attention to. To conclude, we put out six
species profile sheets that had images of each
plant with all of their phenophases as well as
the name of each plant and additional infor-
mation about them. We had the small groups
work together to decide which of the species
they thought each of their specimens was and
gave them time to read about each plant on
their own. After getting to know the plants so
in-depth, participants were motivated to read
about the plants and felt proud of the ease
with which they could identify them. This was
an exciting way for participants to get to know
the six species they would be monitoring, and
their close observations helped them see many
of the botanical structures we had planned to
show them in the presentation. Later in the
day, we reviewed one slide on basic botany and
were able to reference specific plants that par-
ticipants had observed, which helped ground
their learning. In this way, we turned a forty-
five-minute lecture into a forty-minute activ-
ity with five minutes of follow-up PowerPoint
slides.




Gradual release of responsibility

Participants observe — Participants practice with facilitator — Participants practice in groups

Facilitator models — Facilitator practices with participants — Facilitator observes/provides feedback

FIGURE 8.1. Model of gradual release of responsibility by a facilitator, whereby the participant’s
role shifts from observer to practicing the skill in groups, and the facilitator’s role shifts from
modeling the skill to observing and providing feedback.

facilitators working alongside them to answer any questions. Finally, the participants do the
monitoring activities themselves (singly or in teams as the protocol specifies) while the facil-
itators watch and offer feedback as needed. Notably, this gradual release of responsibility is
not always the best approach. For example, if the cognitive demand of the task is minimal,
participants can move immediately into self-directed activities without a facilitator
first modeling how to do it, as in the aforementioned sorting of specimens to create an
observation-based conceptual model they can draw on later in classifying organisms.

Other activities that might benefit from hands-on training include uploading data and shar-
ing information about the project with passersby while working in the field. In these two sit-
uations, you should model what the activity looks like and then give participants the chance
to practice in small groups or pairs. If participants need to learn how to navigate the project
website and upload data, you might model how to do it and then have participants practice
together while you circulate to help them. Likewise, if participants will be expected to share
information about the project with passersby, you should give them a chance to practice giv-
ing a short explanation about the project to another participant or an actual passerby.

Group Discussion and Reflection

Opportunities to talk about and reflect on new content, skills, or processes are critical for
developing meaning about them. Reflection allows participants to monitor their own learn-
ing and recognize if they need extra support or more practice (Schraw et al. 2006). Discus-
sion and reflection also help identify places where participants are struggling so that you can
adjust the training to meet their needs. There are many ways to facilitate this, including
individual written reflection, partner conversations, and small- and whole-group discus-
sions (box 8.4). These strategies should be incorporated throughout the training—in con-
junction with a presentation, during hands-on activities, or as stand-alone exercises.

PLANNING THE LOGISTICS

As you develop your detailed plan for training activities, consider what we know about what
motivates people to learn. Motivation is often described in psychology as an internal desire
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BOX 8.4 Common Discussion or Reflection Formats

Individual written reflection. Post a prompt you want participants to respond to. Give
them time to think about it and write down their responses. Then have participants
share their responses either in pairs or to the whole group.

Small-group discussion. Small-group discussion allows everyone to talk and process,
and some people are more comfortable sharing their thoughts with one or two
people than with a whole group. In a practice setting, give each group one or two
prompts to discuss. Allow time for participants to talk with each other while you
circulate and sit in on a few conversations. Have each group select one person to
report to the whole group on their group’s conversation. This approach can be useful
when participants are practicing skills, such as classifying organisms or estimating.

Whole-group discussion. This can be a great format for the opening and closing
activities of a training. You can give everyone the chance to speak to the whole
group about what brought them to the project or what they are excited about
moving forward. You can also use this strategy to encourage group discourse, which
is particularly useful when practicing protocols. Encourage participants to share their
thinking processes out loud and comment and respond to each other. Act as a
facilitator more than a participant to unearth the group’s ideas. Then you can step in
and provide feedback on the ways people are thinking about the monitoring.

or want that activates or energizes behavior and gives it direction. Taking into account what
might motivate participants in a citizen science training could dramatically enhance its
effectiveness for learning. Consider the following logistical items, many of which come from
our understanding of factors that make people comfortable and motivated to learn. Keep in
mind the importance of meeting people’s physical needs first, before addressing their cogni-

tive needs (Maslow 1954).

Location and Space

People need to have their basic needs met in order to be able to focus, so finding the right
location and space is crucial for a smooth training session. Begin by considering the follow-

ing questions:

What is your anticipated capacity? Make sure you have space to accommodate

everyone comfortably.

Will your training be indoors, outdoors, or both?

If the training is outdoors:

n2

Are there places where your whole group could stand in a circle?
Are there benches or other places where participants could sit if they need to?

Are there places that everyone in your group will be able to gather around to
look at examples?
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Are there shady or sunny places to help participants feel comfortable?
If the training is indoors:

Will participants be sitting? Lecture-style? In small groups with tables?
What setup will facilitate participants working together?

Is there a nearby outdoor location where participants can practice?

Are there any site-specific considerations? Is there enough parking? Are
there restroom facilities?

Considering these points will ensure not only that participants are physically, emotionally,
and psychologically comfortable during the training, but that they are engaged and excited
to participate.

Staff Help

During your planning, be mindful of the facilitator-to-participant ratio and incorporate this
into your activity design. If you have a lot of staff, you can divide into small groups. However,
if you do not have a lot of staff, consider mixing people into groups with a range of experi-
ence levels so that they can help one another. Consider having experienced participants help
facilitate or take the lead (with staff support) to run or even plan training—they can be great
assets, with extensive experience and local project knowledge.

Materials and Gear

Determine and document all the materials you will need for each training activity
(box 8.5). Consider the size of groups that participants will be practicing in and make
sure you have enough materials for your intended design. You should ask yourself
several questions for each activity to ensure that the materials you have are useful and
sufficient:

Will participants be working in groups? How many will be in each group? Will they
share materials?

Do participants need to write down information? If so, on what will they write? If in

the field, will they need clipboards?

Do participants need hard-copy instructions in addition to oral instructions and
modeling?

Safety Management

Prior to the training, identify important hazards and possible risks for your group. These
might include, but are not limited to, sunburn, dehydration, cuts or scrapes, hypothermia,
biting insects or other invertebrates (e.g., ticks), animals to be aware of (e.g., snakes and
large mammals), poisonous plants (e.g., poison oak and poison ivy), and personal medical
health problems. Come prepared with extra supplies for participants who forget or
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BOX 8.5 Common Materials Used in Trainings

Projector and computer if you are giving a presentation
Agenda posted so that everyone knows what to expect
Name tags and pens

Extra pens or pencils (for people who forget)

Examples of specimens

Tools for data collection (consider whether people need to bring their own items,
including specimen containers, vials, bags, magnifying lenses, calipers, transect
tape, and smartphones)

Clipboards (for fieldwork)
Folder for each participant, containing
« Agenda for the day
« Protocol sheets or instructions for data collection and uploading data
« General information about the project
+ Your contact information
Evaluation survey or feedback form (one per person)
First aid kit
Sunscreen
Extra hats, warm clothes, rain gear, water bottles (for people who come unprepared)
Additional materials that might come in handy:
« Large post-it notes that can stick to the walls
« Small post-it notes

« Markers

can’t afford the typical gear, and a well-stocked first aid kit. Plan for emergencies so that if
something unexpected happens you will be ready for it. Locate the nearest hospital or medi-
cal facility and determine whether you will have cell phone reception if you are at an outdoor
location.

Communication with Participants Prior to Training

Communication before the training session will help everyone have clear expectations.
Along similar lines as participant recruitment (chapter 6), advertise early and often about
the training, through a variety of formats, including fliers in key places, announcements on
the project website and the websites of related organizations, radio, newspaper ads, and list-
servs. Make sure to emphasize the importance of good training to the science and success
of the project, and that the training will be fun and engaging. You will likely want to send
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several reminders to participants, including one reminder a week before and a final reminder
one or two days before the training. Your communication with participants should include
the following:

What to bring (clothes, materials such as cell phones or writing implements, food)
Location, with explicit directions for how to get there and parking information
Agenda for the day

Whether you will be providing food and/or beverages

Cell phone number for your team in case people need to contact you the day of the
training

Finally, box 8.6 contains an example of a detailed plan—for an activity called “Meet the
Plants,” based on the activity we described in box 8.3—including the objectives, the materi-
als needed, and the steps the facilitator will follow to do the activity as part of a training.
Documenting your training activities like this can be crucial if multiple staff members will
be conducting training sessions for the project or if it is a recurring event.

ONGOING TRAINING

Some citizen science programs have documented a first-year or learning effect (Jiguet
2009). That is, participants collect more accurate data over time as they become increasingly
familiar with the observation protocols, more adept at identifying the species of interest, and
more aware of where and when species will occupy certain areas. This effect occurs not only
with citizen scientists but with professional scientists participating in monitoring programs
(e.g., breeding bird surveys; Sauer et al. 1994). Consider planning follow-up refresher ses-
sions with participants soon after they start monitoring on their own so that they feel confi-
dent in their abilities and so that you can intervene if necessary before participants develop
habits that are difficult to reverse.

The data-collection needs for some projects change over the course of a season or year. If
such changes occur, plan training sessions to coincide with the changing environmental
conditions. To aid in how trainings change over time, it is useful to map out expected data-
collection protocols throughout the year when determining when to hold your training and
follow-up sessions. For example, in winter it is difficult to distinguish between phenophases
(progressive stages of leaf emergence, flowering, fruiting, and leaf drop) on deciduous per-
ennial plants. In this case, the ideal time to host an initial training session is in the spring-
time, with follow-up sessions timed throughout the summer and fall as new phenophases
emerge. Alternatively, you can share resources, such as photos and videos, and host discus-
sion forums in which participants share their observations and discuss changes in their
observations.
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BOX 8.6 Detailed Activity Plan for “Meet the Plants”

OBJECTIVES

Participants will be able to:
make and document initial observations of six focal species,
identify the six focal species, and

develop their own questions about the six focal species.

MATERIALS

Cuttings of all six focal species (four or five of each species, enough for small groups
of four or five participants; even better if there are cuttings from different
phenophases).

Notebook and writing implement (one per participant).

CPP Stebbins species profile sheets (one of each plant).

ACTIVITIES

Introduction (five minutes)

Divide the whole group into five groups total, with up to four or five participants in
each group.

Introduce the goal of the activity: This activity will introduce you to the six focal
species we will be monitoring at Stebbins. If you do or don’t know what these
plants are, that’s OK! We will practice making careful and close observations with
the goal of getting to know the specific plants and documenting observations
about them.

Whole-group practice (ten minutes)

Have participants make a “T-chart” in their notebooks with column headings /
notice / | wonder and include a Plant Name title at the top of the page. (Do not fill
out the Plant Name title for them.)

Plant Name:
| notice | wonder

Give each group a cutting from the same plant. Have them work together to fill
out their “I notice / | wonder” T-chart. Prompt participants to make many
observations about all different parts of the plant structures. If they don’t

IN-THE-MOMENT FACILITATION TECHNIQUES DURING TRAINING

Even after meticulous planning, effective training often comes down to in-the-moment
strategies that facilitators use to keep participants engaged, reinforce important concepts,
incorporate lived experiences, and include multiple perspectives that enrich the entire
experience and ultimately accomplish the goals of the training. Keeping in mind some key
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know what a particular structure is called, encourage them not to worry
about it.

Have each group develop a name they would call the plant. If time permits, have
them make a quick sketch of the plant.

Whole-group share-out: Have groups share their observations and plant names.
Reinforce observations and have some participants also share their “| wonder”
questions. Encourage asking questions.

Prompt participants to explain their observations, questions, and creative/
memorable names. Example questions:

Can you explain what you mean by ?
What did you notice that made you wonder that?
Why did you name your plant that?

Small-group practice (ten minutes, ideally at least five minutes per species for a total of
twenty-five minutes)

Have each group make another “I notice / | wonder” T-chart.

Have groups disperse to five different stations, each with cuttings from one of the
five species of plants we are monitoring.

Have them fill out the chart: making observations and developing questions,
recording their observations, and coming up with a name for each plant.

Allow groups to rotate freely after they have completed a species. Have them use a
separate page and chart for each plant.

(There may not be enough time for each group to get to all the species.)
Whole-group discussion (ten minutes)
Bring the group back together.

Go through each species, having the small groups report to the whole group their
observations and the creative/informative names they created for the different
species.

Assessment (ten minutes)
Give each group one of the species profile sheets.
Have them work together to decide which of the species they think it is.
Have them place the species profile sheets next to the cuttings.

Have a gallery walk in which participants can go around to each cutting and look at
the species profile for each of the plants they observed. Participants may want to
add notes to each of their observation pages.

techniques throughout the training sessions can help achieve these objectives. Such tech-
niques include the following:

Allowing enough time for every participant to try every activity or task, possibly
dividing the group into smaller groups so that more activities can be
hands-on.
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Providing opportunities for participants to figure out the answer to a question or to
do a task themselves, rather than telling them or doing it for them.

Giving lots of critical, but supportive, feedback during and after participants
practice new skills, especially in the field, so that they know when they are doing
things accurately or correctly.

Alternating between inductive and deductive processes. That is, sometimes allow
participants to study a phenomenon or make observations before you provide the
content information (like plant or insect characters used to identify species), and
sometimes provide the information first and then let them explore and observe.

Checking for participants’ understanding frequently throughout the training,
verbally and nonverbally (i.e., asking people to perform tasks, not just answer
questions).

Perhaps most importantly, learning how to “think like a scientist”—from classifying
organisms to estimation—is difficult to observe and can be explicitly scaffolded (providing
tools, examples, and practice) to help participants become comfortable with monitoring pro-
tocols (Collins et al. 1989). When stepping in to assist participants with a data-collection pro-
tocol, facilitators should model their thinking out loud while figuring out a tricky specimen
identification or analyzing findings. This assistance helps participants learn how they should
be approaching the task at hand and identify where they may have strayed in their thinking.
As participants become more experienced through practice, you can ask them to talk out loud
about their thought process and then provide feedback to help them adjust their thinking. If
the training is for a larger number of people (more than twenty), most of these techniques can
be done by breaking the group into small groups of four or five, providing clear instructions
for the task, and having facilitators circulate among the groups to ask and answer questions.

SUMMARY

The training component of a citizen science project can play a huge role in the overall per-
ception and understanding that participants have of the project as a whole. Training pro-
vides an opportunity to communicate and model the goals of the project, set the tone for the
importance of the project, and frame the crucial role of participants. Moreover, training is
an opportunity to model and foster a sense of camaraderie, community, and shared purpose,
as well as a way to build social connections and have fun. We have offered suggestions here
for planning and implementing training that is engaging, interactive, and reflective, thereby
facilitating participants’ learning of the protocols, skills, and content required to participate
in your citizen science project. These techniques should also facilitate meaningful interac-
tions and mutual learning among trainers and participants such that everyone walks away
energized and enriched from the experience.
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NINE

Collecting High-Quality Data

ALYCIA W. CRALL, DAVID MELLOR,
STEVEN GRAY, and GREGORY NEWMAN

Data collection lays the foundation of any scientific research study. High-quality data
are essential to ensure that you can adequately address your research question and, more
importantly, that you can confidently use these data to inform management and policy deci-
sions. The scientific method demands a level of rigor that necessitates a lot of planning to
ensure that the process selected for data collection is credible. In fact, scientists probably
spend 40 percent of their time on any research project making decisions about how to
design a study (i.e., the experimental design)' and determining which protocols to use to col-
lect the data needed to address a particular research question. As a citizen science practitio-
ner, proper planning will allow you to determine your project’s goals and define the steps
needed to get you there.

To help demonstrate the point of planning for data collection, let us look at a couple of
key scenarios. Say that your local nature center wants to compare the plant diversity of three
habitat types—forest, grassland, and wetland—in a neighboring natural area. You may
decide to use a vegetation plot within each habitat and compare a diversity index from each
one. For example, Shannon’s diversity index is a commonly used metric that takes into
account how many species are in an area and the abundance of each species. This compari-
son will likely involve performing a simple statistical test, such as an analysis of variance
(ANOVA) and post hoc tests, across the diversity index for each habitat type. An ANOVA
assumes random placement of your vegetation plots within each habitat to be valid. But what

1. Note that the focus of this chapter is on data collection, not experimental design. Though
much of our discussion contains important aspects of experimental design, a full description of it
is beyond the scope of this chapter.
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if you do not consider these assumptions and how these data will need to be analyzed to
address your specific research question? Your project participants might go out and spend
hours, over many days or weeks, collecting data opportunistically by placing plots in areas
that are easily accessible to the hiking trail that runs through the boundaries of the natural
area. Only later, when the data are being compiled, do you realize that you have put numer-
ous resources into a data-collection effort that has provided your project with unreliable data
that do not help answer the original question you had in mind.

Let us consider another scenario. You are concerned that the level of monitoring required
to ensure safe water quality in your community is no longer being conducted due to recent
budget cuts within your state’s regulatory agency. To address this concern, you organize a
group of local volunteers to begin taking water-quality measurements using a protocol devel-
oped by a neighboring state. Your group measures common water-quality metrics to form an
index (comprised of pH, temperature, and dissolved oxygen) at specific locations throughout
your watershed. After a year of data collection, you send your data to the agency, only to dis-
cover that the agency is unwilling to accept your data for two reasons: you collected measure-
ments inconsistent with their mandated protocols, and the agency is concerned about data
quality. If you had communicated with the agency prior to starting your data-collection activi-
ties, you would likely have collected measurements consistent with their protocol and ensured
that the data were structured in a manner consistent with the agency’s current regulatory
mandates.

Many citizen science projects find that if they do not plan properly to ensure adequate
data quality, participants end up sending data to a black box and may lose motivation to par-
ticipate. Who can blame them? Sadly, such scenarios in citizen science projects are com-
mon. In fact, a review of citizen science projects reported that very little volunteer-collected
data ever makes it to a decision-making forum (Conrad and Hilchey 2011). Researchers who
study citizen science and develop citizen science projects have begun to call attention to rou-
tine data-collection issues as a way to increase our knowledge of common pitfalls related to
volunteer-generated data and establish common practices for dealing with reoccurring
issues (Thornton and Leahy 2012).

So, to facilitate the planning process for your project, we suggest you consider the follow-
ing questions:

What data are needed to answer your research and/or management questions?
Will you be conducting a controlled experiment or an observational study?
How will data be collected?

How will these data need to be analyzed to answer research and/or management
questions?

If statistics are required, what are the assumptions of the statistical methods you
plan to use?
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Who will be using the data you collect? What are their data-quality requirements?

Are others already addressing the same or similar research and management
questions using citizen science as a tool?

We will begin with the last question. If you answered yes, it will impact how you approach
your other plans moving forward.

EXISTING DATA-COLLECTION PROTOCOLS:
DO NOT REINVENT THE WHEEL

Before developing a citizen science project, take some time to find out what projects are
already out there that might have similar research goals. If similar projects exist, you may be
able to adopt their methods or at least build on existing efforts. Citizen science is popular,
and several directories for projects already exist (e.g., see CitizenScience.org and SciStarter.
org for updated lists of projects by subject and audience). In some cases, the protocols used
by these existing projects have been field tested with volunteers to ensure data quality
and have been published in peer-reviewed journals (e.g., Genet and Sargent 2003, Delaney
et al. 2008). Scientists working with local, state, or federal agencies may also be using data-
collection procedures that you should consider for use in your project. A simple Google
Scholar search for “citizen science” or “volunteer monitoring” and the subject you will be
investigating will yield a list of potentially relevant reports or publications. However, as a
citizen science practitioner, you may not have access to these publications without being
charged a fee, in which case we recommend contacting the author directly for a copy of the
publication. In most cases, authors are happy to provide one. Please keep in mind that any
protocol you adopt, even if it has been used by another program, should still be assessed for
the quality of data it produces to ensure your project’s success.

Building on the existing efforts of others has multiple benefits, but from a scientific and
data-quality perspective, one of the most important benefits is standardization. Standardiza-
tion within and across citizen science projects allows scientists to collect data across large
geographic areas and over long periods by merging data across individuals or groups. For
these projects, everyone participating follows a standardized protocol, and the data collected
are typically entered in an online database for data synergy and analysis (e.g., eBird, USA
National Phenology Network). Even smaller local or regional projects need to consider the
standardization of approaches for data comparison across years to analyze trends. These
projects can also have significant impact by allowing data from local community efforts to
be merged using standardized measures so that data collected across communities can be
compared. For example, CitSci.org is an online database that allows users to effectively share
measurement tools and observations across projects and learn from one another. On this
website, project coordinators choose from an existing list of standardized measurements or,
as needed, create their own measurements relevant to local goals and objectives. In this way,
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Procedures

Role of
scientists

Role of
citizen
scientists

Outputs

Preparation Initial phase

phase

Second phase

lterative phase

Add known locations

(subjective sampling).
Collect data at easily
accessible locations

Combine preexisting
data across areas to be

Add stratified-random
and gradient sampling
components to fully
assess conditions
suitable for each
species.

Add further sampling
tailored to particular
species based on
available data and
model uncertainty.

surveyed. (opportunistic
sampling).
’ Contribute existing data List priority areas for
~ to a public database. citizen scientists to
Add essential modeling sample.
layers. Develop data Validate preliminary
quality checks. models.

/ Refine models using‘

data additions. )
Guide citizen scientists
on which data are
important to collect for
each species.

Prioritize data for
collection by
monitoring groups.
Develop specific
protocols as needed. |

Collect plentiful
presence/absence
data on species
occurrences.

Contribute existing data
to a public database.

Refine distribution
models for species.
Determine potential
early detection sites.

Prioritize sites for

control and restoration.

Develop simple habitat
suitability models for

invasive species.
Identify data gaps.

Collect plentiful
presence/absence
data including
important attribute
data.

Refine models of
species distributions.
Model likely future
spread to prioritize
management decision.

‘Continue working
closely with local
stakeholders to
ensure needs are
being addressed.

Determine potential to
contain and/or eradicate
each species.

v

Assess model improvements

FIGURE 9.1. Example of a data-collection protocol for invasive plant species, combining efforts of scientists
and citizen scientists. Credit: figure reprinted, with permission, from Crall et al. (2010).

users share measurements and associated protocols across projects and thus standardize

data-collection protocols, thereby allowing integration of data for across-project analyses.

Another important issue to consider as you develop a data-collection protocol is the

degree to which you might like the data to be integrated into professional monitoring activi-

ties that are already in place. By professional, we refer to monitoring activities that are being

conducted by paid scientists or natural resource managers as part of their work. There are

trade-offs when collecting data with either volunteers or professionals, so integrating the

two approaches can yield data more powerful than either would independently. For example,

figure 9.1 shows the roles of scientists and citizen scientists in a collaborative invasive-

species monitoring program (Crall et al. 2010). In the preparation phase, existing data

(species location and habitat information) are combined across groups. Scientists can then

use these data to get a better understanding of a species’ known geographic distribution and

produce habitat suitability models to determine areas where a species is likely to spread.

This geographic information can then be provided to volunteers to help them target moni-

toring efforts at specific locations for collecting additional data on the presence or absence

of a species (initial phase; figure 9.1). These new presence/absence data can then support
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further refinement of the habitat suitability models to inform more rigorous sampling by
volunteers and professionals (second phase; figure 9.1). As more data are collected, iterative
adjustments can be made to ensure that the protocols continue to produce data that meet the
needs of each stakeholder.

As you develop any protocol, you should prioritize the steps necessary to initiate the pro-
posed project within current resource constraints while outlining potential approaches for
expansion as new resources become available. You should also seek to leverage resources
available from local partners currently engaged in efforts similar to your proposed project.
These resources include monitoring tools, online data-management systems, and estab-
lished volunteer networks.

MADE FROM SCRATCH: CREATING A NEW DATA-COLLECTION PLAN

Despite the advantages to your project and to the greater science community of using exist-
ing protocols, there may be compelling reasons to create your own—in some cases, appro-
priate protocols may simply not exist. Perhaps the species of interest is especially rare or
behaves in ways that make existing protocols inappropriate, or the habitat in which you are
conducting your investigation does not lend itself to existing methods. Perhaps the only pro-
tocols relevant to your study are suited to professional practitioners and cannot be easily
translated into a citizen science framework. You could also be in uncharted territory and
asking a question that no one, professional or volunteer, has asked before. Whatever the rea-
son, creating your own protocol may be the best way to move forward as you consider your
research questions.

As you begin, it will be necessary to follow best design practices with a focus on creating
a high-quality dataset that could potentially withstand scientific review. Rushing through
this design process has relegated datasets generated by many projects to the dustbin and,
despite potentially providing a useful public outreach campaign and a good learning experi-
ence for volunteers, can lead to wasting time, money, and reputation among your fellow
practitioners. Again, we recommend planning ahead to avoid these common pitfalls.

One big decision you will need to make before selecting a protocol is whether you want
to conduct an experimental or an observational study. An experimental study is one in which
you select a control (or untreated group) and then apply various treatments to your experi-
mental groups. You then observe the effects of those treatments on each group in compari-
son to the control. For example, you may be interested in how increasing nitrogen in the soil
might impact biomass in a native grassland. In this case you can set up a control vegetation
plot of a certain size with no nitrogen applied and several treatment plots with four different
levels of nitrogen applied. You can then measure biomass in each plot to determine which
level of nitrogen resulted in more or less biomass.

How you design your experiment is extremely important, and care should be taken.
Several things must be considered, including control, randomization, and replication.
Establishing a control will limit experimental bias, which would favor certain outcomes over
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others. Thus, returning to our example, the control plot and treatment plots have other vari-
ables besides nitrogen that may impact biomass. These include rain, the amount of phos-
phorus in the soil, and the amount of sunlight the grassland receives. As a result, you not
only want a control plot where you do not add nitrogen, but you also want these other varia-
bles to be as constant as possible across all your plots. Otherwise, you might determine that
a certain application of nitrogen produced the most biomass when, in actuality, it was a com-
bination of nitrogen and the amount of rain received in one of the treatments.

You may also determine that there needs to be randomization and replication in your
experimental design. In our example, you have five plots within a homogeneous area of
grassland, four of which will be supplied a treatment of nitrogen. You can randomly select
the location of your plots within this area and also randomly assign their treatment. Replica-
tion is typically required as well to make the results of your experiment significant. Seeing
similar differences across five plots replicated ten times instead of just once demonstrates
greater validity in your findings. We recommend, as part of the experimental design proc-
ess, consultation with a statistician to determine the number of replications needed to
ensure an adequate sample for analysis.

In contrast to an experimental study, an observational study is one in which you make
observations and measure variables of interest without performing any manipulations on
treatments. Using our same example, you would randomly place plots within your grass-
land. Over time, you might collect data on the amounts of nitrogen deposition, phosphorus
deposition, rainfall, sunlight, and biomass that occur within each plot. With these data, you
cannot infer cause and effect, but you can make comparisons to see if common trends
develop to determine what variable results in greater biomass.

Protocols to Consider

Numerous resources are available for developing appropriate protocols to meet specific
objectives. In fact, classes that pertain to measurement methods, sampling, and data analy-
ses are a major focus of all scientific graduate training. As a result, many of the existing
methodological resources have been written for professional researchers and may go beyond
what you are trying to achieve through a citizen science project. Nevertheless, these can be
modified or translated into a time- and labor-sensitive approach more suitable for a volunteer
data collector. There are many approaches to consider when getting started. We highlight a
few here, organized into levels, where each level increases the intensity—that is, the effort,
time, and expertise required of volunteers. Likewise, the complexity of research questions
that can be answered increases with the level of intensity. When deciding how intense an
effort your study should have, be aware of the trade-offs inherent in this decision: less inten-
sive protocols tend to require less training and are conducive to large-scale projects, or at
least ones in which the ratio of trainers to trainees is low. However, the inverse is also true
with highly intensive protocols.

Levels allow you to consider the broad range of knowledge and skills that different par-
ticipants may bring to their volunteer service, while also allowing you to better integrate
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your data into professional efforts (as described in figure 9.1). Here, we will describe three
levels for you to consider when developing your citizen science project. Level I includes ad
hoc monitoring of a region and reporting of new data points. Level II requires more consist-
ent measurements and rigorous methods, so that an area can be systematically evaluated.
Level III includes experimental studies, in which researchers can determine the cause of a
phenomenon. Although there is overlap between levels, the core questions that can be
addressed with each one are basically as follows: (I) Is something present in this region? (II)
Is there a pattern or a correlation between two or more measured variables in an area? and
(III) Does a change in one variable cause a change in another variable?

These three levels of volunteer projects are directly linked to the ways that professional
scientists think about evidence. Sometimes it is good enough to know whether something
exists somewhere. Is a new invasive plant species coming into a national park? Can we have
an early warning of the presence of higher-than-normal nutrient levels in a watershed?
Other times, a researcher wants to know if two variables are related, so that the presence
of one can predict the presence (or absence) of another. If invasive species are more
likely to be found near a hiking trail, then systematic and comprehensive measurements are
required near and far from the trails. If water quality is more likely to be low around con-
struction sites, then regular measurements need to be made during all kinds of weather
events.

At Level 1, it is critical to collect the minimal amount of information that can be useful.
The observation should include Who, What, Where, and When. Record information on who
collected the data (the volunteer’s name), what species are being recorded, where the speci-
men was found, and when it was recorded (figure 9.2). Level I monitoring should only focus
on several target species or measurements to limit the amount of training needed and
increase the number of observations made for those species or environmental attributes
being evaluated.

We will go into more detail about data precision in a later section, but it bears mention-
ing here that each of the data points collected in response to the four questions (Who, What,
Where, and When) could be recorded with varying levels of precision. For example, is it
important to know the time of day that a species was observed or that a sample was taken,
or will just the date suffice? For location, is just a general description of the area needed, or
are GPS coordinates required? The answers to these questions will be evident if you have a
clear understanding of your goals, based on your research question. Will somebody be using
the data to field-check the observations or return for more thorough data collection? If so,
precise location but imprecise species information may be okay. If observations will be used
to create a regional model of species changes, then perhaps the precise location is not so
important but species identification and abundance are.

A final comment about the sampling intensity of Level I: although the Level I design is
limited in the types of questions that can be answered with it, this level of sampling becomes
more powerful with larger sample sizes (i.e., more data-collection points). In fact, with
the rise in use of smartphone apps for data collection, it is possible to amass a formidable
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FIGURE 9.2. Determining the level of intensity for a citizen science
data-collection protocol will depend both on the types of questions you
are answering and on the skills, commitment, and experience of those
working on your project. Level I monitoring will require the least
training and experience, though fewer questions can be answered with
data collected in this manner. Level I, on the other hand, requires
extensive training and commitment from your volunteers, but opens
up the range of possible research questions. Level II is a happy
medium that many successful projects utilize, often using
professionals to augment the data, with fewer Level III data collections.



dataset by asking a little from a lot of people. The intensity of effort at Level I is appropriate
to answer questions about the presence of a species, pollutant, or activity in an area—in
other words, “Does this exist here?” This question of existence is especially relevant for sci-
entists and managers who want to find out where an emerging invasive species or a rare
native species exists. However, it is inappropriate to use an opportunistic Level I sampling
method if you want to ask questions about the rate of spread or the abundance of a species.
For these types of questions a more structured effort is required.

At Level II, more data should be collected than the minimum as laid out for Level I, but
the protocol will vary vastly depending on the nature of your project and research questions
(figure 9.2). For instance, your focus may be on plants (or other stationary critters), animals,
water testing, or habitats, and this will, of course, dictate the precise protocol design. Plant
studies will often require setting up plots and taking data within them. On the other hand,
animal surveys are likely to require taking data along transects, or lines, within the animal’s
expected range. Even if you are creating your own protocol, we still strongly recommend bor-
rowing liberally from previous studies, or at least being familiar enough with those in your
field to do so. There are several books that can help guide you through this process (e.g.,
Lindenmayer and Likens 2010, McComb et al. 2010).

Setting up research plots along transects requires that you determine the distance
between transects, the distance along each transect that plots will be placed or samples
taken, the number of subplots within each plot, the shape of the plot, and, in some cases, the
time that will be spent at each plot (e.g., if you are conducting auditory surveys by listening
for an animal’s call for a predetermined amount of time). The answers to all these questions
need to take into account both the scientific and volunteer requirements: How dense is the
focus population or habitat, how many sampling points will collect the necessary informa-
tion, how much effort can you request that each volunteer make, and how hard is it to get to
locations and get through the habitat?

Let us consider a specific example of Levels I and II using invasive plant species. For this
example, your organization is concerned about the presence of several invasive species that
may occur on parkland recently acquired by the city. These species—common buckthorn
(Rhamnus cathartica), Asian bittersweet (Celastrus orbiculatus), garlic mustard (Alliaria peti-
olata), and dame’s rocket (Hesperis matronalis)—have been problematic in a neighboring
park and volunteers have spent several years removing them. So, to begin, you just want to
determine whether these four species are present in the new park. Using Level I sampling,
the presence or absence of each of these species is recorded in an opportunistic fashion. In
other words, volunteers record observations when one of these species is encountered as
they walk through the park (figure 9.3). By collecting the data on your four target species,
you can now answer research questions such as (1) Which of these species are currently
present in the park? (2) How widespread are these species? and (3) What habitats are these
species invading?

In the Level II protocol, you add the collection of species cover within three square sub-
plots (1 m?) nested in a larger circular plot (oo m?). Within the circle, you record presence
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FIGURE 9.3. Example data-collection sheet for Level I and Level II
monitoring. In this example, a volunteer will be trained to identify four
invasive plant species of concern to local natural resource managers.
The volunteer team records their names (Who) and the date (When)
before starting a hike through the natural area. As any of the four
species are encountered, they record it as present (What) and provide a
location by reading UTM coordinates from GPS (Where). For Level II,
plots are added to the protocol and cover estimates are recorded.

of the species. In the three subplots, you record cover estimates to measure species abun-
dance. By recording the exact location of the plot and subplots, you can return to the same
location year after year to look at trends over time (figure 9.3). With these data, you can now
address the following research questions: (1) Is the population of these species increasing or
decreasing over time? (2) Does the abundance of a species differ in different habitats?

A Level III protocol might take a specific hypothesis and put it to the test with an experi-
mental design (figure 9.2). Suppose that you notice a lot of invasive plant species on trails
where dogs are allowed. You think that dogs may inadvertently be bringing in seeds on their
coats, but perhaps there is something else going on. Perhaps pets are allowed only in parks
closer to cities, and that is why there are more invasive plant species where there are also
more dogs. Or perhaps pets are allowed only in parks where there are no known rare or pris-
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tine ecosystems. In that case, it would be the opposite causal relationship: invasive plants
allow dogs to be present. In order to be sure there is no unknown variable causing the
increase in invasive plants, the scientist would have a much tougher time conducting the
investigation. She would have to be able to randomly assign some parks to allow dogs and
others to prohibit them. The challenge with these experiments is, of course, the fact that few
scientists (professional or nonprofessional) have the power to make huge decisions that
could address the question at hand. Some questions are answerable, whereas others have to
rely on the best evidence that a Level II protocol can provide.

SAMPLING DESIGN AND HOW TO AVOID SAMPLING BIAS

Regardless of which protocol you use, it will require putting some thought into sampling
design. Specifically, there are three major sampling designs to consider, each with its own
traits: random, systematic, and stratified random. In random sampling, you use a tool, such as
a computer-generated random number table or even a phone book, to randomly pick sam-
pling locations within a defined area (figure 9.4A). In systematic sampling, you sample at a
consistent interval throughout the range (figure 9.4B). Notably, with both random and sys-
tematic designs, it is possible to under-sample or not sample a habitat of interest. Stratified
random sampling ensures that you randomly sample within a given habitat type, but you
guarantee a minimum number of visits in each habitat of interest (figure 9.4C). Whatever
your study requires, the same basic principle will guide any investigation and must underlie
the design you choose.

Why is random sampling so important? Because it is often impossible to collect the data
that would characterize an entire population,? statisticians have devised ways to make rea-
sonable inferences from a small subset of data. Although having all of the information about
the complete population would allow us to characterize a phenomenon completely, it is usu-
ally cost-prohibitive, if not impossible, to sample every blade of grass, or find every rare sala-
mander, or map every single pollinator-rich habitat. In fact, in the case of species, we know
the population size of only a handful of them, such as those living on small islands or in cap-
tivity. Given that we must use less than complete knowledge to gain insight about the whole
system, how do we go about collecting that information? The key is to avoid bias.

When you sample a subset from a population, you risk inadvertently capturing individu-
als that are slightly different than the true average of normal individuals, in which case your
data would be inaccurate. We will discuss collecting high-quality data in more detail below
(and see chapter 9), but the following analogy is important for discussing bias in data sam-
pling. Imagine looking over a field for a particular species of rare flowering plant. Without
much forethought, it would be easy to just find the tallest or most colorful individuals. Then,

2. By population, we mean 100 percent of a group or item of interest, not simply the total
number of individuals of a species. That is, the term population is used here in a statistical context,
meaning the complete sample or total of an item.
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FIGURE 9.4. Three
commonly used sampling
designs. Although both
random sampling (A) and
systematic sampling (B)
are widely used to collect
field data, both may miss
small habitat types within
your sampling area. By
randomly sampling
within every known
habitat type, as is done
with stratified random
sampling (C), you
maintain the benefits of
random sampling while
ensuring that each habitat
is represented in the final
dataset. This assumes
that you have prior
knowledge of the habitat
types when planning your
data-collection process.
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if you were to make inferences about the whole plant population from that biased subset,
your inferences would likely be skewed. Likewise, imagine conducting a species survey
along a trail or roadside, because access to the interior of the habitat is troublesome. The spe-
cies that exist near the edge of the habitat are likely to be different from those that live in the
interior, so your sample will not reflect the actual population residing in the region.

Every study will likely have some bias associated with it. This is almost unavoidable.
However, minimizing bias is always crucial, because collecting an unrepresentative sample
leads to inaccurate knowledge—simply put, it is bad science. Make every effort to remove
bias at this planning step, because seemingly trivial differences often lead to unanticipated
outcomes. Lastly, when the limitations of your study design require some bias, as they inevi-
tably will, be certain to clearly state these biases and limitations up front. It may seem like
you are admitting a defeat, but in reality you are allowing others to make a more accurate
inference from your work. Hopefully, future investigators will be able to remove such biases
with new, creative sampling designs or by using post hoc statistical approaches.

If biases are known and quantified, then it may be possible to address them using a sta-
tistical approach. For example, an analysis of covariance (ANCOVA) is similar to an ANOVA,
though it uses linear regression to account for a confounding variable, the covariate. How-
ever, in order to use the ANCOVA, you must have identified and measured the variable
that may be introducing bias. Notably, there are other assumptions that the ANCOVA test
makes, and it is beyond the scope of this chapter to provide a comprehensive list of these
assumptions—or of other statistical tests, their assumptions, and how to conduct them.
Thus, we recommend purchasing a book on statistics or consulting a statistician early on in
your design process so that you can be certain that your design allows you to answer your
research questions. In the life sciences, Biometry by Robert R. Sokal and F. James Rohlf is
the gold standard for using statistics, though it is a bit dense for a beginner (Sokal and Rohlf
1995). A very user-friendly book that helps practitioners choose a statistical test and use it in
common software packages is Calvin Dytham’s Choosing and Using Statistics: A Biologist’s
Guide (Dytham 1999).

CHECK ALL THAT APPLY:
METHODS FOR DATA COLLECTION AND ENTRY

Now that you have devised a sampling design that minimizes bias, you need to begin collect-
ing your data. Data collection includes making observations in the field or lab but also
recording and making those data available to your project team and other interested stake-
holders. In addition, data collection requires that volunteers have the necessary tools and
training (see chapter 8) to do the job, not only in terms of accurately measuring variables,
but also for entering observations. The scale of your project will introduce different sets of
challenges for data collection. For example, small-scale projects may benefit from better
collaboration through face-to-face interactions, but large-scale projects may have more
resources and expertise to develop sophisticated online and smartphone data-collection
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tools. Obviously, using tools that most people have around their house is great, but be care-
ful and mindful of choosing tools that will yield the quality of data your project requires. In
addition, try to be aware of those you may be excluding when you require high-speed Inter-
net connections, smartphones, or even large amounts of free time for participating.
Although these resources may be necessary and your goals may not include reaching diverse
participants, broadening participation in science is a frequently cited, but rarely achieved,
benefit of citizen science. As practitioners, we should try to be as inclusive as possible.

If special equipment is required that may be beyond what the average person has at
home, consider providing resources to your participants. For example, the Community Col-
laborative Rain, Hail, and Snow Network (CoCoRaHS; www.cocorahs.org) requires that par-
ticipants buy a high-capacity (four-inch-diameter) rain gauge to collect precipitation data.
These rain gauges can be ordered from the project site and mailed directly to the partici-
pant’s home. Likewise, the development of resource libraries is an approach taken in Wis-
consin to provide monitoring resources for local groups. The libraries include GPS units,
vegetation plots, and field guides focused on species of interest and are located in areas
where volunteers are actively engaged in monitoring efforts.

There are numerous options available for recording data. However, as with every deci-
sion related to creating a protocol, each approach has its strengths and weaknesses. Identify-
ing these strengths and weaknesses, and your audience, early on will help you decide how to
proceed. Data-entry tools essentially exist on the same spectrum as data-collection protocols:
from completely prepacked (i.e., use what others have created before) to fully customized
(i.e., make your own). In between are a suite of tools and platforms, including those designed
specifically for the needs of citizen science practitioners. Below are brief descriptions of sev-
eral data-entry tools and their associated costs and benefits.

Paper-and-pencil data-entry forms should not be overlooked in the zeal to use fun and
sexy mobile apps. There are many advantages to sending out your volunteers armed with
data sheets and having them mail or email them back to you. Hard copies never run out of
Dbatteries, are easy to create and understand, and for many it is reassuring to have a physical
copy of the raw data always available. However, data sheets may easily get lost, poor hand-
writing can make some data essentially useless, forms may never be mailed in, and trans-
posing data into a digital format can be a costly burden for both small and large projects with
limited staff and resources.

Web platforms that allow volunteers to enter data on their own solve many of the short-
comings of using paper-only data sheets but come with their own costs. Generic, cloud-
based data sharing and storage tools such as Google Docs and Evernote are a simple way to
share and receive information from volunteers. Custom-built websites can be costly to create
and manage, but they can be optimized to have specific features your project may require.
There are even customizable platforms designed specifically for citizen science projects,
such as CitSci.org and National Geographic’s FieldScope. However, having volunteers enter
their data into a computer after they collected it in the field assumes that volunteers will
always be diligent in doing so, when in fact some may not follow these instructions.
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Smartphone apps allow volunteers to submit data directly from the field, potentially min-
imizing the loss of data. However, these apps require tech-savvy volunteers who own a
device compatible with whatever app you decide to use. Furthermore, participants must be
willing to take a device into the field where data are to be collected. While in the field, mobile
devices can be difficult to read and may not have the reception required to receive or trans-
mit the necessary information. As with web platforms, both general and customizable
mobile citizen science platforms exist. Be cognizant that many mobile apps are limited to
either Apple iOS or Google’s Android operating system. You can create your own smart-
phone apps to collect the data you need in a way specific to your project’s needs, but the cost
and expertise required to develop your own apps tend to be expensive and specialized, much
like developing your own website.

ENSURING HIGH-QUALITY DATA: KNOW YOUR AUDIENCE

Data quality also needs to be considered in the early stages of protocol development for data
collection. Specifically, data collected through your project may be used to guide research,
management, or policy related to what is being studied. Concern over data quality in citizen
science projects has sparked a significant number of peer-reviewed publications comparing
data collected by citizen scientists to data collected by professionals (e.g., Foster-Smith and
Evans 2003, Lewandowski and Specht 2015). These publications span multiple fields and
multiple protocols, but the take-home message for most is that citizen science can provide
high-quality data when appropriate protocols and data-quality procedures are in place. Please
note that skepticism about the quality of the data that result from citizen science projects
continues to run high (Nature Editorial 2015). Thus, it is imperative that you take the neces-
sary steps to ensure data reliability. As a growing community, practitioners of citizen science
should feel a sense of responsibility to others in the field in order to enhance the reputation
of the work that comes from it.

In discussing data quality, there are two key terms that warrant consideration: accuracy
and precision. An easy way to describe and differentiate accuracy and precision is by using
the following analogy. Let us say you are trying to hit the bull’s-eye on a dartboard. Your first
throw of the dart lands in the top center of the board, missing your target. However, your
next three throws all land next to your first throw. Although each throw was inaccurate (i.e.,
did not hit the intended target, the bull’s-eye), the throws were precise (i.e., repeated throws
produced a similar result; figure 9.5). In other words, accuracy is how close the dart (or, in
data-collection parlance, the sample) is to the bull’s-eye (or the true or correct value), while
precision is how consistent or repeatable the dart throws are in relation to one another (or
how consistently you collect or measure a sample). When collecting data for scientific
research, you want to strive for both accuracy and precision through your data-collection
protocol.

What specific steps can you take to ensure that the data you generate through your
citizen science project are accurate and precise? The first approach is a strategy we have
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FIGURE 9.5. Dartboards showing examples of precision and accuracy. (A) The darts are randomly
scattered around the board and are thus imprecise and inaccurate. (B) All the darts hit the upper
center portion of the board, exhibiting precision but not accuracy. (C) The darts are spaced equally
apart and are an equal distance from the target, demonstrating accuracy because—mathematically,
the average of the darts would fall within the bull’s-eye (the target). (D) The dart thrower was both
accurate (hitting the bull’s-eye) and precise (repeated throws produced similar results).

advocated before: to build on the efforts of others. If you are addressing a research question
that can use an existing protocol that has been shown to be effective using volunteers, use
it. Using existing protocols will save you a lot of time and help standardize data collection,
as discussed earlier in this chapter.

Proper training is also an effective approach to ensure data quality and is discussed at
length in chapter 8. Specific skills will be required to implement a protocol, and you need to
be sure that training provides participants with the level of skill required to produce high-
quality data. Skills might include georeferencing locations, species identification, and use of
specialized equipment. Do not assume that volunteers will gain the necessary skills needed
from any form of training. Evaluation is a valuable tool for determining whether partici-
pants complete a training with the knowledge, skills, and confidence to participate effec-
tively in your program (chapter 12). Such evaluation demonstrates your due diligence in
making the necessary modifications to your training and protocol to achieve your goals.

Many volunteer programs have started using online data-management systems to col-
lect, store, and disseminate data from large-scale citizen science programs. Some of these
systems have internal methods for ensuring data quality. For example, eBird programmers
have developed smart filters to flag suspect data contributed online (Bonter and Cooper
2012). New observations are flagged if they fall outside of the known distribution and/or
abundance for a specific species at a given time of year. Another online data-management
system, designed through the Great Lakes Early Detection Network, sends new observations
of invasive plant species submitted by volunteer observers to a group of verifiers that are reg-
istered to receive sightings in a defined area. Once verified, the data are made available to
anyone accessing the website (Crall et al. 2012).

In addition, data-management systems like iNaturalist use crowdsourcing approaches to
increase confidence in species identifications. For any observation, multiple participants can
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verify that the sighting reported was accurate. This multi-observer verification technique can
be replicated in smaller projects by having about three independent observations for any
given point. Any aberrant observation can be flagged and you can determine its validity on a
case-by-case basis or by following a predetermined set of rules for exclusion. This multi-
observer verification method highlights the trade-offs necessary to ensure high-quality data:
more repeated observations require fewer total observation points, and you will have to
decide how to balance the conflicting priorities. Additional methods might include drop-
down pick lists that eliminate typos or the use of smartphone apps that automatically submit
location coordinates. New technologies will continue to provide resources to improve data
quality, so we encourage readers to research the latest software and tools available for this
purpose.

SUMMARY

Not everyone who contributes to scientific research needs to be a professionally trained sci-
entist, but using the scientific method as a tool for understanding our world does come with
some expectations and standards. These standards and expectations allow us to build knowl-
edge continuously as new discoveries about our world are integrated into a foundation of dis-
coveries that came before. Scientific research conducted in partnership with volunteers
should continue this history of discovery.

In this chapter, we have presented considerations and guidelines to help ensure that the
discoveries made by citizen science will contribute to our understanding of the natural
world and be used in meaningful ways. Although it is difficult to anticipate the many issues
associated with working with volunteers in scientific research, there is a growing literature
on common pitfalls, specifically with regard to data quality, that need to be considered in
project design. However, learning from similar projects and building on existing and robust
data-collection protocols while anticipating how the data generated are going to be collected,
analyzed, and ultimately used to make inferences should help project designers avoid issues
associated with data quality and ensure that citizen science will remain a valuable tool for
the scientific process into the future.
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Data Management and Visualization

GREGORY NEWMAN, SARAH NEWMAN, RUSSELL SCARPINO,
NICOLE KAPLAN, ALYCIA W. CRALL, and STACY LYNN

Managing data is akin to organizing and managing items in your closet. Without
proper planning and continuous attention, the number of items grows over time and
becomes unwieldy, lacking efficient labeling, organization, compartmentalization, preserva-
tion, and storage procedures. When you do not take time to manage the chaos, it gets increas-
ingly more difficult to find and access items and identify which item is right for your needs
at any given time. However, you can label bins with consistent naming conventions to
improve your ability to find the most appropriate items, while taking care to preserve them
(e.g., the addition of cedar chips to sweater bins). In fact, your planning might involve hang-
ing a map on the inside of the door that visually depicts where to find various items and how
many of each type exist, and you might use names to indicate how they are organized and
related.

Effective data management facilitates easier understanding of information in the form
of meaningful analyses and visualizations. After all, science, and therefore citizen science,
is about advancing our understanding of the world by making discoveries and then sharing
those discoveries with the community. The foundation for a good discovery lies in effective
data management, analysis, and visualization that arise from well-designed data-collection
protocols (chapter g). In this chapter, we define and examine the concept of data, walk
through the stages and planning of the data life cycle, discuss approaches and techniques of
data visualization, and share guidelines for data management and visualization that we find
helpful for citizen science practitioners and project managers.
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THE CONCEPT OF DATA

The concept of data is described and defined from several viewpoints. In the context of citi-
zen science, we define data as information translated into a form that is easily moved, proc-
essed, or visualized (typically in binary digital formats) and that generally represents a gath-
ered body of facts. The types of information gathered include diverse formats such as
images, videos, numerical data (integer, decimal), and textual data (character strings).
Thinking broadly, data also includes songs, music, pictures, videos, numbers, prose, and
discourse and is a concept related to the notions of information, knowledge, and wisdom.
For instance, the height of Mt. Everest and a photo taken of the summit are considered data,
whereas a book on Mt. Everest’s geological characteristics is considered information, and a
report containing practical information on the best way to reach the peak might be consid-
ered knowledge. In citizen science, data collected by participants can take the form of any of
these formats and often are representative of many formats within a single project. For
example, an observation of a bat might include a photo, a sound recording obtained from an
Anabat detector, textual comments made by a citizen scientist, GPS location data, the date
of the observation, and a count of the number of bats observed. For another example, data
presented to participants in a crowdsourcing citizen science project designed to interpret the
shapes of various galaxies might include the data presented to the participants as images
taken from a satellite or telescope, as well as categorical data representing the choices made
by participants classifying the imagery. In either case, and across many more types of citi-
zen science projects, effective management, analysis, and visualization of data can go a long
way toward improving the overall success, impacts, and outcomes of your citizen science
project (Wiggins et al. 2011).

DATA MANAGEMENT

Data management is the process of controlling (and organizing) the information generated
during your project, which includes the development, execution, and supervision of plans,
policies, programs, and practices that control, protect, deliver, and enhance the value of data
and information assets. Data life cycle management (DLM) is a useful, policy-based approach
to managing the flow of an information system’s data throughout its life cycle: from creation
and initial storage to the time when the data become obsolete and are deleted. In citizen sci-
ence, many DLM activities occur in parallel to the tasks and steps of the scientific method
(figure 10.1). But before we delve into the data life cycle and its associated tasks, activities,
and steps, we should ask: Why is it important to manage data, anyway? The answer is that
effective and efficient data management

facilitates data collection, compilation, and sharing;
makes data more understandable and reusable;

avoids data loss;
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facilitates easy analysis and visualization;

meets grant requirements;

enables replication of research;

ensures the legacy of your project long into the future;

facilitates serendipitous discoveries;

streamlines the identification of outliers and errors;

increases the rigor of scientific (including citizen science) research; and

saves time and money.

These are just a few of the many benefits of effective data management. In general, it is
important to manage data because doing so will benefit the scientific community, including
you and your collaborators, and will be important for publishing in scientific journals and
meeting the requirements of funders or sponsors of the research (Strasser et al. 2011).

THE DATA LIFE CYCLE

Central to the process of data management is the data life cycle—the stages of project data
management that occur throughout a project, from start to finish and beyond (figure 10.1).
This life cycle is important because it guides the decisions you make regarding data through-
out your project. The data life cycle reminds you about important steps needed to organize
information with the goals of analysis, visualization, sharing, and reuse in mind. To accom-
plish such organization, the life cycle consists of eight stages: Plan, Collect, Assure, Analyze,
Describe, Preserve, Discover, and Integrate (figure 10.1; Michener and Jones 2011, Strasser
etal. 2011, DataONE 2019a).

Stage 1 (Plan) involves writing a data management plan describing the dataset that will
be generated and how it will be managed, documented, archived, and made accessible
throughout its lifetime. Many federal granting agencies (e.g., the National Science Founda-
tion) now require data management plans for research projects before they will award fund-
ing. The contents of the data management plan should include

types of data to be authored;

standards to be applied (e.g., format and metadata content);
provisions for archiving and preserving data;

access policies and provisions; and

plans for eventual transition or termination of data (if relevant).!

1. See www.dataone.org.
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FIGURE 10.1. The data life cycle, illustrating how the work of managing, analyzing, and visualizing
data is related to project management and the scientific method. Opportunities for appraisal,
reuse, repurposing, and reappraisal of data are shown along with the important, yet often
forgotten, project-management activities of data discovery and data archiving. Credit: adapted
from University of Virginia Library (2019) and DataONE (2019a).

For example, you might jot down an inventory and estimated quantity of the data you expect
to gather, the naming conventions you plan to follow, which software you envision using,
and where you will store and back up your data.

Stages 2 and 3 (Collect and Assure) are activities you and your volunteers perform routinely:
collecting data and ensuring data quality. These were discussed in detail in chapter 9, but it is
worth reiterating that an experimental design and protocol well suited to your scientific
research questions is an important first step toward generating and managing rigorous data.

Stages 4 and 5 (Describe and Preserve) ensure the long-term usefulness of your dataset
so that it can be reused again in the future, either within or beyond the scope of your origi-
nal intent. These fourth and fifth steps involve documenting data and changing data for-
mats. For example, if your predecessors forgot to describe what was done and then stored
their data on old 51/4 inch floppy disks, how would you make use of those historical data
today? Data description and preservation help prepare for such realities and feed into the
next two steps, data discovery and integration. Stage 6 (Discover) involves finding data that
may be useful to your research. Stage 7 (Integrate) brings new information into your exist-
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FIGURE 10.2. The normal degradation of data, illustrating the demise
of data and metadata over time as a result of various circumstances.
Credit: reproduced, with permission, from Michener et al. (1997).

ing dataset. Finally, Stage 8 (Analyze) includes evaluating, interpreting, and assessing data
to yield useful information as results. We use analysis to evaluate whether our data support
the questions we sought to address.

By following this data life cycle, you position your data well for repurposing, reappraisal,
and reuse by yourself and others to make new discoveries and prevent the degradation of data
(figure 10.2). The key is to pay attention to each of these steps at the beginning and continu-
ously throughout your citizen science project. Waiting until your project ends—a common
mistake—is too late. Once good data-management practices have become routine, many ben-
efits suddenly emerge. In the following sections, we will delve into some of these benefits in
more detail, describe some techniques and tips, and provide several guidelines. But first, let’s
take a look at the benefits of proper data management at each stage of the data life cycle.

Plan

Managing the diversity of data types in a citizen science project (or any project) is fraught
with challenges and requires proactive planning. Computers increase efficiency and effec-
tiveness but require consistent patterns and structure. As we learned in chapter 9, data are
ideally collected following carefully designed protocols geared toward specific research ques-
tions. If you want computers to be able to automatically manage, analyze, and visualize data,
your data must be consistent and well structured. The structure of your dataset is referred
to as its schema. The most common schema is a tabular structure (i.e., a table). Tables store
data in rows and columns, with the content of each cell defined by its column or row header.
Structures that are more sophisticated involve relational database-management systems
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(e.g., Microsoft Access, MS SQL Server, and MySQL) that relate information stored in one
table with information stored in another. Your choices of what information goes into which
table, and into which row and column of a table, will define your data schema. When mak-
ing decisions on data structure, it is important to consider whether you need to document
provenance (e.g., changes made in your data through time or knowledge of the original
source) and what format to use for measurements (e.g., integer, whole number, decimal, cat-
egorical, raster-based image, vector-based image, video, or text). For example, do you need to
know that the initial observation made by José on September 3, 2016, reported a western
bluebird (Sialia mexicana), but later Samantha changed this observation to Steller’s jay
(Cyanocitta stelleri) on the basis of José’s photo? Should you record pH measurements as
integers restricted to 1-14 in whole numbers or allow the reported values to be decimals?
Whether you use a simple spreadsheet, a more complex relational database, or a website,
you must choose how to arrange your data. Chances are you will gravitate to a simple approach.
For example, say you are seeking to compare the plant diversity of forests, grasslands, and wet-
lands. You randomly locate sixty plots (twenty in each habitat) and use the data you collect
there to generate a species diversity index for each plot. A simple schema to organize these
data could be the spreadsheet shown in figure 10.3A. In this spreadsheet, each row represents
an observation of a plot and the corresponding species observed. Notice, however, that with
this approach, you repeat information—the only data that change are the species observed.
Were there really three separate soil pH measurements made at Plot 3 with a value of 5.1 (e.g.,
circled values in figure 10.3A)? Alternatively, you could organize these data in a flat file (figure
10.3B), in which each row represents a single unit of analysis (in this case, a single plot).
Finally, when using a relational database (figure 10.3C), there is no need to repeat records
because such data are stored only once in separate, related tables linked to plot data via a
unique identifier. Regardless of the approach you have chosen, the next step is to begin think-
ing about collecting the data you will put into your schemas, spreadsheets, and databases.

Collect: Tools, Approaches, and Software

Managing data well requires forming good habits and having the right tools, approaches,
and software in your toolbox to get the job done correctly. The data you collect and manage
may be quite diverse. For example, your data may include information about volunteers, the
cost of equipment, actual field observations, pictures, videos, questionnaires, and even spec-
imens. Given this variety of data, your tools may need to be equally diverse.

In general, tools consist of hardware, software, and materials to help organize informa-
tion. Spreadsheets, geographic information systems (GIS), reference management software,
online data-management systems, file cabinets, and even sticky notes all help manage data
(table 10.1; see also DataONE 2019D). In addition to obvious tools, such as Microsoft Excel,
there are websites that support data management for specific topics and protocols (e.g.,
Project Budburst for plant phenology, CoCoRaHS for precipitation, and eBird for bird obser-
vations) and still others that support the data-management needs of many citizen science
projects regardless of topic (e.g., CitSci.org; see table 10.1 for more examples; Graham et al.
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TABLE 101 Tools for Data Management, Analysis, and Visualization

Tools are listed in alphabetical order and no preference by the authors is implied; those marked with an

asterisk are free.

Tool by category

Description

URL

Online systems

t

AnecData.org*

CitSci.org*

Indicia*

Ohmage

Sensr

A free online platform where anyone can
create an account to start crowdsourcing
georeferenced environmental and ecological
data, supporting anything from water-
quality data to full, multidimensional
species biodiversity surveys

A comprehensive online support system for
citizen science projects that helps you

create your own projects; create custom

data sheets, analyses, maps, and visualizations;
and use associated synchronized mobile apps

A toolkit that simplifies the construction
of new websites that allow data entry, mapping,
and reporting of wildlife records

An open-source, participatory sensing
technology platform that supports
campaign authoring, mobile-phone-
based data capture through inquiry-based
surveys, and automated data capture

A web-based visual environment where
people who want to collect and explore
small sets of data can build an iPhone
application as a data-collection tool

www.anecdata.org

www.citsci.org

www.indicia.org.uk

http://ohmage.org

WWW.Sensr.org

Topic-specific systems
ClimateWatch

(phenology for
Australia)*

iNaturalist (species
observations)*

Nature’s Notebook
(plant and animal
phenology)*

Project Budburst
(plant phenology)*

A project to understand how changes in
temperature and rainfall are affecting
the seasonal behavior of Australia’s
plants and animals

A community for reporting personal
observations of any plant or animal
species in the world

A project that gathers information on plant
and animal phenology across the United States
to be used for decision making on

local, national, and global scales

A network of people across the United States
who monitor plants as seasons change;

data are reported on the Project Budburst website

and made freely available for everyone

www.climatewatch.org.au

www.inaturalist.org

WWW.USanpn.org
/natures_notebook

www.budburst.org



Zooniverse platform
(topics vary)*

A citizen science web portal that hosts large-
scale projects that allow volunteers to
participate in online, crowdsourced scientific
research

WWW.Zooniverse.org

Spreadsheets

Google Sheets*

Microsoft Excel

A free application to create new spreadsheets
and open existing ones that can be shared
with and edited by others

Software that allows users to organize, format,
and calculate data with formulas, using a
spreadsheet system broken up by rows and
columns

www.google.com/sheets
/about

https://office.microsoft.
com/en-us/excel

OpenOffice* An open-source office-productivity software www.openoffice.org
suite

Databases

MySQL* An open-source, relational database- www.mysgl.com

Microsoft Access

Microsoft SQL Server

PostgreSQL*

management system

A database-management system that
combines the relational Microsoft Jet
Database Engine with a graphical user
interface

An enterprise-level, relational database-
management system whose primary
function is to store and retrieve data

An open-source, object-relational database
system

www.microsoft.com
/en-us/cloud/products
/sql-server-editions
Joverview.aspx
www.microsoft.com
/en-us/sql-server/default
.aspx

www.postgresql.org

Bibliographic tools
EndNote

Mendeley

Zotero*

A commercial reference-management
software package, used to manage
bibliographies and references

A desktop and web program for managing
and sharing research papers, discovering
research data, and collaborating online

An open-source reference-management
system

https://endnote.com

www.mendeley.com

WWW.zZotero.org

Data storage/backup tools

Amazon Cloud

Dropbox*

A web storage application advertised as
providing a large computing capacity;
faster and cheaper than building a physical
server farm

A free service that lets you bring your

photos, docs, and videos anywhere and
share them easily

WWW.amazon.com
/clouddrive

www.dropbox.com

(Continued)



TABLE 101 (Continued)

Tool by category

Description

URL

Evernote

Google Drive*

Evernote makes it easy to remember things
big and small from your everyday life using
your computer, phone, tablet, and the web

A file storage and synchronization service
that enables user cloud storage, file sharing,
and collaborative editing

https://evernote.com

www.google.com/intl/en
/drive

Statistical analysis tools

R*

S-Plus

SPSS

Systat

A free, integrated suite of software facilities
for data manipulation, calculation, and
graphical display

A statistical and data-analysis package that
allows nonprogramming users to access
advanced visualization and modern analysis
Statistical Package for the Social Sciences,
widely used in the social sciences

A statistics and statistical graphics software
package

WWW.I-project.org

www.solutionmetrics.com

www.ibm.com/software
/analytics/spss
https://systatsoftware.com

Data visualization tools

Adobe Photoshop
ArcGIS

ArcGIS Online

ArcGIS StoryMaps

MapServer*

A raster graphics editor software package

A platform for designing solutions through
the application of geographic knowledge

Everything you need to create interactive
web maps and apps that you can share
with anyone

Interactive maps and multimedia that make
it easy to harness the power of maps to
tell your stories

An open-source platform for publishing
spatial data and interactive mapping
applications to the web, originally
developed in the mid-1990s at the
University of Minnesota

www.adobe.com/
products/photoshop.html
www.esri.com/software
[arcgis
www.esri.com/en-us
Jarcgis/products
Jarcgis-online/overview
https://storymaps.arcgis
.com

https://mapserver.org

Note: This is by no means a comprehensive list. Please consult the DataONE software tools catalog (www
.dataone.org/software_tools_catalog) for additional resources and search the Internet often, as new tools appear

regularly.



2007, Newman et al. 2011, Sheppard et al. 2014). Your challenge is selecting the right tools
for you and your project and making these decisions early on. New tools are developed daily,
so search for and evaluate them often.

When collecting data, you make decisions about experimental design that influence the
data you generate and ultimately manage. Proper planning for data collection can include
choice of experimental design (e.g., random sampling, stratified random sampling, and sys-
tematic, to name a few), choice of data-collection tools (field data sheets with pencil and note-
books, mobile apps, wireless sensor networks, etc.), and data-collection protocols and methods.
The key is to think through these choices carefully, take time to consult statistical advice when
needed, and document your decisions in detail (a point we will return to later in this chapter).

Assure

Providing assurances about the quality of your data requires good documentation, proper
experimental designs suited to your research questions, and rigorous data-collection methods
and techniques. Collecting your data following a well-written standard operating procedure
(often just called an SOP) or protocol, using rigorous instrumentation, and documenting
each of these aspects will provide assurances to those wishing to reuse the data for further
analyses. Ensuring data quality requires meeting the criteria necessary for your research
goals while adhering to relevant scientific standards. A good way to determine appropriate
quality criteria is to work through your desired analyses and displays before any data are col-
lected, particularly for citizen science projects that may have multiple contributors to a single
database—a situation that makes later troubleshooting more complex and challenging. Using
small test datasets created to include known potential problems (e.g., missing values, suspi-
cious time/date values, and unlikely locations) is helpful for identifying ways that data-quality
issues can be detected, corrected, and prevented (Wiggins et al. 2013). The approaches and
mechanisms you use to ensure data quality apply before, during, and after data collection.
Approaches applied before and during data collection are referred to as quality assurance
(QA), whereas those applied after data collection are called quality control (QC).

Quality assurance refers to processes used to ensure that the best possible data are col-
lected. In citizen science, QA is strongly linked to the design of participation tasks and sup-
porting technologies. Quality control refers to a set of processes for evaluating the quality of
data after they have been collected (e.g., data cleaning and decisions about how to handle
missing data). QA/QC processes vary substantially in cost and effectiveness, but QC is gen-
erally considered more difficult and resource-intensive than QA (for a more detailed discus-
sion of data-quality mechanisms commonly used in citizen science, see Wiggins et al. 2011).
In projects dealing with visual processing tasks, such as transcription and image classifica-
tion, having data entered twice by different volunteers is both feasible and a robust approach
to ensuring quality and correctness. Many projects also collect paper data sheets, in addition
to online data entry, for reference if and when questions arise about the accuracy of data
entry. Similarly, voucher specimens can be collected and stored to serve as a reference point
for taxonomic identification where such specimens are allowed and permissible.
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Describe: Metadata

Documenting your data requires recording the data about your data or metadata. Metadata
include things that may affect the quality, accuracy, or precision of your data or the context or
conditions under which they were collected. Examples of contexts and conditions include the
weather during sampling, the instrument make and model used to record or collect the data,
and the protocol followed, along with descriptive information about the type of data and their
format and meaning. Metadata can also include descriptive information such as a short title
and abstract communicating your study’s intent (figure 10.3) or detailed information about a
given column in a dataset generated by your citizen science project. Documenting as much
metadata as possible is a good rule of thumb. Recording who collected each observation and
its date, coordinates, units, and the model of the device used keeps metadata closely attached
to each measurement, allowing the metadata to vary record-by-record. However, things like
taxonomic specificity or weather conditions would be redundant if listed in each row, so
including those metadata in an associated README file might be more appropriate. Some
software automatically records useful metadata on your behalf. For example, the geospatial
software ArcGIS records metadata related to transformations made, formats used, and spatial
attributes associated with spatial data such as datum, projection, and coordinate system.
Regardless of the storage approach for your metadata, the key is to make sure you record it all.

Given that many items could be considered metadata, it is valuable to decide ahead of
time what will be recorded. When deciding, be sure to consider your project, protocol, data
sheet, QA/QC procedures, and volunteer training. Document as much detail as possible
about your research process, steps, methods, and data. This documentation is important for
two key reasons. First, you want someone to be able to pick up with the research and con-
tinue in the future where you left off should you leave. Second, you want others to know
exactly what you did so that your data can be integrated with other data or be used to repeat
your research. When reporting metadata, it is critical that you write it all down. How you
write it down is less critical—use a text file, a word processing file, a voice recorder, a Power-
Point diagram, a field notebook, or even a napkin in a pinch. If you want your metadata to
be machine readable, use a standard metadata format (e.g., Ecological Metadata Language;
table 10.1). But do take time to write it down. Keeping information in your head and assum-
ing that you will remember it later (or that you will be around five years from now) will inevi-
tably backfire. Many valuable data collected by individuals (professionals and citizen science
practitioners alike) over the years have failed to record any metadata, which can ultimately
lead to data loss (or death).

Preserve: Data Storage and Backup

Once you have compiled your data into a data package—including good documentation and
metadata—you need to decide where to store and preserve it. Storage refers to the mere sav-
ing of data on hardware resources. Storing and backing up citizen science data is a key
aspect of data management. After all, you went to the trouble of collecting valuable, high-
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quality, and rigorous data, and you would hate to lose it. When making data storage and
backup decisions, consider the following:

How much data do you anticipate collecting?

What hardware resources do you have?

How will you ensure that data are stored in separate locations (data redundancy)?
Have you written a README file to describe your files?

What file and folder naming conventions did you use?

Have you documented your conventions?

What type of versioning did you employ?

Data preservation usually involves bundling all related files associated with a research
project into a dataset, a series of datasets, or a data package. A general practice we find useful
is to include a README file for your data package that describes and labels each file and data-
set such that a researcher independent of the project could read it and understand the title and
contents of each file. Preservation takes into account the support services associated with stor-
age, including file format migration (when applicable and needed) necessary for maintaining
data over time. One way to accomplish data preservation is by using a data center or archiving
service familiar with your area of research. These services can provide guidance on formal
metadata preparation, data preservation, file formats, and how to provide additional services to
future users of your data, including these important data preservation tips (Strasser et al. 2011):

Identify data with long-term value.
Store data with appropriate precision.
Use standard terminology.

Consider legal and other policies.

Document provenance and attribution details (e.g., person responsible, context of
the data, revision history, links to source/raw data, project support/funding,
proper citation, and intellectual property rights or licensing considerations).

Cloud resources such as GitHub, Amazon, Dropbox, Google Drive, and OneDrive (to
name a few) offer good data storage opportunities but often lack preservation support. Other
options for backing up data include external hard drives, portable flash drives, and local area
networks that may be available, each with positives and negatives to consider (for additional
storage and backup options, see table 10.1).

Discover: Data Discovery, Accessibility, and Sharing

Once you have ensured that they are stored, backed up, well documented, and preserved,
your data are poised for efficient discovery, accessibility, reuse, and sharing. Data discovery
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indicates how easy it is for others to find a dataset and reuse it. One step you can take to
improve the discoverability and subsequent accessibility of your dataset is to store it, along
with associated metadata, in a data repository or data center. Think of these as homes for data
(table 10.1). Data repositories are often associated with a library, university, museum, scien-
tific journal, or field station and are interested in (or often required to focus on) archiving and
preserving information. These organizations have tools to package digital data and metadata
in standard formats, migrate file formats over time, supply persistent identifiers for citations
(i-e., digital object identifiers, or DOI), and keep sensitive information (e.g., endangered spe-
cies locations) secure. For example, the Avian Knowledge Network (AKN) serves as a data
repository for ornithological data, and, increasingly, journals like PLoS ONE and Data Papers
in the journal Ecology require data deposition in their own repository as part of publication.
Other repositories include the Knowledge Network for Biodiversity (KNB) and the Global
Biodiversity Information Facility (GBIF). These data centers are skilled at data archiving and
preservation. If you cannot find a repository, you might consider emailing your data files to a
land manager as an alternative or check out GitHub as another approach. Putting your work
out there in as many places as possible allows others to discover, access, and reuse it, espe-
cially when these places are machine discoverable through automated searches. Finally, shar-
ing data satisfies funder expectations, increases the rate at which science can advance
(Nielsen 2012), and saves resources. Citizen science itself is a form of data sharing, and the
challenges of using citizen science data reflect classic data-sharing challenges (Hampton et
al. 2013), such as how one can know whether to trust the data.

Integrate: Data Standardization and Integration

Once your dataset is stored, how can you make it desirable for reuse? Standardizing data
with other similar data enables syntheses that would not otherwise be possible. For example,
one synthesis approach is meta-analysis, a method for combining and contrasting results
from different studies to discern any consistent patterns, disagreement, and other relation-
ships across a set of studies (Greenland and O’Rourke 2008). Similarly, systematic reviews
and analyses are conducted across studies to evaluate patterns, relationships, and trends
(Sutherland et al. 2004). As mentioned in chapter 9, an easy way to standardize data for inte-
gration is to use existing protocols. Furthermore, websites such as CitSci.org allow you to
standardize data across projects easily (Newman et al. 2o11). Specifically, in CitSci.org,
project coordinators create their own measurements and then coordinators of other projects
can select any of these created measurements for use in their own data sheets. Thus, projects
can share measurements and standardize data such that they can report data with the same
names and units to simplify data integration and synthesis. Using the same names or vocab-
ularies for categorical data is another way to standardize. Similarly, standardizing defini-
tions of terms is important to facilitate connecting databases. For example, the Nelson and
Graves (2004) amphibian calling index classifies the degree of amphibian vocalization into
several categories. Consistent use of these published categories by many projects is helpful,
rather than having each project create its own categories.
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Analyze

In citizen science, data are commonly transparent, open, and readily available. Volunteers
can analyze data themselves just as project managers, natural resource managers, scientists,
and policymakers can. Regardless of who is doing analysis, caution must be taken by all to
ensure accurate, precise, and meaningful interpretations, results, and conclusions.

Data analysis is the process of manipulating data to yield useful information. To analyze
something is to examine it methodically by separating it into parts and studying interrela-
tionships and patterns. In particular, analysis—often statistical analysis—allows you to
make inferences about possible answers to questions. For instance, “Is species richness dif-
ferent between forests, grasslands, and wetlands?” Your investigation hinges on your
answer, which depends on your analysis. If your analysis indicates that diversity is indeed
different between habitats, this result not only can inform basic science, but also may be
used to aid in making science-based decisions. For example, if species richness were to dif-
fer between types of land cover, such a finding could provide information to a county plan-
ner on where (and where not) to locate roads. Data analysis is not always statistical, however,
and there are a number of other approaches, such as qualitative analysis of interview data,
analyzing pixels in images, assessing wavelengths in recordings, and analyzing interpreta-
tions made by volunteers classifying images. Some common analysis methods for categori-
cal, time-series, and multimedia data typically collected in citizen science include statistical
comparisons (categorical and continuous data), trend analyses (time series data), and tran-
scription and qualitative coding (multimedia data).

Regardless of the analysis method, data must be properly prepared prior to carrying out
any analysis. Data preparation is a way to begin the iterative process of data cleaning to
ensure accurate and precise analyses. Preparing data involves checking for outliers, clean-
ing data (e.g., running QA/QC scripts), formatting data, and checking for and performing
any iterative changes needed (e.g., transforming data). A more comprehensive discussion of
preparatory methods can be found in Neil Salkind’s (2011) entertaining book Statistics for
People Who (Think They) Hate Statistics, but suffice it to say that a well-prepared spreadsheet
will make subsequent analysis much easier and will generate more meaningful interpreta-
tions, results, and conclusions.

DATA VISUALIZATION

Data visualization helps communicate discoveries. For example, as a practitioner with limited
resources, you might create a visualization of the number of volunteer hours by year. Want to
inform policy? Show your data with this goal in mind. Want to show results? Devise a chart to
show how species richness differs between habitats. Now stakeholders can quickly see key
points and apply results to decision making. Data visualizations can take many forms, from
maps and charts to tables, animations, and infographics. Additionally, the data you choose to
visualize can be raw, transformed, summary statistics, or some combination. You might
choose to show monitoring locations on a map, pH measurements at station no. 1 over time, or
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the percent cover of noxious weeds at Fox Meadow Park. Data visualizations can be a snapshot
in time or generated in real time, can be animated or still, and can take the form of pie charts,
histograms, bar charts, line charts, scatter plots, box plots, or heat maps, to name a few options.
In any case, data should be visualized to convey variability (e.g., standard error bars) if the data
are statistical in nature, as well as axis labels and legends to ensure that your audience under-
stands the information being presented. Ultimately, each visualization approach has pros and
cons to navigate by considering your project objectives, stakeholders, and audience.

Audience and Purpose

The first step to meaningful data visualizations is effective data management throughout
the duration of your project. A second important step includes identifying your target audi-
ence and the purpose of your visualizations. You may find that you need to create several
visualizations of the same data for different audiences. For example, you may need to create
an engaging and professionally designed graphical figure for a newsletter that summarizes
the annual progress of your citizen science project for your volunteer participants, but you
may also need to generate a scientific table of results for a peer-reviewed journal article in
collaboration with your partner scientists. The key is to identify the most appropriate visuali-
zation approach for your audience and purpose.

Tables

Tables are a reliable and popular approach to visualization, allowing readers to compare and
contrast data and make choices. Consider the information presented in figure 10.4 (table A)
and note how the use of check marks signifies how a given citizen science approach empow-
ers participation at various research steps. The use of icons and symbols makes it easy to
compare approaches. Similarly, in figure 10.4 (table B) we can easily see that pH is increas-
ing at plots 1—3 but decreasing at plots 4 and 5. Tables also organize and communicate large
amounts of data in a small space while showing raw values. The disadvantages of tables
include the difficulty for readers of identifying trends when numerical data are presented,
the difficulty of printing large tables, and their lack of ability to present multimedia data.

Maps

Always record locational data (latitude and longitude) while in the field. Armed with location
data, you can make maps, which are great for showing spatial relationships and geographic
differences or similarities. Benefits of maps include their ability to be meaningful to many
audiences, show patterns, and provide context. A choropleth map (figure 10.5A) is a special
type of thematic map in which areas are shaded in proportion to the measurement dis-
played. Choropleth maps provide an easy way to show how a measurement varies across a
region. Likewise, animated maps can be useful for showing both spatial and temporal trends
in data. Maps also easily show monitoring locations in relation to a region. When making
any map, it is standard practice to include a title, scale bar, north arrow (or compass rose),
projection/datum information, author, data sources, and the date the map was produced.
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Table A Citizen Science Approach/Model

Research Step Contributory Collaborative Cocreated

Define a question/issue '
Gather information

Develop explanations

Design data collection methods
Collect samples

Analyze samples v

<
D N N N NN

Analyze data
Interpret data/conclude

Disseminate conclusions

AN N NN Y N N NN

Discuss results/inquire further

Table B Plot # 2005 2006 2007 pH Trend

1 52 6.3 6.8 »
2 48 49 5.2 L)
3 6.5 6.8 71 »
4 6.8 5.2 42 v
5 51 5.0 43 v

FIGURE 10.4. Two examples of how tables can effectively visualize data. Table A: Volunteer
participation in each of three approaches/models of citizen science projects (e.g., contributory,
collaborative, and cocreated) within each of the 10 steps in a typical research process. Check
marks signify participation in the specified step. Table B: Stream pH values reported in

5 plots over three years (2005, 2006 , and 2007) along with the associated trend in stream pH
for each plot.

While maps are quite valuable, they can be difficult to create. Making a good map requires
GIS or other cartographic software and advanced understanding of the software and associ-
ated spatial data. Sometimes good maps also require transfer of geospatial data from a GIS
into a graphic design software package such as Photoshop. Finally, creating animated maps
is difficult, presenting numbers spatially can be tricky, and displaying too many locations
can make maps difficult to read.

Graphs and Charts

The primary advantage of graphs and charts is that they help your audience visualize the
point of the presentation. Graphs emphasize the main point. Specifically, graphs make data
more convincing, provide a compact way of presenting information, and help audiences stay
engaged. Design your graph with the end in mind. That is, what do you want the viewer
to see and what is the purpose of showing your data with the graph or chart type you have
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FIGURE 10.5. Examples of visualizations, including (A) a choropleth map showing species richness, (B) a bar
chart or graph showing species richness by habitat type and a cumulative bar chart showing number of
projects per year that used CitSci.org, (C) a histogram showing frequency of black cherry tree height, (D) a
line chart or graph showing air temperature at a Trout Unlimited stream-monitoring location, (E) a pie chart
or graph showing the top five most commonly reported amphibians in a CitSci.org project, and (F) two
time-lapse frames from an animation showing the migration of the Savannah sparrow in summer (top) and
winter (bottom). Your choice of chart, graph, or map will depend on the type and volume of data you have and
the take-home message(s) you aim to convey. Credit: data are from CitSci.org and eBird (hypothetical data
also included); images in panel F are from eBird (Kelling et al. 2009).




chosen? The answers to these questions often lie in the type of data you have, the volume of
data, and the message(s) you wish to convey.

Citizen science data can be visualized using a variety of graphs and charts, each of which
has its own advantages and disadvantages. A bar chart or graph uses horizontal or vertical
bars to show comparisons among categories (figure 10.5B). One axis of the bar chart shows
the categories being compared and the other represents a discrete value. Some bar graphs
present bars in groups while others show bars divided into subparts for cumulative effect
(stacked bar graphs). A histogram is a special bar chart presenting the distribution of data
and represents an estimate of the probability distribution of a continuous variable rather
than a discrete response (figure 10.5C). Histograms show the frequency of each response
observed and are useful for inspecting normality. A line chart or graph displays information
as a series of points connected by straight lines (figure 10.5D). Line charts are similar to scat-
ter plots except that their points are ordered. Line charts show how particular data change at
equal intervals of time (Salkind 2011). A pie chart or graph is a circular chart divided into sec-
tions (slices) to show numerical proportions (figure 10.5E). Variants include the exploded pie
chart, the polar area diagram, the ring/sunburst/multilevel pie chart, and the doughnut
chart. Problems arise in discerning various percentages of slices when there are too many
slices or when the amount of a given slice is small in relation to the whole, but these charts
excel when slices are large and few in number. Finally, time-series graphs display data at dif-
ferent points in time and are often quite useful in citizen science contexts.

Disadvantages of graphs include being time-consuming to construct and costly to pro-
duce. Often, graphs and charts require specialized technology that many citizen science
practitioners do not have easy access to or cannot afford. Hence, it can be helpful to reach out
to nearby universities or science centers (or even federal agencies) to see if these organiza-
tions have graphing software, technologies, or expertise to offer.

Animations

Animations bring your topic to life. In particular, animations grab the attention of your
audience and can be fun to watch. Technically speaking, animations create an illusion of
continuous motion by rapidly displaying a sequence of subtly changing images. Among the
best examples of citizen science animations are those developed by eBird (Kelling et al.
2009) to depict predicted bird migrations (e.g., of the Savannah sparrow; figure 10.5F).2 You
can create your own animations as well. Microsoft PowerPoint has easy-to-use tools that ani-
mate graphs or charts. Sophisticated software such as Photoshop, Fireworks, and ESRI Arc-
GIS help make animations that are more complex. For example, you can use the ArcGIS
time slider tool to make animations of spatial data over time.

2. For the complete animation, see https://ebird.org/content/ebird/wp-content/uploads
/sites/s5/SAVS_large.gif.
3. For a good tutorial, see www.youtube.com/watch?v = jkf8GFtrmuA.
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BOX 10.1 Data Management: Checklist and Guidelines

v Develop a data management plan.

Include sections for types of data, data formats, metadata, policies, protocols,
storage, backup, and budget.

Identify a centralized data-management system for sharing and depositing data
(i.e., individual workstation, cloud server, online system, or data repository).

Keep your plan simple.

Use free tools such as the DMPTool (https://dmptool.org), a widely accepted
data-management tool in the ecological sciences.

Identify possible repositories that may be interested in preserving your data for
the long term (see http://databib.org).

v Select appropriate software.
« Use online websites if resources are limited (e.g., CitSci.org).
« Use existing systems for preestablished projects (e.g., eBird or Project Budburst).
« Use spreadsheets if you have a single, simple project of short duration.

« Use a database if you manage more than one project over many years or if your
data schema is more extensive.

v Employ consistency in managing files and data.

Add a date (YYYYMMDD) and timestamp (HMS) to everything (database tables,
filenames, etc.).

Version all files and consider adding author initials to filenames (i.e., Version
1_NEK, Version 2_NEK, etc.).

Always include a unique ID for each row in all spreadsheets and database tables.

Identify meaningful naming conventions by using or creating controlled vocabu-
laries when available (e.g., Upland Plot 1, Upland Plot 2).

At any level in the hierarchy of folders, subfolders, and files, keep contents
consistent. We recommend not mixing subfolders and files; instead, have either all
files or all subfolders.

In a relational database, use prefixes such as “TBL_" for tables, “REL_" for relation-
ship tables, and “LKU_" for lookup tables to help organize similar tables by name.

Document your method of signifying missing data and how you distinguish
between zeros and missing data.

v Create metadata.

Document minimum information, including a dataset title, creator, contact
information, and keywords.

Write a descriptive abstract, which includes who, what, where, when, how, and
why data were collected.

Describe or provide references for methods and/or experimental designs.

Create a list of attributes in the dataset, which includes column header name given
to the measurement, description of the measurement, and unit of measurement.

Define codes when necessary (e.g., LABU = lark bunting, M/F = male/female).

Signify symbols used for missing data versus zero values.




Disadvantages of animations include the amount of effort and the skill in using anima-
tion software necessary to create them, as well as the need to access such software. Addition-
ally, too many animations on the same web page can be distracting or even annoying to your
audience, can consume a lot of bandwidth and slow down page load time, and often require
special browser plug-ins to watch.

GUIDELINES

Given our experiences in managing the complex data that arise from citizen science, we
have compiled the following checklists (v) along with associated guidelines (») for data man-
agement (box 10.1), analysis (box 10.2), and visualization (box 10.3).

A FEW NOTES ON NAMING CONVENTIONS

Naming conventions are consistent patterns used when naming plots, records, observations,
database tables, or files. Defining naming conventions at the start of your project is extremely
useful. For instance, you may want to consider how files will be ordered (if you want recent
dates to show up first, consider using a convention like YYYY_MM_DD_Name.xls). Other
things to consider include how you want to represent versions of files as changes are made.
For example, you might use this convention: start with ReportName_v1.pdf, and for subse-
quent versions change v1 to v2 (etc.). Prefixes are also useful. Adding an underscore as a pre-
fix on Windows systems helps bring important documents or files to the top of a folder when
listing them alphabetically, regardless of the starting letter of the filename. Finally, for the
database developer, using clear table names and prefixes—such as “TBL_" for tables, “REL_"
for relationship tables, and “LKU_” for lookup tables—helps organize similar tables in a rela-
tional database and makes them easier to understand.

SUMMARY

Data management and visualization are activities that allow you to share results emerging
from the data collected by your citizen science project in meaningful ways. Through these
activities, you can transform your work into tangible products and yield significant positive
impacts and outcomes. Bringing your own creativity to each of these aspects of citizen sci-
ence, especially during data visualization, is an opportunity to elevate the impact of your
program.

Citizen science often involves the collection of large amounts of data and it can some-
times rely on tasks such as mobilizing previously unavailable data, scaling data products,
and using custom analytical to