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Preface

It is a daunting to be asked to chair a committee for the National 
Academies of Sciences, Engineering, and Medicine. You are around the 
table with a room full of exceptionally smart people, at least one with 
a Nobel Prize, and taking your place inside an institution that stretches 
back to Abraham Lincoln. You must leverage all the voices and intellect 
in the room while also recognizing the voices and histories that are not in 
the room. Working with the committee, you strive to answer concisely a 
narrowly scoped charge while simultaneously unpacking the larger issues 
implicit in that charge. As chair, you aim for a consensus that is not overly 
obvious by exploring the boundaries of agreement and even flirting with 
disagreement, because that is where the meaningful parts of consensus lies. 
In the final product, your report, you aim to say something new without 
getting too far ahead of the evidence; something that is small enough to be 
precise, but big enough to inspire. 

Thankfully, you have the processes of the National Academies and the 
people on the committee to guide you. The process is designed to keep you 
focused on the topic and restrained by available evidence: Our committee 
joked that we were not able to use the word “is” without a citation. There 
were times in our process that this demand for evidence was frustrating: 
Sometimes we wanted to make a point about the way we would like things 
to be, engage in a speculative line of reasoning, or take an idea about 
education in citizen science and tease out its broader implications. In each 
case, though, an insistence on evidence and scope (often with some gentle 
or not-so-gentle guidance from the National Academies staff) brought us 
back to our task.

vii
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viii	 PREFACE

The committee, especially in its willingness to respectfully pursue and 
reach consensus, also helped illuminate the way. Evidence might be the raw 
material of this report, but it was the committee members who built the 
report from those raw materials. They collected, evaluated, and synthesized 
the evidence. They served as the (citizen) scientists who collected the evi-
dence, the story-tellers who wove that evidence into coherent narratives, 
and the arbitrators who evaluated the evidence to produce findings and 
recommendations. They were good scientists because they were experts in 
their fields and listened carefully to our many invited guests; they were good 
story-tellers because they could pull from and synthesize evidence across 
a range of disciplines and experiences; and they were good arbitrators 
because, to the person, they cared more about producing the best answer 
than they did about proving themselves right.

One of the findings of the report is that the positive social interactions 
that are part of strong citizen science projects reinforce and create opportu-
nities for learning. This was evident in our committee as well: We had fun 
together and we got to know one another, and those positive experiences 
helped us wrestle with necessary and productive disagreement. Learning, 
it turns out, involves not only new knowledge but also the integration of 
new and old knowledge and this process sometimes involves deconstruct-
ing some of that old knowledge. That part can be painful, especially in 
academic circles where knowledge is the currency of the realm, and the 
fact that we had fun together and trusted one another enabled necessary 
deconstruction. Excellent meals together helped as well.

The committee itself, along with National Academies staff, also rep-
resented one of the other findings of the report: people learn more and 
perform better in environments that welcome and integrate a diversity of 
experiences and perspectives. They were also, fittingly for a report on edu-
cation, excellent teachers and learners. I learned as much about the science 
and practice of teaching and learning from watching them work together 
as I did from the evidence cited in the report. I am grateful to have had the 
opportunity to work with everyone on the committee and the staff at the 
National Academies, and richer for having done so. 

At the end of the day, a National Academies report is an integrative 
summary of what is known about a single topic: These reports are expan-
sive, complete, and up to date about what is known, and reflective of what 
is possible. Our report, like all National Academies reports, is not meant 
to move the field forward as much as it is meant to provide a solid way-
point from which the field can move forward. We believe it is an important 
document. We aim to provide a common reference of strongly supported 
understandings that can be a driver for further innovation and creativity 
and for iteration and refinement by citizen science researchers, designers, 
educators, and participants. I hope, though I suspect it is impossible, that 
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PREFACE	 ix

you can learn as much from this report, have as much fun thinking about 
its big ideas, and find as many new ways of doing things, as I did in work-
ing with the committee and staff at the National Academies to produce the 
report. 

Finally, some of the most exciting ideas discussed by our committee 
never made it to the final report. Although these ideas are not up to the 
standards of the report and go well beyond the scope of our charge, they are 
compelling. For me, the emergent line of reasoning goes like this: Effective 
citizen science projects create a kind of negotiated space where scientists 
and nonscientists can work well together. That means the most effective 
citizen science projects create a space where all people are considered intel-
lectual partners and contributors. In this way, they offer a vehicle to chal-
lenge historic, and unproductive, divisions between those who are part of 
science and those who are not. They become places to expand participation 
in science not only by inviting people to do science, but also by inviting 
communities to use science in service of their goals and priorities. Citizen 
science poses questions about who participates in science, what it means 
to participate in science, who gets to decide what scientific questions to 
investigate, and even what kind of knowledge and practice count as science. 

Raj Pandya
Chair, Committee on Designing Citizen
Science to Support Science Learning
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xi

In the spirit of the social nature of much of citizen science, this report 
is the outgrowth of the tremendous work of many devoted individuals. We 
have learned quite a bit by having had the space, time, and resources to be 
proximal to one another’s expertise, and we believe that this report benefits 
from the rare opportunity to synthesize many voices into one—an opportu-
nity uniquely afforded through the processes of the National Academies of 
Sciences, Engineering, and Medicine. The Committee on Designing Citizen 
Science to Support Science Learning owes a debt of gratitude to a number 
of people for their support throughout this project. 

First, we wish to extend a thank you to this project’s sponsors: Janet 
Coffey from the Gordon and Betty Moore Foundation, Dennis Liu and 
Bridget Conneely from the Howard Hughes Medical Institute, and Greg 
Boustead and Jill Blackford from the Simons Foundation. At the first meet-
ing, our sponsors were immensely helpful in establishing a tone for our 
investigations, and we are profoundly grateful for their support.

Over the course of the study, we heard from many individuals who 
were able to shed light on different aspects of citizen science and sci-
ence learning. At our first meeting, citizen science champions Rick Bonney 
from the Cornell Lab of Ornithology and Sarah Kirn from the Gulf of 
Maine Research Institute offered framing perspectives on the potential of 
citizen science, and Leona Schauble from Vanderbilt University and Leslie 
Herrenkohl from the University of Washington provided insight into the 
landscape of science learning. 

At our second meeting, the committee hosted a public meeting for 
extended consideration of specific issues related to citizen science and sci-
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Summary

In the past 20 years, citizen science has blossomed as a way to engage 
a broad range of individuals in doing science. Citizen science projects focus 
on, but are not limited to, nonscientists (i.e., people who are not profes-
sionally trained in disciplines relevant to a specific project) participating 
in the processes of scientific research, with the intended goal of advancing 
and using scientific knowledge. A rich range of projects extend this focus 
in myriad directions, and the boundaries of citizen science as a field are not 
clearly delineated. Citizen science involves a growing community of profes-
sional practitioners, participants, and stakeholders, and a thriving collec-
tion of projects. While citizen science is often recognized for its potential to 
engage the public in science, it is also uniquely positioned to support and 
extend participants’ learning in science.

Contemporary understandings of science learning continue to advance. 
Indeed, modern theories of learning recognize that science learning is com-
plex and multifaceted. Learning is affected by factors that are individual, 
social, cultural, and institutional, and learning occurs in virtually any 
context and at every age. Current understandings of science learning also 
suggest that science learning extends well beyond content knowledge in a 
domain to include understanding of the nature and methods of science. 

 Citizen science and research on science learning are mutually ben-
eficial. Citizen science has much to learn from modern understandings of 
science learning and in order to support science learning through citizen 
science, it is critical that invested parties consider science learning in all its 
complexity. At the same time, citizen science offers a new venue in which 
to examine science learning, and seems especially well-suited to examining 
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the way learning is social and culturally mediated, and how learning can 
intersect with equity, diversity, and power. 

In response to a request from the Gordon and Betty Moore Founda-
tion, the Howard Hughes Medical Institute, and the Simons Foundation, 
the National Academies of Sciences, Engineering, and Medicine established 
an ad hoc committee to study science learning and citizen science. The 
12-member expert Committee on Designing Citizen Science to Support 
Science Learning included individuals with expertise in citizen science pro-
gramming, research and evaluation of citizen science projects, the learning 
sciences, K–12 science education, informal science education, and after-
school or extended school science programming. The committee was asked 
to address the following statement of task:

An ad hoc committee of experts will be appointed to conduct a study 
on how citizen science projects can be designed to better support science 
learning. The committee will identify and describe existing citizen science 
projects that seek to support science learning, consider research on sci-
ence learning in both formal and informal settings, and develop a set of 
evidence-based principles to guide the design of citizen science projects that 
have science learning as a goal. The committee’s final report will discuss 
the potential of citizen science to support science learning, identify prom-
ising practices and programs that exemplify the promising practices, and 
lay out a research agenda that can fill gaps in the current understanding 
of how citizen science can support science learning and enhance science 
education.

CHARACTERIZING CITIZEN SCIENCE

The term “citizen science” can be applied to a wide variety of projects 
that share the core feature of nonscientists engaging in doing science. 
The committee identified eight common characteristics of citizen science 
projects. Citizen science projects actively engage participants, specifically 
engage participants with data, use systematic approaches to produce reli-
able knowledge, meet widely recognized standards of scientific integrity and 
use practices common in science, engage participants who are (primarily) 
not project-relevant scientists, seek to use the knowledge gained to contrib-
ute to science and/or community priorities, generally confer some benefit to 
the participant for participating, and involve the communication of results. 

There are significant variations, however, in how citizen science projects 
support these common characteristics: how the participants engage, who 
organizes the projects, what the projects’ goals are, who the participants 
are, and how results are reported. Participation might be one time or 
repeated, projects might be online or in person, projects might be lon-
gitudinal (i.e., for monitoring) or experimental, projects might prioritize 
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community impact or advancing the field of science, and projects may be 
targeted to students or adults in formal and informal settings. Because this 
rich variation is part of what contributes to the suite of learning opportuni-
ties in citizen science, the committee elected to consider all these variations 
rather than develop or apply a restrictive definition. Recognizing the way 
in which citizen science projects are constructed, who it is that participates 
in these projects, the activities of those participants, and their different 
levels of engagement is critical for understanding the learning that occurs 
in citizen science and how to design for that learning.

UNDERSTANDING SCIENCE LEARNING

In everyday use and in professional research and educational contexts, 
the word “learning” is used to capture a multiplicity of processes and out-
comes. In recent decades both educational practice and research on learning 
have moved beyond a simple view of learning as an individual acquiring a 
fixed body of declarative facts and procedural knowledge to the recogni-
tion that learning is embedded in social interactions and involves complex 
reasoning and reflection. Understanding the nature of different varieties 
of learning, the processes that support them, and the ways in which they 
are expressed requires considering factors at multiple levels and scales—
individual and social, situational and cultural, and through time. Science 
learning inherits all of the complexity of learning, and applies them to 
understanding how people interact with the methods, processes, norms, 
and epistemologies of science.

Modern understandings of science learning consider a range of learning 
outcomes that includes developing interest and identity as well as under-
standing scientific knowledge and engaging in the practices of science. The 
committee did not assign relative value to potential learning outcomes; 
however, we found evidence that some outcomes are harder to achieve and 
require more intentional support than others. Context also influences learn-
ing outcomes. When using citizen science in K–12 environments, curriculum 
can constrain the choice of learning outcomes, but the sustained engage-
ment and built-in support scaffolds in K–12 contexts may be especially 
suited to supporting harder-to-achieve learning outcomes.

Citizen science has the potential to support science learning in unique 
ways. The properties of citizen science that make it particularly useful for 
science learning include the opportunity to participate in authentic scientific 
endeavors, the way in which citizen science is conducted in real-world con-
texts, and the way in which citizen science engages participants with real 
data. Additionally, the fact that citizen science often is motivated by inter-
est- or concern-driven participation, is a social or communal activity, and 
offers opportunity for longer-term participation also provides opportunities 
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for learning. Finally, the social and technological infrastructures of citizen 
science also enable learning opportunities. Viewing these characteristics in 
concert with one another, the committee used theories of science learning 
to investigate how citizen science can be designed to bring about specific 
science learning outcomes even though there are relatively few studies of 
learning specifically focused on citizen science. 

Theories of learning make it clear that educational context and intent 
influence the kinds of learning outcomes that are achievable. We identify 
three broad contexts for learning in citizen science: (1) citizen science 
projects designed specifically for learning, (2) citizen science projects that 
are adapted in order to support learning, and (3) borrowing citizen sci-
ence practices to support learning. Some contexts make it easier to achieve 
certain learning outcomes. For example, learning outcomes related to an 
identity as someone who contributes to science are easier to achieve in proj-
ects that are designed or adapted for learning, but harder to achieve when 
the data collection practices are borrowed from citizen science without 
contributing the collected data to some larger purpose. Further, whether 
particular learning outcomes are achieved also depends on the larger socio-
cultural context of a given project. The larger sociocultural context shapes 
participants’ motivations for participating, their previous experience with 
science, the knowledge they bring to the project and how they respond to 
participating—all of which contributes to what participants learn through 
engaging in the project. 

There is evidence that citizen science, leveraged effectively, can con-
tribute to community science literacy. A term somewhat new to academic 
conversations about science literacy—community science literacy—is the 
capacity of a community to apply, do, and even guide science in ways that 
advance community priorities. It is a shared capacity, and it depends on and 
relates to the science learning of individuals as well as the connections, net-
works and agency that are distributed throughout the community (National 
Academies of Sciences, Engineering, and Medicine, 2016). Citizen science 
includes projects that grow out of a community’s desire to address an 
inequity or advance a priority. When communities can work alongside 
scientists to advance their priorities, enhanced community science literacy 
is one possible outcome. 

DESIGNING FOR LEARNING

In considering how to design citizen science to support science learning, 
the committee arrived at three simple but powerful principles. 

First, if designers are not intentional about learning (either in design 
or by investigating the learning in a project) than there is very little that 
can be said with confidence about participant learning in a given project.
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Second, if one is intentional in design, there are proven practices that 
can help participants take advantage of the unique opportunities for learn-
ing associated with citizen science. Including stakeholders—anyone who 
might have a role to play in the project, such as project leads, scientists, 
people implementing the project and supporting participation and partici-
pants in the design process ensures that the processes and activities of the 
project—will be more attuned to learners’ motivations and interests and 
better able to engage their skills and experiences.

Third, leaders and developers of citizen science projects interested in 
supporting science learning need to allow for iteration of the design. Rather 
than produce a full-fledged product based on a one-time interaction with 
stakeholders, it is more effective to produce a first cut or prototype and then 
engage with stakeholders in multiple cycles of feedback and refinement. 
This kind of process can help weed out ineffective design features. 

In addition to these three overarching design strategies, the committee 
was also able to use research on design and practice to offer a number of 
guidelines that can be used in individual projects. Additional guidelines the 
committee suggests are

1.	 Know the Audience 
2.	 Adopt an Asset-Based Perspective 
3.	 Intentionally Design for Diversity
4.	 Engage Stakeholders in Design
5.	 Capitalize on Unique Learning Opportunities Associated with Citi-

zen Science
6.	 Support Multiple Kinds of Participant Engagement
7.	 Encourage Social Interaction
8.	 Build Learning Supports into the Project
9.	 Evaluate and Refine 

Some of these guidelines are easy to address, some are challenging, 
and all require consideration of not only the guideline itself but also the 
intersection of the guideline with the specific context and the participants. 
Project designers face choices about what people will learn, and must invest 
in the program design to support that learning. These choices require bal-
ancing values that sometimes compete, and sometimes are complementary. 
For example, if a project designer’s highest priority is the collection of high-
quality data, then it is reasonable to adopt a project design that emphasizes 
learning outcomes related to collecting, analyzing, and working with data. 
It is less reasonable (though not impossible) to expect that that same project 
would necessarily also offer substantive opportunity to reflect on the nature 
of scientific knowledge. On the other hand, if a project designer is hoping 
that participation will result in community action, than it makes sense to 
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offer opportunities for participants to reflect about the nature of scientific 
knowledge and its relationship to culture. In summary, designers need 
to make choices about desired learning outcomes, and use those choices to 
design appropriate learning activities. 

The committee hopes that the sum total of citizen science will offer a 
range of learning opportunities and outcomes and urges the entire commu-
nity of people engaged in citizen science to be mindful of the portfolio of 
projects—always with an eye toward who may be left out or underserved 
by what already exists.

ADDRESSING EQUITY THROUGH INTENTIONAL DESIGN

Citizen science project designers must grapple with issues of equity, 
diversity, power, and inclusion. They face these issues even if they do not 
set out to address diversity in their project and even when they are not 
consciously aware that these factors are at play in their project. This can be 
daunting: project designers necessarily have to make choices about how to 
use resources to best achieve multiple desired outcomes, and designing for 
broader participation can feel overwhelming. But where science learning is 
an expressed goal of participation, addressing these issues is essential: there 
is clear and ample evidence that diverse, equitable and inclusive program 
design advances learning for all participants. And, because participant 
learning outcomes support other project outcomes, this work can actually 
make it easier to achieve other project goals. Further, there is compelling 
evidence that not responsibly addressing issues of power and privilege can 
exacerbate learning inequities.

One of the most effective things project designers can do to attend to 
diversity is to question embedded and pernicious assumptions about who 
is capable of participation and what that participation can yield. This is 
especially true when thinking about members of communities that have 
been overlooked or marginalized by science, where these kinds of assump-
tions are more common, less questioned, and especially damaging to indi-
vidual learning outcomes. Citizen science designers can make a special 
effort to welcome and respect the epistemologies, beliefs, practices, and 
skills that all people bring into citizen science. Collaborative design with 
participants from underrepresented groups (such as people of color, people 
of lower socioeconomic status, rural communities, women, etc.) helps to 
challenge limiting assumptions and create programming where all partici-
pants can learn. 
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CONCLUSIONS

One of the goals of this report is to share the committee’s synthesis 
of what is known about how practitioners can support science learning 
through participation in citizen science. As part of that work, several major 
conclusions emerged as this study’s central findings.

CONCLUSION 1: Citizen science projects investigate a range of phe-
nomena using scientific practices across varied social, cultural, and 
geographical contexts and activities. Citizen science allows people with 
diverse motivations and intentions to participate in science. 

CONCLUSION 2: Because citizen science broadens the scope of who 
can contribute to science, it can be a pathway for introducing new 
processes, observations, data, and epistemologies to science. 

CONCLUSION 3: There is limited systematic, cumulative information 
about who participates in citizen science. Community and youth proj-
ects are underrepresented in the available data suggesting that existing 
data are biased toward white middle- and upper-class populations.

CONCLUSION 4: Participants’ learning through citizen science has 
benefits not only for participants and scientists but also for communi-
ties and science.
 
CONCLUSION 5: There is evidence that citizen science projects can 
contribute to specific learning outcomes in particular contexts and for 
some learners. 

CONCLUSION 6: Citizen science supports learning outcomes related 
to scientific practices, content, identity, agency, data, and reasoning. 
Whether these outcomes are realized depends on the provision of learn-
ing supports and on intentional design. 

CONCLUSION 6a: Citizen science can be readily mobilized to help 
participants learn scientific practices and content directly related to 
the specific activities in the project.
CONCLUSION 6b: With careful planning, intentional design, and 
learning supports, citizen science can

•		 amplify participants’ identity/ies as individuals who contribute 
to science and support their self-efficacy in science;
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•		 provide an opportunity for participants to learn about data, data 
analysis, and interpretation of data; and 

•		 provide a venue for participants to learn about the nature of 
science and scientific reasoning. 

CONCLUSION 7: Science learning outcomes are strongly related to 
the motivations, interests, and identities of learners. Citizen science 
projects that welcome and respond to participants’ motivations and 
interests are more likely to maximize participant learning. 

CONCLUSION 8: Research on learning science in other contexts pro-
vides insight into some fundamental principles that can advance science 
learning through citizen science. These principles include the following:

•		 Prior knowledge and experience shape what and how partici-
pants learn.

•		 When participants’ prior knowledge and experience are treated 
respectfully in the learning process, learning is advanced. 

•		 Motivation, interest, and identity play a central role in learn-
ing, create learning opportunities, and are learning outcomes 
themselves.

•		 Most science learning outcomes will only be achieved with struc-
tured supports. These supports can come from specific tasks, 
tools, and facilitation. 

CONCLUSION 9: Being aware of issues of power, privilege, and 
inequality, and explicitly addressing them in citizen science projects can 
help enable learning for all participants.

CONCLUSION 10: Community participation in citizen science activi-
ties can support the development of community science literacy.

CONCLUSION 11: Citizen science can create opportunities for 
communities, especially communities who have been marginalized, 
neglected, or even exploited by scientists, to collaborate with scientists 
and the science community. 

CONCLUSION 12: Specific learning goals can be achieved with inten-
tional design. Without intentional design, it can be hard to anticipate 
what learning outcomes will be achieved.

CONCLUSION 13: Research on program design shows that designing 
with input from stakeholders and building iteratively is an effective 
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strategy for supporting learning. This is true for designing for science 
learning from citizen science. 

CONCLUSION 14: Formal learning environments have more struc-
tured and intentional learning outcomes. Citizen science can provide 
useful activities for formal learning environments; however, educators 
may need to incorporate additional supports to achieve more challeng-
ing learning outcomes. 

RECOMMENDATIONS AND RESEARCH AGENDA

The committee was asked to develop a set of evidence-based prin-
ciples to guide the design of citizen science projects. In reviewing research 
and practice, the committee discovered general principles that are relevant 
across citizen science and should be applied to the design and implementa-
tion of all projects. These principles derive from research and best prac-
tices in science education more generally: We present these overarching 
principles as recommendations. They are offered to all designers of citizen 
science projects, with the understanding that designers include a wide and 
representative range of stakeholders and that effective design extends well 
into implementation. 

RECOMMENDATION 1: Given the potential of citizen science to 
engage traditionally underrepresented and underserved individuals and 
communities, the committee recommends that designers, researchers, 
participants, and other stakeholders in citizen science carefully consider 
and address issues of equity and power throughout all phases of project 
design and implementation. 

RECOMMENDATION 2: In order to maximize learning outcomes 
through participation in citizen science, the committee recommends 
that citizen science projects leverage partnerships among scientists, 
education researchers, and other individuals with expertise in education 
and designing for learning. 

RECOMMENDATION 3: In order to advance learning, project design-
ers and practitioners should intentionally design for learning by defin-
ing intended learning outcomes, identifying a participant audience, 
integrating learning outcomes into project goals, and using evidence-
based strategies to reach those outcomes. 
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RECOMMENDATION 4: In designing or adapting projects to support 
learning, designers should use proven practices of design, including 
iteration and stakeholder engagement in design. 

As an emerging field, citizen science has opportunities to grow, to con-
tribute to what we know about how people learn science, and to broaden 
participation in science. Not only will future research inform the design of 
citizen science projects but also design-based research in particular may be 
particularly well-suited to study the varied contexts of learning in citizen 
science. The next several recommendations explore how to maximize that 
potential. They are recommendations for building the field of citizen science. 

The committee was also asked to lay out a research agenda that can fill 
gaps in the current understanding of how citizen science can support sci-
ence learning and enhance science education, and those recommendations 
are outlined below.

RECOMMENDATION 5: The committee recommends that the edu-
cational research community perform regular analyses of the available 
evidence on learning in citizen science in order to identify and dissemi-
nate effective strategies. 

RECOMMENDATION 6: The committee recommends that relevant 
researchers perform longitudinal studies of participation and changes 
in individuals’ and communities’ scientific knowledge, skills, attitudes, 
and behaviors, both within individual projects and across projects. 

RECOMMENDATION 7: The committee recommends the citizen sci-
ence community collaborate to develop shared tools and platforms 
that they can share to support science learning across a large number 
of citizen science projects. 

REFERENCE
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Introduction

Humans are an inquisitive species. From the beginning, humans develop 
knowledge by engaging in inquiry: in learning about the world, young chil-
dren observe their surroundings, ask questions, and communicate about 
what they see with others. While Western society will turn some of those 
young explorers into professional scientists, the vast majority of individuals 
will be left to engage with science—both the institution and the content—
from outside the gates of “professional” science.

In the past 20 years, the phenomenon of citizen science has emerged as 
one way to engage individuals of all ages and occupations in the doing of 
science. When asked about their experiences in citizen science, enthusiastic 
participants often celebrate that engagement. In conducting the study that 
would lead to this report, the National Academies of Sciences, Engineering, 
and Medicine’s Committee on Designing Citizen Science to Support Science 
Learning heard from a number of experts whose experiences offer vivid 
insight into the potential of citizen science to bring all kinds of people into 
the community and practice of science. The stories these experts shared 
point to the diversity of opportunities available through citizen science. 
The committee heard the story of a middle school student whose experience 
working in a lab transformed her description of herself, from “klutz” to 
“expert in DNA extraction and science contributor.” Similarly, the commit-
tee heard the story of a young man who was prevented from dropping out 
of high school when his participation in citizen science showed him, and 
helped him show others, that he was smart and could succeed. The com-
mittee also encountered the story of a woman, living in a senior center, who 
turned to citizen science to continue a lifelong tradition of volunteering. She 
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found a deepened sense of purpose from knowing researchers depended on 
her data. The committee also learned about the West-Oakland Indicators 
Project, a community group in Oakland, California, that self-organizes to 
collect and analyze air quality data and uses those data to address industrial 
trucking around schools to reduce local children’s exposure to air pollution. 

These kinds of stories are also clues about the potential of citizen sci-
ence to support learning. They point to skills gained, social connection, 
and community capacity. This report seeks to follow those clues toward 
answers to underlying questions about how citizen science can contribute to 
science learning. What kinds of learning can citizen science advance? What 
is it about citizen science that contributes to science learning? How would 
someone design citizen science to maximize learning? What can be learned 
from citizen science that can influence science learning in other contexts? 
What kinds of additional research would help educators and practitioners 
of citizen science in their ongoing work?

CHARGE TO THE COMMITTEE

In response to requests from the Gordon and Betty Moore Founda-
tion, the Howard Hughes Medical Institute, and the Simons Foundation, 
the National Academies of Sciences, Engineering, and Medicine through 
its Board on Science Education convened a committee to undertake a 
study of science learning and citizen science (see Box 1-1). The 12-member 
expert Committee on Designing Citizen Science to Support Science Learning 

BOX 1-1 
Statement of Task

Designing Citizen Science to Support Science Learning

An ad hoc committee of experts will be appointed to conduct a study on how 
citizen science projects can be designed to better support science learning. The 
committee will identify and describe existing citizen science projects that seek to 
support science learning, consider research on science learning in both formal 
and informal settings, and develop a set of evidence-based principles to guide 
the design of citizen science projects that have science learning as a goal. The 
committee’s final report will discuss the potential of citizen science to support 
science learning, identify promising practices and programs that exemplify the 
promising practices, and lay out a research agenda that can fill gaps in the current 
understanding of how citizen science can support science learning and enhance 
science education.
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included individuals with expertise in citizen science programming, research 
and evaluation of citizen science projects, the learning sciences, K–12 sci-
ence education, informal science education, and afterschool or extended 
school science programming. 

INTERPRETING THE CHARGE

In interpreting the charge, the committee members asked them-
selves a series of questions. First, we embarked on a definitional exercise 
intended to help us calibrate our understanding of citizen science. We then 
attempted to arrive at consensus on our understanding of science learning, 
before turning to an investigation of what kinds of citizen science experi-
ences support learning. Finally, we turned our attention to addressing the 
charge’s most pressing question: How can citizen science be designed or 
leveraged to support science learning? The following sections offer insight 
into how the committee entered into this investigatory process.

What Is Citizen Science?

To help orient this report, the committee arrived at an inclusive descrip-
tion of citizen science, rather than a specific, narrow definition. Citizen 
science projects are those that typically involve nonscientists (i.e., people 
who are not professionally trained in project-relevant disciplines) in the 
processes, methods, and standards of research, with the intended goal of 
advancing scientific knowledge or application. The committee found it use-
ful to think about this description as it relates to specific examples. A proj-
ect in which community members collect stream data using well-established 
protocols to monitor stream health fits this description of citizen science, 
but the same project where only professional water quality technicians 
collect the data would not. A project where students collect water quality 
data solely for their own edification does not fit the committee’s descrip-
tion of citizen science. That is not to say that a purely educational project 
cannot share in the strategies and practices that have been developed for 
and proven effective in citizen science, but the committee notes the use of 
those practices in service of a larger goal—community action or scientific 
knowledge—as a defining feature of citizen science. As another example, a 
project where people play a video game (however much that game is deal-
ing with real scientific problems like protein folding) is not citizen science 
unless the players know they are dealing with real scientific challenges, have 
some understanding of those challenges and the relevant science, and know 
that their individual results are useful. 

There are several important elements contained in this description of 
citizen science. One is the active and continual engagement of nonscientists. 
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Even a project that is defined in close consultation with community mem-
bers ceases to be citizen science when the community members cease to be 
involved—for example, if the research was all carried out by professional 
scientists. People who are the subjects of the research are not participat-
ing as citizen scientists, nor are people who are unaware that they are 
participating in a citizen science project. Another important element in the 
description of citizen science is the notion of communicating and using the 
results of the project, especially within the scientific community. Finally, 
projects must adhere to the standards of scientific integrity to be described 
as citizen science, and projects in which data are ignored or cherry-picked 
to advance an agenda do not fit this description. 

What all this points to is that the practice of citizen science is not a 
clearly delineated well-bounded space with well-defined and well-accepted 
exclusion and inclusion criteria, which is consistent with a young field with 
diverse antecedents. The field is still relatively new and has not yet been 
fully codified. Citizen science, as it exists today, is a confluence of several 
different evolutionary pathways; the committee discusses these pathways 
in depth in Chapter 2 of this report. As a result, citizen science projects 
are designed and implemented with different motivations, theoretical 
frameworks, and content areas. Given these different considerations, the 
committee believes that citizen science is better suited to classification by 
description. 

As a note, the committee uses the term citizen science because that is 
the term most commonly used within the scientific and science education 
communities to describe these activities. We recognize that the term “citi-
zen,” particularly in the United States, connects to a contentious immigra-
tion debate about who is eligible to participate in civic life, including science 
and education. While other terms can be used to describe citizen science, 
such as community science, public participation in scientific research, par-
ticipatory action research, and community-based participatory research, 
none of them is as complete or widely used as citizen science. The commit-
tee uses citizen science despite its associated tensions. 

What Is Science Learning?

The committee interpreted science learning broadly, and elected to 
consider a range of learning outcomes. The committee found it helpful to 
think in terms of the learning strands identified in Learning Science in Infor-
mal Environments (National Research Council, 2009), which we discuss 
in Chapter 3 of this report. In addition to the learning outcomes typically 
presented in a discussion of science learning (such as the ability to generate 
or use concepts or the ability to participate in scientific activities) the com-
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mittee purposefully includes the development of interest, motivation, and 
identity as a critical component of science learning. 

The committee also acknowledges that learning outcomes—both in the 
context of citizen science and in general—depend on not only the educa-
tional context but also larger sociocultural contexts. This framing suggests 
that these sociocultural factors are part of the inputs, sometimes implicit, in 
any citizen science project. This includes, of course, the things people come 
into the project with: What a person learns is influenced by prior knowl-
edge, motivations for participating, and previous experience with science, 
to name just a few. Our analysis of learning outcomes led us to consider 
the different ways people enter into citizen science projects, the different 
experiences they bring into and have as part of citizen science projects, and 
the way both of those things may influence learning outcomes.

Who Is Learning?

Early on in this work, the committee realized that in order to effectively 
address the study charge as laid out, it was important to delineate not only 
what kind of science learning could occur through citizen science, but also 
who it is that learns through citizen science. After extensive deliberation, 
the committee agreed that although professional scientist practitioners of 
citizen science stand to learn a lot by conducting citizen science, the focus 
of this study is the science learning of citizen science participants. In the 
event that professional scientists are participating in citizen science as 
members of the public (and not in service of their own scientific goals), 
this study is concerned with that learning as well. Finally, we use the term 
“project designer” to indicate the entities involved in the structuring of 
a citizen science experience, including professional scientists and other 
relevant community stakeholders. The term “participant” is intended to 
encompass individuals and communities who engage in some aspect/s of a 
citizen science project or activity. Also along these same lines, we use the 
word “project” in reference to those citizen science experiences that are 
planned and constructed in service of specific citizen science goals, whereas 
citizen science “activities” refer to the various kinds of things one might do 
or engage with while participating in citizen science. 

How Can Learning Occur Through Citizen Science?

Though science learning can certainly happen as an unintended 
byproduct of participation in citizen science, the committee elected to focus 
its attention on the kinds of citizen science experiences where achieving 
science learning outcomes is an expressed goal of participation. Though 
“by-product of participation” learning outcomes are valuable, the com-
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mittee was charged to “develop a set of evidence-based principles to guide 
the design of citizen science projects.” As a result, the committee decided 
to focus its investigation on projects where participation leads to specific, 
intended learning outcomes as opposed to projects where learning was not 
explicitly identified as a goal for participation. This distinction helped the 
committee understand how projects planned for learning goals. 

In its investigation, the committee identified three ways that citizen sci-
ence supports intentional learning outcomes:

1.	 Citizen science designed for learning. These are projects that are 
intentionally designed to support science learning from the outset 
(often alongside other goals). In this example, scientists, science 
educators, and perhaps even community leaders, work together to 
design a project, from the beginning, with learning goals in mind 
and explicitly consider how learning goals and outcomes comple-
ment other project goals, like accurate data collection.

2.	 Citizen science adapted or repurposed for learning. These are citi-
zen science projects that were originally designed without explicit 
learning goals and have been later used to promote learning. Often, 
this involves people who were not part of the original design who 
add additional learning supports to a citizen science project. For 
example, a Girl Scout troupe that participates in a citizen science 
project through Scistarter1 and takes advantage of the supplemen-
tary materials prepared to help reflect on what the girls learned 
through participating and what it meant. 

3.	 Citizen science practices used for learning. In this case, practices or 
elements of citizen science are used to promote learning, but some 
essential feature of citizen science is missing—often the link to 
some purpose beyond learning. For example, borrowing a GLOBE 
protocol for use in a classroom monitoring of a local stream, with-
out sharing that data back into the wider GLOBE community or 
using it in local decisions. 

Parsing these types of science learning experiences allowed the com-
mittee to be specific about both why and how science learning is likely to 
occur from citizen science activities—a task that is a necessary prerequisite 
to identifying project design considerations. 

1 SciStarter is a Web platform for individuals looking to “find, join, and contribute to sci-
ence.” For more information, see http://www.scistarter.com [October 2018].
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FRAMING CONSIDERATIONS

In addition to the challenging work of interpreting the committee 
charge, the committee also needed to have several other important con-
versations that would frame our later analyses. In this section, we explain 
which issues surfaced as particularly important and compelling in order to 
set up our later analytic discussions.

What Counts as Evidence for Learning?

In interpreting this part of the charge, the committee agreed that the 
potential to achieve learning outcomes is not the same as achieving learning 
outcomes. Instead, we sought to focus on the evidence available to identify 
both potential and documented learning outcomes in citizen science. In order 
to sort through the plethora of claims about the potential of citizen science 
to support learning, the committee needed to agree on certain standards of 
evidence that could be relied on to support our argumentation. A very strong 
kind of evidence for learning comes from dedicated studies of learning out-
comes in the context of citizen science but, not surprisingly for a field that 
has emerged relatively recently, focused investigations of learning outcomes 
in citizen science are rare. While the few available investigations are com-
pelling, they do not provide enough evidence to make definitive statements 
about learning from citizen science. The committee found it more helpful 
to delve into the large body of research on learning science and map this 
robust literature to the landscape of citizen science. The bulk of this report, 
therefore, describes what research on science learning and teaching, includ-
ing theories of learning, offers to the design of citizen science, or to using 
practices of citizen science to support learning outcomes. Similarly, literature 
on volunteerism was useful for understanding some of the aspects of science 
learning related to identity motivation and persistence in citizen science. 
For developing guidance on the design of citizen science projects to support 
learning outcomes, the committee delved deeply into literature on design, 
with a particular focus on design theory applied to designing for learning. 
Finally, the committee found the experience of citizen science practitioners, 
as reported in person, nonacademic writing, or conference presentations, 
to be invaluable pointers toward potential learning outcomes that could be 
investigated more thoroughly using peer-reviewed sources.

Attending to Issues of Equity

The committee entered into this work with a commitment to exploring 
how people of all backgrounds can learn through citizen science, and that 
meant exploring the intersection of diversity, equity, and inclusion, and 
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learning in citizen science (see Box 1-2). While recognizing that we have 
not reached parity in terms of all people’s opportunities to learn, contribute 
to, and benefit from science, the committee is inspired by progress in the 
fields of science, education, and science education. Because citizen science 
is built around interaction between scientist and nonscientists, it offers an 
opportunity to welcome beliefs, epistemologies, and ideas that historically 
have not been as included in science. As we discuss in Chapter 7, however, 
this opportunity will only be realized if diversity, equity, and inclusion are 
part of the goals in the design and implementation of citizen science. Fur-
ther, the committee notes well-established scholarship showing that failing 
to consider these aspects in the design of educational systems can lead to 
the perpetuation of inequity (Banks, 1997). 

BOX 1-2 
What Are Equity, Diversity, and Inclusion?

Equity, diversity, and inclusion are distinct but interrelated concepts. In order 
to effectively meet the learning demands of citizen science participants, people 
who participate in project design and implementation need to attend to all three 
concepts effectively.

Equity signals a distribution of opportunities and resources that enables all 
participants the opportunity to engage successfully. Attending to equity suggests 
an emphasis on constructing learning experiences so that all learners have can 
successfully pursue an optimal learning pathway that recognizes and values their 
experiences, cultures, and identities. Doing this requires an awareness of how 
systemic forces can affect the opportunities available to, or disrupt outcomes for, 
an individual. In acknowledging the different experiences that individuals bring to 
any situation, providing equitable opportunities suggests that not every experience 
will always be equal.

Diversity focuses on the differences among individuals, including demographic 
differences such as sex, race, ethnicity, sexual orientation, socioeconomic status, 
ability, languages, and country of origin, among others. Attending to diversity re-
quires an emphasis on access to opportunities to participate, and representation 
in participation. Diversity is an asset that contributes to participant learning and 
development.

Inclusion refers to the processes through which learners are made to feel 
welcome and are treated as motivated participants and contributors. Attending to 
inclusion requires an emphasis on intentional engagement with diversity to sup-
port participant learning. Inclusive practices mean that project participants use 
differences as assets to enhance learning for all and advance science. 

SOURCE: Adapted from National Academies of Sciences, Engineering, and Medicine (2017), 
Association of American Colleges and Universities (2015), and Malcom-Piqueux and Bensimon 
(2017). 
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No discussion of science learning is complete without careful attention 
to the needs and opportunities, barriers and access points, and assets and 
challenges for learners with different backgrounds, experiences, contexts, 
and histories. Further, the committee agreed unanimously that discussions 
of learning must consider who is learning, what they are learning, who is 
deciding on learning goals and outcomes, and how those goals are reached. 
Addressing these questions meant that the committee needed to wrestle 
with issues of privilege, acknowledge historic patterns of discrimination, 
grapple with current structural inequities, and explore biases. 

Citizen science, like science, is practiced in an imperfect world. Unless 
they actively try to combat society’s pervasive inequities, citizen science 
project designers are necessarily influenced by the world around them. For 
instance, if a project requires use of specific research protocols in order to 
participate but does not ensure that participants can read, understand, and 
work with the protocol, the project is likely to engage people with the edu-
cation and experience necessary to complete the work. Narrowing the field 
of who can participate in this way has the potential to obstruct a project’s 
educational goals and, ultimately, deepen existing inequities. People who 
design, implement, and participate in citizen science must therefore grapple 
with issues of equity, diversity, power, and inclusion. They face these issues 
even if they do not set out to address diversity in their project and even 
when they are not consciously aware that these factors are at play in their 
project. This can be daunting: Project designers necessarily have to make 
choices about how to use resources to best achieve multiple desired out-
comes, and designing for broader participation can feel overwhelming. But 
where science learning is an expressed goal of participation, the committee 
believes that addressing these issues is essential.

Advancing Science and Advancing Learning

The goals of citizen science often include a mix of goals around advanc-
ing science and goals around serving participants. Participant-oriented goals 
at the scale of the individual include advancing learning and motivation. 
At the scale of the project, scientific goals include accumulating high-
quality information that can then be used in decision making—whether 
those decisions describe a scientific discovery or innovation, or a resource 
management, environmental health, or even human health outcome. Are 
these goals and scales compatible? Stated another way, can a citizen science 
project that promotes learning also advance science? 

The committee suggests that science learning goals and scientific proj-
ect goals are not only compatible but also mutually reinforcing. Evidence 
suggests that attention to participant learning can increase the quality of 
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data and analysis in citizen science. First, however, it is critical to overcome 
unfounded biases against citizen science data (see Box 1-3). 

If it is accepted that citizen science is a valuable tool for expanding 
and deepening scientific inquiry, then attending to the learning outcomes 
of participants should be an important consideration for project designers. 
This, in itself, is one way that advancing learning and advancing science 
are compatible: More science learning by participants has the potential 
to improve their contribution to the project and potentially enhance the 
chance of the discovery and scientific advancement in the project. Citizen 
science has the ability to spark new science questions or launch new inves-
tigations, and balancing participant learning goals with the scientific goals 
of the project provides an additional venue for interactions that can bring 
participants’ ideas to the surface.

ABOUT THIS REPORT

The committee made a number of methodological and analytic deci-
sions in order to conduct the investigations necessary to complete this 
report. In this section, we detail our approach to addressing the study 
charge, as well as this report’s intended audiences. We conclude with a 
description of the organization of this report. 

Addressing the Charge

The committee held four in-person meetings and one telephone meet-
ing over the course of the study. The first meeting was largely information 
gathering at which we heard from a variety of stakeholders, including our 
project sponsors: Janet Coffey from the Gordon and Betty Moore Founda-
tion, Bridget Conneely and Dennis Liu from the Howard Hughes Medical 
Institute, and Greg Boustead from the Simons Foundation. Rick Bonney 
from the Cornell Lab of Ornithology and Sarah Kirn from the Gulf of Maine 
Research Institute offered framing perspectives on the potential of citizen 
science, and Leona Schauble from Vanderbilt University and Leslie Herren-
kohl from the University of Washington provided insight into the landscape 
of science learning. 

The second public meeting took place over 3 days, and allowed the 
committee to delve into specific issues. Cindy Hmelo-Silver from Indiana 
University and Joe Polman from the University of Colorado Boulder kicked 
off the event, offering a deeper dive into the science learning literature. 
Heidi Ballard from the University of California, Davis, provided the key-
note address with an overview on the potential of citizen science to support 
science learning. On day 2, Bill Zoellick from the Schoodic Institute, Ruth 
Kermish-Allen from Maine Mathematics and Science Alliance, and Rebecca 
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BOX 1-3 
Why Is Citizen Science Valuable for Science?

Accepting citizen science into the scientific “toolbox” has deepened and ex-
tended science in the following ways: 

 
Field-based projects can ground-truth more remote data collection tech-

niques (e.g., satellite remote sensing) with geo-referenced, time-stamped data 
that may increase the accuracy of the more comprehensive sampling. For in-
stance, the Community Collaborative Rain, Hail and Snow (CoCoRHaS) project, 
which focuses on daily recordings of precipitation type and amount, has been 
used to increase the detail of extreme weather events beyond radar capabilities, 
and is now regularly incorporated into weather forecasting nationwide (see https://
www.cocorahs.org/ [May 2018]). 

Broad-scale, regular monitoring projects can detect rare events that con-
ventional scientific sampling miss such as range extensions (Zuckerberg, 2010). 
Another is early warning for invasive species. The Crab Team project, a citizen 
science project in Puget Sound, Washington, has been able to detect invasive 
green crabs (Carcinus maenas) through extensive citizen-based trapping, at 
levels undetectable by state and federal agencies, simply because of the increase 
in trapping effort afforded by the 225 participants (Washington Sea Grant, 2018, 
see https://wsg.washington.edu/v22017datasummary/ [May 2018]).

Projects with broad geographic extent, high spatial resolution, and decades 
of reliable data collection provide some of the highest quality information on 
the impacts of a wider range of natural and anthropogenic forces avail-
able today (Theobald et al., 2015). For example, Parmesan and colleagues 
(1999) used citizen science data from butterfly monitoring projects across Europe 
to document a northward shift in population centers associated with warming 
temperatures. Cooper, Shirk, and Zuckerberg (2014) found that citizen science 
projects are often the base of climate impact studies, as these projects are the 
only long-term datasets available. 

Where citizen science uses crowdsourcing, unique ideas, findings, and/or 
solutions can emerge out of large collectives of participants. Examples of this 
phenomenon include the Foldit protein structure innovation (Foldit, 2018) and the 
Green Peas project (Green Peas, 2018).

Finally, the committee underscores that citizen science is, itself, part of a rich 
and productive tradition of expanding the tools and processes that are available 
to support scientific inquiry. Like any tool, it can be used well, used poorly, or 
misused. As an emerging tool, we are still learning its limits and most appropriate 
uses. Viewed in this way, it can be approached in the same manner in which the 
scientific community approached the development of any tool, such as numerical 
modeling technique or action research. 
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Jordan from Rutgers University did a panel on frameworks for designing 
learning opportunities in citizen science. Rob Dunn from North Carolina 
State University; Andrea Wiggins from the University of Nebraska Omaha; 
Jennifer Fee from the Cornell Lab of Ornithology; and Linda Peterson 
from Fairfax County Public Schools, conducted a panel on citizen sci-
ence in K–12 classrooms. Gwen Ottinger from Drexel University; Michael 
Mascarenhas from the University of California, Berkeley; and Muki Haklay 
from University College London offered insight into citizen science and 
community learning outcomes. Karen Peterman from Karen Peterman 
Consulting and Cat Stylinski from the University of Maryland conducted 
a panel on assessing learning in citizen science, and Laura Trouille from 
Zooniverse and the Adler Planetarium, Kathryn “Kit” Matthew from the 
Institute of Museum and Library Sciences, and Sue Allen from Maine 
Mathematics and Science Alliance closed the event with a panel on citizen 
science in informal settings.

In addition to the public meeting, the committee held a listening session 
as part of the meeting of the Citizen Science Association’s 2017 Meeting, 
as described in Box 1-4. 

BOX 1-4 
Listening Session at Citizen Science Association Meeting

As part of their research for the report, the committee hosted a listening ses-
sion at the Citizen Science Association Meeting on May 19, 2017, in St. Paul, 
Minnesota. Practitioners of citizen science—people who lead and manage citizen 
science programs, do research on citizen science, and offer tools to enable citi-
zen science—made up the majority of the meeting’s 400 attendees. Committee 
members heard from approximately 40 meeting attendees in a 90-minute session.

Comments clustered around four main themes: (1) citizen science’s potential 
to advance a broad range of learning strands; (2) its importance and place in 
formal K–12 education; (3) the need to support people, including teachers, who 
facilitate others’ engagement in citizen science; and (4) the potential for citizen 
science to advance equity and inclusion in science. Participants also discussed 
how citizen science might be uniquely able to advance certain aspects of science 
learning or address certain concepts, particularly data literacy and uncertainty. 
Attendees also highlighted that citizen science offers opportunities for multi
generational learning, self-directed learning, and multiple touch-points through 
time, and urged the committee to consider how these factors enhance learning 
outcomes from citizen science. Attendees also reminded us that many citizen 
science participants, especially outside of school, are not participating with edu-
cational goals as their primary driver. 

These comments were discussed at the committee’s second meeting and 
then integrated into our evolving work plan, and ultimately became several of the 
report’s most critical framing considerations. 
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After the public meetings, the committee met in closed session to review 
and debate evidence and develop consensus around conclusions and recom-
mendations. The committee reviewed multiple evidence bases to develop 
their arguments around how citizen science might address science learning 
and how those opportunities could be designed to maximize specific learn-
ing outcomes. 

Several fields of scholarship were considered throughout this work. The 
committee considered literatures from science education and the learning 
sciences, as well as the science of program design and design theory. Citi-
zen science literature, while still a nascent field, offered invaluable insight 
into the specific issues one must consider when planning for citizen science 
programming. A growing body of research on learning in the context of 
citizen science helped us understand which learning outcomes were proxi-
mal to citizen science participation and which kinds of learning outcomes 
required more supports. As discussed above, the committee spent much of 
its time investigating the application of scholarship from the learning sci-
ences and design theory to the practical work of citizen science in order to 
delineate the specific possibilities for learning that participation in citizen 
science might embody.

The committee also commissioned three papers to support its work. 
Heidi Ballard from the University of California, Davis, provided a paper 
that expanded on her keynote address from our public meeting on citizen 
science and science identity. Bill Sandoval from the University of California, 
Los Angeles, wrote a paper on design-based research in education and its 
potential in citizen science. Christopher Hoadley from New York University 
provided a paper on supporting science learning through intentional design 
strategy. These papers enabled the committee to address the entirety of the 
statement of task. 

Report Audiences

The committee discussed at length the breadth of audiences who might 
find this report useful. As a result, we have attempted to write throughout 
to meet the needs of multiple constituent groups. We want this report to 
be useful to as many citizen science stakeholders as possible. The follow-
ing groups are just some of the audiences we hope will find value in our 
investigation: 

•	 Educators, scientists, instructional designers, citizen science prac-
titioners, who want to design and implement new citizen science 
projects in ways that maximize learning for project participants. 
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•	 Educators and community leaders who want to leverage existing 
citizen science projects to advance science learning in their com-
munities, classrooms, museums, or programs. 

•	 Citizen science project leaders who want to understand more about 
learning in order to provide better supports for participants in their 
existing programs.

•	 Researchers who want to understand the boundaries of what we 
know about citizen science and science learning and help push on 
those boundaries. 

•	 Funders and policy makers who want to understand the promise of 
citizen science in order to support programs, policies, and projects 
that advance that promise through proven practices. 

•	 Policy makers and curriculum designers who want to know how 
citizen science can be leveraged to support science learning.

•	 Researchers who want to advance our understanding of how citi-
zen science contributes to science learning and what the practice of 
citizen science can reveal about science learning more generally.

Organization of the Report 

This report is organized into seven chapters, with four appendixes. 
Chapter 2 describes citizen science, detailing what differentiates participa-
tion in citizen science activity from other science experiences and mapping 
the landscape of experiences. Chapter 3 provides an overview of why 
citizen science is an appropriate and effective context for science learning. 
Chapter 4 provides a deeper look at the processes of learning as well as 
specific kinds of learning in science, and Chapter 5 provides insight into 
how specific science learning outcomes play out in citizen science contexts. 
Chapter 6 uses design theory to offer guidelines for project designers and 
educators to use in order to achieve learning outcomes in citizen science 
projects or in processes borrowed from citizen science. In Chapter 7, we 
conclude the report with a summary of the report’s conclusions and offer 
recommendations for continued practice and further research. Appendix 
A presents a table that summarizes demographic trends in participation 
in citizen science. Appendix B includes a brief description of how design 
research can and has been used in educational contexts. The committee 
performed an ad hoc analysis of 28 citizen science projects to review their 
claims and efforts related to science learning outcomes, which we have 
included in Appendix C. Appendix D contains biographical sketches of 
committee members and staff.
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Mapping the Landscape

The term “citizen science” is often applied to a wide range of projects 
with different goals, participants, and modes of participation. All involve 
people, typically not professional scientists, who participate in and make 
use of scientific processes, data, and knowledge. The fact that all citizen 
science includes participation in some form of science activity and thinking 
means that all citizen science projects have the potential to advance science 
learning. The range of citizen science opportunities also means that these 
possibilities vary by the project, and are influenced by the goals, partici-
pants, and modes of participation of the project. 

Though the committee declined to specifically define citizen science and 
instead elected to describe citizen science activity (as discussed in Chapter 1), 
many scholars have attempted to create typologies that characterize and 
define citizen science. Understanding the evolution of these typologies helps 
to understand the differing goals, participants, and modes of participation, 
and how citizen science can support science learning. In this chapter, we 
describe the evolution of how scholars have defined and characterized citi-
zen science in order to explain the breadth of contemporary understandings 
of citizen science. We then turn to our own description of similarities and 
variations in citizen science projects and kinds of participation in citizen 
science. By exploring these ideas, this chapter lays the groundwork for 
our later discussions that connect contemporary understandings of science 
learning and design to the diverse kinds of citizen science. 

27
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THE HISTORY OF CITIZEN SCIENCE:  
EVOLVING DEFINITIONS AND TYPOLOGIES

Citizen science has antecedents in the desire to collect regular, repeated 
information about the natural world. In some ways, the idea of citizen 
science has roots in practices before science was professionalized: observa-
tions of nature as part of indigenous knowledge, agricultural and pastoral 
practice, and historical record keeping all bear similarities to citizen sci-
ence. The notion of “gentleman” science, where people with privilege and 
means engaged in science and science activities as hobbyists, recalls citizen 
science. Officially, however, the field of citizen science emerged in reaction 
to the formal institution of science as a mechanism for engaging the public: 
A central tenet of citizen science is that science is not the sole providence 
of professional scientists.

The gathering of natural history data by both expert and nonexpert 
participants predates the development of “scientist” as a category in the 
mid-19th century (Jardine, Secord, and Spary, 1996), and many other 
historical antecedents can be found (e.g., Vetter, 2011). Miller-Rushing, 
Primack, and Bonney (2012, p. 286) point to deep historical traditions 
regarding the systematic collection of observations and information by 
publics, including millennia-old records documenting natural phenomena 
over time (referred to as phenological datasets):

For instance, wine-growers 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 or-
ganized datasets are phenological records kept by farmers and agricultural 
organizations that document the timing of important agronomical events, 
such as sowing, harvests, and pest outbreaks (Hopkins, 1918).

Likewise, indigenous peoples around the world have and continue to 
develop knowledge of the natural world through their own knowledge 
systems that utilize systematic observation and interaction with their envi-
ronments (Cajete, 2000). 

Citizen science also has antecedents in the desire to affect change, and 
in nonscientists using scientific methods and data, often data they collected, 
to motivate or guide that change. Community groups have long collected 
data in their neighborhoods and used that data to improve lives and liveli-
hoods (Miller-Rushing, Primack, and Bonney, 2012). Recent advances in 
technology, including low-cost sensors and Internet-enabled data manage-
ment and communication, have contributed to an explosion in community-
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led collection and analysis of data (Haklay, 2013). In the following section, 
we discuss the history of defining and characterizing citizen science in order 
to set the stage for our description of the diversity of citizen science projects 
and types of participation in citizen science.

Definitions and Typologies

As described in Chapter 1 of this report, the field of citizen science 
has not yet codified into a discipline with clearly defined criteria for what 
“counts.” Attempts to define the field have led in divergent directions, with 
multiple scholars positing different meanings and practices for the work of 
citizen science. In this section, we describe attempts to define and character-
ize citizen science. In unpacking the variation present in these efforts, the 
committee demonstrates the challenges inherent in trying to find a single, 
clear definition for citizen science. Along those same lines, by describing the 
variations in what citizen science signifies to different parties, the committee 
is setting the stage for our later discussions about how project designers can 
leverage variation in citizen science to support science learning.

The term citizen science has two distinct, but related root definitions. 
In Citizen Science: A Study of People, Expertise and Sustainable Develop-
ment, Irwin (1995) employs the term “citizen science” in reference to the 
relationship people have to ongoing environmental concerns that benefit 
from a scientific understanding. Irwin employs the term as a critique of the 
institution of Western science, arguing that science must be accessible if it 
is to be useful to individuals and communities. In 1996, Bonney articulated 
a different use for the term: “Scientific work undertaken by members of the 
general public, often in collaboration with or under the direction of profes-
sional scientists and scientific institutions.”

Eitzel and colleagues (2017) compare citizen science to crowdsourc-
ing, where a large number of people are recruited to contribute “services, 
ideas or content” to a project through “microtasking,” without necessarily 
understanding the full import of the work. For science projects, this may 
mean that participants are conducting tasks without engaging with the 
underlying science concepts, as in the gamification of a project. 

Bonney and colleagues (2009b, p. 977) describe a kind of citizen sci-
ence focused on large-scale data collection, where citizen participation is 
driven by the scales of space and time beyond any one individual that the 
data patterns describe: 

Studying large-scale patterns in nature requires a vast amount of data to be 
collected across an array of locations and habitats over spans of years or 
even decades. One way to obtain such data is through citizen science, a re-
search technique that enlists the public in gathering scientific information. 
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These elements of scale have also been pointed out by Cooper and col-
leagues (2007) and by Danielsen and colleagues (2009) as seminal to the 
modern phenomena of citizen science, whether in service of encapsulating 
the geographic entirety of a scientific question or working at larger scales 
of data analysis and interpretation allowing enlightened decision making 
at both local and regional scales. Haklay (2013) defines “geographical citi-
zen science” as projects explicitly collecting location information, often as 
part of the meta-data attached to the sample. For instance, the geolocation 
stamp a cell phone attaches to a photograph sent to iNaturalist (Bowser 
et al., 2014), a digital image data storage platform that houses more than 
2,000 citizen science projects centered on crowdsourcing both image col-
lection and subsequent species identification. 

In working to define citizen science (within a youth-focused context 
but applying it more generally), Ballard, Dixon, and Harris (2017) empha-
sizes the contribution to basic research or resource management and dis-
tinguishes citizen science from projects that result only in new awareness, 
understanding, and skill development only on the part of the participant. 

In terms of typologies that attempt to classify citizen science, one com-
mon way of describing the range of citizen science projects is to describe 
how the extent of control that project participants have over the direction 
of the project is correlated with the degree of participation (a concept often 
traced to Arnstein’s [1969] “ladder of participation”). In contributory 
projects, participants focus on data collection; collaborative projects also 
include participants in data analysis, interpretation and/or dissemination; 
and co-created projects mix the involvement of scientists and participants 
throughout all aspects of the work (Bonney et al., 2009a, see also Shirk et 
al., 2012). Danielsen et al. (2009) and Haklay (2013) point out the degree 
of control over any-to-all aspects of the project as crucially important, 
referring variously to “autonomous local monitoring” and “extreme citizen 
science” to describe projects in which citizens control most aspects of the 
project. 

Wiggins and Crowston (2011, p. 1) consider citizen science typologies 
derived from the goal(s) of citizen science projects and project participants, 
arguing that a singular focus on the level of participant engagement pays 
“little attention to sociotechnical and macrostructural factors influencing 
the design and management of participation.” Thus, their schema incor-
porates goals of science, of individuals (via education), and of community 
in five mutually exclusive types identified through a cluster analysis of 80 
possible attributes assessed more than 28 intentionally selected projects. 
They further link this schema to educational opportunities and posit the 
following: 
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•	 Investigation projects focus on physical data collection according 
to scientific standards and methods and often provide volunteers 
with scaffolded learning opportunities. 

•	 Virtual projects adhere to scientific standards and methods but 
are entirely mediated through information and communication 
technologies.

•	 Conservation projects are primarily ecologically focused, support 
natural resource management or stewardship, are designed by con-
tent experts, and involve volunteers as data collectors. 

•	 Action projects are grassroots, community projects that may 
employ participatory action research methods in service of address-
ing local concerns. 

•	 Education projects span formal and informal learning providing 
youth learners with opportunities to engage in the practice of 
science in order to contribute data to a larger scientific effort. 
Within the latter type, Zoellick, Nelson, and Schauffler (2012) 
define Scientist-Teacher-Student Partnerships as engaging in 
authentic science practice, from study question through dissemina-
tion, with the students as the focus and with facilitated interaction 
with scientists and teachers at all stages.

Haklay (2013) divides citizen science projects involving technology 
into “volunteered computing” or projects using the computer resources 
of millions of individuals across the globe to process otherwise intractable 
problems without any direct interaction with the owner; “participatory 
sensing” in which the smart phone or other personal data-recording device 
is automatically used to collect environmental information with, or without 
additional direct input of the owner; and “volunteered thinking” or projects 
where the participant is trained to perform some task (e.g., image classifica-
tion or analysis as in Zooniverse; Masters et al., 2016). 

Summary

Clearly, no single definition can encompass the broad range of activi-
ties that exist under the umbrella of citizen science. In this section, we have 
described several efforts to define citizen science in order to demonstrate 
the complexity of codifying on the activities that occur across this broad 
range of projects. For some, the term citizen science refers to people con-
tributing observations and efforts to conducting science. Those holding this 
view may see citizen science as a new research tool, which facilitates larger 
scale research. For others, the term encompasses the democratization of 
science, allowing people outside of the mainstream scientific establishment 
to conduct and govern science. Still others see citizen science as including 
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elements of civic education and expanding the public understanding of sci-
ence (Eitzel et al., 2017). We do not attempt to define the term in a way 
that excludes projects; rather, we seek to understand the different projects 
to which the terms can apply and link those differences to different, and 
similar, opportunities for science learning. 

Thinking about the way in which citizen science projects are con-
structed, the activities of the participants, and their different levels of 
engagement all help understand the learning that occurs in citizen science 
and how to design to influence learning. In the following section, the 
committee attempts to illuminate the complex landscape of citizen science 
activities by describing how projects may be similar or different across a 
range of axes. In describing this space, the committee found it most helpful 
to think in terms of the specific activities that are carried out by partici-
pants, how often those activities are carried out, and how those activities 
are supported. These activities in turn depend on the project’s stated goal 
or desired outcome, and by the degree of public participation or project 
control by nonscientists. 

PROJECT SIMILARITIES AND VARIATIONS

For the purposes of analyzing learning, we focused on elements and 
attributes of citizen science that speak to advancing the educational, scien-
tific, and community-action oriented goals of these activities. We divided 
these elements and attributes into two categories—those that were common 
across citizen science projects and those that varied among citizen science 
projects. Here, projects are our unit of analysis and are often identified by 
a specific name, a framing scientific question, a pool of participants, and 
multiple activities in which those participants engage. Broad similarities 
across projects seem to hint at necessary prerequisites for a project to be 
considered citizen science, and these prerequisites were validated against 
available research describing citizen science, including the definitions sum-
marized above. In surveying research and projects, we also identified ten-
sions or continua, which span the space that is collectively citizen science. 
All citizen science projects possess the common traits, but no single project 
can encompass all the tensions or exemplify the whole continuum. Like 
traditional science, citizen science is an inherently social phenomenon, with 
many actors, roles, and interactions, all of which bear on how each of these 
traits play out in project implementation. 

Common Traits of Citizen Science Projects

In the following section, we describe several of the traits the commit-
tee identified as largely common across citizen science projects. Again, it is 
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important to note that the committee does not consider these traits to be 
inclusion or exclusion critieria; a project need not possess all these traits 
to “count” as citizen science. Rather, the committee describes these traits in 
order to help readers develop a general sense of commonalities across citizen 
science projects.

Citizen Science Projects Actively Engage Participants

Active engagement refers to the personal effort from the participant 
required to either physically and/or intellectually take part in the science. 
This can include a myriad of activities, including defining the problem, issue, 
or question; developing hypothesis; designing the study or protocol; receiv-
ing training; collecting data or samples; advising on analysis; doing data 
analysis and interpreting results; drawing conclusions and disseminating 
results/conclusions; asking new questions and taking action. Passive activi-
ties such as allowing a software program to use one’s personal computer for 
automated analysis (e.g., SETI at home, Anderson et al., 2002) or wearing 
sensors that automatically collect information about personal (Milenković, 
Otto, and Jovanov, 2006) or environmental health (Piedrahita et al., 2014) 
may be useful contributions to ongoing scientific endeavors, but the com-
mittee suggests that participating in citizen science involves active engage-
ment and thus the possibility of learning through action. The committee 
also opted not to count projects where the participants are subjects of the 
research, even if they were contributing data (Reade et al., 2017). 

Citizen Science Projects Engage Participants with Data

Projects collect data in myriad forms and, in turn, may provide access 
to these data to support science learning opportunities and activities. These 
activities may include collecting and submitting data, formulating hypoth-
eses based on data, asking and answering questions with data, data inter-
pretation and analysis, and using data as evidence in decision making or 
to back a scientific claim. Projects where participants are solely engaged in 
science communication or science policy but do not have a direct connec-
tion to the data generation or analysis and application do not fall under 
our description of citizen science. 

Citizen Science Projects Use a Systematic Approach 
to Producing Reliable Knowledge

Citizen science projects meet widely recognized standards of scientific 
integrity and follow practices common in science. For example, hypotheses 
and interpretations are rigorously weighed against available evidence—data 
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are not changed, ignored, or selectively subsampled to prove a certain idea. 
It is important to note that these values are not exclusive to science, which 
means a project could be considered citizen science even if the values are 
anchored in traditions, cultures, and epistemologies that are not part of 
what is sometimes referred to as Western1 science.

Participants in Citizen Science Projects Are 
Primarily Not Project-Relevant Scientists

Participants may range from children to adults. Many will not have 
degrees in science or extensive formal training in the content and skills 
of the project they elect to join; although many participants may have 
some scientific training or a desire for such training. Depending on the 
project, some participants may be classified as hobbyists (Jones et al., 
2017), enthusiasts (Boakes et al., 2016), or amateurs with a high degree 
of expertise (Cooper and Smith, 2010). While professional scientists are 
typically involved in citizen science as project organizers, they may also be 
participants. Professional scientists involved as participants may be working 
outside their professional role or field of study and may be motivated by 
personal concerns rather than career interests. 

Citizen Science Projects Help Advance Science

Here, advancing science is broadly defined. Citizen science may lead to 
novel discoveries. However, just as with science conducted by professional 
scientists, advances can include documenting known phenomenon within 
a novel context, replicating findings, or using science to create a local 
impact. This means that citizen science projects are not designed solely to 
educate the participants about known scientific knowledge. Neither is the 
purpose of these projects solely to transform nonscientists into scientists, 
such as is the case for many internship programs. Citizen science projects 
include multiple shared goals between the organizers and the participants 
and advancing science may be only one of those goals. 

Participants in Citizen Science Can Benefit from Participation

Often, participants choose to become involved with a project because 
it provides tangible or intangible benefits aligning with their values and 

1 In the same way committee members are ambivalent about the term citizen science but 
used it because of its ubiquity, we are using Western science but noting that this term fails to 
acknowledge or make room for past and future contributions to science from Eastern, Islamic, 
and indigenous communities, among others. 
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motivations.2 The project could simply be a venue to do something they 
thoroughly enjoy (e.g., “hobbyists”). The project may be personally mean-
ingful in ways that lend intrinsic purpose to their effort. The project results 
could be useful to them, for example, satisfying intellectual curiosity or 
providing information that guides other activities and practices in their 
lives. The project may serve as a conduit to scientific data or information 
that can benefit a community or larger group more broadly. An example 
of this larger group value would be environmental monitoring that could 
impact environmental management and improve environmental conditions 
in the local area, for example, the Alliance for Aquatic Resource Monitor-
ing ([ALLARM], 2018), or a project that allows people to share health 
information to improve their health outcomes (Wicks et al., 2010). 

Citizen Science Projects Communicate Results

 To support both scientific and participant benefits, an important fea-
ture of citizen science projects is that the results are communicated. Par-
ticipants are more likely to persist in participating if they are aware of how 
the results of their work are being used (Eveleigh et al., 2014). Citizen 
science projects can often hold relevance for communities, policies, and sci-
entific advancement. The potential utility of the information learned from 
the project is a motivation for communicating it to community members, 
managers, policy makers, scientists, and other interested parties. It is worth 
noting that decisions about how project data are handled (i.e., the extent 
to which it is open and accessible to the public or blocked from public use) 
may inform how project results are communicated.

Summary

The committee has attempted to describe above several of the common 
traits of citizen science. While a project does not need to possess all these 
traits in order to be considered citizen science (although many do), the com-
mittee noted these general trends across projects. In summary, citizen sci-
ence projects tend to actively engage participants, engage participants with 
data, use a systematic approach to producing reliable knowledge, engage 
participants that are primarily not project-relevant scientists, help advance 
science, offer some kind of benefit to participants, and communicate results. 

2 In some cases, especially for youth, participants might join a citizen project because it is 
part of a formal or informal educational experience (e.g., Girl Scouts). The committee rec-
ognizes that this kind of participation can provide valuable contributions to citizen science 
projects, regardless of whether participants have complete autonomy or agency over the nature 
of their participation. We discuss the role of choice in participation later in this chapter in our 
section on Free-Choice, Voluntary, and Compensated Participation. 
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VARIATION IN CITIZEN SCIENCE PROJECTS

Though citizen science projects largely possess the common traits listed 
above, there is also considerable variation across projects. The committee 
delineated a number of axes across which citizen science might vary. In this 
section, we discuss several types of variation that we encountered in citizen 
science projects. In Chapter 6 of this report, we discuss the ways that these 
variations can influence project design and learning outcomes.

Duration of Participation

 Some projects are designed to be a one-time only activity such as 
BioBlitzes (National Geographic Society, 2018), while others like monitor-
ing streams (e.g., ALLARM, 2018; Dickinson et al., 2012; Wilderman, 
2007) or weather (e.g., CoCoRHaS, Community Collaborative Rain, Hail, 
and Snow Network, 2018; Reges et al., 2016) request that participants 
engage multiple times over an extended period of time. Because of the 
regular meeting structure of formal educational contexts such as science 
classes, citizen science activities that can be conducted within these spaces 
may provide even more opportunities for repeated, sustained engagement 
with learners. Many citizen science projects effectively support a mix of 
one-time and repeated participation, as many participants drop out after a 
short time (Sauerman and Franzoni, 2015). This difference in time commit-
ment can impact what participants learn and projects designed for one-time 
engagement are less likely to include extensive and in-depth training. 

For this reason, it is worthwhile to consider the frequency or intensity 
of engagement in the project. Boakes and colleagues (2016, p. 2) use the 
terms “dabblers,” “steady,” and “enthusiasts” to categorize the likelihood 
that a participant will return more than once to a project. Many studies of 
participant involvement have found the majority of individuals spend little 
time—down to a single data collection session—involved in a given citizen 
science project. Sauerman and Franzoni (2015) analyzed the seven “most-
played” Zooniverse projects and found that 90 percent of the players within 
each project contributed less than 20 percent of the classifications, and in 
some projects less than 10 percent. Jones and colleagues (2017) used inter-
views to characterize “hobbyists” (akin to the enthusiasts of Boakes et al., 
2016) within citizen science (specifically birders and amateur astronomers) 
as individuals who have pursued their hobby for at least a decade; began 
their pursuit in childhood or early adolescence often sparked by parents, 
grandparents, or other family members; and continue to deepen their inter-
est through a personalized learning ecology involving TV, the Internet, 
reading materials, interactions with experts or mentors, and other informal 
science education opportunities. Other taxonomies of participants can 
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come from the “serious leisure” literature, where hobbies can be described 
as social worlds with four levels of participants: strangers, tourists, regulars, 
and insiders (Unruh, 1980). Similarly, Edwards (2014) distinguishes among 
“volunteers,” “citizens,” and “amateurs.” These studies collectively suggest 
that citizen science provides opportunities for a range of different kinds 
of participants, from social individuals to those less interested in ongoing 
social interaction, and from individuals who sample widely to those who 
dive deeply into a single pursuit.

Modes of Communication

Although communication of project results is a common trait of citi-
zen science (as described in the preceding section), the modes for how 
projects can communicate with their participants and how participants 
communicate with one another are quite diverse, including but not limited 
to Web-based, social media, in-person, telephone, and print. Within each 
of these modes, the topics of communication with and among participants 
also vary, including recruiting, training, testing, project data and results, 
calls to action, and social interaction. With respect to participant train-
ing, the mode of communication may impact learning and/or engagement. 
For instance, Gallo and Waitt (2011) found that of the total pool of 338 
participants recruited to a hands-on invasive species project (Invaders of 
Texas), 43 percent of those attending a training workshop went on to 
submit observations whereas only 9 percent of participants trained online 
followed through to begin observations. Opportunities for in-person com-
munication are especially high for projects that are conducted in formal 
education settings, where regular attendance is the norm. 

Finally, modes of project communication with participants can include 
written information, graphic displays of information or visualization, and 
audio or audio-visual presentation. Kermish-Allen (2017) suggested that 
fewer, and simpler, modes of communication are best for reliably conveying 
information to participants in an online project. However, a single mode of 
communication will be limiting when not all participants have equal access 
(e.g., Internet-based communications in locations where participants do not 
have easy, free, or reliable access to the Internet, social media platforms of 
which not all members are a participant, or in-person meetings where the 
participants are geographically dispersed or transportation is not univer-
sally accessible) and/or where different channels are used to convey differ-
ent messages/information (Parrish et al., 2017). Multiple types of visual 
communication can be tuned to specific content and skills learning needs 
within the participant community (Snyder, 2017).
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Online, In-Person, and Hybrid Modes of Participation

An online project refers to one in which all aspects of the project occur 
virtually (e.g., projects in the Zooniverse, Masters et al., 2016). These 
projects can offer participants unique opportunities to investigate natural 
systems and phenomena that would typically be inaccessible to them, from 
the charismatic megafauna of East Africa (Wildcam Gorongosa, 2018) to 
the planets and solar systems beyond our own (Sungrazer, 2018) to the 
inner workings of cells and proteins (Foldit, 2018). In-person citizen science 
projects refer to those in which all participant-involved activities (usually 
training and data collection) are done physically rather than virtually. A 
hybrid program can mix elements from either. For example, training could 
be online for an in-person water monitoring project, where the samples are 
mailed to a lab for analysis (e.g., Global Microplastics Initiative, 2018), 
or training could be in person for a coastal monitoring project, in which 
data are later uploaded to an online database (e.g., COASST; Haywood, 
Parrish, and Dolliver, 2016). This variance in project type has implications 
for accessibility of the project to different groups of participants. Projects 
that have an outdoor component, for example, need to provide different 
things to be accessible to people with physical disabilities than do projects 
in online environments. Both projects, however, will benefit from improving 
all learners’ ability to participate. 

Individual to Community-Scale Activities

Some activities may be conducted by a single person, while others 
require pairs, a small group, or an entire community. The level of social 
interaction can influence whether someone chooses to participate. Jones and 
colleagues (2017) reported that birders most often listed “environmental 
awareness” and the “opportunity to exercise” as their primary reasons for 
continuing to bird (~62% of the interview population), over “opportuni-
ties to socialize” (45% of the interviewees). By contrast, the Hudson River 
Estuary Program—a citizen science project that engages people in count-
ing and releasing American eels along tributaries of the Hudson River—
requires at least two people to monitor together and participants report that 
the social interactions are one of the most enjoyable aspects of the project 
as well as a great source of learning (Phillips, 2017). 

Some projects are built around the participation of a large group of 
people. For social and environmental justice projects, a community focus 
is often paramount. For instance, the West Oakland Environmental Indica-
tors Project—a community action program centered on issues of local air 
quality—explicitly focuses on bringing together community members to 
document and work toward eliminating toxic sources in their neighbor-
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hood (Environmental Protection Agency, 2018). Social interaction can also 
contribute to growing community beyond the citizen science project itself. 
Haywood, Parrish, and Dolliver (2016) reported that 18 percent of 80 
interviewees in COASST—a beached bird monitoring project in the Pacific 
Northwest—called out the ability to come together as a community as valu-
able: “One of the things that has really been a benefit for us is the ability to 
get together and have these kinds of conversations and have this community 
that has grown out of it.” 

Role of Location

Centralized projects operate in a specific location, such as a park, 
museum, zoo/aquarium, or other informal learning center, all of which 
allow dozens to thousands of participants to access science activities that 
are connected to the context in which they occur (e.g., FrogWatch USA 
[Association of Zoos & Aquariums, 2018]). Citizen science projects cen-
tered in a specific geographic or ethnographic community may encourage 
learning about particular interactions between science and society within 
that context. As a result, participants in these projects may take political or 
advocacy actions based on the science they learned through participation 
(Chari et al., 2017).

Decentralized citizen science activities are conducted over a wide geo-
graphic range, which may be habitat based, as in the coral reef fish project 
at the Reef Environmental Education Foundation (2018), more broadly 
taxon based as in the birding project eBird (Sullivan et al., 2009), or even 
process based as in the natural event timing project at the National Phenol-
ogy Network (2018). 

Free-Choice, Voluntary, and Compensated Participation

Free choice occurs when participants actively and freely choose the 
what, where, when, and with whom of their participation. Free-choice 
learning (Falk, Storksdieck, and Dierking, 2007) is a concept linked to 
citizen science as part of informal science education, or science learning out-
side of the classroom. Citizen science as truly free-choice learning implies 
that all individuals can elect to join, stay, or leave a project. In reality, a 
range of challenges and barriers restrict choice. Joining requires awareness: 
Individuals must know about an opportunity to take advantage of it. Some 
projects may intentionally exclude individuals, for example not allowing 
the participation of minors (e.g., Patients Like Me, 2018); or unintention-
ally exclude individuals, for instance as a function of disability, language, or 
economic hardship (Conrad and Hilchey, 2011). The structure of a project 
or the training necessary to participate in the project may not be designed to 
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be culturally responsive, and its leadership may not be culturally competent 
(Ladson-Billings, 1995). Some participants may be closely supervised or 
directed by someone else, as in students required to participate in a citizen 
science project as part of their class activities and for which they receive 
a grade. Another aspect of free choice is informed choice, for instance an 
activity that participants believe is purely educational and may be unaware 
that data are also being gathered on them (e.g., Project Implicit [Xu, Nosek, 
and Greenwald, 2014] or Perfect Pitch Test [Wiggins and Crowston, 2011]).

 Most citizen participants are involved as volunteers. However, in some 
citizen science programs, participants may be compensated, either because 
the activity is woven into their job, or in recognition of their specialized 
expertise, as in traditional ecological knowledge. Finally, some individu-
als pay to participate in science projects, as in the small fee for Project 
FeederWatch or other eco-tourist and conservation tourism activities such 
as EarthWatch (Chandler, 2017; Halpenny and Caissie, 2003). 

Citizen Science vs. Using Citizen Science Practices and Activities

The practices that are common to citizen science such as creating data, 
using data, and displaying/analyzing data can also be used outside of citizen 
science. For example, an educator may teach his or her students to use a 
citizen science protocol to analyze water quality in a local stream, which 
presents a variety of opportunities for different kinds of learning but is not 
necessarily citizen science in itself. However, many classes take their partici-
pation to the next level by making contributions to citizen science projects 
when they not only collect data according to a prescribed protocol but also 
go on to share their data with a common project database. The use of these 
activities, whether fully participating in the common feature of contributing 
knowledge to a larger project or not, represents one way that the practices 
of citizen science can influence science education, so it is one of the ways 
the committee investigated learning from citizen science in this report. 

 Another mode of citizen science supports participants to act as 
apprentice scientists, with a goal of developing scientific skills and prac-
tices through participation in the overall activities of science, For example, 
Kids Survey Network at TERC (see https://www.terc.edu/display/Projects/
Kids%27+Survey+Network [May 2018]) created a set of activities for 
youth in after school programs to ask and answer questions in social sci-
ence by creating and taking surveys from each other (Kids Survey Network, 
2018). The project provided opportunities to learn some of the activities of 
scientific inquiry, but with considerable support, and without any assump-
tion that the results would be publishable. Again, the committee would 
not call this particular example citizen science, because the students did 
not contribute to a larger investigation, but we see the potential for similar 
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apprentice models to be used in the context of citizen science (e.g., Freitag, 
Meyer, and Whiteman, 2016).

Longitudinal Monitoring to Experimental Science

Many citizen science projects involve collecting measurements to moni-
tor the state of something, as in many environmental quality projects. At 
the local level, monitoring projects may address specific environmental 
concerns, particularly where the issue is one of safety (i.e., environmental 
justice). At larger geographic scales, monitoring projects can be used to 
document patterns, as in the distribution and abundance of birds globally 
(eBird; Sullivan et al., 2009). Other projects are specifically designed to 
answer a particular question, and may involve an experimental design, even 
if the individual participant may be unaware of all aspects of the experi-
mental work. These projects may be bounded in time, that is, they end 
when the question has been answered (Oliveira, Jun, and Reinecke, 2017). 

Community-Based Decision Making vs. Citizen Science

In terms of how projects are designed and resulting decisions are made, 
citizen science projects may be led by scientists or may be led primarily by 
citizens. The citizen science community seems to agree that citizen science 
includes community-based and community-driven projects that bring pro-
fessional scientists into the project either to conduct or facilitate particular 
tasks (e.g., analysis advice within collaborative monitoring with local data 
interpretation, see Danielsen et al., 2009). There is less agreement that 
projects that engage in the discourse about or use of science findings in a 
decision-making capacity without engaging directly in science practices, 
such as data collection, knowledge creation, or priority setting are also 
citizen science. For the purposes of the report, the committee is not consid-
ering projects that focus entirely on science communication or science-based 
decision making, as citizen science, and so we did not investigate science 
learning in those projects.

Summary

The preceding section describes variation across types of citizen sci-
ence projects, all of which must be considered when project designers are 
making choices about how to set up and implement their projects. Later in 
this report, we will describe how decisions about these variations matter 
for what kinds of learning are possible through participation in citizen sci-
ence, and how project designers might leverage these decisions to support 
specific learning outcomes.
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WHO IS INVOLVED AND HOW ARE THEY INVOLVED?

A second factor that influences whether and how learning might occur 
is the role of the participant, and how that role is perceived by other partici-
pants. In the section below, we discuss different types of roles often embod-
ied by project participants, and some implications for how participating 
in that role could lead to science learning. We conclude with investigation 
into who participates in citizen science and discuss how the demography 
of participation can inform our understanding of how to support science 
learning through project participation.

Variations in Types of Participation

The committee observed several different ways that an individual might 
enter into participation in citizen science. Given the variations in project 
type described above, participants must make a number of decisions about 
what kind of citizen science experience is important for them. In this sec-
tion, we highlight a few different kinds of participations and offer insight 
into what that might imply about participants’ experiences and opportuni-
ties for learning. 

Participants as Observer and Data Provider 

Bonney and colleagues (2009a) identify one of the most common 
paradigms of participation: that of observer and data gatherer. Their exam-
ples, drawn from the field of ornithology, include highly structured, pre-
digital projects such as the Audubon Christmas Bird Count, as well as more 
current work in which amateur birders enter their birding data collected via 
a variety of individualized methods online (e.g., eBird). 

Data collection can involve minimal expertise on the part of partici-
pants or demand specialized training and the development of specific skills 
in order to acquire usable scientific data (Dickinson, Zuckerberg, and 
Bonter, 2010). Virtual observations are also possible, as in the annota-
tion of digital files (still images, videos, and audio files). For example, the 
Galaxy Zoo project was able to categorize the morphology of nearly 1 mil-
lion galaxies in the Sloan Digital Sky Survey with the assistance of online 
volunteers (Lintott et al., 2010). 

Even within the participant as data collector, there is a huge range of 
ways to participate. Pocock and colleagues (2017) scored 509 environ
mental or ecological citizen science projects on 32 attributes and found a 
broad distribution of methodological approaches to data collection. They 
argued that there is a continuum from projects requiring regular monitoring 
and featuring elaborate approaches to data collection requiring written pro-
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tocols and specialized equipment, to “mass participation” projects allowing 
one-off participation and featuring relatively simple tasks.

Participants as Competitor or Gamer

In some scientific areas, gamification (Deterding et al., 2011) can allow 
people to participate in science as recreation or competition. For example, 
Foldit is an online game in which players construct portions of large, com-
plex proteins of unknown structure according to a set of rules and with 
the goal of finding the lowest energy configuration (Khatib et al., 2011). In 
Phylo, participants align gene sequences with no knowledge of the under-
lying scientific questions and answers (Kawrykow et al., 2012). Here the 
main objective is often to solve a problem or challenge, rather than explicit 
science learning.

Participants as Stakeholder/Partner 

Some citizen science projects involve partnerships between the science 
community and nonscientists whose goals either instrumentally involve 
science or overlap with those of scientists. For example, the Nature’s Note-
book project, run by the USA National Phenology Network, engages groups 
who have instrumental needs for phenology data or findings. They partner 
with amateur scientists, but also with professional natural resource manag-
ers who might need phenology data for their environmental management, 
or hiking clubs such as the Appalachian Mountain Club whose members 
might need phenology data to help schedule long-distance treks (Schwartz, 
Betancourt, and Weltzin, 2012). 

Participants as Cultural Guides 

Some projects engage participants not only as researchers or drivers of 
inquiry, but also as guides to a culture that is relevant to the project. One 
example is described by Charitonos and Kukulska-Hulme (2017) in which 
heritage learners in a language school conducted projects to study language 
and cultural heritage. The research model was one of action research, in 
which the learners were simultaneously studying and participating in the 
cultures and practices being examined. In these cases, participants have a 
critical role in not only conducting the research, but also interpreting it, 
and in bringing meaning-making (both personal and collective) to the work. 
As crisply pointed out by Medin and Bang (2014, p. 34), “If participation 
in cultural practices is central to our development as humans, then these 
practices will influence how we learn and practice science.” They argue for 
the importance of engaging diverse participants in science not only out of 
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some sense of fairness or equity but also because the diversity of cultural 
perspectives contributes to project outcomes. 

Summary

As with variations in types of projects, there are noteworthy distinc-
tions in how participants can engage in citizen science activities. Each of 
these variations impact what participants may be likely to learn through 
participation in citizen science. In subsequent chapters, we will discuss 
how different kinds of participation may be leveraged in pursuit of specific 
learning outcomes.

CONSIDERING THE DEMOGRAPHICS OF CITIZEN SCIENCE

In order to fully understand how citizen science can support science 
learning, it is essential to consider who has access to citizen science, espe-
cially in terms of groups that have been historically underrepresented in 
science. For this reason, the committee devoted considerable time and 
energy, including a review of participation literature (see Appendix A), to 
understanding who participates in citizen science. As Appendix A details, 
existing data are relatively limited, and the data we have undercount youth-
focused projects and projects designed to advance community goals; the 
available data suggest that members of communities historically under
represented in science, people with less formal education, and people of 
color are underrepresented in citizen science as well. Some projects also 
have an underrepresentation of women.

Despite the limited data described in Appendix A, the committee 
believes that it is possible to make some narrow observations about the 
demographics of citizen science, with the appropriate caveats. First, of 
course, it is important to note that more comprehensive demographic data 
would assist in a more comprehensive understanding of participation if 
more programs knew and shared who their participants were, even in an 
aggregate way, researchers could investigate trends in participation for a 
more diverse group of participants. 

Second, the field of citizen science is in danger of reproducing the 
inequities, biases, and underrepresentation that has plagued science. Our 
interpretation of available evidence suggests that the majority of projects 
that are being studied/profiled in the peer-reviewed scholarly literature have 
a participant base that is well-educated, middle to upper class, older in age, 
and almost entirely white.

It is worth recalling the danger of underparticipation in science. A sci-
ence community that is less diverse than society is less likely to engage in 
research relevant to the full diversity of society and less likely to do work 
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reflecting the priorities of those groups underrepresented, or unrepresented, 
in the current scientific mainstream (Hurtado, Carter, and Kardea, 1998). 
Less diverse science settings marginalize cultural knowledge from members 
of underrepresented groups (Calabrese Barton, 2012) and privilege cultural 
knowledge and practices from dominant groups. Indeed, some indigenous 
people argue that science has been used to oppress their communities 
(Deloria and Wildcat, 2001). The committee’s investigations suggest that 
these trends, all too common in professional science and formal and infor-
mal science education, reach into citizen science.

Moreover, there is no research to suggest that some groups of people 
are inherently less able to participate in citizen science projects because 
of some perceived deficit—cultural, social, educational, linguistic, or oth-
erwise. Rather, the committee emphasizes that all participants need some 
encouragement or scaffolding to participate in citizen science, regardless 
of demography or prior experience. On the other hand, conducting citizen 
science in partnership with underrepresented groups, welcomed both as 
experts in their own culturally inflected perspectives and equal participants 
with something to contribute to scientific process, does allow a diversity 
of epistemologies, interpretations, and questions. For example, work by 
Bang and Medin (2010) illustrates how European-American and Native 
American learners interpret the relationship between self and nature dif-
ferently, and how incorporating these differences can enhance ecological 
science work for all students. More generally, there is a robust literature 
from community science that confirms the educational value of respectfully 
welcoming participants’ prior knowledge and experience (Ballard, Dixon, 
and Harris, 2017; Calabrese Barton, 2012; Carlone et al., 2015; Mueller, 
2009; Rahm, 2002) and recognizing that experience for its contributions 
to scientific understanding.

Consideration of these questions—what kinds of scaffolding are neces-
sary and in what context—all revolve around the fundamental question 
of who is designing citizen science experiences for whom. As we will 
discuss in Chapter 7, designing in ways that remove barriers connected to 
assumptions about physical ability, economic resources, linguistic ability, 
and neurodiversity is design that respects every individual’s right to choose 
to engage in citizen science or science. 

Summary

The preceding sections have detailed the substantial differences and 
similarities across the range of citizen science projects and types of partici-
pation in citizen science. These descriptions are intended to demonstrate 
the complex landscape of citizen science, and set the stage for our later 
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discussions of how project designers can make particular choices in order 
to achieve specific science learning outcomes. 

Our analysis of the characteristics of citizen science mostly focuses on 
who participates and how participation takes place, and not on the kind 
of scientific questions that are asked in the projects. This is reflective of 
the state of research and practice in the field of citizen science: We know 
of no analysis that either looked at learning outcome explicitly in terms of 
the nature of the scientific question asked, nor have we seen a typology of 
learning in citizen science based on scientific question. Yet, as we will see 
in subsequent chapters on learning outcomes and design, there is strong 
evidence that the nature of scientific learning is influenced by the kind of 
question or investigation asked, and the questions asked are often part of 
the explicit or implicit design process. More research in this arena could 
shed light on a potential relationship between the kind of scientific question 
asked and the nature of participation and activity. 
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3

Overview of Citizen Science 
as a Context for Learning

Human learning is a complex, multidimensional phenomenon. In every-
day use and in professional research and educational contexts, the word 
“learning” is used to capture a multiplicity of processes and outcomes, 
and language is rich with related terms that are associated with learning: 
knowledge, know-how, competence, understanding, skill, expertise, and 
proficiency. Understanding the nature of different varieties of learning, the 
processes that support them, and the ways in which they are expressed 
requires considering factors at multiple levels and scales. Science learning 
inherits all of the complexity of learning, while at the same time possessing 
a distinctive character in some respects. 

The next few chapters explore what is known about science learning 
and how it is possible to apply this knowledge to citizen science. This will 
set the stage for some design strategies that can maximize learning in citi-
zen science and preface a research agenda that explores how to continue 
supporting learning in citizen science. In this chapter, we offer some pre-
liminary insight into why citizen science is a useful place to pursue science 
learning. We do this by first explaining why citizen science provides a useful 
venue for supporting learning, and we then describe potential outcomes of 
science learning in the context of citizen science using a framework devel-
oped by an earlier National Research Council report (2009). We conclude 
with a few notes on who is learning in citizen science, and how to approach 
supporting learning for all learners. 
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UNIQUE POSSIBILITIES FOR LEARNING 
THROUGH CITIZEN SCIENCE 

Citizen science provides a rich and varied array of contexts in which 
to consider science learning. As shown in Chapter 2, the field of citizen 
science is characterized by many different participants in various roles. 
Those participants and stakeholders enter into their participation with 
wide ranging goals, motivations, backgrounds, and interests. Because citi-
zen science projects offer participants the opportunity to play a role in a 
scientific investigation, they offer particular opportunities for learning sci-
ence. As the committee considered the unique constellations of potentials, 
constraints, and challenges that citizen science offers for science learning, 
several distinct characteristics emerged as elements of citizen science that 
are especially fertile opportunities for learning. In particular, the commit-
tee considered the common traits and variations in citizen science projects 
and types of participation in citizen science identified in Chapter 2, with an 
eye toward how those similarities and differences are mobilized to support 
science learning. Based on these descriptions, the committee was able to 
identify elements of citizen science that can be leveraged to support science 
learning, which we cluster into the following three categories:

1.	 Scientific context. As investigations of natural phenomena, citizen 
science projects provide an entry point for learning about the sci-
ence related to the phenomena under investigation, for learning to 
engage in the scientific practices involved in the investigation, and 
for learning about the nature of science.

2.	 Nature of participation. As detailed in Chapter 2, the committee 
identified a number of variations in how participants can take part 
in citizen science, ranging from the duration of participation to the 
mode of project participation (online or in person, etc.) to the kind 
of role a participant might assume. As participants make decisions 
about the nature of their participation, the kind of learning that is 
possible through their citizen science experience is apt to change.

3.	 Project infrastructure. Citizen science projects are supported by 
technological and social infrastructures. These infrastructures can 
be used to support learning.

In the following section, the committee describes how these elements of 
citizen science can be leveraged to support science learning. 

http://www.nap.edu/25183


Learning Through Citizen Science: Enhancing Opportunities by Design

Copyright National Academy of Sciences. All rights reserved.

OVERVIEW OF CITIZEN SCIENCE AS A CONTEXT FOR LEARNING	 55

Scientific Context and Supporting Learning 

As with all scientific efforts, every citizen science project exists in a 
scientific context, which can be defined in terms of the phenomenon under 
study and the reason that it is a focus of study. For example, the scientific 
context for the Monarch Larva Monitoring Project is “to better understand 
the distribution and abundance of breeding monarchs and to use that 
knowledge to inform and inspire monarch conservation” (Monarch Larva 
Monitoring Project, 2018). There are three ways that the scientific context 
of a citizen science project can support science learning: 

1.	 Authentic scientific endeavor. By definition, citizen science projects 
are authentic scientific endeavors, meaning that they are ongoing 
investigations of a scientific phenomenon conducted for a purpose. 
Authenticity can serve as a motivator for participation, which pro-
vides an opportunity to learn. That citizen science is an authentic 
endeavor provides the additional opportunity to engage in scientific 
practices and to learn about the nature of science.

2.	 Real-world context. Most citizen science projects are investiga-
tions of phenomena in the natural or built environment that play 
out at observable scales, that is, they are investigations that play 
out in “real-world contexts.” Taking place in a real-world context 
provides the opportunity to motivate learning based on relevance 
(Boullion and Gomez, 2001). 

3.	 Data-driven. Citizen science opportunities generally engage partici-
pants in the collection or processing of data. The focus on data in 
citizen science projects creates the opportunity to learn about the 
role of data in scientific inquiry (nature of science) and the oppor-
tunity to learn to conduct data analysis (a scientific practice).

The Nature of Participation and Supporting Learning

The participation of members of the public in a scientific investigation 
is the essential characteristic of citizen science. As described in Chapter 2, 
participation in citizen science can take many forms. In considering that 
variation, the committee noted three specific aspects of participation that 
present potential opportunities for learning.

http://www.nap.edu/25183


Learning Through Citizen Science: Enhancing Opportunities by Design

Copyright National Academy of Sciences. All rights reserved.

56	 LEARNING THROUGH CITIZEN SCIENCE

1.	 Interest- or concern-driven participation. Participation in citizen 
science projects is often voluntary.1 Research has shown that most 
citizen science participants are motivated by interest in the topic 
of the project or concern about the implications of the project 
(Geoghegan et al., 2016). Because interest- or concern-driven par-
ticipation motivates learning about the context of the project, 
this interest or concern can be an opportunity for learning. The 
committee notes that the role of interest-driven participation is 
potentially complicated and/or enhanced when citizen science or 
practices in citizen science are used in a formal learning setting. 
For more on citizen science and formal learning, see Box 3-1.

2.	 Social, communal activity. Citizen science projects exist in a com-
munal context insofar as participation is conducted in relationship 
to a scientific goal shared by participants and project designers. 
Even in projects where participants do not have direct interaction 
with organizers or other participants, participants are generally 
aware that they are participating in a project alongside others with 
a shared purpose. The social and communal nature of citizen sci-
ence projects can be an affordance for social, communal learning.

3.	 Longer-term participation. While participation in some citizen sci-
ence projects can be brief, many projects offer the opportunity for 
repeated activity over an extended period of time. For example, 
FrogWatch USA asks participants to make weekly observations of 
frog calls over a 6-month period, and many participants continue 
for multiple years (Association of Zoos & Aquariums, 2018). A 
longer duration of involvement creates the opportunity to develop 
deeper understanding and more sophisticated skills. Addition-
ally, it creates the opportunity for learning through repetition and 
reinforcement. Our analysis, however, suggests that a minority of 
project participants engage in an extended way, which means that 
most people participating in citizen science cannot take advantage 
of learning opportunities afforded by repeated exposure. 

Project Infrastructure and Supporting Learning

 What makes a citizen science project possible is its infrastructure. 
When committee members reviewed citizen science projects for this report, 

1 The committee notes that the term “voluntary,” though intended to signify that participants 
elect to engage of their own volition, is necessarily contingent on an individual’s or commu-
nity’s access to participate in a given project. Issues of access and how they may be mitigated 
through intentional project design are taken up in Chapter 7 of this report.
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we noted two infrastructures distinctive to citizen science that specifically 
support learning.

1.	 Social infrastructure. The social infrastructure includes the people 
who organize the project, provide direction to participants, and 
are available to assist them. The social infrastructure also includes 
the network of participants engaged with and learning from one 
another, either in person or virtually. The social infrastructure for a 
project can provide support for learning by developing educational 
resources or by facilitating learning directly.

BOX 3-1 
Learning Through Citizen Science in 

Formal Education Settings

As the committee discusses later in this report, one of the settings in which 
citizen science appears to have substantial potential for learning is in formal edu-
cation spaces such as K–2 science classrooms. Citizen science can be used in 
formal settings in all three of the ways described in Chapter 1: It can be designed 
specifically with particular learning outcomes and the constraints of formal settings 
in mind, educators may adapt existing projects to meet specific learning goals, 
or they may borrow practices of citizen science to support a desired learning 
outcome. 

Formal education settings provide an environment explicitly designed for learn-
ing, but educators in formal settings must consider a few specific issues prior to 
making use of citizen science. First, to the extent that engaging out of one’s inde-
pendent interest is central to a person’s citizen science experience, the degree of 
choice may be constrained in formal settings. Students who are compelled to par-
ticipate may not reap the same benefits that accrue when participation is entirely 
voluntary. However, even when choice is limited, there may be considerable learn-
ing gains due to the additional support, resources, and sustained engagement 
that is possible in formal environments. Educators should consider the extent to 
which these benefits are part of their desired outcomes and calibrate accordingly.

Similarly, educators in formal settings are often pursuing specific learning 
outcomes. These outcomes may or may not align with the potential goals of a 
citizen science project. Further, to the extent that educators need to be involved 
in the early and iterative design of a project in order to elicit specific outcomes 
(see Chapter 7 of this report), it may be challenging to involve individuals in the 
midst of competing professional and educational obligations. 

For formal education to make effective use of citizen science in supporting 
learning, project designers and educators must pay attention to the unique op-
portunities as well as constraints associated with formal settings. Later in this 
report, we offer thoughts on how to address these concerns.
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2.	 Technology infrastructure. The technology infrastructure includes 
the computing and communication technologies that enable par-
ticipants to learn about and fulfill their roles in the project, as 
well as the specialized equipment that contributes to scientific 
investigations such as telescopes and DNA sequencing technology. 
The technology infrastructure can support learning by providing 
access to educational resources and specialized equipment, data-
base platforms that house, maintain, and disseminate data, or by 
providing the communications platform that enables participants 
to learn from each other and other individuals that make up the 
social infrastructure of the project. 

As articulated above, the characteristics of citizen science outlined here 
create particular and special opportunities for learning. The committee dis-
cusses how these opportunities may be identified and utilized in the design 
of citizen science projects in Chapter 6, with an eye toward how they might 
be leveraged to support specific learning goals. 

WHAT ARE THE GOALS OF SCIENCE LEARNING? 

To understand what people learn, the committee turned to the National 
Research Council’s 2009 report on Learning Science in Informal Environ-
ments: People, Places, and Pursuits (hereafter referred to as LSIE). That 
report synthesized multiple bodies of evidence to propose a framework of 
six complementary strands of science learning, conceived as intertwined 
strands of a rope. Four of the strands had been previously developed to cap-
ture aspects of science learning in K–8 school settings (National Research 
Council, 2007); two additional strands (Strands 1 and 6 in Box 3-2) were 
added to capture some of the distinctive aspects of learning in informal 
environments (i.e., settings outside of school such as museums, clubs, or 
nature centers), which typically reflect a greater emphasis on personal inter-
est, growth, and free-choice engagement, often over extended periods of 
time and across different phases of participants’ lifespans. Many settings 
for citizen science projects can be naturally characterized as informal or 
nonformal, and, as described below, the kinds of learning outcomes pos-
sible in citizen science projects align with one or more of the six strands of 
informal science learning. 

•	 Strand 1: Sparking Excitement and Interest. Learners experience 
excitement, interest, and motivation to learn about phenomena in 
the natural, physical, constructed, and social worlds.

		  This strand captures the affective component of learning, includ-
ing the sense of fun and curiosity that citizen science can engender, 
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and the way that scientists get excited by the ability to answer 
a question. It also encompasses the social motivations that may 
drive or be driven by citizen science, such as desires for cleaner 
environments or more diverse ecosystems. There is evidence that 
citizen science can produce excitement, interest, and motivation 
(Everett and Geoghegan, 2016; Frensley et al., 2017; Geoghegan 
et al., 2016; Rotman et al., 2012), thus we can conclude that this 
kind of learning takes place. This kind of learning is also aligned 
with goal- and interest-driven learning, in which a learner needs to 
know something to accomplish a goal or because one enjoys learn-
ing more about something one is interested in. An additional effect 
of this strand of learning is that when participants are motivated 
and excited, this engagement improves recruitment and retention, 
leading to higher quality scientific data (Gollan et al., 2012; Shirk 
et al., 2012).

•	 Strand 2: Understanding Scientific Content and Knowledge. Learn-
ers come to generate, understand, remember, and use concepts, 

BOX 3-2 
Strands of Informal Science Learning

Learners who engage with science in informal environments . . . 

Strand 1: Experience excitement, interest, and motivation to learn about phenom-
ena in the natural and physical world.

Strand 2: Come to generate, understand, remember, and use concepts, explana-
tions, arguments, models, and facts related to science.

Strand 3: Manipulate, test, explore, predict, question, observe, and make sense 
of the natural and physical world.

Strand 4: Reflect on science as a way of knowing: on processes, concepts, and 
institutions of science, and on their own process of learning about phenomena.

Strand 5: Participate in scientific activities and learning practices with others, us-
ing scientific language and tools.

Strand 6: Think about themselves as science learners and develop an identity as 
someone who knows about, uses and sometimes contributes to science.

SOURCE: National Research Council (2009, p. 43).

http://www.nap.edu/25183


Learning Through Citizen Science: Enhancing Opportunities by Design

Copyright National Academy of Sciences. All rights reserved.

60	 LEARNING THROUGH CITIZEN SCIENCE

explanations, arguments, models, and facts related to science 
(including both technical content and broader social, political, 
and cultural contexts of science).

		  This strand includes the traditional “disciplinary knowledge” 
associated with a citizen science project such as knowledge about 
project-relevant science content. This knowledge includes knowl-
edge that learners acquire through their participation and the new 
or cutting-edge knowledge that professional scientists will acquire 
through the project, such as novel data that are collected by par-
ticipants. Disciplinary knowledge may also include an enhanced 
understanding of the interaction of science and society, such as the 
political contexts, needs, and potential actions that result from a 
community engaging in environmental issues. This type of learning 
is further discussed by the National Academies of Sciences, Engi-
neering, and Medicine report on science literacy (2016), and people 
across all levels of technical expertise can learn about these issues. 
The various participant groups within a project (nonscientists, 
scientists and researchers, community activists) bring different pre-
existing knowledge to the table, and thus both contribute and 
receive different content. 

•	 Strand 3: Engaging in Scientific Reasoning. Learners manipulate, 
test, explore, predict, question, observe, and make sense of the 
natural, physical, constructed, and social worlds. 

		  This strand includes learning traditional scientific methods, 
which in the context of citizen science may include well-estab-
lished research methods that are learned by participants, as well 
as cutting-edge research methods that are collectively developed 
through cooperative efforts of all groups, including professional 
scientists. As scientists learn to use the citizen science “method” for 
conducting their own research, they also learn how novel methods 
can improve data, analysis, the formulation of questions, etc.

		  Citizen science offers a venue where people who are not training 
to be scientists—whether school students or adults—gain access to 
learning how to think in scientifically sophisticated ways. The evi-
dence here is mixed; many studies show that participants learn only 
specific methods or tools, and do not engage in the full panoply of 
scientific methods and reasoning (Phillips et al., in review). 

•	 Strand 4: Reflecting on Science. Learners reflect on science as a way 
of knowing: on processes, concepts, and institutions of science; and 
on their own process of learning about phenomena.

		  This strand captures the need for learners to improve their 
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understanding of the nature of the scientific enterprise. As LSIE 
explains, “The outcomes targeted in this strand address issues 
related to how scientific knowledge is constructed, and how people, 
including the learner herself, come to know about natural phenom-
ena and how the learner’s ideas change” (National Research Coun-
cil, 2009, p. 68). In order to achieve these outcomes, the learner 
needs to understand that people are responsible for making sense 
of theories and evidence and that, as a result, science changes as 
understandings of the relationships between theory and evidence 
evolve with the construction of new knowledge. 

		  In the context of citizen science, this may include considering 
one’s own identity as a participant (whether as expert or as new 
researcher) and understanding the value and rewards to self from 
the activity. Through whatever role a person plays within a proj-
ect, they may come to understand how collaboration among many 
different kinds of people leads to new knowledge. Participants 
may also reflect on the social, political, and cultural contexts of 
the activity. Participants may also come to recognize the broader 
implications, applications, and meaning of a project, both through 
their activities, as well as through the new knowledge generated, 
and ultimately wonder, “Where do I/we go from here?” This strand 
is particularly important for identifying learning about the social 
context of science, including issues of history and social power that 
affect learning, the multiple ways of understanding what counts as 
reliable knowledge, and the ways that communities learn and use 
learning to advance their priorities. 

•	 Strand 5: Engaging in Scientific Practices. Learners participate in 
scientific activities and learning practices with others, using scien-
tific language and tools, and engaging in collective activities.

		  This strand captures the need for learners to participate “in 
normative scientific practices akin to those that take place in and 
govern scientific work” (National Research Council, 2009, p. 70). 
Mastery in this area includes recognition of the hallmarks of sci-
entific culture and the ability to participate in its codes and mores, 
specifically in regard to scientific argumentation. 

		  Within citizen science, learning outcomes from this strand may 
include learning specific skills associated with a project or activity, 
such as political or organizational skills in collective or community 
projects. For scientists, a few things that may be learned through 
practice include project leadership and management, communica-
tion skills, reporting and review of data, as well as project design 
and implementation. 
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•	 Strand 6: Identifying as a science learner. Learners think about 
themselves as science learners—that is, as ones who CAN learn 
science—and develop an identity as someone who knows about, 
uses, and sometimes contributes to science.

		  This strand captures the change in identity that can occur when 
people recognize that they are capable of learning in science. This 
shift or change in identity is accompanied by increased feelings 
of self-efficacy and agency in relation to science. Taken together, 
the issues of identity, self-efficacy, and agency do not necessarily 
indicate that people develop identities as scientists, but rather they 
come to the understanding that they can learn and contribute to 
the process by which reliable scientific knowledge is produced. For 
some participants, an identification with science preceded their 
participation in citizen science, and this part of their identity may 
have motivated their engagement with citizen science (Phillips et 
al., in review). 

The strands helped the committee address the challenging task of orga-
nizing potential learning outcomes for citizen science and linking them to 
important knowledge about how people learn science. Each strand describes 
and organizes a whole range of outcomes of science learning, for a variety 
or learners, in a variety of contexts including cultural contexts. In light of 
the many opportunities for learning potentially supported through citizen 
science, the committee was able to use the strands to better consider how 
participation in citizen science can maximize specific learning outcomes.

WHO IS LEARNING IN CITIZEN SCIENCE?

As the committee broached the subject of supporting learning in citizen 
science, it became clear that it was first important to introduce a few con-
siderations about learners in citizen science: that is, who is it that is doing 
the learning in citizen science, and what do we need to know about the 
learner in order to begin to support learning outcomes. In Chapter 4, we 
summarize the committee’s approach to understanding learning in order to 
provide a theoretical foundation for the committee’s discussion of learning 
processes and outcomes. In advance of that discussion, we offer perspec-
tive on how our understanding of the learners themselves informs our later 
discussion of supporting learning in citizen science.
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Broadening Understandings of Who Is Learning in Citizen Science:  
Learning in Communities

Many research literatures and theoretical perspectives, including devel-
opmental, social, organizational, and cultural psychology; cognitive science, 
neuroscience, and the learning sciences; and education, have contributed 
to nuanced and comprehensive frameworks for understanding and facili-
tating learning in individuals. Citizen science has, in large part, remained 
close to that research tradition and, as we will discuss in Chapters 4 and 
5, much of the existing research on learning in citizen science focuses on 
individual learners and their learning outcomes. Given the nature of citizen 
science projects and activities, however, the committee also observed that 
“the learner” in citizen science may, in fact, be broader than individual 
participants. In 2016, the National Academies’ report on science literacy 
demonstrated a different perspective on learning by highlighting an emerg-
ing idea in the literature on learning in science: community science literacy 
(National Academies of Sciences, Engineering, and Medicine, 2016).

Community literacy is more than the sum of knowledge held by indi-
viduals in the community. Rather, community literacy is distributed among 
many individuals, but comes together through established networks of 
trust, behavior, relationships, power, and mechanisms of sharing. As the 
2016 report documented, community (or communal) science literacy is 
ubiquitous: for example, it can occur in families (Borun, Chambers, and 
Cleghorn, 1996; Borun et al., 1997), in groups facing health crises (Epstein, 
1996), or in communities addressing issues of toxic wastes or water quality 
(Brown, 1992; Brown and Mikkelsen, 1990; Fagin, 2013; Lee and Roth, 
2003c; Ottinger, 2010a, 2010b; Ottinger and Cohen, 2011; Roth and 
Calabrese Barton, 2004; Roth and Lee, 2004). Community science literacy 
is particularly evident in the understandings of science held by marginal-
ized communities, such as suspicion of the health care system in the Afri-
can American community, based on historical and contemporary patterns 
evident in the Tuskegee syphilis study and in the contamination of water 
in Flint, Michigan (Armstrong et al., 2007; Benjamin, 2014; Dula, 1994; 
George, Duran, and Norris, 2014; Markowitz and Rosner, 2016; Thomas 
and Quinn, 1991). As described in Ann Fadiman’s book, The Spirit Catches 
You and You Fall Down (2012), the Hmong community demonstrates a 
set of beliefs about health and healthcare that conflict with the American 
medical system; the conflict is not between the knowledge of individuals, 
but between different community understandings of what constitutes and 
creates health. Other researchers have found community-level differences in 
knowledge, reasoning, and practice between fisherpeople and hunters from 
different cultural communities, primarily Native American and European 
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American, that have at times resulted in policy and community level conflict 
(Medin and Atran, 2004; Atran and Medin, 2008). 

An important aspect of community science literacy is that it highlights 
an issue that the committee will discuss in Chapter 4: Learning science 
means more than learning the content of specific topical domains. It also 
covers learning the processes of science (both idealized and in practice) 
and the epistemological bases of science (including the implications of dif-
ferent epistemological stances) and the ability to act on science. Learning 
theorists have provided several ways of thinking about the learning process 
that address community learning (Bela et al., 2016), described in Box 3-3.

Given these expanding conceptions of who is learning, the committee 
wishes to highlight that communities also have the potential to learn in 
citizen science, though research in this area is nascent. We will return to 
these ideas later in this report in Chapter 5, where we look at examples of 
learning in citizen science, and in Chapter 6 of this report, where we offer 
some thoughts on how to design citizen science in support of community 
science literacy.

An Asset-Based Approach to Learners in Citizen Science

As noted in Chapter 1 of this report, the committee believes that in 
order to address this study’s statement of task, it is critical that we consider 
how people of all backgrounds can learn through citizen science. In order 
to truly address these questions, the committee feels that it is first necessary 
to understand who learners in citizen science are: that is, what backgrounds 
and experiences do they bring to their encounters with citizen science that 
undergird what and how they will learn. In this section, we unpack the 
importance of honoring the prior knowledge and experiences that learners 
(individual learners and community learners) bring into their participation in 
citizen science by treating these backgrounds as assets that support learning. 

In the past decade, research that devotes scholarly attention to the 
learning processes of nondominant communities and learners has illumi-
nated the tendency for educational interventions to assume that people, 
and especially people from historically underrepresented communities in 
science, have minimal relevant prior knowledge (Bang et al., 2012). This 
research shows that these interventions fail to provide opportunities for 
learners to connect new learning to prior experiences. Even the choice of 
what content to learn is often constrained by applying a deficit model that 
presumes that learners do not have the ability to chart their own learning 
goals. Research has demonstrated that the assumption of a “deficit” on the 
part of some individuals and communities is invalid and that people the 
world over have experiences and exposure to phenomena that can be taken 
up in scientific study (National Research Council, 2012). 
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BOX 3-3 
Processes of Community Learning

Distributed Cognition

Perhaps the fundamental theoretical perspective on community learning is 
distributed cognition, developed by computer scientist Edwin Hutchins in the 
1980s (Hutchins, 1995). It draws on a Vygotsky-inspired tradition that recog-
nizes knowledge in social and cultural context, and places knowledge across an 
extended network of people and objects. Through the interactions and relations 
of individuals, the network learns more than any one individual (or technological 
device) can learn (Hutchins, 1995; Salomon, 1997). For example, when citizen 
scientists in Zooniverse or similar projects use tags or labeling procedures, the 
collective knowledge of what is contained in the database exceeds the knowledge 
of any one individual (Fu, 2016).

Transactive Memory/Collective Mind

In the 1980s, communication scholars Daniel Wegner and others developed 
an understanding of shared knowledge called “transactive memory systems” 
(TMS) (Lewis and Herndon, 2011; Wegner, Giuliano, and Hertel, 1985). Jackson 
and Moreland (2009, p. 509) defined TMS as a “form of socially shared cognition 
[that] can lead to greater information sharing in groups.” One of the consequences 
of transactive memory is the development of a “collective mind” that creates 
meaning out of the communally held knowledge (Weick and Roberts, 1993; Yoo 
and Kanawattanachai, 2001). For example, in community-led environmental citi-
zen science (such as groups addressing local water quality or impacts of hydraulic 
fracturing), each individual may have a special knowledge—technical data, public 
speaking, political organizing—but the collective group knows how to mesh all 
those knowledges to create social action (Tallapragada, 2016).

Communities of Practice

The literature on communities of practice is particularly concerned with how 
groups build and maintain their core set of knowledge (Lave and Wenger, 1991). 
Although much of the work in the community of practice tradition focuses on how 
individuals become part of the community, that work is all based on the recogni-
tion that the group itself learns and collectively manages the knowledge of the 
group. The rise of social media as a tool in citizen science has been particularly 
important for these communities of practice, as research has demonstrated the 
power of social media for creating collective intelligence (Gunawardena, 2009).
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As the committee will describe in Chapters 4 and 5, the processes of 
learning are always situated within the context of what learners already 
know and understand. It is easy to think that learners enter projects with 
a deficit and project activities fill that deficit. But adopting this perspective 
can undermine other sources of knowledge and other ways of knowing, 
alienate learners, and impede learning: ultimately, this perspective fails to 
recognize that learners enter projects with a variety of relevant prior knowl-
edge and experience, some of it cultural, and that engaging that knowledge 
and experience actually empowers learners in the ways described above. 
Alternatively, learning environments that work to connect those experi-
ences to the focal phenomena of new learning have demonstrated increased 
learning, retention, and sustained interest for learners (Moll and Gonzalez, 
2004). Further, creating environments in which learners are positioned to 
see their own experiences and knowledge as resources has also been associ-
ated with increased persistence (Brossard, Lewenstein, and Bonney, 2009). 

In our review of research on science learning specifically, the commit-
tee noted that the scholarly community is moving toward understanding 
science learning in ways that are attuned to learners’ prior knowledge and 
their many ways of knowing. This has led to a shift away from deficit 
models toward a more refined understanding of alternative conceptions and 
epistemologies and their role in supporting science learning, referred to as 
an asset-based approach to supporting learning. In order to support learn-
ing, asset-based approaches seek to connect and query disciplinary (science) 
knowledge with and against a broader store of knowledge, and leverage 
that knowledge in ways that advance scientific disciplines. 

In thinking about learning in the context of citizen science, the commit-
tee stresses the importance of adopting an asset-based perspective in regard 
to participants’ prior knowledge and experience. We return to this idea in 
Chapter 5, where we attempt to highlight examples of how this asset-based 
approach is supporting specific learning outcomes in citizen science, as well 
as in Chapter 6, where we discuss how to design for learning in citizen 
science. 

SUMMARY

In summary, this chapter seeks to set the stage for our in-depth conver-
sations about science learning in citizen science. By identifying what it is 
about citizen science that makes it a desirable vehicle for supporting learn-
ing, we lay a foundation for our later discussions about how citizen science 
can be leveraged in support of specific learning outcomes. Also, by calling 
out the strands of learning and their associated learning outcomes, we set 
the stage for what kinds of learning outcomes are possible; we discuss these 
processes of learning in greater depth in Chapter 4. Finally, by exploring 
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who is learning—whether an individual or community—and considering 
the knowledge and experience that learners bring with them into citizen 
science, we prepare for subsequent analysis and recommendations that 
leverage sociocultural conceptions of learning. 
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4

Processes of Learning and 
Learning in Science

INTRODUCTION

Understanding both the depth and breadth of scholarship on learning 
is central to addressing the committee’s charge of investigating how citizen 
science can be poised to support science learning. In this chapter, we review 
the complex landscape of scholarship on learning in a way that highlights 
concepts relevant to the design of citizen science for learning. The concepts 
lay the groundwork for Chapter 5, which delves into how citizen science 
can advance specific science learning outcomes. We begin with an explana-
tion of the committee’s perspective on learning in the context of the history 
and evolution of learning theories. This discussion will set the stage for a 
description of some of the central cognitive processes involved in learning 
generally. We conclude the chapter with descriptions of some of the specific 
kinds of learning that happen in science content domains. 

Although we describe the different theoretical perspectives on how 
learning occurs, contemporary scholars of learning generally recognize 
that learning is a complicated, interactive phenomenon. Individuals are 
nested within communities that are nested within societies, and these con-
texts matter for how knowledge is acquired and engaged. Different theories 
of learning are not mutually exclusive and can be used in complementary 
ways to attend to the multifaceted nature of learning, even in a single 
environment such as a citizen science project. Moreover, participants in 
citizen science project are also learning in a wide variety of other contexts 
and may even participate in multiple citizen science projects. It is helpful 
in both design of citizen science projects and in research about learning to 

71

http://www.nap.edu/25183


Learning Through Citizen Science: Enhancing Opportunities by Design

Copyright National Academy of Sciences. All rights reserved.

72	 LEARNING THROUGH CITIZEN SCIENCE

remember that all learning is happening with a larger ecosystem of citizen 
science opportunities and other science education experiences, both formal 
and informal. 

This chapter is not intended as a comprehensive review of scholarship on 
learning; rather, we attempt to lay out central principles of learning, particu-
larly with respect to science, for readers new to the field of science learning.

PERSPECTIVES ON LEARNING

The committee has elected to take an expansive view of learning in 
general and science learning more specifically: Both what the learning is 
and the many contextual factors that influence it. Historically, most learn-
ing research focuses on individuals, and as we discussed in our section on 
community science literacy in Chapter 3, many research literatures and 
theoretical perspectives (including developmental, social, organizational, 
and cultural psychology; cognitive science, neuroscience, and the learning 
sciences; and education) have endeavored to construct frameworks for 
understanding and facilitating learning in individuals. As we discuss the 
processes of learning (both in general and in science) later in this chapter, 
the committee recognizes that these processes are aimed at characterizing 
what the individual learner knows and is able to do.

Over the past few decades, the study of human learning and develop-
ment has moved beyond the examination of individual characteristics to 
understand learning as dependent on sociocultural contexts, even when 
examining a single individual’s learning. In order to explain why and how 
people think and act in the world the way they do, scholars employing 
sociocultural perspectives often study and characterize how people in places 
interact with each other toward goals and use materials to mediate and 
support their interactions and goals. 

From a sociocultural perspective, culture, learning, and development 
are seen as dynamic, contested, and variably distributed and transformed 
within and across groups, and involve a reciprocal and evolving relation-
ship between individuals’ goals, perspectives, values, and their environment 
(Cole, 2000; Gutiérrez and Rogoff, 2003; Hirschfeld, 2002; Lave, 1988; 
Lave and Wenger, 1991; Nasir and Hand, 2006; Rogoff, 2003). Culture, 
in this sense, is both historically constituted and dynamically changing 
through participation in social practices and making sense of life. More 
simply put, all people explore, narrate, and build knowledge about their 
worlds, but they do so in varied ways that are dynamically linked to par-
ticular contexts and depend on interaction with others (e.g., Bang et al., 
2012; National Research Council, 2009; Rogoff, 2003). 

While there remain important distinctions between individual and 
sociocultural perspectives, it is increasingly accepted that what and how 
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people think are interdependent, and that both are sculpted by the daily 
activities, discursive practices, participation structures, and interactional 
processes over the course of a person’s life. Sociocultural perspectives have 
expanded our foundational knowledge of human learning as well as led 
to important practice-based innovations in learning environments. While 
we acknowledge that much of the research on specific processes of learn-
ing mentioned in this chapter are concerned with individual learners, the 
committee believes that given the explicitly social nature of many citizen 
science projects, it is critically important to consider learning in citizen sci-
ence through a sociocultural lens.

Given this perspective, the committee wishes to highlight three major 
principles of learning that undergird our discussion of how learning 
happens—both in science and in general. First, as we discussed in Chapter 3: 
Learners come to their learning experiences with prior knowledge experi-
ences that shape what they know, their skills, their interests, and their moti-
vation. Constructivist frameworks explain how this prior knowledge and 
experience matter for learning, positing that learning involves an interplay 
of the learner’s prior knowledge and current ways of thinking with new 
ideas introduced by instruction or through interactions in the world (e.g., 
Piaget, Carey, Vosniadou, Chi, Posner, et al.) Second, learners actively con-
struct their own understanding of the world; they are not passive recipients 
of knowledge, and transmitting knowledge is not equivalent to learning. 
Later in this chapter, we will discuss this principle in relationship to concep-
tual development, and how educators must actively engage learners in the 
process of developing conceptual understandings of science. Finally, some 
learning objectives in science are more challenging to achieve than others, 
so more intentional supports for learning are necessary. We will discuss this 
in the context of citizen science in Chapter 5, as we review how the existing 
literature describes different learning outcomes in citizen science.

In summary, the committee recognizes that learning is inherently social. 
It is situated in, and dependent upon, social interactions among people as 
well as their social and cultural tools and practices. In the following discus-
sions of learning processes and kinds of learning in science, the committee 
emphasizes this sociocultural perspective on learning while also considering 
the insights gained from many decades of research from other theoretical 
perspectives.

We begin our discussion of learning by considering the processes of 
learning in individuals; specifically, the processes of memory, activity, 
and developing expertise. Then, the chapter narrows in on the specifics 
of science learning, including learning disciplinary content; using scien-
tific tools; understanding and working with data; developing motivation, 
interest, and identity; and developing scientific reasoning, epistemological 
thinking, and the nature of science.
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PROCESSES OF LEARNING

This section considers the dominant cognitive processes that contribute 
to learning—that is, those processes that can be understood at the level of 
the individual and relate to content knowledge and reasoning. Because the 
charge of this study is specific to science learning, wherever possible the 
committee elects to discuss how these learning processes happen in the 
context of the domain of science. It is critical to note that these processes 
are not unique to science learning. Indeed, much of the general scholarship 
on learning has emerged in relationship to other academic disciplines, each 
with their own scholarly research traditions. 

The Role of Memory in Learning

Learning depends fundamentally on memory. Well over a century of 
research has delved into the properties of human memory in action, detail-
ing the remarkable role memory plays in both developing and sustaining 
learning over time. From this research, there are several themes that are 
helpful to keep in mind.

Durable, long-term learning is best accomplished by repeated experi-
ence with the material one seeks to remember. Many researchers of memory 
and learning would caution against relying on a training program that 
involves a one-time introduction and immediate assessment of proficiency, 
which tends to result in short-term performance that predictably dete-
riorates over time, rather than long-term learning (Soderstrom and Bjork, 
2015). Further, learning episodes are most efficient when they are spread 
out over multiple sessions rather than crammed together—a phenomenon 
known as the spacing effect (Cepeda et al., 2006; Rawson and Dunlosky, 
2011). That is, the same amount of time invested in studying material one 
wants to remember will generally result in longer-lasting learning if it is 
distributed over time rather than performed all at once. 

Learning can be enhanced by strategies that promote cognitive engage-
ment with and elaboration of the material one is attempting to learn. 
Knowledge and skills that are densely interconnected to other information 
have better storage strength in long-term memory and also have links to 
more potential retrieval cues. Examples of beneficial strategies include 
such activities as concept mapping, note-taking, self-explanation, and rep-
resenting material in multiple formats (e.g., text and graphics). Learning 
researchers Michelene Chi and Ruth Wylie (2014) have proposed a frame-
work that differentiates cognitive engagement during learning into four 
modes: interactive, constructive, active, and passive (presented in decreas-
ing order of the intensity of engagement), with interactive and constructive 
modes having the greatest impact on learning and conceptual development. 
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Constructive engagement is defined as activities where learners generate 
some kind of additional externalized product beyond the information they 
were originally provided with, such as generating inferences and expla-
nations or constructing a new representational format (e.g., a diagram). 
Interactive engagement goes one step further and occurs when two or 
more partners (peers, teacher and learner, or intelligent computer agent and 
learner) together contribute to a mutual dialogue in a constructive mode.

Learning is improved when people are asked to actively apply or con-
struct material from long-term memory, as opposed to passively restudy-
ing or being re-told the content, a phenomenon known as the “testing 
effect” (Karpicke and Blunt, 2011; Karpicke and Roediger, 2008; Rowland, 
2014). Providing regular opportunities to generate active responses, such 
as through informal assessments or practice in the field, helps learners 
reinforce their learning while at the same time providing information about 
current states of proficiency. As these examples suggest, corrective feedback 
is another tool that can help to promote accurate learning and reinforce 
retention over time (Lyster and Ranta, 1997). 

Learning opportunities that are deliberately designed with these prin-
ciples of learning and memory in mind often show significant learning gains 
over traditional instructional practices such as lecture and rote memoriza-
tion or self-organized learning (Bjork and Bjork, 2011; Bjork, Dunlosky, 
and Kornell, 2013). Although it was developed primarily to improve study-
ing and instructional practices in school learning, the IES Practice Guide on 
Organizing Instruction and Study to Improve Student Learning (Pashler et 
al., 2007) provides a concise summary of these and several other principles 
of learning that are supported by substantial bodies of research and are 
relevant across learning contexts (see Box 4-1). 

In Chapter 6, we will discuss the choices that project designers need 
to make in order to support science learning in citizen science. As with the 
all the processes of learning described below, designers of citizen science 
projects can leverage the role of memory in learning to support specific sci-
ence learning outcomes.

The Importance of Activity

As noted above, human thinking, learning, and behavior is funda-
mentally shaped by the need to engage in purposeful activity within social 
systems involving other people. As active agents, humans engage with the 
objective world in ways that infuse it with meaning. Activity theory (e.g., 
Engestrom, Miettinen, and Punamaki, 1999) takes a systems approach, 
treating as the unit of analysis a community of interacting individuals, such 
as a team or an organization, who have a common object of their activity. 
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BOX 4-1 
Recommended Principles for Organizing Instruction 

and Study to Improve Student Learning with 
Corresponding Levels of Supporting Evidence

SOURCE: Pashler et al. (2007). SOURCE: Pashler et al (2007). 

For example, members of a team of health care providers in a hospital are 
the individual subjects in a community and their patients are the objects. 

Activity systems are characterized by rules and conventions, which 
evolve historically and culturally, as well as divisions of labor and participa-
tion structures, which may include social strata or a hierarchical structure 
to the activity, with different actors taking on distinctive roles. A key insight 
of activity theory is that “tools,” which may be culturally created artifacts 

http://www.nap.edu/25183


Learning Through Citizen Science: Enhancing Opportunities by Design

Copyright National Academy of Sciences. All rights reserved.

PROCESSES OF LEARNING AND LEARNING IN SCIENCE	 77

or concepts (e.g., machines, software interfaces, information systems, pro-
tocols, etc.) that evolve over time, mediate behavior in the system, including 
learning and transmitting knowledge (Jonassen and Rohrer-Murphy, 1999). 

Individuals may participate in multiple activity systems, and more 
recent work on activity theory has brought out the importance of consider-
ing interactions among multiple activity systems, which raises issues of indi-
vidual and cultural identity, power, motivation, and difference (Bakhurst, 
2009; Gutiérrez and Rogoff, 2003) and also points back to the need to 
consider citizen science learning in the context of a larger ecosystem of 
learning experiences. Activity systems are often used as a way of modeling 
practice in various contexts, including educational practice, in such a way 
that systems-level relations and dynamics are highlighted. In the context of 
citizen science, activity theory offers ways to think about the complex set 
of roles, objectives, values, and activities that can emerge when volunteer 
participants are simultaneously members of other communities, such as 
master naturalists and conservationists, community activists, hobbyists, 
students or teachers in formal or informal education, or workers engaged 
in related economic activity (e.g., fishing or harvesting). Actors may come 
from distinctly different groups, each with its own set of objectives, tools, 
customs, discourse patterns, role structures, and ways of doing things. 
Activity theory suggests that participants and organizers may advance col-
laborative goals by paying deliberate attention to recognizing or designing 
appropriate role structures, shared tools, and systems of communication to 
take advantage of the resources that different activity systems can poten-
tially contribute while promoting common action and understanding.

Another example that lends itself to an activity systems analysis comes 
from Ottinger (2016), who presents the case of a multisite study and report 
completed by a coalition of environmental and community groups working 
in parallel with credentialed scientists (Coming Clean and Global Commu-
nity Monitor, 2014). The study entails the development and deployment 
of modified instruments and protocols for sampling air quality in ways 
that were scientifically credible but more affordable and responsive to the 
concerns and questions of community groups. They allowed project partici-
pants to collect data at time intervals and in locations associated with com-
munity health concerns, and they provided data that pushed beyond prior 
standards that focused primarily on long-term averages. Ottinger’s account 
also illustrates the tensions and interplay among the roles taken by com-
munity activists, scientists, and regulatory authorities around issues such as 
authorship and dissemination of reports, setting standards, and critiquing 
standard scientific practices vs. aligning with them for the sake of credibil-
ity. In summary, activity theory provides a way of identifying, analyzing, 
and modifying the elements—such as communities, actors and roles, objects 
of activity, tools, and practices—that both mediate and represent learning.
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Developing Expertise

Competence in any domain, and specifically in science, requires the 
ability to recognize relevance and potential applications of knowledge in 
varying contexts. While individuals new to the field (known as novices) tend 
to focus on superficial aspects of a situation and may have correspondingly 
shallow problem solving methods, experts quickly and accurately per-
ceive higher-order relations, deep structure, and meaningful patterns (Chi, 
Feltovich and Glaser, 1981; Kellman and Massey, 2013). Experts tend to be 
fast and accurate, in large part because they process available information 
selectively—ignoring information that is irrelevant and registering informa-
tion that is not noticed by novices. They are also better able to make fine 
discriminations and to apply their knowledge to novel cases. Experts are 
particularly good at recognizing conditions of application of knowledge—
that is, knowing which principles and concepts are relevant in a particular 
situation (Chi, Feltovich and Glaser, 1981; Kellman and Garrigan, 2009).

In this subsection, we discuss the role of conceptual change and per-
ceptual learning in the development of expertise. It is important to note 
that in science, development of expertise hinges on the ability to utilize 
scientific tools and practices. We discuss this particular aspect of developing 
expertise—using scientific tools and participating in science practices—later 
in this chapter, where we discuss specific kinds of learning in science.

Conceptual Change and Development

One way of understanding how people develop expertise in content 
areas—specifically in the domain of science—explores the evolution of 
foundational ideas from the perspective of conceptual development over 
time. Theorists of conceptual development have noted repeatedly that 
mature concepts are often qualitatively different from concepts held by chil-
dren or by uninstructed adults (Duit and Treagust, 2003; National Research 
Council, 2007). Acquiring sophisticated understanding of concepts is not 
merely a matter of accumulating more factual knowledge. 

A common idea in theories of conceptual development is that concept 
learning varies in the degree to which knowledge must be restructured to 
move from naïve to more expert understanding. Some early understand-
ings can be readily nurtured in thoughtful learning settings (Gelman et al., 
2010). On the other hand, strong restructuring is required when novice and 
expert conceptual structures are fundamentally incompatible or incommen-
surate (Carey, 1988). In this case, rather than refining individual concepts 
or adding new concepts to existing ones, the nature of the concepts them-
selves and the explanatory structures in which they are embedded undergo 
change. Chi and her colleagues (Chi, Slotta, and de Leeuw, 1994) argue 
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that some science learning is particularly difficult because learners’ initial 
conceptions belong to a different ontological category than corresponding 
scientific conceptions. For example, many novices think of heat, gravity, 
and force as types of material substances, or properties of matter, rather 
than interactive processes. This can lead learners to misconstrue instruc-
tion, as happens when a learner who thinks of electrical current as similar 
to flowing water draws on matter-based conceptions, like volume or mass, 
to try to understand electrical phenomena. 

The degree to which scientific concepts displace naïve knowledge dur-
ing the process of strong restructuring is a subject of much debate. Strike 
and Posner (1982) show how conceptual change can occur when a learner 
begins to be sufficiently dissatisfied with a prior conception (e.g., by being 
confronted with anomalous information) and comes to see a new alterna-
tive conception as intelligible, plausible, and fruitful in its ability to explain 
and understand other problems. However, a number of studies indicate that 
intuitive ideas are also persistent and learners may ignore, reject or distort 
anomalous information. Even experts do this, as is illustrated by the history 
of science (Chinn and Brewer, 1993). Further, intuitive beliefs and alterna-
tive frameworks can continue to be activated in particular contexts even 
after an individual shows evidence of understanding and using a scientific 
concept. 

Importantly, people can hold multiple conceptions about phenomena 
as they engage in rapid reorganization of knowledge and respond to the 
demands of a particular context. Even experts will shift their reasoning 
and understanding about a phenomenon depending upon the context (e.g., 
Hogan and Maglienti, 2001). When confronted with novel activities or 
practices, learners may need to create their own alternative pathways to 
reconcile conflicting cultural, ethnic, and academic identities (Nasir and 
Saxe, 2003). 

Learning environments that only see learners’ alternative conceptions 
as wrong can produce conflicts between learners’ cultural, ethnic, and 
academic identities (Nasir and Saxe, 2003), and this approach can also 
leave narrow the possibilities of generative engagements between com-
munity ways of knowing and scientific ways of knowing (e.g., Bang and 
Medin, 2010). Instead, research shows that many phenomena of interest in 
scientific study are intimately related to people’s everyday experiences and 
knowledge systems of cultural communities historically underrepresented 
in science can, and should, be regarded as assets for learning (Cajate, 1999; 
National Research Council, 2007). Educators can do this in a variety of 
ways. The use of culturally relevant examples, analogies, artifacts, and 
community resources that are familiar to learners can make science more 
relevant and understandable (Barba, 1993), and integrated approaches 
that rely on the input of community member participation (e.g., input 
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from elders, use of traditional language, respect of cultural values) help 
learners navigate between Western modern scientific thinking and other 
ways of knowing (Bang and Medin, 2010). Sconiers and Rosiek (2000) 
point out that science inquiry demands patience, skepticism, and a willing-
ness to embrace uncertainty and ambiguity—which demands trust between 
teachers and students. Accordingly, the development of trust and caring 
relationships between teachers and students may be necessary in order to 
develop deep understandings of science content and practices. In short, 
research demonstrates that conceptual learning is advanced in contexts 
and with instructors that recognize learners are simultaneously developing 
expertise in multiple knowledge systems (Bang and Medin, 2010; Levine 
Rose and Calabrese Barton, 2012).

Perceptual Learning

Another process by which people develop domain expertise is percep-
tual learning, defined as an increase in the ability to extract relevant infor-
mation from the environment as a result of experience (Adolph and Kretch, 
2015; Gibson, 1969). Perceptual learning happens at all ages from infancy 
through mature adulthood, and has been studied in many professional and 
academic domains, including medical learning, aviation, mathematics, and 
chemistry, as well as in everyday learning (Kellman and Massey, 2013). Per-
ceptual learning is often implicit and can be seen as a fundamental comple-
ment to more familiar ways of knowing, such as factual and procedural 
knowledge. Common instructional techniques emphasizing explicit didactic 
instruction or procedural practice typically do not advance perceptual 
learning very effectively (Kellman and Massey, 2013). Instead, perceptual 
learning often results from extended experiences with many examples as 
individuals participate in a meaningful activity. Recent research demon-
strates that perceptual learning can be accelerated by providing systematic 
opportunities for learners to practice making relevant discriminations and 
classifications with feedback (Kellman, Massey, and Son, 2010). Learning 
software is an efficient and cost-effective way to do this. However, it is 
important for learners to experience a full range of variation in the exam-
ples they work with, so that the critical features, patterns, and structures 
involved in the activity are observed repeatedly across many different situ-
ations. Deliberate training tutorials can also ensure that participants have 
sufficient exposure to unusual or rare cases or difficult discriminations that 
they might not otherwise encounter often enough to gain proficiency. This 
kind of repeated classification activity across a range of examples is a cen-
tral feature of many citizen science projects, like Zooniverse or COASST, 
suggesting that citizen science projects may be a particularly rich venue for 
perceptual learning.
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Although the term “perceptual” may give the impression that it applies 
only to simple sensory tasks and discriminations, recent work drawing 
on modern theories of perception emphasizes that perceptual learning is 
abstract and adaptive, working synergistically with other cognitive pro-
cesses (Kellman and Massey, 2013). Rather than conceiving of learning 
as the acquisition of discrete mental contents, the focus is on how human 
minds attune themselves to meaningful patterns, relations, and structures 
in the environment, typically in the context of a purposeful task or activity 
(Bereiter and Scardamalia, 1996; Goldstone, Landy, and Son, 2010). In addi-
tion to enabling the selective pick up of information in natural settings, as 
when a geologist effortlessly sees complex structure and patterns in natural 
rock formations, it also applies to processing of image representations, such 
as medical images read by a radiologist, and to symbolic representations, 
such as equations perceived by a mathematician or chemical formula nota-
tions read by a chemist. (Indeed, fluent reading in everyday life relies heavily 
on automatic information pick up obtained through perceptual learning). 

Other approaches to the development of expertise have also empha-
sized how gaining experience in a domain or sphere of activity changes 
how one “sees.” Working from an anthropological perspective and draw-
ing on activity theory, Goodwin (1994) introduced the term “professional 
vision” to describe how members of a professional community engage 
in discursive practices that shape how they perceive relevant entities and 
phenomena. Goodwin’s concept of professional vision focuses on practices 
within professions that create and operate on highly mediated represen-
tations of experience. For example, professional practices may highlight 
specific phenomena in a complex scene to make them salient, and they may 
apply verbal codes to classify phenomena and relate them to each other 
in an articulated framework. Professionals also produce shared material 
representations, such as graphs, charts, images, and annotated records. For 
example, teams of archeologists excavating a site use shared procedures to 
create profile maps of dirt that capture spatial relations among distinctive 
layers. Novices typically gain experience with these practices and tools as 
apprentices and, over time, develop the professional vision characteristic 
of their profession. 

Similarly, Stevens and Hall (1998), has introduced the term “disciplined 
perception” to describe forms of visual interaction that develop among peo-
ple as they engage in practice or in teaching and learning in a discipline such 
as mathematics. People create, coordinate, and behaviorally interact with 
aspects of visual displays to make objects or conditions of interest visible to 
themselves and to each other. For example, a student working with a tutor 
on graphs of linear functions develops a set of visual practices specific to 
the graphing of points and lines on grids representing the Cartesian plane. 
In Stevens’ analysis, embodied action (e.g., gesture), visual perception, and 
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talk work together in specific and coordinated ways throughout the teach-
ing and learning process, both enabling and constraining the understanding 
that the student develops.

KINDS OF LEARNING IN SCIENCE

This section focuses on the kinds of learning in science: learning dis-
ciplinary content; using scientific tools; understanding and working with 
data; developing motivation, interest, and identity; and developing scientific 
reasoning, epistemological thinking, and an understanding of the nature of 
science. Throughout this section, we refer back to the strands of informal 
science learning outlined in Chapter 3 to provide a framework for under-
standing the outcomes that result from these different kinds of learning in 
science. As emphasized in that chapter, we note that focusing on strands in 
insolation is an analytic convenience to help understand science learning; 
in practice strands are inextricably interwoven and projects that effectively 
advance science learning outcomes often advance and connect multiple 
strands. In the next chapter, we see examples of these kinds of learning in 
the context of citizen science. 

Learning Specific Scientific Disciplinary Content

Learning science content and developing expertise in a scientific dis-
cipline involve several types of knowledge, which are acquired through 
multiple learning processes. Following standard practice, we refer to this 
kind of learning as “developing expertise in a scientific content area” or 
“science content learning.” Science content learning may be a stand-alone 
goal of the project and/or it may be part of achieving other scientific or 
community goals. With respect to the Learning Science in Informal Envi-
ronments: People, Places, and Pursuits (LSIE; National Research Council, 
2009) strands, science content learning is most closely related to under-
standing scientific content and knowledge (Strand 2) and using the tools 
and language of science (Strand 5). 

The learning processes that help develop specific disciplinary knowl-
edge and associated competencies, which can be quite sophisticated, go 
well beyond simple rote memorization of facts. Although the acquisition of 
specific knowledge is sometimes contrasted with conceptual understanding 
and the two are treated as if they are competing learning priorities, evi-
dence shows that they play complementary and mutually supportive roles 
in learning. Specific knowledge and skills that are not incorporated into 
coherent conceptual organizations tend to exist as isolated “factoids”—
difficult to remember, recognize in context, or apply in a productive way. 
At the same time, a rich foundation of specific knowledge animates abstract 
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concepts and provides accessible, meaningful instantiations of important 
relations and patterns. 

Expertise in specific disciplinary content requires declarative knowledge—
concepts that can be verbalized. This kind of learning is sometimes described 
as “knowing that.” Declarative knowledge can be thought of as facts that 
can be reliably and accurately retrieved and applied. A budding geologist, 
for instance, must learn the names and composition of different types of 
rocks and minerals and the processes by which they are formed. A volunteer 
monitoring invasive or endangered species must learn their typical habitats 
and the properties by which each type is identified. However, as described 
above in the section on conceptual change, a rich body of factual knowledge 
is not simply an accumulation of independent facts. 

To be functional, science content knowledge must be organized and 
integrated through conceptual frameworks that provide coherence and 
explanatory power. Facility in this arena supports the evolution of learners’ 
relationships to foundational ideas that have broad importance for concep-
tual development over time. As discussed above, theorists of conceptual 
development in science learning have noted repeatedly that mature science 
concepts are often qualitatively different from concepts held by children or 
by uninstructed adults. 

One strong example of how this conceptual change can play out in sci-
ence domains can be observed through the implementation of A Framework 
for K–12 Science Education’s core disciplinary ideas, which aim to focus 
science learning around fewer science topics but to develop them in more 
depth across multiple years while simultaneously integrating them with 
science practices, described in the following sections (National Research 
Council, 2012). The NGSS Framework lays out a small, focused set of 
core disciplinary ideas in the physical sciences, life sciences, earth and space 
sciences, engineering, technology, and applications of science. Box 4-2 pres-
ents an example of how core disciplinary ideas in life sciences can set the 
stage for learners’ conceptual change over time.

Not only are specific knowledge and conceptual understanding mutu-
ally supportive but also they are both situated in existing knowledge and 
understanding that learners bring into their experience in citizen science. It 
can be tempting to think of developing conceptual understanding and spe-
cific knowledge as an almost remedial process, where learners enter projects 
with a deficit and project activities fill that deficit. It is important to note 
that this approach can undermine other sources of knowledge and other 
ways of knowing, alienate learners, and impede learning. Learners enter 
projects with a variety of relevant prior knowledge and experience, some of 
it cultural, and the research shows that providing opportunities to connect 
new knowledge and emerging understandings with previous knowledge and 
experience advances learning.
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Using Scientific Tools and Participating in Science Practices

Another way that science learning occurs is by using scientific tools 
and methods to engage in scientific reasoning (Strand 3) and to engage in 
scientific practices and discourse (Strand 5). Gaining competence with the 
scientific tools and practices related to a given content domain is known 
as procedural knowledge, sometimes described as “knowing how.” In sci-
ence, “knowing how” enables one to perform procedures and tasks in the 
service of scientific protocols. This competency might involve developing 
laboratory skills, measurement techniques, field methods, or analytic skills, 
such as how to organize, analyze, and present data. While procedural 
knowledge is sometimes condensed into a fixed set of rote behaviors—and 
there is certainly scientific value in maintaining consistent methods and 
protocols—functional competence and active problem solving in science 
typically require adaptability and flexibility in application, which in turn 
requires a deeper understanding of why procedures and practices take the 
form that they do and what the implications of contextual variations might 
be. It is important to note that the use of tools and scientific practices is 
strongly influenced by cultural and social norms (e.g., what is a valid prac-
tice, how tools are judged) and the interaction of groups. Indeed, learning is 
mediated through the tools, artifacts, and discourse structures that are used 

BOX 4-2 
Example of Core Disciplinary Ideas 

An example of a core disciplinary idea in life sciences is an organized, inter-
connected cluster of concepts related to the interactions, energy, and dynamics 
in ecosystems:

 
•	 �Ecosystems are characterized by interdependent relations among organ-

isms and the nonliving elements of the environment. 
•	 �Interactions in ecosystems can be understood as involving cycles of mat-

ter and energy transfer like the carbon cycle, which includes processes 
such as photosynthesis, digestion, respiration, decomposition, and gas 
exchange. 

•	 �Ecosystems are dynamic and change in response to disruption, and more 
diverse ecosystems tend to be more resilient. 

•	 �Within an ecosystem, many organisms are part of interactive groups, which 
can increase the likelihood of survival of individual members. 

SOURCE: Adapted from National Research Council. (2012).
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to frame, create, and convey knowledge. The cultural construction of tools1 
profoundly influences how people learn and how knowledge is organized 
and communicated, but more local and individualized tools play similar 
roles in particular contexts. For example, data collection protocols, maps, 
databases, online interfaces, and computer simulations may all shape how 
knowledge is produced and how learning occurs in a given setting. Social 
norms and conventions—whether at a scientific conference, in a classroom, 
or among a self-organized community group—may also serve as tools that 
mediate learning and knowledge sharing. 

Along those same lines, it can take time for learners who are new to 
science to understand that measures and the evidence that they provide 
are developed according to community norms, rather than being direct, 
self-evident representations of the world (Manz, 2016). It can take even 
longer for learners to feel like they can contribute to those norms, especially 
if those norms are presented as the exclusive providence of professional 
scientists or are grounded in cultural norms from dominant communities. 
For example, the vigorous questioning that is a norm in discourse among 
practicing scientists can be discouraging when it is extended, often without 
thinking about it, to people new to science (Pandya et al., 2007). It is par-
ticularly dissonant compared to values of welcoming people to a field and 
affirming their identity as valued contributors.

Understanding and Working with Data

Many of the tools and practices of science are linked to bodies of data 
and the associated practices for collecting, organizing, representing, model-
ing, and interpreting data. The power of data to enhance our understanding 
of the natural world and to address meaningful problems in our local and 
global communities is one of the factors that inspires people to participate 
in science. Though understanding and working with data is technically a 
subset of participating in scientific practices, the committee chooses to high-
light these particular practices because of their centrality to citizen science.

Opportunities to learn to understand science and do science through 
active engagement with data are rich, plentiful, and multifaceted. In every-
day thinking, most people are accustomed to interacting with whole objects 
embedded in naturalistic contexts. In contrast, framing scientific ques-
tions and designing methods to investigate them typically requires a more 
precise focus on the specific attributes of the objects or phenomena that 

1 The committee wishes to clarify that, in this case, “tools” is defined broadly. Written lan-
guage, for example, is a tool constructed to transmit ideas. In science, tools are the apparatuses 
that facilitate the work and process of science: a tool might be a methodological protocol or 
a mechanism for measuring data. 
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are relevant to the question and the intentional development of a method 
for measuring or classifying those attributes. Most people have practical 
experience with measures of spatial dimensions, such as length, volume, 
area, and weight, but many measured attributes in science may take less 
familiar forms, such as rates and ratios (e.g., parts per million, radioactive 
decay rates) or involve magnitudes—either very large or very small—that 
fall outside everyday experience (e.g., geologic time, light years, microns, 
nanometers). Science may also involve developing ways of measuring or 
classifying behavioral phenomena (e.g., aggressive behavior), which must 
be operationally defined in the context of a scientific investigation—that is, 
the investigators and participants have to share a definition of what counts 
as an occurrence of the behavior of interest in the context of the study and 
specify how to reliably rate its intensity or frequency. 

Data collection also provides a gateway for learning about issues related 
to measurement and variability, especially when learners have opportunities 
to reflect on and reason about what they are doing. Repeated measurement 
often creates conditions for noticing variability and for beginning to think 
about the sources of that variability. Representing and visualizing vari-
ability in a variety of ways can help people see data in the aggregate and 
to recognize distributions that have central tendencies (e.g., mean, mode, 
median) and variability or spread, as well as shapes of various sorts (Lehrer 
and Schauble, 2004). Repeated experience representing variability in data 
and thinking about different possible explanations for observed variability 
can help people better explore what drives good practice in designing and 
implementing data collection. They may become more responsive to or 
even spontaneously suggest procedures such as improving conditions of 
observation, using reliable instruments, training multiple data collectors to 
be consistent, and using multiple samples to reduce error variation in data 
being collected. 

Lehrer and English (2018) wrote a comprehensive overview of methods 
for introducing young learners to central ideas related to measurement, 
sampling, variability, and distributions through data modeling activities. In 
this review, they propose a framework for organizing key concepts and the 
practices through which they are expressed and understood. Although this 
framework is aimed at younger learners in classrooms, such an approach 
could be applied to learners of all ages in various settings. The learning-
focused road map starts with forming questions, and then moves into 
making decisions about relevant attributes and how they will be measured, 
organizing data and representing variability in distributions of data, and 
ultimately making inferences, which will in turn stimulate new questions 
(see Figure 4-1). Similar to other inquiry-driven approaches to science edu-
cation that emphasize doing science as engaging in interrelated practices 
(e.g., Manz, 2016; National Research Council, 2007, 2012; Schwartz et 
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al., 2009), data collection and data modeling can be connected in itera-
tive cycles. This cycle begins with forming questions, and then moves into 
making decisions about relevant attributes and how they will be measured, 
organizing data and representing variability in distributions of data, and 
ultimately making inferences, which will in turn stimulate new questions.

Several projects have looked more closely at how students learn to 
engage in practices related to scientific modeling; these projects offer field-
tested strategies and curricular resources for supporting this learning with 
topics such as genetics, Darwinian evolution, plant growth, light and 
shadows, and evaporation and condensation (Lehrer and Schauble, 2004; 
Schwarz et al., 2009; Stewart, Cartier, and Passmore, 2005). Some com-
mon features have appeared across these various projects. One feature is 
that learners generally need some prior knowledge in a topic or domain to 
ground their thinking. As has been demonstrated in many studies of cogni-
tion and learning, it is difficult for people to engage in sophisticated, pro-
ductive thinking and problem solving without a sufficient knowledge base 
to think with. For example, in scientific modeling, students working in the 
domain of genetics should already have some background in topics such as 

FIGURE 4-1  Components of data modeling.
SOURCE: Lehrer and English (2018). 
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meiosis. Modeling activities would be aimed at deepening this knowledge 
further, integrating it with new concepts, and using it to develop specific 
models. This background knowledge may come from a variety of sources—
provided by instructors and curricular materials, gathered through online 
or library research, and so forth. At the same time, it is important to set up 
the learning situation to encourage learners to be able to probe their own 
understanding of established knowledge, to raise questions about it, and 
to evaluate the credibility of their sources rather than passively accepting 
everything on authority. 

A second common feature across a variety of projects is providing suf-
ficient time for repeated cycles of data collection, modeling, and revision. 
Many of the projects reported in the literature played out over multiple 
months or even entire academic years. A third common feature is that 
teachers or teams of teachers and researchers provided systematic facilita-
tion to help guide students toward more and more sophisticated ways of 
thinking about and engaging in modeling. They did this through the types 
of assignments they made and how they sequenced them, how they modeled 
and managed classroom discourse, and the physical and representational 
resources they provided for conducting investigations and for organizing 
and representing data and models. 

The Importance of Motivation, Interest, and Identity

Motivation, interest, and identity can be thought of as inputs to, media-
tors for, and outcomes of participation in science. For example, interest in 
a science topic can motivate people to seek out information; people whose 
whole identities are welcomed and appreciated are more likely to partici-
pate in science learning activities (Rahm et al., 2003); and building identity 
as someone with something to contribute to science (Ballard, Harris, and 
Dixon, 2017) can deepen an individual’s interest in science (Bonney et al., 
2009).2

Learning research suggests that motivation, interest, and identity are 
important touchstones for learning. An individual’s identity plays an impor-
tant role in learning—both through shaping what is of interest, as well 
as what people find motivating. A spark of curiosity can develop into an 
interest, but to support long-term learning and eventual identification with 
the scientific enterprise, learners must demonstrate sustained and persistent 
motivation (Hidi and Renninger, 2006). Underdevelopment of these compe-

2 As a note, the committee wishes to acknowledge issues around motivation, interest, and 
identity are not specific to science, and are important to learning in any disciplinary context. 
For the purposes of this report, however, the committee is interested in how to support these 
outcomes in science and is discussing research with that specific focus. 
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tencies present substantial obstacles to learning, while support for the devel-
opment of these competencies can lead to achievement of science learning 
outcomes. In the “free-choice” contexts of citizen science, these constructs 
are particularly important as they are integral to the drive to participate, 
as well as the choice to stay engaged in the work. The committee finds it 
particularly important to call out this interplay of identity, motivation, and 
interest, as it is critical to support learning in citizen science.

Learning experiences can be purposefully designed in ways that sup-
port or constrain development in these arenas. In this chapter, we discuss 
these competencies as mediators for learning and their subsequent role(s) in 
learning processes. In the following chapter, we consider how citizen science 
can support their development as outcomes in science learning.

Motivation

Two primary theories support contemporary understandings of moti-
vation. Expectancy value theory posits that people are goal oriented and 
that behavior is driven by the relationship between an individual’s expecta-
tions or perceptions and the value they place on the goal they are working 
toward. Such an approach predicts that when more than one behavior is 
possible, the behavior chosen will be the one with the largest combination 
of expected success and value (Palmgreen, 1984). An alternative theory, 
achievement goal theory, was developed in order to understand the unfold-
ing or development of engagement in a task. Achievement goals generally 
refer to the purposes or reasons an individual is pursuing a task as well as 
the standards or criteria used to judge successful performance (Pintrich, 
2000; Pintrich and Schunk, 1996). This theory identifies two types of co-
mingled achievement goals: mastery, sometimes called competence, and 
performance. Mastery goals have been labeled task-goals (Nicholls, 1984) 
and learning goals (Dweck and Leggett, 1988; Elliott and Dweck, 1988), 
whereas performance goals have been labeled ego-goals (Nicholls, 1984) 
and ability goals (Ames and Ames, 1984). However, mastery and perfor-
mance goals may also comingle. 

An individual who adopts a performance goal toward learning is gener-
ally more concerned with the outcome and demonstrating his or her com-
petence to others. A person who adopts mastery goals toward learning is 
often more focused on the process of learning rather than the outcome and 
often experiences learning to be a rewarding in and of itself. In the domain 
of education, mastery goals have been articulated to focus on what learners 
should know, understand, and be able to do. Thus, mastery requires that 
individuals understand concepts, have background knowledge (content), 
and can address tasks that require critical thinking, inference, induction, 
deduction, and application of knowledge—to solve problems and address 
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issues in novel situations. In schools, students with mastery orientations 
show consistent, positive learning outcomes, engage in deeper cognitive 
strategies, and are intrinsically motivated to learn (Anderman and Young, 
1994; Lee and Brophy, 1996; Meece, Blumenfeld, and Hoyle, 1988). 

An important development in the field of motivation has been focused 
on the ways in which goals and forms of motivation are variable and con-
text dependent—that is, how the social context impacts motivation, goals, 
and participation (Nolen and Ward, 2008). Part of this social context is the 
ways in which tasks and forms of participation are intertwined. For indi-
viduals that have mastery-oriented goals, a task that does not afford con-
tinual mastery goals can lead to disengagement—if something is too easy, 
a mastery-oriented person may lose interest and seek other opportunities. 

Another important finding in the field of science education has been the 
interlocking of motivation and learning with opportunities to participate 
in the full range of scientific practices and sense-making (e.g., Chin and 
Brown, 2000). That is, motivation and learning increase when individu-
als have opportunities to develop explanations, carry out investigations, 
and evaluate knowledge claims (Blumenfeld et al., 1991). Importantly, the 
different forms of practice and activity tend to mutually reinforce each 
other—learning in one area tends to promote learning and engagement in 
another (Eveleigh et al., 2014). Furthermore, scholarship has demonstrated 
the need to carefully attend to the variation in factors that motivate or fail 
to motivate students from particular demographic groups when designing 
instruction.

Motivation is a central component of the ability to develop self-efficacy 
(i.e., feelings of “I can do this”). There is considerable evidence that people 
will work harder, perform better, and persist in the face of challenges—all 
central components in learning—if they have some sense of control and 
believe that they are capable of success (Atkinson, 1964; Eccles et al., 
1983; Hidi and Ainley, 2008; Sansone, 2009; Wigfield et al., 2006). People 
generally develop feelings of self-efficacy from past experiences, observa-
tions of others, performance feedback, emotional or physiological states, 
and social influences. As such, feelings of self-efficacy can evolve with new 
experiences.

Interest 

When people are interested in a topic or task, they are more likely 
to be attracted to challenges, use effective learning strategies, and make 
appropriate use of feedback (Csikszentmihalyi, Rathunde, and Whalen, 
1993; Lipstein and Renninger, 2006; Renninger and Hidi, 2002). With 
increased interest, participants will begin to develop and seek out answers 
to questions as they work on a project (Renninger, 2000), and they are also 
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more likely to use systematic approaches to answer these questions (Engle 
and Conant, 2002; Kuhn and Franklin, 2006; Renninger, 2000). Having 
an interest in a subject helps individuals to pay attention, learn, and retain 
more information for longer periods of time (Beier and Ackerman, 2003; 
Hidi and Renninger, 2006; National Research Council, 2000; Renninger 
and Hidi, 2011). Learning contexts that engage participants’ personal 
interests have demonstrated increased participation, particularly by people 
from underrepresented groups (Barton and Tan, 2018). 

A person’s interest in a topic may be an enduring connection to a 
domain (e.g., they have a concern about water quality and public health) 
or connection to specific features of a task (e.g., they enjoy hiking and 
being outdoors with their family). Interest is not fixed but rather develops 
over time. Interest begins with sparks of curiosity, extends to voluntary re-
engagement, and if supported, can develop into a part of a person’s identity 
(Hidi and Renninger, 2006; Renninger and Hidi, 2011). Vocational interests 
in children often change with age and seem to be particularly aligned with 
one’s social class at ages 9–13 (Cook et al., 1996), whereas beyond age 13, 
children develop differentiated and individualized career interests based on 
their internal, unique selves (Schoon, 2001). Learners of all ages can be 
supported to develop specific interests (Renninger, 2010). Beyond changes 
associated with getting older, interests are also influenced by other mutable 
factors, such as gender, race, ethnicity, and social class, all of which are 
discussed in the identity section of this chapter, below.

Identity 

Part of learning involves the construction of identities, including view-
ing one’s self as a member or part of an enterprise. We discuss two primary 
ways of understanding issues of identity and science learning including: 
(1) disciplinary identities—who develops, and how, an identity as someone 
who does science and contributes to science learning, and (2) social and 
cultural identities—how socially and culturally constructed identities such 
as racial and gendered identities intersect with learning, as well as how 
power dynamics and processes such as racialization impact learning and 
engagement.

Disciplinary identity.  In science, one particularly important aspect of learn-
ing is developing a disciplinary identity as someone who actually does sci-
ence and can contribute to science more broadly. Developing an identity 
as someone who does and can contribute to science is shaped by an indi-
vidual’s long-standing perceptions and experiences with science (Atwater 
et al., 2013), some of which may not be very positive. For example, more 
than 60 years of research has demonstrated that young people, as well 
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adults, tend to think about science as a body of facts or as a rigid, largely 
laboratory-based process that white males engage in (Finson, 2002; Mead 
and Metraux, 1957). However, this perception is changing; a recent meta-
analysis of more than 50 years of “draw-a-scientist” surveys collected from 
more than 20,000 children in the United States shows drawings depicted 
more female scientists in later decades, especially among younger children 
(Miller et al., 2018). 

Social and cultural identities.  This research also highlights the ways in 
which individuals develop, even if implicitly, gendered and racialized per-
spectives about who does science; thus, social identities and disciplinary 
identities are intertwined, which we explore in the following section. It 
is important to note the ways in which these issues exclude people and 
influence the progress and relevance of science. For example, the increased 
participation of women and scientists from nondominant backgrounds has 
led to important new foundational knowledge in several fields of science. 
The environmental justice community draws a link between the historical 
exclusion of certain communities from science and the prevalence of toxic 
areas within communities of color. 

The ways in which researchers have investigated the construction, 
reinforcement, and interaction of social and cultural identities with learn-
ing has shifted over time. An individual’s social and cultural identity shapes 
how he or she will engage with science and what each will learn from these 
experiences. Similarly, these identities will influence the extent to which 
they come to identify with science or as someone who can contribute to 
science. The next chapter will explore the ways in which these identities 
intersect with, influence, and are influenced by science learning outcomes 
in citizen science. 

Scientific Reasoning, Epistemological Thinking, and the Nature of Science

The concepts covered in this subsection—scientific reasoning and epis-
temological thinking3—correspond to Strand 2 (using arguments and fact 
related to science) and Strand 4 (reflecting on science as a way of know-
ing). Critical thinking and reasoning in science involve a number of factors 
that must be coordinated in complex ways. Learners need to develop an 
understanding of how to differentiate among facts, hypotheses, theories, 
and evidence, and how data can gain meaning as they are used to evaluate 
potential explanations (King and Kitchener, 1994; Kuhn, 1999; Smith et 
al., 2000). Further learning objectives involve knowledge of how research 

3 Epistemological thinking understands the nature of building knowledge in science and the use 
of the methods of science to develop knowledge through scientific inquiry and argumentation.
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designs, sampling, and measurement methodologies provide frameworks 
by which research questions and hypotheses are related to data, and how 
these methodologies can enable or limit the strength of the inferences that 
can be drawn from data. A central example of this is distinguishing when 
patterns of evidence do and do not warrant conclusions about causality 
(Kuhn et al., 1995; Schauble, 1996). Closely related to these abilities is the 
process of scientific argumentation, whereby people construct knowledge 
claims, justify them with evidence, consider and critique alternative claims, 
and revise claims (Berland and McNeill, 2010). There is general consensus 
among learning scholars that acquiring competence in scientific reasoning, 
argumentation, and discourse requires rich and extended opportunities to 
engage actively in these as practices (National Research Council, 2007, 
2012). 

Scientific reasoning entails learning to coordinate knowledge claims 
with evidence, but this, in turn, depends on understanding that there is 
a difference between claims and evidence or between facts and beliefs. 
Researchers who study epistemological development in children and adults 
in Western cultures typically propose that there is a general progression 
in the development of epistemological understanding (Hofer and Pintrich, 
1997; King and Kitchener, 1994; Kuhn, 1999; Perry, 1970). An early view 
takes a dualistic stance toward knowledge, believing that all knowledge is 
unproblematically true or false and can be known with certainty by authori-
ties. Facts are seen as a direct representation of reality, and experts should 
not disagree unless one knows less, has made a mistake, or is intention-
ally lying. Further in the progression, some uncertainty may be admitted, 
but it is seen as temporary. Eventually, an individual may recognize that 
knowledge is uncertain and that different people can have different subjec-
tive views, but he or she may still not fully distinguish between theory and 
evidence and may not feel that how well a belief is justified by evidence 
can or should be adjudicated, because it is a matter of personal opinion. 
Evidence may be seen more as an illustration of a belief than a justification 
for it. At more advanced levels, knowledge is viewed as something that is 
actively constructed and must be supported and justified by evidence. Dif-
fering interpretations of evidence vary in how well-grounded they are, and 
even experts’ judgments can be productively questioned. One’s own beliefs 
and conclusions are also open to revision based on new evidence or new 
interpretations of evidence. Individuals with this stance see knowledge as 
constructed and view themselves as active meaning-makers. 

Both longitudinal and cross-sectional studies indicate that the most 
advanced levels are uncommon even among graduating college seniors 
(King and Kitchener, 1994), and are most often seen among advanced 
graduate students. However, older adults, noncollege-educated adults, and 
non-Western populations have not been well-represented in research sam-
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ples (for an exception, see Belenky et al., 1986). It is possible that older 
individuals may bring more sophisticated critical thinking skills and more 
advanced beliefs about what they think knowledge is and how it is gener-
ated as a result of work and life experience.

While there are clear developmental progressions in epistemological 
thinking, current theories generally do not conceive of them in terms of 
fixed all-or-nothing stages, and the same individual may show somewhat 
more or less sophisticated reasoning or may draw on alternative views of 
knowledge and knowing as a function of the situation and the types of 
supports available in the environment. There is also evidence of the impor-
tance of structured learning opportunities: younger learners are capable of 
advancing in their epistemological reasoning and their use of evidence to 
support arguments in appropriate science contexts (Berland and McNeill, 
2010; Smith et al., 2000); at the same time, adults may not commonly 
achieve higher levels of sophistication spontaneously without such learn-
ing opportunities (King and Kitchener, 1994). Kuhn (1999) argues that, 
in addition to epistemological knowledge, critical thinking also involves 
metacognitive knowledge—that is, an individual becomes more aware of 
his or her own thinking and is able to intentionally reflect on it and also 
control it by monitoring it and selecting strategies to manage critical think-
ing. Constructing a rebuttal in science, for example, requires this kind of 
complex, controlled thinking to evaluate the strengths and weaknesses of 
counterclaims and to generate and evaluate support for one’s own claims. 

Sociocultural perspectives are an important additional lens for under-
standing how epistemologies and scientific reasoning develop. They also call 
attention to variations in how people from different cultural backgrounds 
think about knowledge and the sources and processes that create and 
validate knowledge (e.g., Bang and Medin, 2010). Globally, many different 
cultures have developed sophisticated epistemologies based in systematic 
observations of nature. The traditional ecological knowledge of Indigenous 
communities is one example. The interplay of indigenous epistemologies 
and more mainstream scientific disciplines has been productive for a range 
of topics including, but not limited to, ecosystem management, fisheries, 
agroforestry, animal behavior, medicine, and pharmacology. Traditional 
knowledge not only brings diverse ideas to these areas of study, but also is 
associated with a cultural framework of respect, reciprocity, and responsi-
bility (Kimmerer, 1998; Pierotti and Wildcat, 2000). Although traditional 
ecological knowledge has recently been formally recognized as having an 
equal status with Western scientific knowledge (United Nations Environ-
ment Programme, 1998), it has historically been marginalized or ignored 
in the scientific community (Salmon, 1996). 

While European and Western scientific epistemologies have been pro-
ductive in many contexts, history is rife with examples in which it has 
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been used to oppress certain peoples. For example, colonists have utilized 
biased, ethnocentric tests to support racist ideals and assert their cultural 
superiority over colonized people, resulting in a legacy of persistent distrust 
and alienation of some cultures or communities from scientific research. 
Sociocultural analyses emphasize that the ways of knowing associated with 
Western science are not culturally neutral, and they have been privileged in 
part because they have been associated with power and dominant culture 
(Agrawal, 1995). 

Some recent projects have attempted to develop new approaches to 
community participation in and support for science and science education 
by taking an explicitly integrative approach toward epistemological differ-
ences. In formal education contexts, for learners who recognize differences 
in the orientations of their home culture and that of western science, effec-
tive instructors can help students negotiate “border crossings” between 
the different ways of thinking (Aikenhead and Jegede, 1999; Costa, 1995). 
For example, Bang and Medin (2010) describe how a large project col-
laborating with urban and rural Native American communities blends the 
practice of science with elements of culturally based epistemological orien-
tations, such as the stance that humans are an interconnected part of the 
natural world rather than independent and external from it. An integrated 
approach that relies on the participation of community members (e.g., elder 
input, use of traditional language, community participation in the research 
agenda, respect of cultural value, informed consent) may be useful to 
remove the implicit privileging of Western scientific thinking and recognize 
the importance of different cultural values and orientations. Place-based 
educational programs that are co-created and implemented with members 
of indigenous communities have demonstrated success in helping Native 
American learners to navigate multiple epistemologies and deepen their 
understanding of science related to plants, animals, and ecology while also 
appreciating the historic legacy and contemporary relevance of their own 
communities’ knowledge and experience of the natural world.

Fluency in science also includes an understanding of the nature of 
science, which includes an in-depth understanding of the histories, phi-
losophies, and sociologies of the institution of science. This metacognition 
also requires an awareness of the values implicit in scientific endeavors 
that shape the products of science, and an awareness of the ways in which 
science is not neutral and subject to constant review. It also includes an 
understanding of how science knowledge is built and the notion that there 
is a community of scientists working together to build knowledge through 
the use of scientific practices. Mastery of these concepts is embodied in 
Strand 4, reflecting on science as a way of knowing. 

There is general agreement about the important concepts that are part 
of the nature of science (McComas and Olson, 1998; National Research 
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Council, 2007; Osborne, Simons, and Collins, 2003). First and foremost, 
understanding the nature of science recognizes that science is an empiri-
cal way of knowing about the world that utilizes transparent methods to 
make evidence-based claims. Science is an ongoing enterprise: Knowledge 
acquired scientifically is subject to continued review and revision. It is also 
important to understand that scientific knowledge is partially based on 
human inference, human imagination and creativity, and the social and 
cultural contexts in which it is formed. Data are collected and interpreted in 
context: current scientific perspectives, cultural influences, and the experi-
ences and values of individual scientists all matter in the building of scien-
tific knowledge. Third, there is no unitary scientific method. Instead, science 
is built on a number of methods, which like scientific knowledge in general, 
are subject to constant innovation, creativity, and revision. Finally, science 
can be understood as an epistemological framework, and even that frame-
work is subject to revision as new ideas. In fact, thinking about the way in 
which learners approach science can yield insight into how the nature of 
science itself evolves over time. 

It has been argued that engaging students in authentic science experi-
ences contributes to their understanding of the nature of science (Schwartz 
et al., 2004), but evidence suggests that it is important to explicitly teach 
students about the nature of science (Abd-El-Khalick and Lederman, 2000). 
Because citizen science engages directly in scientific activity, it has the 
potential—though largely unrealized and not without significant supports—
to provide opportunities to learn about the nature of science. 

SUMMARY

This chapter outlines some of the most current understandings of 
how people learn, and how people learn science. As we explain through-
out this chapter, individuals learn, they learn through interaction with 
others, and their learning occurs in a broad landscape that is influenced 
by culture, practice, and history. Historically, inequities in society have 
affected people’s opportunity to learn by discounting or neglecting cultural 
knowledge and prior experience. Attending to those prior experiences and 
providing learning opportunities that welcome the individual, social, and 
sociocultural aspects of learning are especially effective for addressing these 
inequities and provide enriched opportunities for all learners. 

As we will see in the next chapter, awareness of the multiple factors that 
influence learning provide opportunities to build rich learning experiences 
that leverage and build out from citizen science. At the same time, research 
on learning reveals that any learning, including learning is citizen science, 
occurs in a larger ecosystem of learning opportunities and experiences. 
That means design and practice of citizen science for learning should be 
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considered within a broader landscape of learning experiences, which can 
inform, enrich, and extend learning opportunities in citizen science. The 
next chapter will discuss these learning processes in the specific contexts of 
citizen science projects.
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5

Citizen Science as an Opportunity 
for Science Learning

Having discussed in depth the processes of learning and the specific 
kinds of learning that occur in science in the previous chapter, we now turn 
to a discussion of how citizen science can be an opportunity for supporting, 
facilitating, and extending science learning. Each section in this chapter 
represents a learning outcome in science; for each, we will discuss how 
citizen science can address the outcome, with examples from citizen science 
projects of the strategies and practices used to advance those outcomes. As 
mentioned in Chapter 4 and illustrated here, learning outcomes in citizen 
science are intertwined: learning related to one outcome can reinforce, build 
on, or set the stage for learning related to other outcomes. Application of 
a single practice or strategy in citizen science may advance learning across 
several outcomes; and a single learning outcome may be advanced through 
the interplay of several elements of citizen science. 

Given these observations, the committee chose to organize this chapter 
around learning outcomes: Because the framework of the strands has util-
ity and widespread use beyond citizen science, it allowed the committee 
an opportunity to consider how the field of citizen science can fit into an 
established scholarly landscape. The sections presented here are organized 
by how “proximal” citizen science is to each learning outcome, that is, how 
easily participation in citizen science can be leveraged toward achieving the 
outcome described. Where achieving an outcome through citizen science is 
more challenging, we aim to offer examples of how those challenges can 
be mitigated. 

In order to identify the examples of learning in citizen science high-
lighted below, the committee first conducted an ad hoc review of 28 typical 
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citizen science projects (see Appendix D of this report). In executing this 
review, the committee was able to identify trends in how citizen science 
projects provide supports for learning, as well as what evidence for learning 
these projects cite when describing their work. This review is also critical to 
our discussion of project design in Chapter 6; so that we may be useful to 
the field in offering assistance related to how to leverage design for learning, 
we wanted to first ensure that we fully understood the existing landscape 
of what projects are currently doing to support learning. 

As we describe below, there is evidence that many kinds of science 
learning can occur through participation in citizen science. This chapter 
represents the science learning outcomes where research in citizen science 
currently exists: As a note, the committee did not find enough research to 
effectively discuss the role of citizen science in supporting the development 
of the understanding of the nature of science, and as a result we have not 
discussed that learning outcome below. More research on this and other 
learning outcomes is certainly needed, an issue discussed in depth in the 
final chapter of this report.

One final note: it is important to note that not all citizen science proj-
ects are poised to support all kinds of science learning outcomes. In fact, 
participation in a project may not necessarily lead to learning on any front. 
With that said, some projects may be well-suited to pursue one particular 
outcome or another, while other projects may need some adaptation in 
order to get at the more challenging, less proximal learning outcomes. 
Where we use examples below, they are intended to serve as case examples 
of how pursuing one learning outcome might look in action. As we will 
describe in the following chapter, context and design choices are critically 
important factors in determining the extent to which a project supports 
science learning. These factors and others must be considered in the design 
of citizen science intended to achieve science learning.

PROXIMAL LEARNING OUTCOMES IN 
CITIZEN SCIENCE LEARNING

In the following sections, we will discuss science learning outcomes that 
are proximal to citizen science; that is, outcomes that are relatively easy to 
achieve through participation in a citizen science project. In each section, 
we will discuss how these outcomes manifest in existing citizen science 
projects, and unpack how specific project activities support participants’ 
development in each outcome. Where appropriate, we also attempt to iden-
tify how mastery of specific outcomes improves individual performance in 
the citizen science project, thereby improving the quality of participation. 
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Motivation and Interest as Science Learning Outcomes in Citizen Science

In Chapter 4, we discussed the role of identity, interest, and motiva-
tion as mediators for learning science. Given these different but interrelated 
constructs, we turn now to how citizen science can support the development 
of these competencies as learning outcomes. Though these constructs may 
act similarly when serving as mediators in the learning process, fostering 
interest and motivation as learning outcomes through participation in sci-
ence is very different from cultivating identity. For this reason, we turn to 
the outcome of identity later in this chapter, as the committee views identity 
development as more distal to the work of citizen science.

As discussed in Chapter 4, when people are interested in a subject 
area, they are more likely to attack challenges, use effective learning strate-
gies, and make appropriate use of feedback (Csikszentmihalyi, Rathunde, 
and Whalen, 1993; Lipstein and Renninger, 2006; Renninger and Hidi, 
2002). The EyesOnALZ citizen science project leverages interest in order to 
motivate participants and improve participant performance in the project 
(EyesOnALZ, 2018). This project relies on crowdsourcing data analysis to 
accelerate the pace of research into the links between blocked blood vessels 
in the brain (stalls) and Alzheimer’s disease. In an online game-like envi-
ronment, participants learn to use a virtual microscope to analyze blood 
flow to identify stalls in mouse blood vessels. Participants are also offered 
support and encouragement, which are included with all training materials 
in the form of a 1-minute video, online help guides, instant feedback from 
experts, and other “catchers” who are available to support learning.

Other citizen science projects have also found competition and gami-
fication to contribute to motivation for participants, for example, Old 
Weather (Eveleigh et al., 2013) and Zooniverse (Greenhill et al., 2014). An 
analysis of gamification in Biotracker suggested that this was a particularly 
important attractor for millennials (Bowser et al., 2013), while in-depth 
interviews with participants in Foldit and EyeWire suggested gamification 
was more effective at sustaining the interest of participants than attracting 
new participants (Iacovides et al., 2013).

Citizen science projects may also choose to focus more on performance-
oriented goals, especially if there is an emphasis on externally determined 
and validated data collection. For example, the Vital Signs Experience 
presents multiple “missions” through which participants can investigate the 
presence of native and invasive species in different habitat types throughout 
Maine (Vital Signs Experience, 2018). It is essential that documentation of 
invasive species is accurate and precise for this investigation, so the online 
data submission process includes an evaluation of evidence, with quality 
control and peer review steps. Online profiles of the program’s profession-
als include detailed explanations on how citizen data are utilized, which 
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serve to remind participants of the need for quality control. In this case, the 
outcome for the project (high-quality data) hinges on the interest of partici-
pants: Project designers are able to capitalize on participants’ commitment 
to the project content in pursuit of accurate, high-quality project data.

It is also important to consider how participation that occurs in a non-
voluntary context (such as a formal education setting where a grade might 
hinge on participation) might influence learning outcomes. The resources 
and structure available in a formal education setting may positively sup-
port the development of motivation and interest, but negative consequences 
associated with lack of participation or “incorrect” participation could also 
have deleterious impacts on participant motivation. To the extent that free 
choice is one important mechanism in developing interest in science, it is 
important to consider the extent to which that free choice may be eroded 
for potential participants.

For participants who choose sustained participation in a project, there 
can be multiple, repeating opportunities to work on a progression of goals, 
during which regular performance feedback can serve to nurture the par-
ticipant interest. Even for people who choose less frequent participation, 
activities can be presented with incremental performance goals to align 
with participant abilities and desires. Projects can capitalize on individuals 
perceiving some inherent worth in the focal phenomena or questions, where 
those individuals believe that participating in answering these questions are 
likely to yield successful outcomes. In EyesOnALZ, for example, partici-
pants are often reminded that they are contributing to finding a cure for 
Alzheimer’s disease, which may speak to and serve to extend any manner 
of personal motivation for participating.

Projects can also support individuals who have some degree of mas-
tery-oriented goals. Avid birdwatchers may be attracted to citizen sci-
ence programs such as Project FeederWatch, which relies on observations 
from birdwatchers to track broad-scale movements of winter bird popu-
lations and long-term trends in bird distribution and abundance (Project 
FeederWatch, 2018). Participants can choose to take their bird knowledge 
to the next level by accessing online tools that describe how to identify 
bird species, how to recognize bird diseases, and how participant data are 
utilized across the study. 

Using Scientific Tools and Participating in 
Science Practices in Citizen Science

Citizen science can also provide a useful context for learning about 
the use of scientific tools and practices. Indeed, the “real-life” feature of 
many citizen science projects facilitates a space in which participants are 
often able to immerse themselves directly in the use of project-specific tools, 
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protocols, and methods, enabling an up-close experience with “doing” sci-
ence. The discrete skills that may be gained through participation in citizen 
science map directly onto this particular learning outcome.

As discussed in Chapter 2, although activity in citizen science may 
involve any number of scientific activities, data collection and observation 
are the most common kinds of citizen science activities available for partici-
pation. The skills necessary to perform these functions are not unsophisti-
cated: they rely on sufficient knowledge to distinguish significant features of 
a data set or object from less significant features, as well as mastery of the 
procedural knowledge necessary to perform the tasks at hand. Participation 
in citizen science can build in an opportunity to extend these skills through 
initial training, practice, and regular feedback.

One example of how citizen science can provide a context for learning 
related to scientific tools and practices (along with science content knowl-
edge) is a project known as the Coastal Observation and Seabird Survey 
Team (COASST, 2018), which has focused on monitoring beached birds 
since the year 2000. Currently, there are approximately 800 participants 
involved in data collection at hundreds of beaches on the West Coast of 
the United States. COASST staff lead training workshops for volunteers to 
learn the skills they need to collect rigorous data for coastal monitoring and 
management, with some training materials available on the project website 
as well. Volunteers learn how to safely and accurately take measurements of 
beached seabirds, use keys and field guides to identify bird species, and then 
tag carcasses so that future survey efforts will not recount them. Volunteers 
are guided through proper data entry on standardized forms, and then 
instructed to upload all data and photos to the data entry portal following 
the survey. After initial training, participants are actively engaged in their 
recently acquired project skills during monthly beach surveys. COASST 
participants are also asked to engage in the same scientific practices as 
experts in order to classify specimens at the species level. After a single 
5-hour training, participants can correctly identify species 85 percent of the 
time (Parrish, 2013). With extended participation, volunteers can see how 
their individual contributions are aggregated and used to establish baseline 
temporal patterns of carcass occurrence and then investigate whether and 
how systems are changing, both locally and at larger scales (Jones et al., 
2017).

Another project where citizens learn how to collect data to answer 
research questions is the West Oakland Environmental Indicators Project 
(WOEIP, 2018). This project, which has been ongoing for more than 
17 years, was developed after West Oakland residents identified diesel 
traffic as an issue of concern in their neighborhoods. In this community-
based participatory research project, local residents collaborate with aca-
demic partners from the Pacific Institute in order to evaluate the air quality 
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of residential areas in West Oakland, California. Residents learn how to 
use professional air monitoring equipment and Global Positioning System 
(GPS) devices to collect data as they walk around their houses and schools. 
In addition to learning about how to use project equipment, the project’s 
formal training program offers 12 hours of leadership training on topics of 
the development of the Port of Oakland, the impact of the freight transpor-
tation industry on local development, the health impacts of diesel exhaust 
and air pollution, technological solutions to air pollution, how the air qual-
ity regulation works, and how to advocate successfully for social justice and 
community health. In learning how to use the equipment, participants can 
collect enough firsthand data to support their own community leadership: 
In the past, residents have also surveyed streets to estimate traffic volume 
as well as the routes and speeds of heavy-duty trucks along the surface 
streets and freeways in West Oakland, which led to strategic partnerships 
between diverse stakeholders and ultimately policy-level changes in truck 
route ordinances (Gonzalez et al., 2011). In this case, mastery of project 
tools is a precursor to engaging in other community activities. 

The Acadia Learning Project is an example of a citizen science project 
developed exclusively to form partnerships among teachers, students, and 
scientists (Acadia Learning Project, 2018). There are multiple projects 
within the overarching program (e.g., investigating snowpack, mercury in 
watersheds, and nitrogen cycling in watersheds) with data collection and 
analysis activities designed to align with many different educational stan-
dards. For example, to learn more about the prevalence of mercury in the 
environment, students and teachers collect samples of invertebrates, fish, 
plants, and soil. They may take measurements of mass or weight, size, or 
species abundance, and collect samples to send to a lab where mercury 
concentrations will be analyzed. The identified requirements of scientists, 
teachers, and students were notably different, which created some con-
flict in the program initially (Zoellick, Nelson, and Schauffler, 2012). For 
example, teachers and students needed assistance developing skills to create 
and interpret graphs of data from the project, and the learning outcomes 
specified in state educational standards did not mesh with the research 
questions of interest to the scientists. The Acadia Learning Project and 
their teacher partners navigated these tensions by implementing profes-
sional development for teachers focused on helping students develop good 
research questions and facilitating opportunities for the students to be of 
service to scientists by carefully following field protocols related to the 
scientists’ research. Zoellick, Nelson, and Schauffler (2012) suggest that it 
can be helpful to have a third party, such as a university-based project team, 
who understands the needs of all of the participants to take responsibil-
ity for the overall success of the project and to manage both parallel and 
intersecting efforts. 
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Learning Project-Specific Disciplinary Content in Citizen Science

Participation in citizen science regularly requires some facility with the 
science content at hand, and often asks participants to engage with new or 
unfamiliar content. The committee found evidence that scientific domain 
content learning occurs in citizen science. Many ecologically focused scien-
tific and community projects, such as projects engaged in species observa-
tion or air and water quality monitoring, require participants to develop 
expertise in identifying and documenting species or other natural phenom-
ena and gathering and organizing related data. This can range from making 
simple visual observations or routine measurements at fixed times or loca-
tions to more complex activities such as identifying and providing scientific 
evidence of observed instances; to discerning and predicting patterns to 
optimize the likelihood that irregular or unusual cases will be sampled; 
to solving nonroutine problems that may arise under changing conditions 
in the field. In order to conduct these activities, participants require suf-
ficient relevant disciplinary content knowledge. In the examples below, we 
identify how projects supported the development of relevant disciplinary 
content knowledge.

In the Wildcam Gorongosa project, a network of motion-sensitive trail 
cameras snap photos of animals throughout the Gorongosa National Park 
in Mozambique (Wildcam Gorongosa, 2018). Participants contribute to the 
massive species identification efforts by identifying and classifying animals 
that appear in the images. For unfamiliar species, the online identification 
tool allows users to develop enough content knowledge to make decisions 
based on body shape, pattern, color, and the presence of horns. Users are 
encouraged to make their best guess with the reassurance that many people 
review the same photo and experts will verify any cases of substantial 
disagreement. 

While there may be a tendency to dismiss or undervalue species iden-
tification tasks as involving “simple fact learning,” such an attitude often 
belies the nature of the learning that needs to occur and sheds little light 
on how to improve performance and outcomes. For example, accurate 
species identification is typically more complex than merely checking off 
whether a specimen has a couple of distinguishing features. Considerable 
within-species variation (e.g., juvenile versus adult forms, gender differ-
ences, and seasonal and individual variation) is not uncommon. At the 
same time, instances from other categories may share many similarities. 
Identification may also involve degraded samples (e.g., carcasses, partial or 
blurred photographs, instrument calibration issues) or nonvisual evidence, 
such as auditory calls, such that experienced participants must develop 
enough content knowledge to be able to recognize and discriminate species. 
In Wildcam Gorongosa, successful participation hinges on mastery of these 
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content details, and the project is specifically designed to help participants 
get to that level of mastery through participation.

An example of a project that developed content knowledge in the field 
of biochemistry is Foldit (2018). Foldit1 is a multiplayer online game in 
which players work in the computationally challenging domain of protein 
structure prediction. Experienced human players—most of whom do not 
have prior experience in molecular biology—have been able to match or 
outperform state-of-the-art automated computational methods in both their 
ability to remodel complex protein structures and their ability (both indi-
vidual and collective) to generate and refine creative strategies for exploring 
this very large and complex problem space (Cooper et al., 2010). Foldit 
players have independently discovered new algorithms that parallel those 
developed by professional scientists (Khatib et al., 2011a), and they have 
generated successful models for structures that had eluded prior attempts 
in research labs, such as the crystal structure of a monomeric retroviral 
protease, which is now providing insights for the design of antiretroviral 
drugs (Khatib et al., 2011b). Foldit players who come to perceive the orga-
nization of complex protein structures are demonstrating the often-impres-
sive results of successful learning processes, such as perceptual learning 
described in Chapter 4. With extended experience, Foldit players fine-tune 
their three-dimensional spatial reasoning skills and their problem-solving 
strategies to the particular requirements of this domain and the entities they 
encounter in it. 

Summary

It is clear from these examples that sophisticated learning occurs in 
citizen science projects. However, research exploring learning processes in 
citizen science, such as how participants acquire the expertise needed for 
a particular project, has been noticeably absent. Attending more deliber-
ately to learning is a promising strategy for improving the consistency and 
quality of learning in citizen science, and for contributing to other project 
outcomes that depend on learning, such as collecting high-quality data. 

1 The committee notes that Foldit is on the boundary of what the committee considered as 
citizen science, as it is possible to participate in Foldit without any awareness of the underly-
ing scientific content or the project’s larger-scale scientific goals. Nevertheless, the committee 
includes this example here as it provides a well-documented example of how one might learn 
content through citizen science practices.
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DISTAL LEARNING OUTCOMES IN SCIENCE

In considering all of the science learning outcomes discussed in 
Chapter 4, the committee noted several learning outcomes that were distal 
to citizen science in that they are possible to achieve, but need more con-
scious planning or effort on the part of project designers. In the following 
sections, we discuss these distal outcomes. As noted in Chapter 4, these 
outcomes are distal in any learning context, not just citizen science: achiev-
ing mastery in these arenas requires intentionality on the part of educators. 
As with the sections above, we will discuss how specific project activities 
can be leveraged in support of participants’ development in each outcome. 

Developing Understanding of Explanatory 
Scientific Concepts in Citizen Science

Chapter 4 discusses the import of conceptual change in learning gener-
ally, and specifically in science. As mentioned in our discussion in Chapter 1 
about what kinds of citizen science projects we considered in our investi-
gation, the committee looked at projects beyond those solely focused on 
achieving scientific goals. As conceptual change is not necessarily one of the 
easiest learning outcomes for citizen science, much of the evidence reviewed 
in this section is from approaches inspired by citizen science that have been 
successfully applied in more focused educational contexts. Learning goals 
involving conceptual change and development typically depend on more 
active facilitation, structuring, and sequencing of learning materials and 
opportunities over substantial periods of time. As such, learning outcomes 
involving conceptual change and development may be easier to achieve in 
formal educational settings because of the opportunities for more extensive 
and sustained support for learning.

Designers should not be surprised if participants bring intuitive or 
naïve knowledge that is not consistent with scientific explanations of the 
natural world. The conceptual change literature has documented common 
misconceptions in the physical sciences related to matter, force, and energy 
(Chi, Feltovich, and Glaser, 1981; Chi, Slotta, and deLeeuw, 1994; Clark, 
2006; McCloskey et al., 1980); in the life sciences related to variability 
and natural selection in evolution, ecology (Munson, 1994), the opera-
tion of the circulatory system, and processes such as photosynthesis and 
respiration (Anderson, Sheldon, and Dubay, 1990); and in earth and space 
sciences related to explanations of day/night cycles, seasons, the solar sys-
tem, and planetary rotation and orbits (Borun, Massey, and Lutter, 1993; 
Vosniadou and Brewer, 1992, 1994). Scientific phenomena that involve 
extreme scales of time and space are also challenging for naïve individuals 
to process (Jones et al., 2007; Libarkin, Kurdziel, and Anderson, 2007). 
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Partial change or changes in thinking that are confined to some contexts 
are also not uncommon. 

Although there is virtually no direct research on conceptual change 
as an outcome of citizen science learning experiences, we speculate that 
aspects of some citizen science activities may support conceptual change. 
For example, some participants engage in citizen science over a long period 
of time and have successive opportunities to broaden and deepen their 
involvement (e.g., by seeing patterns of data over time, by participating in 
intensive workshops with scientists and scientifically trained facilitators, by 
becoming a mentor or trainer, or by engaging in more phases of a project) 
(Bonney et al., 2009). Also, many science educators see potential opportu-
nities to enhance existing citizen science projects with additional learning 
activities and curricular resources or incorporate citizen science–style activi-
ties within a curricular sequence.

For projects interested in positioning citizen science activities as part of 
an intentional effort to promote conceptual change, a more recent approach 
termed “learning progressions” may be of interest (Corcoran, Mosher, and 
Rogat, 2009; National Research Council, 2012). Learning progressions 
focus on core concepts, such as the core disciplinary ideas and associated 
science practices outlined in A Framework for K–12 Science Education 
(National Research Council, 2012) and use empirical research on students’ 
learning to pose testable hypotheses about how learning progresses over 
multiple years. Learning progressions describe coherent pathways and 
sequences so that learners’ ideas can be developed and reconceptualized 
over time to achieve mature, scientific understanding (Wiser, Smith, and 
Doubler, 2012). Several learning progressions have already been systemati-
cally developed for key science topics, such as water, energy, and carbon 
cycling in socioecological systems (Gunckel et al., 2012; Jin and Anderson, 
2012; Mohan, Chen, and Anderson, 2009); genetics (Duncan, Rogat, and 
Yarden, 2009); the nature of matter and atomic molecular theory (Smith et 
al., 2006; Stevens, Delgado, and Krajcik, 2010); force and motion (Alonzo 
and Steedle, 2009); and evolution (Catley, Lehrer, and Reiser, 2005). Active 
efforts are under way in other scientific domains.

The “iEvolve with STEM” program (iEvolve, 2018) presents an exam-
ple of how citizen science activities can support learning progressions and 
the related conceptual change. In this program, two school districts present 
science teachers with the option of participating in a variety of citizen sci-
ence projects for students in grades 3–5 and grades 6–8. To support science 
learning, curriculum is developed by a team of lead teachers: Curriculum 
development experts who generate structured templates, curriculum maps, 
and cross-curricular lesson planners. A 3-year program of teacher profes-
sional development, involving summer workshops and monthly meetings, 
begins by ensuring that teachers are comfortable and confident leading 
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hands-on inquiry-based learning, and knowledgeable in specific science con-
tent knowledge. The second year focuses on understanding the true nature 
of scientific research by refining skills and methodologies related to data 
collection, analysis, and reporting. The third year focuses on optimizing 
teaching methods, improving assessment, and ensuring the sustainability 
of projects in subsequent years. This intensive approach may not be neces-
sary to support all learning outcomes, but programs that can bring together 
researchers, educators, and curriculum professionals are much more likely 
to be able to support longer term learning outcomes associated with con-
ceptual change.

Citizen science may also appeal to educators who are interested in 
supporting conceptual change and development of a deep understand-
ing of core disciplinary ideas in science (e.g., those ideas described in the 
National Research Council’s 2012 report) within a formal education set-
ting. Because some citizen science activities can be productively sustained 
over longer periods of time (which is important when the goals of science 
learning involve conceptual change and development), it can be leveraged 
in support of gradual processes requiring extended learning opportuni-
ties. While a concern with developing deeper conceptual understanding of 
foundational ideas in science is typically thought of as a goal for school 
students, it is worth noting that citizen science could potentially provide 
unique and uncommon opportunities for adults who wish to do this but 
who do not have access to or who are not involved in formal education 
settings. Moreover, because citizen science–style projects and activities can 
provide a natural way to infuse the learning of core concepts with science 
practices (as is strongly advocated in the NGSS Framework and Standards), 
tools, and resources provided by a citizen science project can support an 
enriched set of practices, such as data analysis, modeling, and interpreta-
tion. Mastery of these outcomes can in turn spur deeper understanding of 
science concepts and how they are related. 

Identity in Science

Chapter 4 discusses the complexity of identity as both a mediator and 
an outcome in science learning. These constructs are tricky to untangle: An 
identity as someone whose ideas are welcome in science and as someone 
who has the ability to contribute to science mediates participation, and 
those identities can be reinforced by positive experiences participating in 
science. 

Participation in citizen science is poised to support the development 
of both disciplinary identities (someone who actually does science and can 
contribute to science) and social and cultural identities (the extent to which 
participants are able to integrate their cultural selves into the culture of sci-
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ence). This is particularly true for participants who come to science from 
nondominant communities that are not always widely represented or visible 
within the institution of science. As discussed in Chapter 4, researchers have 
documented how recognizing and honoring different identities in learning, 
for example by inviting elders to share indigenous knowledge in the course 
of the project, can open new learning opportunities for learners from non-
dominant backgrounds (Aikenhead and Jegede, 1999; Bang et al., 2010; 
Morris, Chiu, and Liu, 2015). Indeed, this becomes particularly important 
with respect to developing disciplinary identities for learners from under-
represented groups because of the historical trends with respect to who 
does science, and to what extent their contributions are recognized—or not. 

The contributors to the broad range of scientific knowledge are diverse, 
with important innovations and insights coming from all over the world, 
and reflecting many cultures, but the culture of modern science is domi-
nated by Euro-American norms and emphasizes Western contributions. 
Learning environments concerned with equity need to include deliberate 
interventions in dominant narratives and perspectives by including multiple, 
diverse forms of relevance and contributions as part of peoples’ experiences. 
Further, while this is especially important to successfully engaging more 
underrepresented groups, highlighting a diversity of perspectives can lead 
to better social interactions for all learners (Rosenthal and Levy, 2010). 
Additionally, intentionally showing respect for and engagement with mul-
tiple perspectives can lead to more rigorous learning and problem solving 
(Rosenthal and Levy, 2010). 

Through participating in citizen science, individuals as well as com-
munities can be empowered to make decisions about what to study, how 
research should be conducted, and who should be involved in scientific 
matters. Informal science experiences, such as those offered through citizen 
science projects can provide people, especially those from underrepresented 
backgrounds, valuable opportunities to practice and develop their con-
nections to science (Farland-Smith, 2012; Rahm and Ash, 2008). These 
opportunities may be especially valuable for learners who are navigating 
conflicting identities from their home culture, as they look for activities 
that align with the values and practices of their home communities and the 
scientific community. It is important to recognize that individuals first need 
to be made aware of opportunities to engage in science, including citizen 
science projects. To this end, SciStarter embeds its project database on the 
Websites of partners including the National Science Teachers Association, 
PBS, Discover magazine, libraries, museums, and more (SciStarter, 2018). 
The contexts surrounding citizen science projects are filled with opportuni-
ties to engage with families and diverse communities. 

As discussed in Chapter 3, considering who is learning through par-
ticipation in citizen science and adopting an asset-based approach to sup-
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porting that learning can ultimately facilitate mastery of desired learning 
outcomes: the multiple ways of knowing within a citizen science project 
should be considered a source of the creative perspectives and approaches 
necessary for progress in the scientific endeavor. One example of a pro-
gram using a foundation of traditional indigenous knowledge is the Urban 
Explorers Program designed by the American Indian Center in Chicago; 
this program helps the community cultivate the land in alignment with 
indigenous land management practices (American Indian Center, 2018). 
Indigenous Science Days encourage participants of all backgrounds to 
gather in different outdoor locations throughout Chicago to learn about 
culturally relevant seasonal activities (e.g., harvesting, land restoration and 
management, invasive species removal, planting) through traditional indig-
enous practices. Although the program was not designed or facilitated by 
professional scientists, it provided an opportunity for community members 
of all backgrounds to become familiar with Indigenous ways of knowing. 

A different community-based summer science education program in 
Wisconsin and Illinois focused on supporting student’s navigation among 
multiple epistemologies, with the participation of community members 
(Bang and Medin, 2010). While not a typical citizen science project, the 
program used an integrated approach to increase autonomy of community 
members, including the use of traditional knowledge, elder involvement, 
community participation in the research agenda, and respect of cultural 
value and informed consent. Through participation in the program, stu-
dents became more engaged in school science as they learned to view it as 
more relevant and useful to their communities. Pre- and post-interviews 
showed a consistent increase in the ways that students identified with sci-
ence, through their willingness to endorse the statement, “My tribe has been 
doing science for a long time.”

These examples are useful because they capitalize on a series of evi-
dence-based strategies for developing identity in science. In order to do this 
work, these programs seek to attend to different ways of knowing from 
different backgrounds by ensuring appropriate learning scaffolds that do 
not assume participant limits based on background. Moreover, participant 
contributions are not limited to data: participants are invited to bring 
previous knowledge into the work, which honors the cultural identity that 
participants bring into the project and allows participants to integrate 
identities rather than reject aspects of their cultural identity that might not 
“fit” in science. These strategies and others are highlighted in the following 
chapter on designing citizen science experiences to support science learning. 
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Scientific Reasoning

Described in Chapter 4, engaging in scientific reasoning is a central part 
of doing science. However, it is a challenging outcome to pursue through 
citizen science and requires significant investment from both designers and 
participants. A small number of research and evaluation studies of citizen 
science projects have attempted to measure whether participants show gains 
in their understanding of the nature of science and their ability to engage in 
various aspects of scientific reasoning (see Strands 3 and 4 and the scientific 
practices described in Chapter 3). Reasoning and critical thinking are often 
difficult to measure reliably (National Research Council, 2011, 2014), and 
they may look different depending on the context of a specific project. As 
a result, measures of reasoning may vary across projects and may involve 
self-report (interview or survey), case studies, and observation methodolo-
gies (Bonney et al., 2009; Jordan et al., 2011).

Allowing participants an opportunity to understand the reasoning 
involved in making project decisions in different phases and aspects of a 
citizen science project has been shown to help them engage in more scien-
tific thinking over the course of their participation. This can be as simple 
as regular or occasional updates from the project leads that discuss the sci-
entific reasoning involved in project design and analysis, or as involved as 
a joint effort to design, implement, and evaluate new scientific approaches 
within a project. To give one example: the Cornell Laboratory of Orni-
thology analyzed unsolicited letters from more than 700 participants in a 
successful citizen science project focused on investigating seed preferences 
in ground feeders for common bird species to examine the degree to which 
participants (mostly older and well-educated) spontaneously indicated that 
they were engaging in scientific thinking related to the project (Trumbull et 
al., 2000). In this project, the experimental questions and research design 
were already given. Participants were provided with a research kit, includ-
ing data forms, a full-color poster of common feeder birds, and step-by-step 
instructions to set up the experiment and gather and submit their tallies. 
They also received a subscription to a newsletter, which reported results 
from the project and included articles about how to analyze their own 
data if they chose to do so. While the data from participants’ letters do not 
enable causal conclusions about whether people improved their scientific 
reasoning as a result of the project, they do provide evidence that, for some 
participants, the project provided occasions to engage in scientific think-
ing. Some letter writers provided detailed observations; others proposed 
their own hypotheses for the data they were observing. A few proposed 
more than one hypothesis or suggested other ways to test a hypothesis. 
The letters also revealed areas in which improvements could be made to 
help participants better understand scientific processes and reasoning. For 
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example, multiple writers did not appreciate the power of a large nation-
wide sample or what role their own data collection played in the larger 
project. Some also did not appreciate the value of a consistent protocol 
across many different sites.

Going a step further, there is strong body of research on the learning 
outcomes from actively engaging in scientific reasoning activities, such 
as in hypothesis formulation and testing; research design; data modeling 
and interpretation; and the development, critique, and communication of 
evidence-based arguments. Opportunities to do this are available in some 
citizen science projects—typically those in which nonscientist participants 
have had significant collaborative roles and have participated in shared 
decision making in creating or implementing projects and activities (Bonney 
et al., 2009). For example, the Shermans Creek Conservation Association, 
started by a group of residents in south-central Pennsylvania in 1998, 
has run a long-term project with support from the Alliance for Aquatic 
Resources Monitoring (ALLARM, 2018) to monitor the health of the 
Shermans Creek Watershed. Volunteers have been trained by ALLARM 
to collect and analyze monthly samples and conduct seasonal assessments 
and have then used their data to make recommendations to target critical 
areas for restoration and protection, to engage in public education, and 
to empower community decision making related to land development and 
watershed management. While many participants are satisfied with par-
ticipating primarily in data collection activities, some core organizers and 
volunteers have also been engaged in data analysis workshops aimed at 
teaching them to interpret project data and to evaluate the strength of evi-
dence for drawing conclusions and framing recommendations. Working in 
conjunction with ALLARM, they have compiled detailed scientific reports 
covering multiple chemical and biological indicators and have developed 
and advocated for specific recommendations. In addition to cultivating 
strong data analysis skills, these more engaged participants developed a 
deeper understanding of scientific methodology through active participation 
in developing questions that could be successfully answered through scien-
tific investigation, redesigning studies to improve their scientific quality, and 
matching data collection methods to the intended uses of data (Bonney et 
al., 2009; Wilderman, 2005). 

The Virginia Master Naturalists is a citizen science program that pro-
vides significant supports to facilitate learning and the use of participatory 
modeling for environmental decision making (Virginia Master Naturalists, 
2018). The volunteers participate in 40 hours of classroom and field work 
to become trained as Master Naturalists, and then participate in 8 hours 
of specialized training in citizen science. Their training is further enhanced 
by additional continuing education and annual recertification. They volun-
teer on a variety of environmental conservation projects involving citizen 

http://www.nap.edu/25183


Learning Through Citizen Science: Enhancing Opportunities by Design

Copyright National Academy of Sciences. All rights reserved.

118	 LEARNING THROUGH CITIZEN SCIENCE

science, education, and stewardship of natural resources in Virginia. Using 
both online resources and facilitated in-person sessions, participants, scien-
tists, and environmental managers are trained to do collaborative modeling 
using an online system known as Mental Modeler (Gray et al., 2013). This 
system allows collaborating teams to define issues; model and represent 
assumptions, existing information, and evidence; run scenarios to inform 
potential research or management options; and co-develop plans. Online 
tools allow teams to upload, view, and share data and also provide discus-
sion forums and collaboration spaces. The Mental Modeler software sup-
ports the construction of models in the form of concept maps that specify 
variables and relationships among them, with associated evidence and 
confidence ratings. Concept maps are converted into a matrix structure that 
can be analyzed using matrix algebra calculations in which the relation-
ships among variables are examined, classified, and assigned weights, and 
then used to run and compare scenarios. Once a team of Master Naturalist 
volunteers and professionals has collaboratively created a model, field 
data collection can be used to validate or reject aspects of a given model. 
Gray and colleagues (2013) provide case study evidence based on changes 
in concept maps over time that show how both individuals and collective 
groups engaged in new learning during the process of collaborative model-
ing. Further, the development of a shared conceptual model played a central 
role in the development of specific management plans and conservation 
action. In one case, a group focusing on the quality of woodpecker habitat 
ultimately developed and implemented an experimental design to evalu-
ate different methods of controlling an invasive grass. In contrast to their 
early conceptual models, later models represented alternative hypotheses 
involving variables that either were not present originally or did not play a 
driving role in early models. Another group, which was focused on imple-
menting best practices for agricultural water quality improvement, found 
in their modeling that cost was a central driving variable influencing the 
overall systems dynamics. As this emerged, this group’s planning process 
led volunteers to seek out new funding sources.

Teaching people to evaluate evidence and understand the scientific 
process requires significant investments in terms of time, pedagogy, and 
instructional design in both formal and informal settings. Doing it in a 
way that does not privilege certain cultural values and marginalize others 
requires careful attention to sociocultural understandings of learning. It is 
essential for designers and implementers to be aware of some of the beliefs 
and patterns of reasoning that they may encounter in participants, and to 
treat those beliefs and patterns of reasoning with respect. The committee 
noted that key aspects of citizen science activities—namely their connection 
to scientific or community questions—provide potential inputs for learn-
ing and development of scientific reasoning. Active science problems or 
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science-related community questions, by their very nature, are open-ended 
and ill-structured, and the practices and discourse processes of science focus 
squarely on generating reliable, relevant evidence and evaluating how it 
does or does not support explicit claims. For this reason, the committee sees 
distinct possibility in engaging in citizen science–inspired learning opportu-
nities in order to achieve learning outcomes related to scientific reasoning.

Summary

The examples listed above offer insight into how learning outcomes 
that might be more distal to citizen science are, in fact, possible to achieve 
through participation in citizen science projects with proper supports. 
Because structured learning settings such as K–12 classrooms and after-
school programs may have access to specific resources (sustained meeting 
times, educators with experience supporting science learning, access to tools 
and resources, etc.), they may be poised to leverage citizen science in order 
to address some of these more challenging learning outcomes. In the follow-
ing chapter, we discuss how project designers can make choices in project 
design and implementation that can specifically support science learning.

SUMMARY

In summary, our investigation revealed that citizen science projects 
support a variety of learning outcomes. Some of these outcomes, such as 
developing motivation and learning new scientific skills, are relatively com-
mon within the activities and practices that are common across all citizen 
science projects. Others, such as encouraging the development of scientific 
reasoning, come only with significant supports and scaffolds that are less 
ubiquitous. The committee identified an affinity between citizen science 
practices and best practices for supporting learning. However, there are few 
investigations into the unique learning opportunities associated with citizen 
science, though the work around identity development in citizen science 
heads in this direction (as outlined in the paper contributed by Ballard). 
Similarly, there are few methods that have been consistently applied across 
a range of citizen science projects—indeed, there are relatively few common 
tools for analyzing learning within the community of people who study 
learning in citizen science. This is not surprising for a nascent field. 

As a note, because citizen science invites nonscientists into science, it 
provides an opportunity to welcome and explore differing epistemologies 
and cultural traditions and how they enrich learning. This has the potential 
to shed light on the persistent underrepresentation and under-participation 
of many communities and their members in science, and these insights are 
likely to be useful well beyond citizen science. Further, this investigation of 
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how epistemologies of science interact with other epistemologies may be 
particularly salient to learning outcomes related to the nature of science. 
We encourage the citizen science community to investigate how learning 
outcomes related to the nature of science are advanced by citizen science 
practices and participation. In fact, citizen science may provide a novel 
laboratory for education researchers to explore how people develop and 
refine their understanding of the nature of science. 

In the following chapter, we will turn to in-depth descriptions of how 
the citizen science project design can support the learning outcomes high-
lighted above, as well as outline how the knowledge and experience of par-
ticipants can be used to support desired learning outcomes. In order to do 
this work, we rely on our discussion of the common and divergent elements 
of citizen science described in Chapter 2 to frame an analysis of how project 
designers may leverage specific design choices in pursuit of particular learn-
ing outcomes. Using the cases highlighted above as concrete examples of the 
kinds of learning in citizen science, we are now poised to offer guidance to 
project designers, educators, and others interested in learning about how 
to support science learning.

REFERENCES 

Acadia Learning Project. (2018). Available: http://participatoryscience.org [May 2018].
Aikenhead, G.S., and Jegede, O.J. (1999). Cross-cultural science education: A cognitive ex-

planation of a cultural phenomenon. Journal of Research in Science Teaching, 36(3), 
269-287.

ALLARM (Alliance for Aquatic Resource Monitoring). (2018). Available: https://www.
dickinson.edu/allarm [May 2018].

Alonzo, A.C., and Steedle, J.T. (2009). Developing and assessing a force and motion learning 
progression. Science Education, 93(3), 389-421.

American Indian Center. (2018). Available: https://www.aicchicago.org [May 2018].
Anderson, C.W., Sheldon, T.H., and Dubay, J. (1990). The effects of instruction on college 

nonmajors’ conceptions of respiration and photosynthesis. Journal of Research in Science 
Teaching, 27(8), 761-776.

Bang, M., and Medin, D. (2010). Cultural processes in science education: Supporting the 
navigation of multiple epistemologies. Science Education, 94(6), 1008-1026.

Bonney, R., Ballard, H., Jordan, R., McCallie, E., Phillips, T., Shirk, J., and Wilderman, C.C. 
(2009). Public Participation in Scientific Research: Defining the Field and Assessing Its 
Potential for Informal Science Education. A CAISE Inquiry Group Report. Washington, 
DC: Center for Advancement of Informal Science Education.

Borun, M., Massey, C., and Lutter, T. (1993). Naive knowledge and the design of science 
museum exhibits. Curator, 36, 210-219.

Bowser, A., Hansen, D., He, Y., Boston, C., Reid, M., Gunnell, L., and Preece, J. (2013, Oc-
tober). Using gamification to inspire new citizen science volunteers. In Proceedings of 
the First International Conference on Gameful Design, Research, and Applications (pp. 
18-25). New York: Association for Computing Machinery.

http://www.nap.edu/25183


Learning Through Citizen Science: Enhancing Opportunities by Design

Copyright National Academy of Sciences. All rights reserved.

CITIZEN SCIENCE AS AN OPPORTUNITY FOR SCIENCE LEARNING	 121

Catley, K., Lehrer, R., and Reiser, B. (2005). Tracing a Prospective Learning Progression for 
Developing Understanding of Evolution. Paper commissioned by the National Academies 
Committee on Test Design for K–12 Science Achievement.

Chi, M.T.H., Feltovich, P.J., and Glaser, R. (1981). Categorization and representation of phys-
ics problems by experts and novices. Cognitive Science, 5, 121-152.

Chi, M.T.H., Slotta, J.D., and de Leeuw N. (1994). From things to processes: A theory of 
conceptual change for learning science concepts. Learning and Instruction 4, 27-43.

Clark, D.B. (2006). Longitudinal conceptual change in students’ understanding of thermal 
equilibrium: An examination of the process of conceptual restructuring. Cognition and 
Instruction, 24(6), 467-563.

COASST (Coastal Observation and Seabird Survey Team). (2018). C Available: https://depts.
washington.edu/coasst [September 2018].

Cooper, S., Khatib, F., Treuille, A., Barbero, J., Lee, J., Beenen, M., Leaver-Fay, A, Baker, D., 
and Popovic, Z., and >57,000 Foldit players. (2010). Predicting protein structures with 
a multiplayer online game. Nature, 466(7307), 756-760.

Corcoran, T., Mosher, F.A., and Rogat, A. (May, 2009). Learning Progressions in Science: 
An Evidence-Based Approach to Reform. Consortium for Policy Research in Education, 
CPRE Research Report #RR-63.

Csikszentmihalyi, M., Rathunde, K., and Whalen S. (1993). Talented Teenagers: The Roots of 
Success and Failure. Cambridge, UK: Cambridge University Press. 

Duncan, R.G., Rogat, A.D., and Yarden, A. (2009). A learning progression for deepening 
students’ understandings of modern genetics across the 5th-10th grades. JRST, 46(6), 
655-674.

Eveleigh, A., Jennett, C., Lynn, S., and Cox, A.L. (2013). “I want to be a Captain! I want to 
be a Captain!”: Gamification in the Old Weather Citizen Science Project. In Proceedings 
from the First International Conference on Gameful Design, Research, and Applica-
tions (pp. 79-82). New York: Association for Computing Machinery.

EyesonAlz. (2018). Available: http://eyesonalz.com [May 2018]. 
Farland-Smith, D. (2012). Personal and social interactions between young girls and scientists: 

Examining critical aspects for identity construction. Journal of Science Teacher Educa-
tion, 23(1), 1-18.

Foldit. (2018). Available: https://fold.it/portal [September 2018]. 
Gonzalez, P. A., Minkler, M., Garcia, A. P., Gordon, M., Garzón, C., Palaniappan, M., 

Prakash, S. and Beveridge, B. (2011). Community-based participatory research and policy 
advocacy to reduce diesel exposure in West Oakland, California. American Journal of 
Public Health, 101(S1), S166-S175.

Gray, S.A., Gray, S., Cox, L.J., and Henly-Shepard, S. (2013). Mental modeler: A fuzzy-logic 
cognitive mapping modeling tool for adaptive environmental management. In Proceed-
ings from the 46th Hawaii International Conference on System Sciences (pp. 965-973). 
IEEE.

Greenhill, A., Holmes, K., Lintott, C., Simmons, B., Masters, K., Cox, J., and Graham, G. 
(2014). Playing with Science: Gamised Aspects of Gamification Found on the Online 
Citizen Science Project-Zooniverse. Paper presented at GAMEON 2014.

Gunckel, K.L., Covitt, B.A., Salinas, I., and Anderson, C.W. (2012). A learning progression 
for water in socio-ecological systems. JRST, 49(7), 843-868.

Iacovides, I., Jennett, C., Cornish-Trestrail, C., and Cox, A.L. (2013, April). Do games attract 
or sustain engagement in citizen science?: A study of volunteer motivations. In CHI ’13 
Extended Abstracts on Human Factors in Computing Systems (pp. 1101–1106). New 
York: Association for Computing Machinery.

iEvolve. (2018). Bowling Green State University. Available: http://www.bgsu.edu/nwo/current-
grant-projects/ievolve.html [May 2018]

http://www.nap.edu/25183


Learning Through Citizen Science: Enhancing Opportunities by Design

Copyright National Academy of Sciences. All rights reserved.

122	 LEARNING THROUGH CITIZEN SCIENCE

Jin, H., and Anderson, C.W. (2012). A learning progression for energy in socio-ecological 
systems. JRST, 49(9), 1149-1180.

Jones, M.G., Taylor, A., Minogue, J., Broadwell, B., Wiebe, E., and Carter, G. (2007). Un-
derstanding scale: Powers of ten. Journal of Science Education and Technology 16(2), 
191-202.

Jordan, R.C., Gray, S.A., Howe, D.V., Brooks, W.R., and Ehrenfeld, J.G. (2011). Knowledge 
gain and behavioral change in citizen-science programs. Conservation Biology, 25(6), 
1148-1154.

Khatib, F., Cooper, S., Tyka, M.D., Xu K., Makedon, I., Popovic, Z., Baker, D., and Foldit 
Players. (2011a). Algorithm discovery by protein folding game players. Proceedings of 
the National Academy of Sciences of the United States of America, 108(47), 18949-
18953. doi: 10.1073/pnas.1115898108.

Khatib, F., DiMaio, F., Foldit Contenders Group, Foldit Void Crushers Group, Cooper, S., 
Kazmierczyk, M., Gilskil, M., Krzywda, S., Zabranska, H., Pichova, I., Thompson, J., 
Popovic, Jaskolski, M., and Baker, D. (2011b). Crystal structure of a monomeric retro-
viral protease solved by protein folding game players. Nature Structural and Molecular 
Biology, 18(10), 1175-1177. doi: http://doi.org/10.1038/nsmb.2119.

Libarkin, J.C., Kurdziel, J.P., and Anderson, S.W. (2007). College student conceptions of 
geological time and the disconnect between ordering and scale. Journal of Geoscience 
Education, 55(5), 413-422.

Lipstein, R., and Renninger, K.A. (2006). “Putting things into words”: The development of 
12-15-year-old students’ interest for writing. In P. Boscolo and S. Hidi (Eds.), Motivation 
and Writing: Research and School Practice (pp. 113-140). New York: Elsevier.

McCloskey, M., Caramazza, A., and Green, B. (1980). Curvilinear motion in the absence of ex-
ternal forces: Naive beliefs about the motion of objects. Science, 210(4474), 1139-1141.

Mohan, L., Chen, J., and Anderson, C.W. (2009). Developing a multi-year learning progres-
sion for carbon cycling in socio-ecological systems. Journal of Research in Science Teach-
ing, 46(6), 675-698.

Morris, M.W., Chiu, C.Y., and Liu, Z. (2015). Polycultural psychology. Annual Review of 
Psychology, 66, 631-659.

Munson, B.H. (1994). Ecological misconceptions. Journal of Environmental Education, 25(4), 
30-34. 

National Research Council. (2011). Assessing 21st Century Skills: Summary of a Workshop. 
Washington, DC: The National Academies Press.

National Research Council. (2012). A Framework for K–12 Science Education: Practices, 
Crosscutting Concepts, and Core Ideas. Washington, DC: The National Academies Press.

National Research Council. (2014). Developing Assessments for the Next Generation Sci-
ence Standards. Committee on Developing Assessments of Science Proficiency in K–12. 
Washington, DC: The National Academies Press.

Parrish, J.K. (2013). Rigor, reliability, and scientific relevance: Citizen science lessons from 
COASST. In American Geophysical Union Fall Meeting Abstracts. 

Project FeederWatch. (2018). Available: http://feederwatch.org [May 2018].
Rahm, J., and Ash, D. (2008). Learning environments at the margin: Case studies of disen-

franchised youth doing science in an aquarium and an after-school program. Learning 
Environments Research, 11(1), 49-62.

Renninger, K.A., and Hidi, S. (2002). Student interest and achievement: Developmental issues 
raised by a case study. In A. Wigfield and J.S. Eccles (Eds.), Development of Achievement 
Motivation (pp. 173-195). San Diego, CA: Academic Press.

Rosenthal, L., and Levy, S.R. (2010). The colorblind, multicultural, and polycultural ideologi-
cal approaches to improving intergroup attitudes and relations. Social Issues and Policy 
Review, 4(1), 215-246.

http://www.nap.edu/25183


Learning Through Citizen Science: Enhancing Opportunities by Design

Copyright National Academy of Sciences. All rights reserved.

CITIZEN SCIENCE AS AN OPPORTUNITY FOR SCIENCE LEARNING	 123

Rosenthal, L., and Levy, S.R. (2012). The relation between polyculturalism and intergroup 
attitudes among racially and ethnically diverse adults. Cultural Diversity and Ethnic 
Minority Psychology, 18(1), 1.

SciStarter. (2018). Available: https://scistarter.com [September 2018]. 
Smith, C.L., Wiser, M., Anderson, C.W., and Krajcik, J. (2006). Implications of research on 

children’s learning for standards and assessment: A proposed learning progression for 
matter and the atomic-molecular theory. Measurement: Interdisciplinary Research and 
Perspective, 4(1-2), 1-98.

Stevens, S.Y., Delgado, C., and Krajcik, J.S. (2010). Developing a hypothetical multi-dimen-
sional learning progression for the nature of matter. Journal of Research in Science 
Teaching, 47(6), 687-715.

Trumbull, D.J., Bonney, R., Bascom, D., and Cabral, A. (2000). Thinking scientifically during 
participation in a citizen-science project. Science Education, 84, 265-275.

Virginia Master Naturalists. (2018). Available: http://www.virginiamasternaturalist.org [May 
2018]. 

Vital Signs Experience. (2018). Available: http://vitalsigns.gmri.org [May 2018].
Vosniadou, S., and Brewer, W.F. (1992). Mental model of the earth: A study of conceptual 

change in childhood. Cognitive Psychology, 24, 535-585.
Vosniadou, S., and Brewer, W.F. (1994). Mental models of the day/night cycle. Cognitive Sci-

ence, 18, 123-183.
WOEIP. West Oakland Environmental Indicators Project. (2018). Available: http://www.

woeip.org [May 2018].
Wildcam Gorongosa. (2018). Available: https://www.wildcamgorongosa.org [May 2018].
Wilderman, C.C. (2005). Shermans Creek: A Portrait. Harrisburg: Pennsylvania Department 

of Environmental Protection. 
Wiser, M., Smith, C.L., and Doubler, S. (2012). Learning progressions as tools for curriculum 

development. In A.C. Alonzo and A.W. Gotwals (Eds.), Learning Progressions in Science: 
Current Challenges and New Directions (pp. 359-403). Rotterdam, The Netherlands: 
Sense.

Zoellick, B., Nelson, S.J., and Schauffler, M. (2012). Participatory science and education: bring-
ing both views into focus. Frontiers in Ecology and the Environment, 10(6), 310-313.

http://www.nap.edu/25183


Learning Through Citizen Science: Enhancing Opportunities by Design

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/25183


Learning Through Citizen Science: Enhancing Opportunities by Design

Copyright National Academy of Sciences. All rights reserved.

6

Designing for Learning

Prior chapters laid out the committee’s perspective on learning, 
described general processes of learning as well as learning outcomes in sci-
ence, and offered examples of science learning in citizen science contexts. 
This chapter will approach the question of how design can amplify oppor-
tunities for learning in citizen science. There are a few ideas that frame the 
committee’s investigation into design, learning, and citizen science. First, 
design and design for learning are fields with evolving bodies of knowledge 
and practice that can be applied to citizen science. While there are very few 
explicit studies of the design process in citizen science, there is a wealth of 
scholarship more generally about design for learning that can be reason-
ably extrapolated to citizen science learning. Second, design for learning 
as a field has advanced, and researchers and practitioners now know more 
about how to enable learning for more learners than they did even 10 years 
ago. Third, as with many fields, design for learning has grown because of 
and in response to what researchers and practitioners have learned about 
the benefits of broad participation. Designing to engage the skills and 
contributions of diverse learners, especially learners whose insights may 
have been previously neglected or even rejected, maximizes learning for all 
learners. 

Design for learning is also a practical set of evidence-based strategies 
for applying ideas and theories in connection to the environment, partici-
pants, context, and dealing with constraints while maximizing opportuni-
ties. Designing for learning is the application of learning theory to citizen 
science contexts, in both formal and informal settings, and for a variety 
of participants. In this way, this chapter can offer guidance to people who 

125

http://www.nap.edu/25183


Learning Through Citizen Science: Enhancing Opportunities by Design

Copyright National Academy of Sciences. All rights reserved.

126	 LEARNING THROUGH CITIZEN SCIENCE

seek to maximize learning from citizen science, and especially to those 
who are designing the project. As we will see, however, an evolved design 
strategy that has proven very effective for maximizing learning opportuni-
ties intentionally blurs the boundary between project designer and project 
participant. 

Design for learning is something that can happen at any point in a 
project’s lifetime. For example, many citizen science projects are adapted 
to promote learning, and even citizen science projects designed for learning 
can be redesigned for new contexts. In fact, as we will also see later in the 
chapter, best practices in design suggest a process of iteration and constant 
refinement—design as an ongoing process. 

Design for learning as a process implies intentionality. It is worth not-
ing that design decisions are made whether or not they are consciously 
attended to: regardless of whether or not project designers are expressly 
intending to pursue a specific learning outcome, designers’ decisions about 
how to implement projects have implications for what participants will 
experience. Sometimes citizen science projects are created with learning 
in mind, whereas for other projects learning is not an express goal. While 
learning can happen either way, it is more likely when the projects are 
designed (either created or adapted) with learning in mind. 

Taking a design lens to citizen science means seeing program engage-
ment as an opportunity to learn. Understanding how learning opportunities 
emerge in citizen science efforts requires making explicit the critical aspects 
of program design that can engage cognitive, affective, and social outcomes. 
In this chapter, the committee aims to suggest how learning opportunities 
can be realized in citizen science efforts, especially those in which creating 
opportunities to learn was not the primary design intent. To do so requires 
a necessary focus on the inherent variability of these efforts. From the previ-
ous chapters, we can understand that:

•	 There is a wide range of organizers and of potential participants.
•	 The needs of both the organizers and the intended participants will 

differ.
•	 The opportunity to make meaningful contributions to science and 

communities (i.e., the authenticity of citizen science) creates unique 
learning opportunities.

•	 Planning for meeting the needs of the intended participants is vital.
•	 Attending to learning advances broader citizen science project goals.
•	 Designing for diversity maximizes learning opportunities for all 

participants. Conversely, not designing a program for diverse audi-
ences means that the program is designed for the default audience, 
which usually matches the demographics of the designer or domi-
nant group.
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In our review of the design and planning literature (see Appendix A) we 
identified nine considerations for designing to achieve learning objectives. 
Based on the citizen science projects we surveyed, we can say that projects 
that attended to these considerations were able to capitalize on the learn-
ing opportunities associated with citizen science and maximize learning 
outcomes for all participants. Further, based on theories of learning and 
the state-of-the art theory of design, we can say that projects that attend 
to these considerations will maximize learning for all participants. To be 
clear, the committee is not making new recommendations here; instead we 
are summarizing guidance found in the research literature of design for 
learning and mapping that guidance onto citizen science with illustrative 
examples. The recommendations themselves are general, but when they are 
implemented in the context of citizen science, we believe they have a novel 
utility. The committee did not find evidence for design strategies that are 
unique to citizen science, though we would encourage that line of research. 
Instead we found evidence for how well-known, time-tested, and fairly 
ubiquitous design recommendations can be applied effectively to citizen 
science. The guiding considerations are

1.	 Know the Audience 
2.	 Adopt an Asset-Based Perspective 
3.	 Intentionally Design for Diversity
4.	 Engage Stakeholders in Design
5.	 Capitalize on Unique Learning Opportunities Associated with Citi-

zen Science
6.	 Support Multiple Kinds of Participant Engagement
7.	 Encourage Social Interaction
8.	 Build Learning Supports into the Project
9.	 Evaluate and Refine 

1.  KNOW THE AUDIENCE

For any project being designed for learning, the literature on designing 
makes clear that it is essential to have some frame of understanding of the 
intended audience. To effectively communicate and educate, an individual, 
such as a project manager or the scientist designing the citizen science proj-
ect, begins with an implicit or explicit definition regarding what audience 
they are designing for (Slater, 1996). In designing for learning, defining the 
audience as explicitly and accurately as possible is an important step. 

The challenge and goal of knowing the audience is knowing and grow-
ing an audience of participants/volunteers that is not homogeneous. It is 
important to design messages and programming based on the underly-
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ing needs and preferences that drive individuals to engage in the natural 
exchange of benefits between program planner/educator/program lead and 
the desired audience (Garver, Divine, and Spralls, 2009). Program planning 
decisions need to come from a clear understanding of the audiences’ wants 
and needs (Grier and Bryant, 2005). One perspective on this interchange 
comes from exchange theory, which suggests that people have resources, 
such as time. Individuals exchange these resources for perceived program 
benefits, such as learning from the tasks and protocols in a citizen science 
project (Lefebvre and Flora, 1988). 

Segmentation studies can provide an insight into understanding those 
who volunteer in citizen science projects. To retain volunteers, it is useful 
to first understand why they volunteer and then why they continue to vol-
unteer or not (Asah, Lenentine, and Blahna, 2014). As described in Chapter 
5, there are several examples of citizen science projects that attempt to 
capitalize on motivation and interest. For example, volunteers in an urban 
landscape restoration project listed various sources of motivation, which 
include helping the environment, getting outdoors, emotional well-being, 
community, socializing, meaningful actions, values, learning, career, health, 
personal growth, protection, and user of the landscape (Asah, Lenetine, and 
Blahna, 2014).

The DEVISE scale on motivation to participate in citizen science mea-
sures motivations that range from interest and enjoyment to factors such 
as worry or guilt (Phillips et al., in press). Motivations can be interpreted 
from the very simplistic and superficial “why” question to a very complex 
psychological framework or structure. For example, in a community health 
context, motivations included a need to be useful/productive, a need for 
affiliation, a need to help others, a need for status, a need to make oneself 
more marketable, and a strong personal concern for a cause (Garver, Divine, 
and Spralls, 2009). By understanding why people participate, designers can 
find overlap across participants’ goals for participation as well as projects’ 
scientific goals.

2.  ADOPT AN ASSET-BASED PERSPECTIVE

When considering the audience, it is important to approach the audi-
ence with an asset-based frame of reference. In previous chapters, we dis-
cuss how people learn more when learning is connected to their previous 
experiences and draws on all their cultural and intellectual capacity—and 
that simply is harder to do if the project designers think only in terms of 
deficits or gaps. Thinking in terms of what individuals need to know but do 
not know and designing for community disadvantages invites deficit fram-
ing. It can be tempting to think in terms of naïve conceptions that distort 
new information and experiences, but sociocultural learning suggests that 
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simply dismissing the conceptions that learners bring as wrong or naïve 
can hinder learning. 

Instead, design practice and learning theory suggest welcoming the 
views and conceptions that participants may bring into the project, and 
offering participants the chance to connect their experience in the project to 
existing knowledge and experience, as well as support engagement. People 
come with prior knowledge and experience, and it increases the power of 
any experience to see how the present learning builds on what the partici-
pant already knows (Knowles, 1970, 1984). It is particularly important to 
make sure these connections are available and respected for participants 
whose knowledge systems or traditions have been treated dismissively in 
the past—for example, Indigenous knowledge systems. 

A good way to ensure that projects offer the opportunity to connect 
with participants’ existing knowledge is for project designers to invite 
people who hold knowledge into the design of the project. If a project 
is already designed, it can be helpful for designers to invite participants 
into the design of learning experiences that support their goals for the 
project. For projects that do not have face-to-face engagement, written 
questions can serve as a means of allowing the individual to reflect on prior 
experience and knowledge and share these reflections with others. Allow-
ing or creating space—either in person or online—for sharing culturally, 
community, or individually held perspectives helps people integrate prior 
knowledge and perceptions with project learning. Learning progressions 
(see Chapter 4 of this report), which are empirically based maps of how 
people can develop understanding over time, can be useful frameworks 
for anticipating and building on the conceptual models people may have 
as they enter projects. 

As an example, many participants in the Community Collaborative, 
Rain, Hail, and Snow Network (CoCoRaHS) join the project because of 
their strong interest in the topic of weather (CoCoRaHS, 2018). When 
asked what sources they used for learning during participation, greater 
than 60 percent relied on pre-existing knowledge (Phillips, 2017). Support 
for sharing pre-existing knowledge with other participants can lead to role 
expansion or mentorship opportunities for individuals, which also can 
deepen learning. 

3.  INTENTIONALLY DESIGN FOR DIVERSITY

Research suggests that in the absence of explicit consideration of diver-
sity, design will default to meeting the needs and expectations of members of 
dominant or majority groups (e.g., Henderson, 1996). This can be true even 
if the design team includes members of nondominant groups. Even ideas 
such as universal design that are meant to promote inclusivity in design (dis-
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cussed in this section, below) can be applied in ways that reinforce narrow 
aspects of identity and perpetuate marginalization (Edyburn, 2010). This is 
visible in consumer product design, urban planning and architecture, and, 
most importantly to this report, education (Valencia, 2012). 

Designing for diversity, across all learning environments, means avoid-
ing deficit framings, which are especially likely to be applied to members 
of historically underserved and underrepresented communities. In simple 
terms, designers should avoid ascribing negative characteristics to any 
identity. Proactively, designers should design with participants so that par-
ticipants can engage multiple, intersecting identities that change over time, 
as well as invite input from multiple, sometimes intersecting, identities 
(Settles, 2004). Designers should consider issues of power and recognize 
and design to minimize differences in power (Elmesky and Tobin, 2005). 
Designing for diversity means designing projects that allow and value con-
tributions and connections for multiple experiences, knowledge, and even 
epistemological frameworks (Bang and Medin, 2010). It means avoiding 
assumptions or making choices about what participants will or will not be 
capable of (Burgstahler, 2009). 

There is a small body of research exploring how to design for diversity 
in citizen science, which mostly borrows strategies that have proven effec-
tive in other education settings. This literature points to projects that focus 
on key concerns or priorities of underserved and underrepresented com-
munities, participatory program design, applying principles of Community-
Based Participatory Research or community science, place-based projects, 
designing for accessibility across multiple languages, considering struc-
tural barriers to participation (e.g., transportation, language), and linking 
projects to culturally relevant reference points (Pandya, 2012). 

As suggested by the limited research focusing on broadening participa-
tion in citizen science, there are effective and proven practices to promote 
diversity and equity in science education and career development that can 
be adapted for citizen science. For example, in research on interventions 
to support students of color in science, it has been shown that careful 
mentoring (Haring, 1999; Pfund et al., 2016), strong supportive social 
networks (Stolle-McAllister, 2011), visible affirmation of the importance of 
diversity from institutional leaders (Best and Thomas, 2004; Tsui, 2007), 
and positive experience of research (Russell, Hancock, and McCollough, 
2007) are practices that support continued participation of learners from 
underrepresented groups. Experience with research is an inherent part of 
citizen science, and project leads can intentionally foster a positive experi-
ence. Likewise, the other practices can also easily be incorporated: Project 
leads can talk about the contribution diverse perspectives make toward 
project outcomes, social networks can be nurtured, and mentoring can be 
built into participant role.
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A useful frame for designers is the notion of universal design for learn-
ing (Rose, 2000), which points out that disability is not a quality of an 
individual, but the result of curricula too inflexible to provide pathways for 
all learners. The same idea can be applied to citizen science: Designers can 
develop multiple pathways for engagement and especially design around 
factors that could be barriers to engagement. For instance, if project mate-
rials are only English, that will be a barrier for people who do not speak 
English, but one which translation can readily overcome. GLOBE and eBird 
have developed supports in several languages (eBird, 2018; GLOBE, 2018). 
As another example, projects that assume access to natural settings might 
be inaccessible for people who do not have ready access to parks, but part-
nering with an urban garden or botanical center can remove that barrier, as 
through the partnership between Project Budburst and the Chicago Botanic 
Garden (Meymaris et al., 2008; Project Budburst, 2018).

Project design often makes assumptions about the people who will 
participate in projects, and our committee recommends that designers inter-
rogate those assumptions, and especially question whether the extent to 
which those assumptions are informed by systemic and structural inequi-
ties or personal biases. As we stated in earlier sections of this report, all 
participants require support and scaffolding to participate in projects, and 
all designers make choices about what scaffolds and supports to provide. 
These choices are necessarily informed by the context in which they are 
made, but when designers are explicit about why, how, and for whom they 
are designing, they are better poised to address the needs of all learners. 

All of these considerations point to the fundamental question of who is 
designing for whom, and points toward the next recommendation as a way 
to uncover the design assumptions and decisions—sometimes unconscious—
that limit access. The next design consideration looks at how the concerns 
listed above can often be addressed by including a diverse cross-section of 
stakeholders in the co-design process and ensuring that they have voice and 
agency in design decisions. 

4.  ENGAGE STAKEHOLDERS IN DESIGN

Design thinking has evolved toward an emphasis on design that is more 
user centered (Norman, 2013) and learner centered (Soloway, Guzdial, and 
Hay, 1994). Current design thinking emphasizes making the needs and 
aspirations of users paramount, and suggests a process of rapid prototyping 
to arrive at useful and usable services. An audience is easier to understand 
from within, which means the idea of knowing your audience is a strong 
additional argument for engaging stakeholders in the design process. When 
done well, design with stakeholders should foreground an asset-based 
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model and attend to diversity, as co-design is about mining diverse expertise 
and perspectives for a better product for all. 

The Thriving Earth Exchange (TEX) worked with local community 
organizations to co-design a project to collect indoor air quality data in 
Colorado (Thriving Earth Exchange, 2018). The partnership involved the 
community during every phase of the project, starting with understanding 
what the local priorities were and providing workshops to determine how 
to address air, soil, and water pollution. Additionally, these conversations 
introduced scientists to community-based participatory research methods. 

5.  CAPITALIZE ON UNIQUE LEARNING OPPORTUNITIES 
ASSOCIATED WITH CITIZEN SCIENCE 

In the following sections, we consider how the specific learning oppor-
tunities associated with citizen science—mentioned in Chapter 3 of this 
report—can provide specific, desirable leverage points for project designers 
looking to support science learning. In each, we discuss how this unique 
feature of citizen science, when harnessed appropriately, can make citizen 
science a particularly useful learning context.

Develop Data Knowledge

As discussed in Chapters 3 and 4, the centrality of data—both col-
lecting it and working with it—in citizen science means that it provides a 
unique opportunity to introduce participants to developing data knowl-
edge. Again, this outcome does not happen without intention. Like other 
scientific reasoning, learning about data requires a combination of content 
background or disciplinary grounding, and facilitation in developing, test-
ing, and refining data-based concepts. This facilitation can take the form of 
software tools, prompts, curriculum, explicit instruction, etc. For instance, 
one form of facilitation can involve building, or accelerating, data visualiza-
tion literacy. Shared data visualizations can be constructed from simple x/y 
visuals by overlaying additional information while holding constant a data 
point provided by participants and adds to the relevancy of the exercise.

eBird documents the presence, absence, and abundance of bird species 
using checklist data submitted by volunteers from around the world (eBird, 
2018). eBird provides a simple Web-based interface to view project results 
via interactive queries of the database. The interface enables visualization 
of data in the form of maps, graphs, and bar charts. Moreover, the data 
are provided in raw form so they can be downloaded, analyzed, and used 
by anyone for numerous purposes including baseline monitoring, natural 
resource management, education and outreach, and policy formulation 
(Sullivan et al., 2014). 
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Highlight the Authenticity of Participants’ 
Experiences Through Real-World Contexts

One of the key features that is common across many citizen science 
projects is the authenticity of citizen science, or the fact that individual 
participation contributes to something bigger, such as research, conserva-
tion, etc. As discussed in Chapter 4, this is a learning opportunity that is 
intimately tied to a learning outcome. It can motivate other strands of learn-
ing, and can be leveraged to amplify participants’ identities as contributors 
to science or to support the application of science to a community issues. 
Knowing their participation is leading to important, usable data reinforces 
the value of participation for citizen scientists. 

Highlighting the authenticity of participation can be as simple as facili-
tating frequent feedback from scientists who use the collected data, or as 
complex as using data to advocate for new policies. Feedback can take 
many forms including written documentation shared with participants 
about how scientists have used the data in the past; regular updates about 
potential future uses of the data; lists of publications; online databases 
for broader use; education about using results in ways that support civic 
decision making; and discussions about how project results can be used to 
inform policy.

Nearly all citizen science projects that gather and use data can leverage 
the authenticity of participants’ activity. The Galaxy Zoo project provides 
regular and timely feedback regarding data contribution milestones and 
an extensive up-to-date list of publications that use the data (Galaxy Zoo, 
2018). Furthering their learning and role expansion in the science process, 
certain “super users” who were integral to particular discoveries or manu-
script development have been included as authors on peer-reviewed Galaxy 
Zoo publications.

Design for Community Science Literacy

Community science literacy (as discussed earlier) is distributed science 
knowledge and the ability to use that knowledge, in connection with a 
broad suite of community knowledge and capabilities, to leverage science 
for its community goals. Citizen science projects that explicitly offer dif-
ferent roles and make clear how those roles contribute to the common 
goal can encourage community science literacy. Some projects, such as 
community-based participatory research projects, obviously benefit from 
thinking about community science literacy. But other types of projects can 
also think of ways in which the whole is greater than the sum of its parts. 
For example, community-based participatory citizen science projects bring 
together people with a broadly distributed knowledge of the community, 
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the issue being addressed, and the systems in which the project will unfold. 
This collective sharing allows all participants to be both learners and educa-
tors by providing an opportunity for all voices to bring their knowledge to 
the discussion to look for the best solution for the community. 

Silver City Watershed Keepers of New Mexico emphasize the role that 
citizen scientists can play in monitoring watersheds and collecting water 
quality data, taking personal responsibility to be an informed citizen, and 
sharing information to build community knowledge (Silver City Watershed 
Keepers, 2018). Based on the knowledge they gather, they also provide 
“rural mining communities with the skills and capacities they need to make 
their neighborhoods/watersheds better places to live and work.”

6.  SUPPORT MULTIPLE KINDS OF PARTICIPANT ENGAGEMENT

 In citizen science projects, there are dabblers and divers, both within 
and across projects (Eveleigh et al., 2014). It is well studied and under-
stood that repeated engagement enhances learning of facts and concepts. 
For many citizen science projects, a basic way of considering participant 
engagement, over time, is that regularity in participation matters. More 
frequent regular participation in short activities (e.g., data collection and 
reporting) has better potential for enhancing learning than less regular par-
ticipation. For instance, projects that require daily observations, even if the 
observations are relatively easy and take a short amount of time are good 
for learning the process, knowledge, and concepts associated with those 
observations. Projects can encourage this mode of learning by providing 
pathways, in the form of levels of engagement that change participants’ 
engagement over time. 

Project FeederWatch has been operating for more than 30 years using 
the same protocol where participants watch their bird feeders every 2 weeks 
for 2 consecutive days throughout the winter months (Project FeederWatch, 
2018). The structured engagement allows for repeated practice to hone 
skills of identification and improve confidence. In turn, this results in 
increased participant retention and higher quality, long-term data. 

Repeated engagement can also take place across projects, and stron-
ger science and conservation outcomes occur when volunteers participate 
in multiple, varied projects, as shown in an analysis of participants in 
the Audubon’s 116th Christmas Bird Count (Cooper et al., 2016). All of 
the 3,000 people who were surveyed report participation in at least one 
other birding citizen science project, and over one-third also participate 
in nonbirding projects. Approximately 15–20 percent of respondents said 
this participation influenced their donation of conservation funds, voting 
for habitat conservation, and creation of wildlife habitat at home. Those 
who did multiple types of projects were more likely to contribute more to 
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science outcomes and grassroots conservation actions than those who only 
did bird projects. 

Collectively encouraging participants to do multiple projects may also 
make the process of recruiting, supporting, and retaining participants, as 
well as undertaking scholarly studies of participation, more effective and 
efficient. To foster participation in multiple projects across topics and activi-
ties and to surface and support synergies that might occur as individuals 
engage with multiple projects, SciStarter 2.0 offers citizen scientists tools 
to find and join multiple projects, manage and display their citizen science 
activities, record their progress in projects, network, and consent to have 
their online participation studied across citizen science projects; and offers 
project organizers tools to connect with people who are interested in or 
experienced with similar projects as well as access to analytics to under-
stand the movement of and interests of their own participants (SciStarter, 
2018). 

7.  ENCOURAGE SOCIAL INTERACTION

Learning is a sociocultural activity, so anything that encourages inter-
action provides the opportunity for learning. There are many different 
approaches to what is seen as “social.” Activities as diverse as online fora 
for participants, data collection in teams, in-person meetings, and having 
people verify others’ classifications all can be designed to provide opportu-
nities for interaction that can enhance learning. 

We know some participants in citizen science projects desire and/or 
benefit from engaging in science as a social activity. Even individual data 
collection projects can be structured to communicate to individual citizen 
scientists that they are part of a larger endeavor that has social implications. 

It is important in designing for social interactions that promote learning 
to consider the comfort for all participants. Projects that support learning 
offer participants a place of “comfort,” trust in the environment, and social 
engagement around learning (Kop, Fournier, and Sui Fai Mak, 2011). Kop 
and colleagues suggest that within these conditions, it is possible to create a 
pedagogy that supports people in their learning, through the active creation 
of resources and learning places by participants and educators/facilitators. 
Such a pedagogy would be based on building connections, collaborations, 
and the exchange of resources between people, the building of a community 
of learners, and harnessing of information flows on networks. 

The Hudson River American Eel Research Project mobilizes community 
members of all ages to count, weigh, and release juvenile American eels 
along the tributaries of the Hudson River (Hudson River American Eel 
Research Project, 2018). In addition to learning through the data collection 
experience, and through training and project materials, participants report 
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that in-person interactions are a major source of learning (Phillips, 2017). 
Learning is likely heightened by the diverse and intergenerational nature 
of these social interactions, often involving inner-city high school students 
and local retirees. The project also boasts an end-of-year “Eelebration” 
where data from each of the sites are presented to all the volunteers in a 
jovial and fun setting. 

8.  BUILD LEARNING SUPPORTS INTO THE PROJECT

Knowing what both designers and participants want to learn and then 
creating supports for that learning is important. People will learn without 
supports, but they will learn faster with supports (Rogoff, 1995). Once you 
have decided on learning goals, build supports that help people achieve 
these learning goals. Think of those supports in terms of tools people can 
use, interactions they can have with each other, and guidance they can get 
from project leaders.

Some of the supports the committee has seen that work effectively 
include tutorials, mentoring new participants by more advanced partici-
pants, curriculum, newsletters, personalized communications, in-person 
and online training, and interactive multimedia tools such as quizzes and 
peer-to-peer communication forums. This consideration also relates to mak-
ing the purpose of the learning visible. For example, curriculum-based 
projects such as BirdSleuth (2018) and GLOBE (2018) provide robust 
classroom activities and lesson plans aligned with the Next Generation 
Science Standards. Other projects such as BeeSpotter (2018) and Nature’s 
Notebook (2018) provide comprehensive training materials, such as iden-
tification keys, presentations, lecture notes, and quizzes. 

Because the field is young, there is relatively little research on the 
kinds of supports that are inherent in or well-matched to citizen science. 
However, as summarized in the previous three chapters, there is a large 
and robust body of education research on learning outcomes and how 
to work with stakeholders to achieve those outcomes. Some high-level 
strategies that can help guide the design of learning supports are described 
below.

Give Participants Opportunities to Communicate 
and Apply What They Learn

Communication often prompts reflection about a participant’s learning, 
which can reveal gaps, guide future learning, and aid in long-term retention. 
Application allows participants to extend their knowledge to new domains, 
which is, itself, a kind of learning, and helps with retention. Some ways to 
do this could include project-related discussions, an asynchronous online 
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discussion, or a reflective prompt for the individual to consider. Other 
approaches include using results in civic processes or inviting participants to 
help describe project findings and results in both scientific and nonscientific 
fora. The opportunities to communicate are closely related to the notion of 
authenticity in citizen activity discussed above. 

The Alliance for Aquatic Resource Monitoring (ALLARM), originally 
developed to help communities deal with acid rain deposition, provides 
training and technical support for mitigating point source pollution in 
local watersheds (ALLARM, 2018). ALLARM was designed to engage 
individuals in all aspects of project design and to specifically empower 
them to participate in community efforts that led to solutions. Currently, 
ALLARM provides a decision tree for guiding action. Through letters to 
the editor, discussions with government representatives, and presentations 
at community events, participants used their newly acquired knowledge to 
describe the acid deposition problem. 

Give Participants Many Examples and Frequent Feedback

Where enhanced perceptual learning is a goal of participation, project 
designers can support this objectifying by offering participants a chance 
to interact with many examples of the kind of data that participants will 
be collecting, classifying, or analyzing, coupled with feedback about that 
interaction. Galaxy Zoo is a good example of a project that provides 
many examples for participants alongside frequent feedback. In Galaxy 
Zoo participants learn to classify by making and comparing their clas-
sifications against those of others. Thinking of creative ways to provide 
feedback directly or indirectly might lead some citizen science projects to 
richer designs and more committed participants. For projects that tend to 
attract one-time engagement, building feedback into the experience may 
increase individuals’ satisfaction, which can help lead to interest in addi-
tional engagement in citizen science.

Link the Project’s Scientific Goals with Its Learning Goals

Projects will have an easier time reaching their nonlearning-related 
goals if the participants are motivated, have agency, identify with the proj-
ect, and have relevant domain knowledge and perceptual knowledge. For 
many participants, learning is a benefit to participation; for many project 
owners, participant learning may be critical for their science. Either way, for 
the learning to have meaning to the project, the goals for learning must con-
nect to the desired outcomes for the project (Bennett, 1978). The mission of 
the Monarch Larva Monitoring Project (MLMP) for example, is to “better 
understand the distribution and abundance of breeding monarchs and to 
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use that knowledge to inform and inspire monarch conservation” (Monarch 
Larva Monitoring Project, 2018). By linking science and conservation goals 
directly to the design of the project, MLMP participants not only learn a 
great deal about monarchs, they are also motivated to actively enhance 
habitats for monarchs, which in turn supports the overall project goals. 

The West Oakland Environmental Indicators Project is a resident-led, 
community-based environmental justice organization, which operates the 
Community Leadership Academy (West Oakland Environmental Indica-
tors Project, 2018). The Academy is a formal training program that offers 
12 hours of leadership training on topics specific to the development of the 
Port of Oakland including the impact of the freight transportation industry 
on local development, the health impacts of diesel exhaust and air pollu-
tion, technological solutions to air pollution, how the air quality regulation 
works, and how to advocate successfully for social justice and community 
health. This is a clear example of relating learning to overall project goals.

Connect Science Process to Science Content

Research makes it clear that learning to engage in scientific practices—
such as constructing and testing scientific arguments and evaluating scientific 
evidence—is facilitated by simultaneously learning disciplinary concepts and 
facts, and vice-versa. In fact, it is often easier for people to learn processes 
of science by applying the process directly to a specific problem, rather than 
as an abstract exercise. However, many projects wrongly assume that an 
emphasis on the content will result in learning about the process. For this 
reason, projects that explicitly design for both content and process are more 
likely to advance learning. Projects can do this by being explicit about the 
nature of science (such as the aims of and claims made with data), providing 
models of reasoning from the participants’ work, and encouraging partici-
pants to propose and discuss their own claims and perhaps compare their 
claims against those of the scientist. Projects that are explicit in this way 
can contribute to scientists’ learning, as they provide other perspectives. 
The protocol for COASST was developed to specifically train participants 
to evaluate scientific evidence (in this case, seabird carcasses) to accurately 
identify the species (COASST, 2018). COASST also provides feedback on 
the accuracy of each data point to participants, thereby enhancing both 
content knowledge and the development of science process skills. In a pre-
post evaluation of COASST, Haywood (2014) showed an increase in vol-
unteers’ ability to correctly weigh evidence to determine whether sufficient 
information existed for accurate species identification. 
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Emphasize the Constructed Nature of Project Knowledge

Letting people interact with open-ended problems is a good way to 
accelerate this learning progression. Citizen science projects are sometimes 
emergent, exploratory, or descriptive. When appropriate, it can be valuable 
to design the program so that participants can engage in data analysis, have 
access to the tools necessary to discuss the evidence, and be part of, or at 
least follow along with, the evolving understanding of scientific learning 
through project data. Projects that provide the most opportunities to engage 
participants in co-constructing knowledge typically involve participants 
in using and sharing project results to affect change, helping to determine 
the intended uses of data, and collaborating on the design of the project. 
Projects emphasizing a collective effort to develop understanding, with 
opportunities for participants to propose, critique, and refine ideas with 
their peers, are best at this strand of learning. 

9.  EVALUATE AND REFINE

Good design for learning is an iterative process, and it is necessary to 
design evaluation, reflection, and revision into the design process. Again, 
there are relatively few tools for evaluation and iteration that are specific to 
citizen science or that work across all citizen science projects, so the com-
mittee urges the citizen science community to borrow, adapt, refine, and 
share. Remember that good evaluation is always answering the question: 
How do I improve this effort? Participants involved in an evaluation pro-
gram can provide evaluative thinking. This often strengthens the evaluation 
much more than the evaluation activity itself (Patton, 1997). The values 
that are part of the culture of evaluation are demonstrated through evalua-
tive thinking and include clarity; specificity and focusing; being systematic 
and making assumptions explicit; operationalizing program concepts, ideas, 
and goals; distinguishing inputs and processes from outcomes; valuing 
empirical evidence; and separating statements of fact from interpretation 
and judgements (Patton, 2002). 

SUMMARY

The fundamental message of this chapter is that citizen science projects 
can be designed in ways that enhance learning for all participants. The 
evolution of design shows that more involvement of diverse stakeholders, 
especially when they are welcomed for the contributions they can bring 
to the project, improves project outcomes. This is true for all outcomes, 
including the learning outcomes explored in previous chapters. Further, 
there are actionable strategies that can be used to promote learning in the 
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context of citizen science and take advantage of the unique learning oppor-
tunities associated with citizen science. If the committee had to sum it up 
in sentence, albeit a long one, we would suggest that iterative, cooperative 
engagement in design and implementation, with a diversity of stakehold-
ers who are respected for the knowledge they bring to the design process, 
results in more learning for all participants, and that this learning can sup-
port other project goals. 
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Conclusions and Recommendations

CONCLUSIONS

Characterizing Citizen Science

One of the goals of this report is to share the committee’s synthesis 
of what is known about how practitioners can support science learning 
through participation in citizen science. In this chapter, we summarize the 
committee’s findings throughout the report, offer brief summaries of our 
major messages, and give some recommendations for how to further the 
work of supporting science learning through citizen science for both prac-
titioners and researchers. Finally, we offer a formal conclusion.

In engaging in that work, the committee found it necessary to clarify 
terms and unpack challenging concepts. First, we needed to calibrate dif-
ferent understandings of what constitutes citizen science. We recognized 
that our different understandings arose, in part, from the multiple histories 
that have contributed to citizen science. In particular, the committee noticed 
three converging histories for citizen science: one rooted in established 
science, characterized by scientists reaching out to nonscientists for their 
help advancing science. Another history is rooted in community groups 
reaching out to scientists to bring science to bear on a community priority. 
Finally, youth educators in both formal and informal settings represent a 
third community that has contributed to developing relationships between 
citizen science and science learning and has been active in pointing the 
way toward new ways of integrating them. These different histories are 
not mutually exclusive or complete, but they do illuminate the range of 
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approaches, motivations, and participation that are part of citizen science. 
The committee believes that this diversity is a strength and opportunity of 
citizen science, and rather than constrain citizen science with a singular 
definition, we found it useful to describe how it is distinct from more tra-
ditional science inquiry.

CONCLUSION 1: Citizen science projects investigate a range of phe-
nomena using scientific practices across varied social, cultural, and 
geographical contexts and activities. Citizen science allows people with 
diverse motivations and intentions to participate in science. 

The committee identified several traits common to many citizen science 
projects. Though projects do not necessarily have to possess these traits 
in order to count as citizen science, these traits are often characteristic 
of citizen science activities. The traits identified by the committee show 
that, generally, citizen science projects actively engage participants, engage 
participants with data, use a systematic approach to producing reliable 
knowledge, help advance science, and communicate results. Participants in 
citizen science generally chose to be involved and benefit from participation.

There is ample evidence that diversity1 enhances scientific discovery and 
impact. Diversity is a source of new scientific questions, practices, insights, 
and evidence, all of which enhance discovery and innovation. Broader 
participation in science can help ensure that the priorities and needs of all 
communities, not just majority communities, are reflected in the research 
agenda of science. As an activity that explicitly broadens participation in 
science by welcoming people who are not and do not intend to be practic-
ing scientists, citizen science has the potential to bring more and different 
people into the fold of science, and can be a mechanism by which marginal-
ized groups can influence scientific agendas and guide science in directions 
that reflect their priorities.

CONCLUSION 2: Because citizen science broadens the scope of who 
can contribute to science, it can be a pathway for introducing new 
processes, observations, data, and epistemologies to science. 

As the committee will discuss in the recommendations, the fact that 
citizen science could introduce new ideas into science does not mean it 
will. Moreover, the fact that citizen science allows opportunities for more 
diversity does not mean designers and other stakeholders will use that 

1 The committee defines diversity in Chapter 1 of this report to mean “the differences among 
individuals, including demographic differences such as sex, race, ethnicity, sexual orientation, 
socioeconomic status, ability, and country of origin, among others.”
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opportunity effectively. Taking advantage of these opportunities requires 
conscious attention to issues of power, willingness to examine practices for 
implicit and explicit bias, and skill in engaging diverse perspectives. All of 
this, evidence suggests, is facilitated by engaging in a process of collabora-
tive project design. 

Participation in Citizen Science

In attempting to address its statement of task, the committee recognized 
that it was important to first understand who engages in citizen science. 
That is, before it is possible to plan for learning through participation in 
citizen science, it is critical to know who participates, what the modes of 
participation look like, and what kinds of learning outcomes are reasonable 
to expect through participation. Our efforts to identify who participates in 
citizen science were frustrated by incomplete data. Though the data that do 
exist points to certain trends in participation, the committee was surprised 
to find that popular notions of who participates in citizen science are often 
based on limited data. 

Only a small number of projects collect and make available data about 
participants, and there are significant differences in how different projects 
characterize their participants. Both of these make it challenging to draw 
overarching conclusions about who participates in citizen science. The 
committee observed that where the data do exist, they are likely to over-
represent large-scale projects with sufficient technological and financial 
support to have a Web presence, as well as those projects that are connected 
to educational researchers at universities. We learned about several projects 
with a community-driven history that did not report their participation 
in peer-reviewed literature, suggesting that these projects (and their more 
diverse participants) may be undercounted. Youth who participate in citi-
zen science may also be undercounted, potentially because many people 
who use citizen science projects as part of formal and informal education 
activities do not publish as often. For these reasons and others detailed in 
this report, the committee finds that this limited participant data is likely 
to underrepresent critical populations, such as communities of color, youth 
participants, and people from lower socioeconomic statuses.

CONCLUSION 3: There is limited systematic, cumulative information 
about who participates in citizen science. Community and youth proj-
ects are underrepresented in the available data, suggesting that existing 
data is biased toward white middle- and upper-class populations.

Though limitations in the availability of data may fail to recognize 
certain kinds of participants or modes of participation, the committee did 
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observe some trends in the data that do exist. In Chapter 2 of this report, 
the committee delves into some emergent trends in the kinds of projects that 
report participation data. The committee reflects on these trends through-
out the report and offers additional relevant recommendations to the field 
below. 

Learning Through Citizen Science

In examining learning in citizen science projects, the committee was 
struck by the way that attending to learning could advance other goals that 
are often part of citizen science. For example, we saw evidence that helping 
participants develop and practice the skills associated with data collection 
improved the quality of data collected, which is good both for science and 
the communities who base subsequent action on that data. 

CONCLUSION 4: Participants’ learning through citizen science has 
benefits not only for participants and scientists but also for communi-
ties and science.
 
One of the committee’s primary tasks was to distinguish between the 

aspirations for citizen science to support science learning and the actual doc-
umented evidence of science learning through participation. For instance, 
the committee heard reports that citizen science engaged students who did 
not participate in other science activities, but we did not find widespread 
evidence that citizen science reached all reluctant learners. We found that 
enthusiasm about citizen science’s potential occasionally clouds what is 
actually known about what kinds of learning occur in citizen science. While 
there is some evidence that participation in citizen science projects can 
enhance science learning, more studies are needed that examine processes 
of learning and document specific learning outcomes in a wider variety of 
contexts including more diverse learners. Such studies would buttress these 
early findings and provide more robust guidance that could be used to 
maximize learning outcomes for all learners.

CONCLUSION 5: There is evidence that citizen science projects can 
contribute to specific learning outcomes in particular contexts and for 
some learners. 
 
Based on emerging evidence from available research and the carefully 

articulated observations of practitioners, the committee was convinced 
that multiple kinds of learning through citizen science are achievable with 
intentional planning. The committee considered what learning outcomes 
were accessible in citizen science through the framework offered in the 
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National Research Council study Learning Science in Informal Environ-
ments (National Research Council, 2009). These six strands of science 
learning helped the committee to delineate what kinds of outcomes might 
be reasonably expected and offer insight into what conditions are necessary 
to bring about specific kinds of learning. 

CONCLUSION 6: Citizen science supports learning outcomes related 
to scientific practices, content, identity, agency, data, and reasoning. 
Whether these outcomes are realized depends on the provision of learn-
ing supports and on intentional design. 

CONCLUSION 6a: Citizen science can be readily mobilized to help 
participants learn scientific practices and content directly related to 
the specific activities in the project.
CONCLUSION 6b: With careful planning, intentional design, and 
learning supports, citizen science can

•		 amplify participants’ identity/ies as individuals who contribute 
to science and support their self-efficacy in science;

•		 provide an opportunity for participants to learn about data, data 
analysis, and interpretation of data; and 

•		 provide a venue for participants to learn about the nature of 
science and scientific reasoning. 

Supporting learning in citizen science requires recognition of the vari-
ous ways that people enter into and travel through a citizen science expe-
rience. Participants bring personal motivations and interests into citizen 
science projects, which can support and enhance science learning and may 
change over time. Knowing about and responding to this shifting array 
of motivations and interests can help project designers and implementers 
advance learning goals. For example, knowing how a participant might 
begin his or her work as an interested volunteer who collects data according 
to a well-established protocol and then move on to help guide the project 
can help project implementers and designers to enable pathways like these 
and to enhance learning along these pathways.

Research shows that more learning occurs when learners’ knowledge 
and previous experiences are welcomed into learning environments, and 
learners are given opportunities to connect previous experience and knowl-
edge to new concepts or ideas. Research also suggests that when learners’ 
prior knowledge and experiences are neglected, marginalized, or treated 
as wrong, it slows science learning, undermines interest in science, and 
diminishes agency to use science. Evidence reveals that this happens more 
often to individuals from communities of color, lower income communi-
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ties, and Indigenous communities. The committee emphasizes the value in 
using citizen science to engage with participants’ lived experience, cultural 
knowledge, and rich epistemologies in a way that underscores rather than 
rebukes connections to science.

Learners’ identities influence learning outcomes. Here, identities need 
to be understood in terms not only of identity within the scientific enter-
prise, but also their larger cultural identity and how that intersects with 
science. A historic and comprehensive understanding of how the scientific 
community has treated traditionally marginalized groups or cultures allows 
for projects to explicitly address longstanding and ongoing tensions and 
facilitate individual learning.

CONCLUSION 7: Science learning outcomes are strongly related to 
the motivations, interests, and identities of learners. Citizen science 
projects that welcome and respond to participants’ motivations and 
interests are more likely to maximize participant learning. 

Science learning has been extensively studied in many contexts, and 
for many learners. Certain principles discovered about science learning are 
especially relevant to citizen science.

CONCLUSION 8: Research on learning science in other contexts pro-
vides insight into some fundamental principles that can advance science 
learning through citizen science. These principles include the following:

•	 Prior knowledge and experience shape what and how participants 
learn.

•	 When participants’ prior knowledge and experience are treated 
respectfully in the learning process, learning is advanced. 

•	 Motivation, interest, and identity play a central role in learning, cre-
ate learning opportunities, and are learning outcomes themselves.

•	 Most science learning outcomes will only be achieved with struc-
tured supports. These supports can come from specific tasks, tools, 
and facilitation. 

The committee recognizes that within the institution of science, social 
structures exist to continually privilege some demographic groups in ways 
that mirror society at large. If issues of power and privilege are not explic-
itly investigated and managed in ways that minimize inequity, citizen sci-
ence projects are likely to default to the same kinds of power structures 
already at work. For instance, a project can amplify existing inequity by 
preferentially engaging people with previous scientific experience. On the 
other hand, explicitly building projects to welcome, include, and advance 
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learners and their contributions from a wide variety of backgrounds creates 
a richer learning environment for all learners.

CONCLUSION 9: Being aware of issues of power, privilege, and 
inequality, and explicitly addressing them in citizen science projects can 
help enable learning for all participants.

Community Learning

In addition to learning outcomes for individuals, the committee found 
that citizen science can contribute to learning outcomes at the community 
level. Indeed, some projects can be designed with community outcomes, 
including science literacy, as the primary goal. In this context, the com-
mittee found the notion of community science literacy—a community’s 
ability to leverage collectively held but individually distributed expertise—
particularly useful (National Academies of Sciences, Engineering, and Med-
icine, 2016). The committee acknowledges that science literacy and science 
learning are not synonymous but notes that community science literacy can 
be bolstered when some constituent individual learning outcomes (such 
as content area expertise, or facility with the use and misuse of scientific 
methodologies) are grown and strengthened. Though evidence in this arena 
is limited, the committee found some case study evidence that community 
participation in citizen science can contribute to a community’s science lit-
eracy when some specific learning outcomes are realized. As with learning 
by individuals, we found that the potential for citizen science to contribute 
to community science literacy is not realized automatically but requires 
attention in design and implementation. 

CONCLUSION 10: Community participation in citizen science activi-
ties can support the development of community science literacy.

In creating opportunities for communities that have historically been 
marginalized to develop scientific projects that pursue their goals and 
enhance their community science literacy, citizen science has the potential 
to shift traditional scientific notions of whose questions are considered 
worthy of scientific investigation, what kinds of data and methods are 
considered scientific, and who gets to lead and participate in scientific 
inquiry. The committee recognizes that while participation in citizen science 
has the potential to enact these shifts, they are unlikely to occur without 
acknowledging past inequities and finding and changing current practices 
that either ignore or perpetuate inequity. Bringing a historic and compre-
hensive understanding of how traditionally marginalized groups have been 
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treated by the scientific community allows for project design that explicitly 
addresses longstanding (and ongoing) tensions. 

CONCLUSION 11: Citizen science can create opportunities for 
communities, especially communities who have been marginalized, 
neglected, or even exploited by scientists, to collaborate with scientists 
and the science community. 

Design for Learning

Design is the process of turning ideas and intent into action. Being 
intentional in design is a critical component in achieving science learning 
through citizen science. To intentionally design in the ways the committee 
has talked about in this report requires a level of commitment and resources 
that may differ from historical approaches to developing citizen science 
projects. There are, however, free resources to do this, and the committee 
has attempted to identify such resources in this report where appropriate.

CONCLUSION 12: Specific learning goals can be achieved with inten-
tional design. Without intentional design, it can be hard to anticipate 
what learning outcomes will be achieved.

Modern theories of design describe it as an ongoing process of learn-
ing, prototyping, gathering feedback, and refining. State-of-the-art design 
includes engaging stakeholders2 in all aspects of the design process. In 
science, this understanding of design can be seen in participatory methods 
for science such as coproduction, participatory research, and boundary-
spanning organizations. Applied to science learning, and science learning in 
citizen science, modern design theory makes it clear that design for learn-
ing outcomes, and therefore learning outcomes themselves, is enhanced by 
designing with learners and other participants in an iterative process.

CONCLUSION 13: Research on program design shows that designing 
with input from stakeholders and building iteratively is an effective 
strategy for supporting learning. This is true for designing for science 
learning from citizen science. 

2 For the purposes of this report, the committee considers “stakeholders” to be individuals 
concerned with the immediate design and implementation of a citizen science project. These 
entities include project designers, project facilitators, participants, and relevant community 
actors. 
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The committee finds no evidence that designing for learning in this 
way undermines the larger scientific goals of a project; rather, we see that 
designing in this way advances learning in ways that may even enrich the 
project outcomes and project experience for all stakeholders. In summary, 
citizen science projects that are designed with participants rather than for 
participants are better poised to actually bring about desired learning in the 
context of citizen science participation. This collaborative approach, while 
always recommended, is especially helpful for uncovering and addressing 
some of the factors that undermine traditionally underserved and under-
represented groups and individuals. By working to enable learning and 
participation for a wider range of learners, participatory design enhances 
learning opportunities for all learners.

Some contexts may be more appropriate for certain kinds of learning 
outcomes and, accordingly, context (and all the considerations therein) 
should be carefully addressed in project design. The committee discussed 
the role of learning environment in project design and found that while 
there are benefits to recommend citizen science activities to formal learning 
environments, it is critical that the educators engage with citizen science 
with the appropriate level of support to achieve specific outcomes.

CONCLUSION 14: Formal learning environments have more struc-
tured and intentional learning outcomes. Citizen science can provide 
useful activities for formal learning environments; however, educators 
may need to incorporate additional supports to achieve more challeng-
ing learning outcomes. 

In summary, there is clear evidence that citizen science presents oppor-
tunities for individuals to learn science, and that individual science learning 
can help advance a broader set of project goals and a community’s ability to 
leverage science for their benefit. Learning outcomes around science content 
and process require some supports for learning, while learning outcomes 
related to scientific reasoning, identity, and data require even more explicit 
support. All learning outcomes are more likely with intentional design, and 
design is better when done with a broad range of stakeholders. 

Identity, interest, and motivation are especially rich areas of inquiry. 
Citizen science can contribute to identity as someone who participates in 
science, and that is both a learning outcome and something that enables 
other learning outcomes. Identity is also connected to a larger cultural and 
social context, and that larger cultural and social context is an especially 
important consideration for communities and members of communities that 
have had their identity undermined, marginalized, or neglected. Citizen sci-
ence, by virtue of expanding the scope of science, has the potential to medi-
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ate these tensions if it is willing to take up that challenge. If it does, it can 
pioneer practices and approaches that could be used in science writ large.

RECOMMENDATIONS AND RESEARCH AGENDA

Enabling Learning

The committee was asked to develop a set of evidence-based principles 
to guide the design of citizen science projects. In this chapter, the committee 
offers general principles that are relevant across citizen science and should 
be applied to the design and implementation of all projects. Many of these 
principles derive from research and best practices in science education 
more generally. We present these overarching principles as recommenda-
tions. They are offered to all designers of citizen science projects, with the 
understanding—discussed throughout—that designers include a wide and 
representative range of stakeholders and that effective design extends well 
into implementation. 

These overarching recommendations for enabling learning from citizen 
science are supplemented by a set of evidence-based suggestions that can be 
used by designers (again, broadly construed) to advance learning in specific 
citizen science projects. These suggestions, or guidelines, are developed in 
detail in Chapter 6.

In thinking about learning in citizen science, our committee was con-
fronted early and often with the reality that citizen science is embedded in 
a larger set of cultural practices and that these practices can be less than 
equitable. Assumptions about who is eligible and prepared to participate in 
science activities, what kind of knowledge counts as science, and even who 
is entitled to ask or answer scientific questions are influenced, not always 
positively, by attitudes and practices in society at large. To put it another 
way, science, especially citizen science, is a sociocultural activity. Along 
with the positive learning opportunities that come with social and cultural 
interaction, comes the possibility of inheriting and propagating biases that 
inhibit learning. And these biases do not just inhibit learning for members 
of the groups that are targeted by the biases; by limiting the breadth of 
people and ideas, they inhibit learning for everyone. 

In order to ensure that participation in citizen science does not unques-
tioningly accept biases and inadvertently propagate existing and histori-
cal inequities that undermine learning, the committee positioned its first 
recommendation around understanding issues of power and intention-
ally designing to promote equity. The history of design and sociocultural 
theories of learning both make it clear that if citizen science stakeholders 
do not explicitly question implicit biases and inequitable distributions of 
power, and work to minimize their impact, they are likely to design proj-
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ects that cater to a narrow range of learners. Most often, the narrow range 
consists of members of dominant social groups, defined above. Conversely, 
explicitly considering inequity, finding ways to minimize barriers for all 
learners, and designing to welcome and respect members and ideas from 
nondominant groups can result in more diverse, equitable participation, 
which improves project outcomes for all stakeholders. It also offers insight 
into how science as a whole can move toward more equitable outcomes 
and broader participation.

In order to engage in this work, the committee recommends that 
designers, researchers, participants, and other stakeholders in citizen sci-
ence examine existing inequities that can impede participation in all facets 
of citizen science, and design pathways around those inequities. This work 
entails welcoming diverse ideas, methods, and epistemologies, particularly 
from communities whose contributions have been neglected or minimized, 
in the design and implementation of citizen science projects. 

RECOMMENDATION 1: Given the potential of citizen science to 
engage traditionally underrepresented and underserved individuals and 
communities, the committee recommends that designers, researchers, 
participants, and other stakeholders in citizen science carefully consider 
and address issues of equity and power throughout all phases of project 
design and implementation. 

In examining existing citizen science projects, the committee found a 
number of projects that could take better advantage of the state-of-the art 
understanding about science learning. Often, these projects were designed 
and led by scientists with deep expertise in the discipline of the project, but 
less experience in education, educational design, or education research. 
Conversely, projects that involved education researchers, educators, and 
people with expertise in education presented more evidence of learning. By 
the same token, these kinds of partnerships can also help advance research 
about learning from citizen science.

RECOMMENDATION 2: In order to maximize learning outcomes 
through participation in citizen science, the committee recommends 
that citizen science projects leverage partnerships among scientists, 
education researchers, and other individuals with expertise in education 
and designing for learning.

The committee cannot underscore the next point enough: Success in 
learning outcomes through citizen science is enhanced by intentionally 
designing for learning.
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RECOMMENDATION 3: In order to advance learning, project design-
ers and practitioners should intentionally design for learning by defin-
ing intended learning outcomes, identifying a participant audience, 
integrating learning outcomes into project goals, and using evidence-
based strategies to reach those outcomes. 

Design theory makes it clear that strong collaborations among mul-
tiple stakeholders helps to broaden participation and support learning. 
Strong collaborations approach citizen science design as a partnership 
where all stakeholders are active participants with valuable insights and 
contributions. Further, strong collaborations avoid positioning participants 
as “targets” of citizen science activities who must be managed by others 
who seek to help them overcome a lack of knowledge, but focus instead 
on understanding participants needs, expectations, and areas of expertise. 

In practice, this looks like engaging with potential stakeholders early 
and often in the process of designing a citizen science project or adapting 
an existing citizen science project to promote learning. This can be done by 
engaging in discussions with a broad range of stakeholders (including scien-
tists, education researchers, educators, learners, and members of learners’ 
communities) about learning goals and how they can support individual or 
community goals. In those discussions, project leads should make a con-
certed effort to talk with individuals from a diverse range of communities 
to learn about their participation—what it might look like, what might get 
in the way, and what might produce more value for them to participate. 
If there are difficulties—for example, a community with limited access to 
the project—exploring how to overcome those barriers is preferable to not 
continuing to work with that community. A leadership team that includes 
scientists and potential participants can facilitate these conversations. From 
these discussions, it can be helpful to build a prototype, and use that pro-
totype to anchor subsequent discussions. Strong collaborations grow from 
these discussions and the iterative work afterward, and they are aided by 
being explicit about the collaboration and developing a common and clear 
understanding around roles, decision making, data collections and sharing, 
and ownership of intellectual property. 

RECOMMENDATION 4: In designing or adapting projects to support 
learning, designers should use proven practices of design, including 
iteration and stakeholder engagement in design. 

Building the Field

As an emerging field, citizen science has opportunities to advance 
in itself, contribute to what we know about how people learn science, 
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and broaden participation in science. The next several recommendations 
explore how to maximize that potential; they are recommendations for 
building the field of citizen science. 

The committee was also asked to lay out a research agenda that can fill 
gaps in the current understanding of how citizen science can support sci-
ence learning and enhance science education, and those recommendations 
are outlined below.

Existing research can begin to point stakeholders toward understand-
ing the mechanisms at work when attempting to design citizen science to 
support science learning. Given the somewhat nascent nature of the field 
of citizen science as its own research domain, however, more research on 
the long-term strategies for how to support science learning is necessary in 
order to clarify and develop evidence-based practices and understand com-
mon elements and variations across a variety of sociocultural and practical 
contexts. The committee wishes to point out that design-based research 
may be especially fruitful here: Not only will future research inform the 
design of citizen science projects but also design-based research in citizen 
science could also offer significant contributions to developing and refin-
ing theories about learning in citizen science. In particular, design-based 
research is well suited to characterize the challenges and opportunities pre-
sented by the range of contexts in which citizen science learning takes place. 

More rigorous research, more documentation of effective practice, and 
more attention to equity will grow the foundation of practice that can be 
used to advance learning outcomes in citizen science.

RECOMMENDATION 5: The committee recommends that the edu-
cational research community perform regular analyses of the available 
evidence on learning in citizen science in order to identify and dissemi-
nate effective strategies. 

Research is essential to continued advancement in citizen science, and 
formal, peer-reviewed research remains a gold standard for understanding 
how learning happens in citizen science and leveraging citizen science to 
advance our understanding of how people learn in many contexts. This 
report is a starting point for future analyses that go into more depth on 
key parts of science learning or consider new results made available after 
this report.

There are three important factors to consider. First, citizen science 
extends beyond academia, and this means that evidence for successful prac-
tices that advance learning can be found outside of published peer-reviewed 
journals. In the process of preparing this report, the committee learned 
from conversations with a variety of stakeholders, blogs, and other online 
communications about citizen science, posters and informal presentations, 
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and unpublished papers. In disseminating strategies that are useful for sup-
porting learning, the citizen science research community should continue to 
learn from a wide variety of communication formats and not confine itself 
to the peer-reviewed literature. 

Second, research should include attention to practice and link theory to 
application. The committee heard from practitioners and researchers alike 
about the challenges of translating emerging research on learning to actual 
practice in citizen science. Citizen science, as a nascent field, does not have 
codified divisions between educational researchers and practitioners. For 
instance, practitioners and researchers involved in citizen science attend the 
same conference and are members of the same professional society. This 
interaction between research and practice is unique, and the committee sees 
it as an opportunity to investigate how research-to-practice can work well. 
More importantly, we see the interplay of researchers and practitioners as 
one facet of productive collaborative design and urge the citizen science 
community to continue to welcome and respect contributions from both 
theory and practice. Examining the interplay of research and practice in 
citizen science could point to strategies for linking research and practice 
that can be used beyond citizen science. 

Finally, the committee underlines the importance of paying attention to 
diversity in all of these meta-analyses, including ensuring broad participa-
tion in the design and implementation of the research. 

Citizen science has the opportunity to develop research methodologies 
that allow more intercomparison across and among projects, as well as 
practical tools to help build capacity among practitioners seeking to sup-
port science learning. Pursuing these new lines of inquiry can help add value 
to the existing research, make future research more productive, and provide 
support for effective project implementation. 

RECOMMENDATION 6: The committee recommends that relevant 
researchers perform longitudinal studies of participation and changes 
in individuals’ and communities’ scientific knowledge, skills, attitudes, 
and behaviors, both within individual projects and across projects. 

The committee acknowledges that the field could strongly benefit from 
the creation, testing, and improvement of accessible tools for practitioners 
to use to support science learning through citizen science. Though the com-
mittee holds that effective collaboration remains the primary way to design 
for specific learning outcomes in specific learning contexts, the committee 
also recognizes that not all stakeholders will always have access to the best 
collaborators. As a result, the committee notes that it would be particularly 
useful if practitioners were able to rely on proven design tools to help iso-
late desired learning outcomes and backward map program participation to 
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support achievement in learning. When developing these tools, researchers 
need to find ways to account for the unique assets and insights that dif-
ferent individuals bring to their experience with citizen science, especially 
for individuals who come from historically underrepresented communities.

RECOMMENDATION 7: The committee recommends the citizen sci-
ence community collaborate to identify, enhance, and develop shared 
tools and platforms that they can use to support science learning across 
a large number of citizen science projects. 

This report represents our attempt to synthesize the best available 
research on citizen science and science learning. Future work should build 
on the evidence drawn out in this report and continue to realize the poten-
tial of citizen science. 
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Appendix A

Demographic Analyses of Citizen Science

Pandya (2012) points out that participation in citizen science, at least in 
the United States, does not reflect the demographics of the population, and 
that this schism hurts both citizen science and unrepresented groups. There 
is a generalized assumption that participants in citizen science are gener-
ally white, older/retired females with above average education. However, 
there are no analyses across the citizen science community exploring this 
assertion. To address that gap in service of this report, we cite three differ-
ent analyses of participation data. The first is a simple analysis of reported 
participant data on online citizen science aggregator platform SciStarter 2.0 
(SciStarter, 2018), the second is a published analyses of participant data, 
and the third is an original meta-analysis of published literature on citizen 
science projects reporting participant data.

SCISTARTER 2.0

SciStarter is a Web platform for individuals looking to “find, join, 
and contribute to science.” The platform offers access to more than 2,700 
searchable citizen science projects and events, as well as helping interested 
parties access tools that facilitate project participation (SciStarter, 2018). 
As of September 2018, SciStarter 2.0 has offered a profile feature, allowing 
individuals to record demographics and other attributes to a profile. Once 
a profile has been completed, information about the individual can be 
attached to projects listed on SciStarter as a “bookmark,” which indicates 
potential interest in the project, or because the individual elects to join the 
project. The committee reviewed sex and age information about individu-
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als electing to fill out a profile on SciStarter (N = 653) as a function of the 
type of project (hands-on versus online), based on SciStarter profile data.

Of the 653 SciStarter profiles completed by the end of 2017, the major-
ity of individuals were female (64%) and in the 35–44 age range (female 
median = 41; male = 47). Individuals with profiles have the option to join 
projects through SciStarter and/or bookmark them, allowing some deter-
mination of preference as a function of project type. Females represented 
the vast majority of bookmarkers (80%), and appeared to bookmark both 
online and hands-on projects equally. Other statistics were slightly more 
revealing: whereas females comprised 68 percent of SciStarter users joining 
hands-on projects, this value dropped to 57 percent for online projects.

Dimensions of Biodiversity Meta-Analysis

Theobald and colleagues (2015) and Burgess and colleagues (2017) 
surveyed biodiversity citizen science projects as part of a large, multi-
university project funded by the Dimensions of Biodiversity Program within 
the Division of Environmental Biology at the National Science Foundation 
(hereafter the Dimensions meta-analysis). In these studies, biodiversity was 
defined as explicit inclusion of the presence and/or abundance of identified 
taxonomic, genetic, or functional groups, and citizen science was defined 
as projects engaging volunteers not otherwise paid or receiving college 
credit for their participation, and collecting and/or processing quantifiable 
information related to an issue or question. Of the original 388 projects 
harvested from a comprehensive Internet search for English-version project 
Websites, contact information for extant projects was available for 329. 
Surveys sent to this set resulted in 125 responses. Questions included infor-
mation on the demographics of participants, including sex and qualitative 
exclusive categorization (all, most, some, few, or none) of age, education, 
and race/ethnicity. Although the vast majority of projects were centered in 
the United States, the demographic analysis included projects from a range 
of countries; therefore, race/ethnicity categories were simultaneously gen-
eral and specific to U.S. census categories (e.g., black or African American). 
Age and education data were visualized in Figure 4 (Burgess et al., 2017); 
sex and race/ethnicity data have not appeared elsewhere.1 

Of the 125 projects where managers/directors responded to the survey, 
a subset (44–69%) were able to provide some amount of demographic 
information, most often age-education and least often race/ethnicity (see 
Table A-1). This sampling of hands-on, outdoors, ecologically focused 
citizen science projects indicates that participants are principally white, 
well-educated adults with no gender bias. Almost all project managers 

1 See Theobald et al. (2015) and Burgess et al. (2017) for complete methods.

http://www.nap.edu/25183


Learning Through Citizen Science: Enhancing Opportunities by Design

Copyright National Academy of Sciences. All rights reserved.

	 161

T
A

B
L

E
 A

-1
 P

er
ce

nt
ag

e 
of

 t
he

 R
es

po
nd

in
g 

Po
pu

la
ti

on
 I

nd
ic

at
in

g 
th

e 
A

bu
nd

an
ce

 o
f 

a 
Pa

rt
ic

ul
ar

 D
em

og
ra

ph
ic

 C
la

ss
 

of
 P

ro
je

ct
 P

ar
ti

ci
pa

nt
s 

(e
.g

., 
re

ti
re

es
) 

Sa
m

pl
e 

D
em

og
ra

ph
ic

 C
at

eg
or

y
A

ll
M

os
t

So
m

e
Fe

w
N

on
e

83
R

et
ir

ee
s

1.
2

37
.3

41
.0

15
.7

4.
8

A
du

lt
 N

on
sc

ie
nt

is
ts

86
w

/ 
a 

co
lle

ge
 d

eg
re

e
2.

3
48

.8
39

.5
9.

3
0.

0

84
w

/o
ut

 a
 c

ol
le

ge
 d

eg
re

e
0.

0
11

.9
54

.8
25

.0
8.

3

St
ud

en
ts

82
C

ol
le

ge
0.

0
3.

7
54

.9
35

.4
6.

1

83
H

ig
h 

Sc
ho

ol
3.

6
14

.5
34

.9
36

.1
10

.8

79
M

id
dl

e 
Sc

ho
ol

1.
3

6.
3

32
.9

38
.0

21
.5

77
Pr

im
ar

y 
Sc

ho
ol

1.
3

5.
2

16
.9

41
.6

35
.1

53
C

au
ca

si
an

, 
N

on
-H

is
pa

ni
c

7.
5

81
.1

9.
4

0.
0

1.
9

49
H

is
pa

ni
c

0.
0

6.
1

22
.4

51
.0

20
.4

44
A

si
an

2.
3

2.
3

27
.3

50
.0

18
.2

46
B

la
ck

, 
A

fr
ic

an
 A

m
er

ic
an

0.
0

0.
0

15
.2

54
.3

30
.4

46
In

di
ge

no
us

, 
N

at
iv

e 
A

m
er

ic
an

0.
0

0.
0

10
.9

43
.5

45
.7

41
H

aw
ai

ia
n 

N
at

iv
e 

or
 P

ac
ifi

c 
Is

la
nd

er
0.

0
0.

0
0.

0
31

.7
68

.3

62
M

al
e

1.
6

21
.0

77
.4

0.
0

0.
0

61
Fe

m
al

e
0.

0
27

.9
70

.5
1.

6
0.

0

N
O

T
E

: 
M

aj
or

it
y 

re
sp

on
se

 c
at

eg
or

ie
s 

ar
e 

hi
gh

lig
ht

ed
 i

n 
bo

ld
, 

an
d 

w
he

re
 a

ll 
re

sp
on

se
s 

le
ss

 t
ha

n 
3 

pe
rc

en
ta

ge
 p

oi
nt

s 
ap

ar
t 

ar
e 

hi
gh

lig
ht

ed
. 

Sa
m

pl
e 

in
di

ca
te

s 
nu

m
be

r 
of

 p
ro

je
ct

 m
an

ag
er

s 
re

sp
on

di
ng

.
SO

U
R

C
E

: 
D

at
a 

fr
om

 T
he

ob
al

d 
et

 a
l. 

(2
01

5)
 a

nd
 B

ur
ge

ss
 e

t 
al

. 
(2

01
7)

.

http://www.nap.edu/25183


Learning Through Citizen Science: Enhancing Opportunities by Design

Copyright National Academy of Sciences. All rights reserved.

162	 LEARNING THROUGH CITIZEN SCIENCE

who reported race/ethnicity demographics indicated that “all” or “most” 
of their participants were white (88.6%), while only 6.1 percent indicated 
this same level of participation for Hispanics, with slightly lower levels 
(4.6%) for Asians, including Asian Americans. No projects reported over-
whelming participation among blacks or African Americans, indigenous 
peoples including Native Americans, or Hawaiian/Pacific Islanders. Projects 
with a higher than average participation of one or more minority groups 
were either outside of the United States (e.g., Migrant Watch and Citizen 
Sparrow are two bird-focused citizen science projects in India, with a 
majority of Asian participants), or geographically local and linked to a site 
and/or taxon with high cultural importance (e.g., the Camas Citizen Science 
Monitoring Program, centered on the Nez Perce National Historical Park’s 
Weippe Prairie Site, is a project of the National Park Service in which high 
school students monitor camas flowering and incorporate aspects of the cul-
tural and ecological values of this native prairie plant). These projects may 
have been tied directly to local schools; the Bosque Ecosystem Monitoring 
Program is a collaboration between the Bosque School and the University of 
New Mexico to engage students and volunteers in riparian forest–bosque–
monitoring along the middle Rio Grande). 

Youth were clearly not the focus of projects reporting demograph-
ics. Adult nonscientists with a college degree made up just over one-half 
(51.2%) of the combined “all” and “most” categories, versus only 11.9 
percent for adult nonscientists without a degree. Finally, while most stu-
dent categories had relatively low representation at the higher participa-
tion levels, 18.1 percent of high school students fell into the combined 
“all” “most” category, or almost five times the rate of college student 
participation.

There were no clear trends in participation of females versus males. 
Although females were slightly overrepresented in the combined “all” or 
“most” category (27.9% vs. 22.6%), only males were cited as having total 
representation in some projects (1.6%).

Literature Search and Meta-Analysis

Using Web of Science (2018), we performed searches of the topic fields 
(title, keywords, abstract) for literature from the year 2000 to present, 
language = English and peer-reviewed articles only, using combinations of 
the search terms:

1.	 crowd sourc* or crowd-sourc* or crowd-sourc*
2.	 online or on-line or online
3.	 citizen science or public participation in scien*
4.	 assessment or evaluation
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5.	 demographic
6.	 survey or interview

We augmented this set with articles not previously captured from 
all issues of the journal Citizen Science: Theory and Practice, as well as 
volumes dedicated to citizen science of the journals Conservation Biology 
(30:3), Biological Conservation (208:SI), and Maine Policy Review, 26(2). 
To this set we added the following:

1.	 Online Citizen Science Projects: An Exploration of Motivation, 
Contribution and Participation, a dissertation awarded by The 
Open University, focused on three citizen science projects (Curtis, 
2015)

2.	 Engagement and Learning in Environmentally-based Citizen Sci-
ence: A Mixed Methods Comparative Case Study, a dissertation 
awarded by Cornell University, focused on participant learning in 
six citizen science projects (Phillips, 2017)

3.	 Eleven primary research chapters from the book Citizen Science for 
Coastal and Marine Conservation (Cigliano and Ballard, 2017)

4.	 Eleven primary research chapters from the book Citizen Inquiry: 
Synthesizing Science and Inquiry Learning (Herodotou, Sharples, 
and Scanlon, 2018)

Our initial source count, including duplications and nonrelevant 
sources (defined as those without a focus on citizen science) was 735. 
Excluding duplications and nonrelevant sources to include a corpus of 
primary research articles, case studies, and meta-analyses pertaining to 
citizen science resulted in 303 sources. Of these, 32 included numerically 
or graphically extractable information on at least one of the following 
demographics, such that the data could be included in subsequent central 
tendency (mean, median, range, variation) measure. Because several sources 
were meta-analyses, the final “project” count (including composite samples 
of unnamed project volunteers, N = 7) was 68. 

Extracted data included any of the following, and no source provided 
all fields:

1.	 Gender (recorded as % female)
2.	 Age (recorded as any of the following: mean or median, standard 

deviation, range, or % distribution)
3.	 Retirees (recorded as % of total)
4.	 Race/Ethnicity (recorded as % distribution across all reported 

categories)
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5.	 Education (recorded as % completing college, and % with a gradu-
ate degree)

6.	 Income (recorded as % within all reported categories)
7.	 Previous participation in a citizen science or relevant (e.g., conser-

vation, restoration, community, etc.) project based on the context 
of the surveyed population (recorded as % of total)

Metadata included the following:

1.	 Citation
2.	 Project/program name or description of research audience in the 

case of multiproject research (e.g., individuals involved in conserva-
tion or environmental projects in Colorado)

3.	 Whether the project/program involved out-of-doors activities (Y/N)
4.	 Project location
5.	 Whether the project/program involved only computer-based (e.g., 

crowdsourcing) work (Y/N)
6.	 The research vehicle used to collect the information (e.g., survey, 

interview)
7.	 The sample size (e.g., number of participants for which information 

were available)
8.	 Whether the information was part of a meta-analysis, defined as 

research on a suite of projects/programs versus targeting a single 
project (Y/N). In the case of meta-analyses, if data were reported 
at the project level, individual data lines were created

Because age information was variously reported as mean, median, 
range, and/or percent distribution across age classes (e.g., 55% 18–29), we 
created a central tendency super-category as follows. If mean and median 
were reported, we used the mean. Because studies reporting both resulted 
in only a small difference, we included median age if that was the only cen-
tral tendency measure reported. For studies reporting percent distribution 
across age classes, we created a median value by multiplying each propor-
tion by the median of the class (e.g., 23 is the median value of the age class 
18–29) and then summing across all classes. For lowest and highest classes, 
which were often reported as open-ended (e.g., 28% 60+), we assumed a 
minimum age of 18 (unless otherwise specified) and a maximum age of 75.

Our publication meta-analysis resulted in 32 sources detailing 68 proj-
ects broadly representative of citizen science from entirely online gaming 
projects (e.g., Foldit) through to long-term environmental data collection 
projects (e.g., COASST). Literature included multiproject case studies (e.g., 
Curtis, 2015; Phillips, 2017), studies specific to some aspect of the demo-
graphics of participation (e.g., Cooper and Smith, 2010), studies focused 
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on a range of participants involved in similar activities (e.g., volunteers in 
outdoor conservation projects; Bruyere and Rappe 2007), and an array of 
publications evaluating a project, or reporting on project findings. How-
ever, this sample represents only 10 percent of the articles examined, and 
only 3.7 percent of the hands-on (N = 1,014) plus online (N = 297) projects 
listed on SciStarter, suggesting that the results should be interpreted with 
caution.

Most studies described projects where participants were outdoors doing 
hands-on work (N = 39; 80%); and projects situated wholly (N = 25) or 
partially (N = 13) in the United States (N = 38 in total; 74%). A minority 
of projects were entirely online (N = 11; 22%), and the majority of these 
(N = 8 of 11) garnered a worldwide participant audience, albeit mostly 
from developed countries. Almost all studies gathered data via survey 
(N = 36 projects) although one meta-analysis used participant lists main-
tained by individual projects to assess gender (N = 11 projects). Respondent 
sample sizes ranged widely (mean = 1,281; range 12-13, 649) with a total 
person count of 65, 336.

There were striking patterns in the reported participant demographics, 
which generally described a slightly male-biased, overwhelmingly white, 
and well-educated population with somewhat of a tendency to have previ-
ously participated in other projects (see Table A-2).

Women were only slightly underrepresented across all studies (42%) 
although gender statistics were biased by the type of project. For online 

TABLE A-2  Demographics of Surveyed or Interviewed Participants in 48 
Citizen Science Projects and/or Meta-Populations 

Gender  
(% F)

Age  
(years)

Race/ 
Ethnicity  
(% white)

Education  
(% college 
degree)

Previous 
Experience

Sample Size 43 22 9 23 11

Grand Mean 42% 44 94% 73% 56%

Standard Deviation 14

Grand Minimum   2% 21 87% 52% 25%

Grand Maximum 80% 62 100% 96% 81%

Absolute Minimum 3

Absolute Maximum 100

NOTE: Sample is number of projects. Minima and maxima are divided into grand statistics 
(assessed over all project average or median values) and absolute statistics (assessed at the 
participant level over all range-reporting projects).
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projects, average female participation dropped to 27 percent (range 2–67%; 
N = 11). For outdoors projects, female participation was higher (43%, 
N = 32). However, Phillips (2017), one of the sources used in this meta-
analysis, found that even within outdoors projects gender skew toward 
male was apparent in physical versus biological science projects (e.g., 
CoCoRHaS, a citizen science project focused on collecting daily precipita-
tion data was 80% male). Across the four projects in this meta-analysis 
classified as outdoors and entirely physical science, female participation 
was 37 percent. Cooper and Smith (2010), one of the sources used in this 
meta-analysis, point out the extreme bias of gender in outdoor environmen-
tal projects focused on birds as a function of the structure and expected 
role of the participants (see Table A-3). Although women were more often 
likely to be members in organizations focused on birds and bird protection, 
they were increasingly less likely to participate as the expected role moved 
through participatory (analogous to hands-on citizen science) to projects 
where a degree of competition or acknowledged expertise and authority 
was required. 

Participant age (N = 22 projects) was extremely broad across our 
literature meta-analysis, an indication of the life-long, life-wide, life-deep 
learning inherent in citizen science. Average age tended toward middle age; 
however, the central tendency range across all projects was large (21–62) 
and the absolute range over all projects was essentially birth to death 
(3–100). The reported number of retirees was also extremely broad (range 
5–75%; N = 8). Online projects were only slightly younger in average age 
(grand mean = 43; N = 6) relative to those performed outdoors (grand 

TABLE A-3  Amalgamated Gender Demographics of Bird-Oriented 
Organizations Inviting Public Involvement, Organized by the Degree of 
Expected Participation and Type(s) of Interaction

Project Category Description Total Count % Female

Supportive Paid membership 1,095,346 54

Participatory Submit bird observations to a database 83,112 45

Competitive Evaluate the quantity/quality of birds 
reported on lists

6,933 2

Authoritative Acknowledged as experienced or expert 
in bird-related activities; may lead such 
activities and/or train others

256 10

NOTE: Data are from 21 U.S. and UK birding organizations where gender was assessed from 
membership lists. 
SOURCE: Adapted from Cooper and Smith (2010).

http://www.nap.edu/25183


Learning Through Citizen Science: Enhancing Opportunities by Design

Copyright National Academy of Sciences. All rights reserved.

APPENDIX A	 167

mean = 45; N = 17), although the former had a greatly curtailed range (of 
project means: 37–51) suggesting that online, crowdsourcing projects may 
have limited appeal to all age classes. A serious caveat to participant age 
findings is that demographic information was only available for projects 
focused on adults and/or the entire participant population. We were not 
able to find published demographics for a single youth-focused project, 
perhaps due to the combination of age-gating (i.e., a third-grade project 
would, by definition focus on students primarily ages 7–9) and privacy 
requirements (i.e., Family Educational Rights and Privacy Act [FERPA]).

By far the most extreme trends were in race and education. Of the 
nine projects reporting race and/or ethnicity, only one reported statistics 
on non-white participants, an indication of the overwhelming trend of 
white participation (94%). Although the Casler, Bickel, and Hackett (2013) 
study is not citizen science per se, shifts in the race/ethnography patterns 
in populations recruited to their study as a function of recruitment vehicle 
are informative: social media postings resulted in 93 perent white study 
participants whereas Amazon MTurk recruitment resulted in only 37 per-
cent of this demographic, with the gap replaced by Asian Americans (40%), 
Hispanics (6%), and African Americans (6%). 

Education trends were similarly extreme, with a large proportion of the 
surveyed population (and here it should be noted that all studies focused 
on nonyouth projects) completing a college degree (73%) and a substantial 
proportion also completing a graduate or professional degree (mean 34%; 
range 20–52%; N = 10). Income statistics were rare (N = 6) and not com-
paratively reported, making specific generalizable conclusions difficult. Of 
the four U.S. projects with any income information, all reported median 
incomes above $50,000. Compared to the 2016 median household income 
of ~$59,000 (U.S. Census Bureau, 2017), this figure does not necessarily 
indicate wealth, although it certainly suggests a minority of those in the 
bottom half of the U.S. income strata participate in citizen science activities.
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Appendix B

The Evolution of Learning for Design

The committee found the planning literature and the learner-centered 
design literature to be valuable resources in understanding the evolution of 
citizen science as an enterprise that supports learning. These resources were 
consistent in their characterization of the history of design. Both literatures 
are aligned in organizing the evolution of human-centered design into two 
broad eras. In its early evolution, prior to 1970, human-centered design 
was in its infancy. Users and learners were largely seen as pliable, mold-
able to fit the needs of program designers. By and large, the citizen science 
projects of the time were aligned with this ethos. Growing out of decision 
theory and decision science, the Program Planning Model (PPM) offered 
by Delbecq and Van de Ven (1971) was one such instantiation of this view 
of design. It had the goal of providing an orderly process for structuring 
decision-making at different phases of planning. The PPM included five 
phases with each phase requiring a different combination of stakeholders 
including (1) problem exploration, (2) knowledge exploration, (3) priority 
development, (4) program development, and (5) evaluation. Influenced by 
Taylorism, designers believed that participants could be “planned” for, with 
little in the way of input from participants. For example, in 1981, Boyle 
surveyed program development models and found that most models used 
three specific phases in program planning: (1) program planning, (2) pro-
gram design and implementation, and (3) program evaluation and account-
ability. While the broad brush of linearity fails to capture all the programs 
of the time, it is true that this era produced many classically contributory 
projects that did not foreground the needs of learners. Early citizen science 
experiences were sharply focused on participants collecting data and pro-
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viding data to scientists (Bonney et al., 2009). As long as the aspirations of 
designers were limited to constrained roles for participant-learners, linear 
and relatively noninteractive approaches to design adequately supported 
individual learners. The attendant learning design challenges, are what 
scholars like Nelson and Stolterman (2003) would call tame. Tame, here, 
suggests that, among other things, the problems are straightforward and 
the solution, while perhaps requiring many steps, is known at the start of 
the exercise. 

When citizen science programs take up ambitious learning goals, the 
attendant design bar is raised. Following Nelson and Stolterman’s nomen-
clature, these newer aspirations place citizen science learning challenges 
firmly in the realm of wicked problems. Wicked problems—unlike tame 
problems that can be clearly and exhaustively formulated from the start—
are complex, multicausal, and cannot be fully understood from the begin-
ning. The components contributing to the wicked problem in citizen science 
are the balance between data quality, data quantity, and the varied learning 
outcomes; the complex ways the desired balance can be achieved; the diver-
sity in the learning contexts; and the potential tension among the outcomes 
and the means of achieving them. 

With the increased attention to the wicked aspects of citizen science, 
there has been a growing recognition that citizen science programs can 
lead to rich, educational experiences. Many in the field have recognized 
that there is a tremendous opportunity to support rich learning on the part 
of participants (Ballard, Dixon, and Harris, 2017; Bonney et al., 2009; 
Masters et al., 2016). Learning that extends beyond tame aspirations is 
more likely to be addressed in intentional structures that are designed for 
the programs. We know that learning can be supported in formal, non-
formal, informal, incidental, and everyday structures (Heimlich and Reid, 
2016) within citizen science programs. To realize complex learning oppor-
tunities in cognitive, affective, and social realms, citizen science programs 
need more powerful approaches to design.

In the second era of human-centered design, designers recognized that 
while learners are indeed malleable, they are not infinitely pliable. Context 
matters when trying to construct a designed artifact that is both useful and 
usable. This context includes the participants’ own prior experiences. Past 
learning experiences will shape future learning. The social setting matters as 
well. What supports learning for well-off people might not work for those 
who are economically changed. Local politics matters to belief, and beliefs 
matter to learning. Modern design practices have evolved to see these, and 
other aspects of the human experience, and to register their import to the 
construction of designed artifacts that allow for complex learning.

In the late 1990s and early 2000s the field of learning design made a 
pivot in the conception of human services and adult learning with the move-
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ment toward asset-based community development (e.g., Bohach, 1997; 
Bradshaw, 2007; Greene and Haines, 2009; Kretzmann, McKnight, and 
Puntenney, 2005; Lerner, 2003; Mathie and Cunningham, 2003; Snow and 
DicKard, 2001). The major shift in this approach to service construction 
was seen in more collaboratively produced planning; this approach became 
known as consultant-based models. The idea of the consultant model is 
that the change agent works within the community to facilitate community 
engagement in its own planning process. Most community development 
models include steps such as understanding the context for planning, devel-
oping links with the public, facilitating an inventory of needs and assets 
(Rennekamp, 1999), fostering engagement of community actors, involving 
locals to resist or support a cause or issue, helping community residents 
understand what is happening and recognize choices (e.g., Friere, 1970), 
and working collectively to address common interests (e.g., Brundage and 
MacKeracher, 1980). In our review, it appears that most recent citizen 
science projects are using either a linear or consultant model in designing 
to achieve their scientific goals. These projects grow from what the study 
needs, and then build the program to ensure the output of scientific data. 
Community-based participatory research is also a consultant model but 
grows from the community-development models driven by the needs in 
the community with the study being designed to address the data needed 
to answer the community’s question(s). This shift has demanded a new 
approach to design that is more user centered (Norman, 2013) and learner 
centered (Soloway, Guzdial, and Hay 1994). The body of design knowledge 
puts pressure on service construction to make the needs of users a priority. 
This shift toward user-centered design marked the abandonment of what 
might be described as a waterfall model of design in favor of iterative and 
rapid prototyping to arrive at useful and usable services.
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Appendix C

Characteristics of Science Learning in 
Citizen Science Projects: 

An Ad Hoc Review

In order to better understand the characteristics of citizen science 
projects as they relate to learning, the committee conducted an ad hoc 
review of 28 typical citizen science projects. This review was critical to the 
committee’s subsequent discussion of project design: So that we may be 
useful to the field in offering assistance related to how to leverage design 
for learning, we wanted to first ensure that we fully understood the exist-
ing landscape of what projects are currently doing to support learning. 
This review is in no way intended to be exhaustive nor does it suggest that 
atypical approaches do not make meaningful contributions to learning, but 
it does represent the committee’s best efforts to uncover how learning is 
both characterized and actualized according to the current literature.

To be considered a “typical” project for the purposes of this review, one 
or more committee members nominated it as such, as outlined by the com-
mon traits and variations in projects described in Chapter 2 of this report. 
Some of the characteristics that individual committee members used in 
defining a typical citizen science project included but are not limited to: the 
project had mutually dependent tasks that the participants and the scientists 
needed to do to achieve the scientific pursuit; the participants were part of 
the science team; and participants learned as part of their involvement. To 
be included in the sample, a project must have either a Website or detailed 
online information about the project. The projects included here are of 
varying size, scope, and focus.

Though multiple taxonomies classifying citizen science projects have 
emerged in the literature (as outlined throughout this report) the committee 
declined to apply any of these classifications because no single taxonomy 
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encompassed the universe of citizen science projects as envisioned by the 
committee. The committee instead decided to discuss projects in terms of 
significant characteristics (described in the text of this report) and the vari-
ous considerations of these characteristics. As with the committee’s decision 
not to apply a standardized definition to the field of citizen science, so too 
did we elect to include programs in this review based on the constellation 
of their relevant traits and characteristics. Though our initial solicitation 
for projects included “typical,” “atypical,” and “close-but-not” citizen sci-
ence, this ad hoc review focuses solely on projects the committee ultimately 
deemed typical. For each project, the committee analyzed quotations from 
the project that described the project itself, the learning goals of the project, 
claims for learning achieved, evidence of learning achieved, and learning 
aids provided by the project. 

GOALS FOR PARTICIPANTS

Almost all of the citizen science projects had an explicitly stated goal or 
claim around the benefits of the project. Almost all of the projects claimed 
that participation would contribute to science, and that participation in 
projects was fun. A minority of projects aimed or claimed to contribute to 
stewardship of the natural world. A few projects aimed or claimed to lead 
to connecting with nature, developing a sense of place, physical exercise, 
social interaction, opportunities to educate others, a calming effect, or an 
empowering effect. 

The most commonly cited learning goal was a statement around learn-
ing science concepts. A minority of projects had statements of learning 
goals or learning claims around: learning science skills, learning about 
science and society, and learning the scientific process. The majority of the 
projects, even those without explicit learning goals or claims, still offered 
some form of product to aid learning. The most common learning support 
were social media accounts. Many projects also offered background read-
ings, FAQs, blogs, videos, newsletters, participation guides, training pro-
grams, news stories, online data exploration, and presentations. A notable 
minority offered educators’ guides, tutorials, activity plans, lesson plans, 
publications, discussion boards, identification keys, and alignments with 
science standards. Only a few projects offered data reports, photo galleries, 
webinars, interactive online resources, listservs, and materials in foreign 
languages.

SUPPORTS FOR LEARNING

Of the projects that aim or claim to increase knowledge of science con-
cepts, most sought to aid learning with informational products about basic 
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and applied science concepts directly relevant to the project. For this subset 
of projects, all had online background information and many offered news-
letters, social media, and other forms of communication with participants. 
These products were largely informative and passive; by engaging with the 
material, motivated participants could learn new scientific concepts. How-
ever, these informational products do not appear to be structured with a 
certain pedagogy or theory of learning in mind. Only a small minority of 
these projects offered lesson or activity plans that were explicitly designed 
for educational purposes. One exception to this observation is the train-
ings or participation guides, which often included information on science 
concepts and were offered by most of the projects. This ad hoc review did 
not examine the structure of the trainings and guides; however, given the 
purpose of these materials, it is possible that these materials were intention-
ally composed around pedagogy or theories of learning. 

EVIDENCE OF LEARNING

Within this broad claim that participating in citizen science projects 
can lead to increased knowledge, the aim of learning science concepts has 
the most supporting evidence of any other aim or claim. One study found 
evidence of learning science concepts in multiple case studies. Pre- and post-
tests showed an increased understanding of bird biology in one project and 
increased knowledge of invasive plants in another (Brossard et al., 2005; 
Jordan et al., 2011). Anecdotally, one project Website included testimonials 
from project participants, several of whom noted that training materials 
and participating in the project helped them learn to identify different bird 
species. 

Of the projects that aim or claim to increase science skills, this benefit 
was limited to the skills needed to conduct the project. All of these proj-
ects involve the participants in data collection. Most of the projects in this 
subset are also projects that desire or require a long-term commitment and 
repeated data collection. Most involve participants in data recording and 
most do not have a process for verifying the validity of every individual 
data point. Thus, for these projects it is important that participants can 
reliably collect and record accurate data. To achieve this, most of the proj-
ects in this subset offer in-person training or extensive online tutorials and 
participant guidebooks. 

There is no obvious relationship between projects that aim or claim to 
lead to learning about the scientific process, those that use the term citizen 
scientist, those that involve participants in higher level scientific skills such 
as analysis and project design, and those that offer learning aids specifically 
tailored to learning about the scientific process. This suggests that there may 
not be substantive design intentionality around learning about the scientific 
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process. Most projects seem to assume that simply engaging in the scien-
tific process is an adequate means of learning about the scientific process. 
However, one study that examined this found that most participants did 
not improve their understanding of the scientific process as a result of being 
involved in a citizen science project. 

In comparison to other projects, those that do not have any goals or 
make any claims about learning tend to be more extractive. Projects in this 
vein recruit participants to collect or classify information that the project 
organizers cannot collect or classify themselves. These projects offer few 
benefits in exchange for the service provided by participants other than 
the opportunity to contribute to science. This subset of projects has fewer 
products that support learning. In addition, most of these projects do not 
require repeated or long-term commitment to participating in the project. 
Also, most of these projects tend to involve the participants interacting 
with information via a computer; they usually do not require that the par-
ticipant collect information or engage the natural world. The projects that 
do involve data collection and engaging the natural world but do not have 
learning aims or claims typically involve participants submitting informa-
tion about a natural event that they (and not scientists) were uniquely 
positioned to observe. 
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Dr. Gomez is also currently serving as a senior fellow at the Carnegie 
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