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Preface
Why Citizen Science?

Observing the life cycle of monarch butterflies and following their remarkable migratory 
journeys between Canada, the United States, and Mexico… 

Tracking climate change by recording the dates of first leaf, flower, and fruit of local trees, 
shrubs, flowers, and grasses... 

Discovering which bird species migrate, where they go, and when…

Exploring life cycles and population dynamics of frogs, toads, and other animals in 
nearby ponds…

C
itizen science projects such as those listed above gather data through public 

collaboration in scientific research. Who are the “citizens” who take part 

in such efforts? Some are students and others are interested or concerned 

individuals from all walks of life. Together, professional and volunteer scientists 

collaborate to investigate biological and environmental trends over regions and 

timelines far broader than anyone could tackle individually.

For teachers, citizen science offers a way to motivate and inspire students 

through participation in research that is relevant both locally and globally. Students 

build meaningful connections to the natural world as they make observations, collect 

data, and view their findings within the broader scope of the project. When students 

design and conduct their own investigations, they also build science practice under-

standings and analytical reasoning skills through their involvement in citizen science. 

In this book, we profile several scenarios of middle school classes engaging in 

citizen science and provide 15 lessons that present specific ways to build citizen sci-

ence data collection and analysis into your science teaching. The lessons are organized 

around the 5E Instructional Model to progress from engagement and exploration 

through explanation, elaboration, and evaluation, and they engage students in the full 

range of science practices delineated in the Next Generation Science Standards (NGSS).
We invite you to dig in and become part of the exciting and rapidly grow-

ing citizen science movement. Your students will not only learn science, they will 

be scientists, and their projects will bring biological and environmental science to 

life in your classes. What better way to fulfill the NGSS mandate to couple science 

practice with content and give students a real-world context in which to apply 

what they are learning?

© H
aw

ke
r B

ro
wnlo

w E
du

ca
tio

n



7© 2016 Hawker Brownlow Education • 9781760014667 • NST4667

Chapter 2
Why Use Citizen Science in 

Your Teaching?

T
oo often, students think of science as a static collection of facts rather than an 

ongoing process of discovery in which they can play a part. Unlike the tra-

ditional “cookbook” approach to school laboratory assignments, citizen sci-

ence offers opportunities for students to engage in authentic investigations. Rather 

than learning from canned data sets, they can view data they have collected within 

a broader context of data submitted by others. In place of following prescribed 

protocols to verify known principles, they use protocols to collect and analyze data 

that feed into projects of importance in their local communities and beyond (Koun-

toupes and Oberhauser 2008). And instead of memorizing the “Scientific Method,” 

they can engage in inquiry and discover for themselves the multifaceted nature of 

scientific research. This directly supports the Next Generation Science Standards man-

date for students not only to “know” science concepts but also to “use their under-

standing to investigate the natural world through the practices of science inquiry” 

(Achieve Inc. 2013, Appendix F, p. 1). As explained in A Framework for K–12 Science 
Education on which these standards are based, “Engaging in the practices of sci-

ence helps students understand how scientific knowledge develops; such direct 

involvement gives them an appreciation of the wide range of approaches that are 

used to investigate, model, and explain the world” (NRC 2012, p. 42).

In a variety of ways, citizen science creates opportunities for students to con-

nect with the natural world, gain scientific skills, and learn key science concepts 

related to topics such as life cycles, habitats, adaptation, and interrelationships 

between living organisms and the environment (see Appendix 3, p. 203). The les-

sons and case studies in this book provide a variety of ideas for involving students 

in investigations using authentic data and online analysis tools. Whether or not 

your classes go outdoors, these opportunities will connect your students in new 

ways with the natural world.  

Cross-Curricular Connections
Students’ natural history observations can be used to tie together various topics 

across the school year, adding real-world personal connections into topics ranging 

from cell division to organismal growth to interactions between organisms and 

the environment. Citizen science projects also can extend far beyond science class. 
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Chapter 5 
Case Study: 

The Mysteries of Monarchs
by NancyLee R. Bergey

I think the most meaningful science [experience] was when you came to [a Philadelphia 
public school] to release the monarch butterflies. I have to admit, I am not the biggest fan of 
insects, but it was nice to see my students really excited to learn. I watched some of the kids 
go from whining about how they didn’t want to stay outside anymore to joyfully partici-
pating in the activity … It [served] as another reminder of how kids are naturally curious 
about the world around them. As a teacher I need to find ways to keep my students active 
learners, and experiments are a nice and easy way to do that. As I walked upstairs with the 
class, they were surprisingly quiet.… I believe that they were quiet because of the science 
experiment. They were able to let out their energy so that they could focus in class. 

—Charmaine Giles, student teacher

C
itizen science related to monarch butterflies offers many points of entry, 

and you can decide whether to jump in with both feet or just dangle a toe. 

Students can raise, tag, and release butterflies through Monarch Watch. 

They can observe the arrival of the first monarchs in your area and submit the 

date to Journey North. Or they can conduct meaningful math analyses using 

nearly two decades of data collected at Cape May, New Jersey, though the Mon-

arch Monitoring Project. 

Cross-curricular connections are myriad as well. Beyond the obvious con-

nections to science and math, monarch study can be the basis for geography stud-

ies as students follow yearly migration, or economics and ethics lessons as they 

consider trade-offs between logging versus conservation in the region of Mexico 

where monarchs gather each winter. Susannah Gund used monarchs as the basis 

for an integrated unit that she wrote and taught in her student teaching year in a 

sixth-grade classroom in a Philadelphia public school that was pressed to achieve 

adequate progress to meet federal mandates. Susannah says, “As I started to 

think more and more about whether I could meet some of the sixth-grade stan-

dards through monarchs, I became captivated by how we know what we know 

about monarchs, and I realized that this unit could be as much about asking ques-

tions as anything else—a concept, in my mind, perfect for sixth graders.”
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Chapter 7
An Integrative Approach to 

Studying Our Changing Planet
by Nancy M. Trautmann

B
irds, butterflies, frogs and toads … Chapters 4, 5, and 6 describe various 

approaches to studying individual species or taxonomic groups. This chap-

ter takes a more integrative approach, delving into ecological interactions 

and responses to environmental change. The tremendous growth in natural history 

monitoring through citizen science has created exciting opportunities for students 

to become involved in real scientific investigations of tremendous importance to 

life on Earth, for example addressing impacts of climate change, spread of invasive 

species, and efforts to protect threatened species or habitats.

Climate Change
Each spring, plants leaf out and bloom, insects emerge, frogs reawaken from dor-

mant states, and many bird species migrate between their wintering and breeding 

grounds. Relationships between climate and seasonal biological phenomena such 

as these are the focus of a science called phenology. With warming climate, some 

plants have begun blooming earlier in the spring, and some species of insects that 

feed on the nectar or pollen are adapting by altering the timing of their spring emer-

gence. However, not all species are reacting in the same way or at the same rate. In 

some cases, these differences are disrupting key synchronies between species. For 

example, many bird species migrate north to breed because of the more abundant 

supply of insects available there to feed their young, and they may be unable to 

change their nesting dates to coincide with earlier emergence of key insect popula-

tions. Similarly, if insect pollinators emerge outside the window of time in which 

their target species of flowers are blooming, the insects miss the nectar and the 

plants miss this chance for pollen dispersal. 

To track broadscale phenological change across the globe, researchers increas-

ingly rely on monitoring conducted by citizen scientists. For example, the National 

Phenology Network maintains the Nature’s Notebook database to keep track of 

biological signals of environmental change among a large assortment of plant and 

animal species. Data collected in recent years have documented early leaf-out in 

northern forests in response to unusually warm winters and springs. Students can 

join with professional scientists, policy makers, and resource managers in using 

such data to explore how plants and animals are responding to environmental 

change, predict long-term impacts, and consider possible mitigating action for pro-

tection of threatened species or ecosystems. 
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2
It’s Been a Hard Day’s Flight 
Determining Daily Flight Distances of Monarch Butterflies

by Heather Brubach, Penn-Alexander 
School, Philadelphia

Big Idea

The credibility of scientific claims about the 
world around us depends on the amount 
and type of data and evidence used to 
support them. 

Citizen Science Connection

• Monarch Watch (www.MonarchWatch.org)

• Journey North (www.learner.org/jnorth/
monarch) 

Time Required/Location

90–120 minutes, indoors 

Overview
Students learn about the migratory patterns of monarch 

butterflies and explore tagging recovery data from the 

Monarch Watch citizen science project. They calculate 

average flight distances, make claims about their find-

ings, look critically at these claims, and adjust claims if 

needed based on additional evidence. This data analy-

sis lesson can stand alone or complement projects in 

which students raise or tag monarchs (see Chapter 5, 

“Case Study: The Mysteries of Monarchs”).

Learning Objectives
Students will be able to: 

• Estimate the average rate of travel for monarch 

butterflies based on data from Monarch Watch

• Calculate averages using multiple sets of data

• Understand that sample size has significant impact 

on the credibility of a claim

• Interpret data on a scatter plot graph
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