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Welcome to Driven to Discover!
This curriculum series supports student
engagement in ecology-based citizen science
and science practices: asking questions and
defining problems, planning and carrying out
investigations, and communicating findings.
The citizen science projects provide a natural
springboard to these practices and also connect
students to real-world research.
The Driven to Discover approach includes
a three step process — a recipe that carefully
guides students from building science skills into
contributing to citizen science, and ultimately, to
conducting independent investigations. Each of
those three steps serves an essential purpose in
fostering the science learning and motivation for
which Driven to Discover is known.
BUILDING SCIENCE SKILLS

First, students develop and practice essential
science skills and build a foundation of knowledge
about the subject they are studying. They develop
skills such as recognizing their study organisms
and using science tools. Most importantly,
students begin to develop habits of mind such

as posing questions based on observations and
constructing scientific explanations which prepare
them for conducting their own investigations.
CONTRIBUTING TO CITIZEN SCIENCE

Next, students put their skills to work as they
learn to implement the specific protocols of a
citizen science project. They learn the essential
role they may play in generating new knowledge
about the environment through citizen science
and gain competence with science tools while
learning to record data accurately and enter their
data into an online database. These experiences
of closely observing nature naturally trigger the
curiosity to ask questions, which in turn, provides
the inspiration and motivation to pursue the third
step in the Driven to Discover process.
CONDUCTING INDEPENDENT
INVESTIGATIONS

After building science skills and contributing to
citizen science, students are equipped to pursue
a project of their own. They learn how to convert

THE DRIVEN TO DISCOVER PROCESS

BUILDING
SCIENCE
SKILLS

CONTRIBUTING
TO CITIZEN
SCIENCE

CONDUCTING
INVESTIGATIONS
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an “I Wonder” question into a testable question
and have the opportunity to graduate from
citizen science technician to principal investigator,
leading an investigation that answers their own
question. Students are encouraged to reflect
and rethink to ensure that their investigation
makes sense and communicate their progress and
findings with their peers.
This curriculum is organized into sections that
align with these three phases of the project.
Exercises are provided throughout the three
phases to encourage students to develop and
to apply the habits of mind related to asking
questions based on observations as well as
constructing scientific explanations. Student pages
are provided to support student learning and to
document their thinking.
The Driven to Discover project is the result of
many years of teacher professional development,
curriculum development, and field testing with
a variety of audiences. The continuing theme
across multiple iterations is the core three-step
process of building science skills, contributing
to citizen science, and conducting investigations.
There are many ways to implement these three
steps, and resources are provided to support you
in constructing an experience for your students
that both aligns with the three steps and works for
your classroom.
A parallel project was developed to serve
non-formal audiences such as nature centers,
scouts/4-H, and afterschool programs. You
are welcome to explore the resources from that
project by downloading the free curriculum and
corresponding youth workbook at www.extension.
umn.edu/citizenscience.

1-6

BIRDS AND eBIRD | INTRODUCTION

INTEGRATING DRIVEN TO DISCOVER INTO
YOUR SCHOOL YEAR

Teachers implement Driven to Discover in a
variety of ways. Do what works best for you.
Remember, your citizen science project may
require involvement at specific times of year. For
example, don’t plan to observe pollinators in
January in the Upper Midwestern United States—
you won’t have much luck. The following pages
provide two implementation strategies for how
you may integrate the pieces of the Driven to
Discover curriculum into your classroom.

FULL IMPLEMENTATION SEQUENCE

(Note: This plan distributes all of the curriculum lessons across the whole school year. You may also
wish to conduct the lessons on consecutive days. This plan reflects approximately 15-21 class periods.)
PHASE

DATE

TASK

PREPARATION

Before you
begin

• Establish your citizen science data collection site.
-- Does it have sufficient target study subjects (enough
pollinators/birds/dragonflies/etc.) to study?
-- Are there any safety considerations? How will you handle
these?
• Secure permission to access the study location if needed.
• Complete any administrative requirements for taking students
outdoors.
• Confirm citizen science data entry procedures, and practice
entering data (see chapter 3).
-- Decide how you will manage class/student accounts.
• Gather necessary materials for projects.
-- “Building Science Skills” lesson plans (see chapter 2).
-- Citizen science data collection (see chapter 3).
• Prepare a central place to gather “I Wonder” questions (see
chapter 1 lesson 2).

BUILD SCIENCE
SKILLS

September

• Introduce the citizen science project (watch the video available at
https://monarchlab.org/).
• Complete chapter 2 lessons 1, 2, & 3.
• Collect “I Wonder” questions (see chapter 1, lesson 2).
• Introduce the Evidence/Claims/Reasoning process, and practice
constructing scientific explanations (see chapter 1, lesson 1).

CONTRIBUTE
TO CITIZEN
SCIENCE

October

• Collect Citizen Science Data once or several times (see chapter 3).
• Collect and discuss “I Wonder” questions.
• Enter citizen science data to database.

November

• Conduct Science Behind the Scenes lesson (chapter 2).
• Collect and continue discussing “I Wonder” questions.

December

• Introduce data analysis lesson (chapter 3).

April

• Conduct mini-investigation as a class (see chapter 4).
• Design independent investigations (see chapter 4).

May

• Collect data for independent investigations (student homework or
in class).
• Prepare final reports/displays (student homework or in class).

June

• Present reports at local science fair or similar event.

CONDUCT
INVESTIGATIONS
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CONDENSED IMPLEMENTATION SEQUENCE

(Note: This plan reflects approximately 4-8 class periods, utilizing only some of the lessons. It may be
implemented in fall or spring.)

1-8

PHASE

DATE

TASK

PREPARATION

Before you
begin

• Establish your citizen science data collection site.
-- Does it have sufficient target study subjects (enough
pollinators/birds/dragonflies/etc.) to study?
-- Are there any safety considerations? How will you handle
these?
• Secure permission to access the study location if needed.
• Complete any administrative requirements for taking students
outdoors.
• Confirm citizen science data entry procedures, and practice
entering data (see chapter 3).
-- Decide how you will manage class/student accounts.
• Gather necessary materials for projects.
-- “Building Science Skills” lesson plans (see chapter 2).
-- Citizen science data collection (see chapter 3).
• Prepare a central place to gather “I Wonder” questions (see
chapter 1, lesson 1).

BUILD SCIENCE
SKILLS

Week 1

• Introduce the citizen science project (watch the video available at
https://monarchlab.org/).
• Conduct a lesson from chapter 2.
• Collect citizen science data (see chapter 3).
• Enter citizen science data to database.
• Collect “I Wonder” questions.

CONTRIBUTE
TO CITIZEN
SCIENCE

Week 2

• Conduct mini-investigation as a class.

CONDUCT
INVESTIGATIONS

Week 3

• Science Behind the Scenes lesson (see chapter 2).
-- Simplify instruction time for lesson to one class period.
• Collect “I Wonder” questions.
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THE PROCESS AND PRACTICE OF SCIENCE

From the beginning of human history, people
have asked questions about natural phenomena.
Science is a process for answering these questions
through investigation. It is not a rigid set of
procedures but rather a broad approach to
investigation that begins with questions like
Why? What’s going on? How is this explained?
This approach leads an investigator to reasoned,
evidence-based answers to those questions.

do this, they use skills such as asking questions,
interpreting data, and supporting arguments with
evidence.
Anyone Who Practices the Process of Science
is a Scientist

Scientific investigations begin with observations of
the world which lead to questions. Scientists think
of possible explanations, or hypotheses, for their
questions and gather evidence that might lead
them to favor one hypothesis over another. Ideally,
they design experiments or conduct other kinds
of studies to answer their questions and share
their findings with their peers. Investigations are
often cyclical, with reflections on the experience
sparking new questions for study. That’s what
being a scientist is all about.

The process and practice of science are often called
“The Scientific Method” or “Scientific Inquiry.”
But, whatever they’re called, science investigations
use logical and rational steps to reach conclusions
about the world around us. Through observations,
questions, hypotheses, data collection, and
logical reasoning, the process of science serves as
When students take on the role of scientist,
a helpful framework that ensures that a scientist
they come to understand the very nature of
may be confident in the answers they find.
science (Koomen et al. 2014). In addition to
learning
about science, they are learning by doing
Science Investigations Involve Both
science.
They
begin to acquire the thinking skills
Knowledge and Skills
important in everyday life and may even set
When conducting an investigation, scientists
on a course toward pursuing careers in science
weave together an understanding of basic science
(National Research Council 2000).
concepts such as how ecosystems function,
the behavior and habitat needs of individual
species, and how nature changes over time. To

USDA Natural Resources Conservation Service scientists collecting data.
BIRDS AND eBIRD | INTRODUCTION
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A STEPWISE PROCESS

Science investigations may be both quite simple (e.g., ask questions and methodically pursue answers)
and overwhelmingly complex (e.g., a ten-step process with piles of data). Either way, doing science boils
down to the process of asking questions based on observations and methodically pursuing answers (see
figure 1). Across all these steps, scientists draw on creative thinking to challenge assumptions, to draw
connections, to generate ideas, to realize new insights, and to create new procedures.

OBSERVE &
WONDER

CONCLUDE &
REPORT

QUESTION

REFLECT &
RETHINK

DEVELOP
HYPOTHESES

ANALYZE &
INTERPRET

PLAN &
TEST

FIGURE 1. Scientific discoveries are made through the process of investigation, though scientists often use the
term “research” or “the scientific method” to describe what they do. Investigations involve detailed examination
of phenomena with the goal of discovering and interpreting new knowledge, whether the knowledge is new to
humankind, to a small group of people, or even just to the person doing the research.

1-10
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A scientific investigation
begins when someone focuses attention on
the world around them and uses their senses
to experience what’s there. They may compare
what they see to what they already know or to
other things they see. They may record notes or
illustrations about their observations in a journal.
OBSERVE & WONDER

Observations naturally trigger
curiosity. At this stage, observers become
scientists. When they pose questions, they may
challenge assumptions, synthesize observations, or
infer that what they see involves more than meets
the eye. Though scientists may ask thousands of
questions, they must narrow down their specific
query to pursue answers.

QUESTION

Scientists use logical
reasoning to theorize about the possible answers
to their questions and to evaluate why some
answers may be more likely than others. Often,
scientists identify factors they think will make one
answer more likely than others.
DEVELOP HYPOTHESES

In this stage, scientists organize a
systematic method for collecting data that will
confirm or contradict their hypotheses. They
may use tools such as thermometers, microscopes,
chemical tests, or binoculars; or they may just use
their own eyes and ears to collect information.
They must remain as objective and consistent as
possible through the data collection process to
ensure that their evidence is sound and not biased
in some way.
PLAN & TEST

Once the data are
gathered, scientists summarize the data, often
using statistics to provide evidence to explain
what they’ve found. This kind of analysis may
include very simple summaries or complex
analyses that document the statistical significance
of their data. Then, they apply their best logical
reasoning to give the information meaning.
ANALYZE & INTERPRET

When considering all the
data, scientists determine which hypothesis is
best supported by the evidence. They often use
graphs or tables to make a claim or to explain to
others what they found and what they think their
findings mean.
CONCLUDE & REPORT

REFLECT & RETHINK Scientists must continually
re-evaluate their assumptions, consider
alternatives, identify problems with their process,
seek input, troubleshoot, and ask more questions.
At any point, they may rethink their investigation
plan and take a new direction with new questions.
The dotted arrows in Figure 1 illustrate this
critical reflection.

Facilitator Skills That Foster Scientific
Thinking

The process of science is learner-driven, so
the teacher must take a back seat to his or her
students’ curiosity. The instructor facilitates
the learning process, so a lesson plan for an
investigation might look more like a facilitation
plan in which the instructor plans ahead for the
many different ways an activity may turn out
(Step-by-step facilitation-plan creation 2004).
Such a plan helps retain the focus on the essential
learning points and habits of mind the students
should take away from the experience while still
allowing them to drive the process.
Facilitating scientific inquiry experiences requires
flexibility, patience, tolerance of ambiguity, and an
emphasis on student skill building. When learnerdriven inquiry takes place, the teacher becomes a
learner too. And not just in learning the content
area but in gaining a deeper understanding of
both her or his students’ thinking processes and
the process of science itself.

BIRDS AND eBIRD | INTRODUCTION
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CONNECTIONS TO NEXT GENERATION
SCIENCE STANDARDS

Though the specific requirements vary from
state to state, all students must learn the process
of science in one form or another. Both the
Next Generation Science Standards (NGSS
Lead States 2013) and the Framework for
K-12 Science Education (National Research
Council 2012) outline foundational concepts
and science practices that guide science
education. The process of doing science is both
a teaching method and a learning goal. Though
specific standards increase in complexity from
kindergarten through grade 12, the Standards
promote asking questions, planning and
implementing investigations, and communicating
results for all age levels.
While each step in a scientific investigation is
crucial for developing a clear grasp of how science
is done, any one lesson or activity might not
embody all the steps. Depending on the learning
setting, it may not be possible or appropriate to
carry out the entire learner-driven investigation
process. In some cases, it may be useful for the
instructor to guide the process by providing a
provocative question or a pre-determined set of
data in the interests of dedicating more learning
time to specific steps in the process.

Each curriculum in the series focuses on an
ecological topic and partners with a citizen
science program.
Birds

eBird
Cornell Lab of Ornithology
http://www.ebird.org/
Dragonflies

Odonata Central
The University of Alabama
http://odonatacentral.org/
Phenology

Nature’s Notebook
National Phenology Network
https://www.usanpn.org/natures_notebook
Pollinators

The Great Sunflower Project
San Francisco State University
https://www.greatsunflower.org/

Summary

The goal of the Driven to Discover process is for
investigations to be driven, as much as possible,
by the students’ questions. At the heart of science,
investigations draw on and feed scientists’ natural
curiosity. Through the experience of doing science
investigations, students develop essential skills:
those that help them learn how to learn.

Insect life cycle. Illustration by Maria Sibylla Merian, a
German and Dutch scientist who lived from 1647 - 1717.
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LESSON 1

CONSTRUCTING SCIENTIFIC EXPLANATIONS THROUGH
CITIZEN SCIENCE
OBJECTIVE

BACKGROUND

This activity supports students in
developing habits of mind that
contribute to scientific reasoning.
It may be integrated into any
lesson and repeated often.

Students master the process of science by doing science, and
few scientific skills are as critical as the ability to reason from
evidence. After all, scientific knowledge may only be advanced
through the systematic process of proposing, testing, and refining
scientific ideas. Proposing and defending scientific explanations
allows students to understand concepts in-depth, and helps them
develop analytical thinking skills. An essential goal of the Driven
to Discover project, therefore, is to familiarize teachers and
students with the development of scientific explanations.

NEXT GENERATION SCIENCE
STANDARD CONNECTION

Science Practice 6: Constructing
explanations and designing
solutions
TIME REQUIRED

Initial instruction 30– 60
minutes, with ongoing practice
sessions of 5 – 10 minutes

The Driven to Discover program has adapted a framework
developed by McNeill and Krajcik (2012) who recommend
that students practice using evidence, claims, and reasoning as
building blocks for constructing a scientific explanations.
EVIDENCE

The scientific data from which to make a claim.

A statement that expresses the answer or conclusion to a
question or a problem.

CLAIM

A logical connection between the evidence and the
claim, such as patterns, theories, and scientific principles.

REASONING

MATERIALS

Prepared or blank “Build a
Scientific Explanation” half-sheet
student page copied from the end
of lesson 1

When students are asked to make a claim statement, the claim
must come from somewhere, preferably not pulled out of thin
air. In fact, the claim should be drawn from data, whether the
data are based in empirical research or even anecdotal experience.
For the purposes of the Driven to Discover project, we want
to emphasize that a claim should be based in evidence, so we
have tweaked the McNeill & Krajcik (2012) model to position
Evidence ahead of Claim in the model to reflect this sequence of
thinking. More detail from the McNeill and Krajcik framework is
referenced in the Appendix.

BIRDS AND eBIRD | INTRODUCTION

1-13

PROCEDURE

This is a template lesson you may use over and over in your classroom.
You will need to introduce the terms evidence, claim, and reasoning. Practice identifying examples
of each. Then practice constructing simple explanations and progress to more complex variations,
requiring more evidence, more sophisticated reasoning, and eventually, when called for, requiring
rebuttals and alternative explanations.
Throughout the Driven to Discover process (and anywhere else in your science curriculum it fits), use
the Student Page. You may seed the activity by filling in one of the three boxes with an example and ask
students to complete the other boxes. See an example of a correctly filled-out student page in example 1
on the next page.
Suggested Uses of the Student Page

1. Provide an example claim and instruct students to consider what types of evidence they would need
in order to justify making the provided claim.
2. Provide both evidence and claim, and ask students to suggest multiple examples of reasoning.
3. Provide sample responses in each box and ask students to find the flaw in logic (see example 2).
4. Provide sample responses in each box and ask students to generate alternative explanations and
counter evidence (rebuttals to the claim).
For example, a possible rebuttal to example 2: The observations only occurred on one day, so we
can’t be sure that the difference wasn’t just due to random chance. We would want more data to
make this claim, but the cat theory would be interesting to test.
Assessment Recommendation

Completed student pages serve as assessment for this activity. A grading rubric may be based on degree
of completeness, clarity, and complexity of argument.

EVIDENCE

1-14

CLAIM
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REASONING

SCIENTIFIC
EXPLANATION

EXAMPLES

BUILD A SCIENTIFIC EXPLANATION WORKSHEET

NAME:

EXAMPLE 1: GOOD EXPLANATION
BUILD A SCIENTIFIC EXPLANATION

EVIDENCE: scientific data that
support a claim

CLAIM: a statement that answers
a question

REASONING: a justification for
why the evidence supports the
claim using scientific principles

You observe birds in the early
morning and afternoon over five
days. On average, you see six
kinds of birds in the morning and
three kinds in the afternoon.

More species of birds are active in
the morning than in the afternoon.

The insects that many birds eat
tend to be more active in the
morning. Or, birds of prey, which
eat many other bird species, may
be more active in the afternoon
because they can catch thermals
(warm air rising), which make it
easier for them to fly. Thus, by
being out early, smaller birds
may be avoiding predators.

NAME:

EXAMPLE 2: CONTAINS A FLAW IN LOGIC
BUILD A SCIENTIFIC EXPLANATION

EVIDENCE: scientific data that
support a claim

CLAIM: a statement that answers
a question

REASONING: a justification for
why the evidence supports the
claim using scientific principles

You see more female than male
cardinals one morning at a bird
feeder.

There are more female than male
cardinals in our city.

Male cardinals are bright red,
so predators have an easier time
finding them, and there are a
lot of people who let their cats
outside in our city.

BIRDS AND eBIRD | INTRODUCTION
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S T U D E N T PA G E

NA M E

Build a Scientific Explanation Worksheet
BUILD A SCIENTIFIC EXPLANATION
EVIDENCE: scientific data that
support a claim

CLAIM: a statement that answers
a question

REASONING: a justification for
why the evidence supports the
claim using scientific principles

BUILD A SCIENTIFIC EXPLANATION
EVIDENCE: scientific data that
support a claim

1-16

CLAIM: a statement that answers
a question
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REASONING: a justification for
why the evidence supports the
claim using scientific principles

LESSON 2

“I WONDER” BOARD

OBJECTIVE

This is a short exercise, to be
repeated often throughout the
Driven to Discover process, that
will help students formulate
questions about their study topic.
You may use this activity at the
end of each lesson to prepare
students for their independent
research. Students may struggle
at first, but with practice they’ll
become adept at generating
questions.
NEXT GENERATION SCIENCE
STANDARDS CONNECTIONS

Science Practice 1: Asking
questions
TIME REQUIRED

5 – 10 minutes
MATERIALS
•

Sticky notes

•

Chart paper, 11”x17” paper, or
a special place on the wall or
the board to put sticky notes

•

Writing tools

BACKGROUND

Use the “I Wonder”
board to track questions
throughout your
research experience.
Questions will arise
during each lesson that
you may not be able to
explore because of time
constraints, because
you are not sure how
to address them, or
because you want
students to consider
them in future sessions.
Have students write
their questions on a
sticky note and place
them on the designated
“I Wonder” board.
Recording questions will eliminate pressure for you to provide
immediate answers and encourage students to think about or
answer some of the questions on their own. Also, you’ll eliminate
the problem of losing questions in the “That’s a great question.
Let’s come back to that.” vacuum.
Before your students choose their own independent research
project, they will generate many questions as they observe the
citizen science system. Capturing these questions, comments, and
observations for future contemplation should be a part of every
class. These questions will seed your research projects, ensuring
that students are invested and actively engaged in the questions
and methods that they develop. They may also be used to gauge
student understanding and identify their directions of interest.
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PROCEDURE

RESOURCES

1. At the end of an activity or discussion, or
whenever a question arises that does not need
to be answered immediately, direct students to
write the question on a sticky note or directly
onto a large “I Wonder” poster. Each lesson
may produce several questions added to the
poster.

Koomen, M. H., Blair, R., Young-Isebrand, E., and
Oberhauser, K. S. (2014). Science Professional
Development with Teachers: Nurturing the Scientist
Within. Electronic Journal of Science Education,
18(6).

2. When your students begin their independent
investigations, use these “I Wonder” questions
as a springboard for their research questions.
Assessment Recommendation

Use the questions posted to gauge student
understanding. Are they wondering about
foundational lesson content or thinking ahead to
next steps or alternate scenarios? Do the questions
indicate points of confusion or misconceptions?

McNeill, K. and Krajcik, J. (2012). Supporting Grade
5-8 Students in Constructing Explanations in
Science: The Claim, Evidence, and Reasoning
Framework for Talk and Writing. Boston, MA:
Pearson Education, Inc.
National Research Council. (2000). Inquiry and the
national science education standards: A guide
for teaching and learning. 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.
NGSS Lead States. (2013). Next Generation Science
Standards: For States, By States. Washington, DC:
The National Academies Press.
Step-by-step facilitation-plan creation. (2004).
Educational Broadcasting Corporation. Retrieved
February 21, 2011, from www.thirteen.org/edonline/
concept2class/inquiry/implement_sub2.html.

Scientists collect data in different ways. Top left: Dragonfly nymphs collected from a pond and placed in a bucket.
Top right: An enclosure for monitoring dragonfly nymphs in a pond. Bottom left: A turtle trap.
Bottom right: Dissecting scopes and data sheets for identifying and recording data about dragonflies.
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Building Science Skills
BIRDING AND eBIRD

Skills for Citizen Science
This section includes lessons designed to build
skills that will enhance learning as students
participate in the eBird program. Lessons frame
data collection skills in science content and utilize
the evidence, claims, and reasoning framework.

INTRODUCTION TO BIRDING

DISCIPLINARY CORE IDEA

1. They are a part of a large team of citizen
scientists throughout North America who are
helping us understand more about birds and
their conservation needs.

Four lessons are included in this chapter. The
first lesson builds the practical skills students
need to become citizen scientists. The second
lesson connects those skills to birding and
interdependent relationships in ecosystems. The
third lesson uses birding to examine ecosystem
dynamics, functioning, and resilience and climate
change. The final lesson ties science content
and process together by using adapted primary
literature to develop scientific disciplinary literacy.
These lessons build skills and understanding
for Next Generation Science Standards for
the Performance Expectations in Ecosystems:
Interactions, Energy and Dynamics while also
providing opportunities to use Science and
Engineering Practices. Disciplinary Core Ideas
(MS-LS2.A: Interdependent Relationships in
Ecosystems & MS-LS2.C/HS-LS2.C Ecosystem
Dynamics, Functioning and Resilience) are
explored in these lessons. Cross Cutting Concepts
reinforced include patterns, cause and effect and
stability and change.

As your student citizen scientists learn about
birds, participate in eBird, and develop their
own research projects, we hope they will come to
understand that:

2. Scientists ask questions.
3. They are scientists.
This section kicks off the Driven to Discover
process by orienting students to the essential skills
they’ll need to effectively contribute to eBird
data collection. It includes several classroom
activities that help students develop skills such
as using binoculars, recognizing and identifying
birds, and making observations. Throughout this
section, students should be encouraged to record
“I Wonder” questions as they arise and practice
building scientific explanations using the exercises
provided.

Lesson 1: Introduction to Birding
Lesson 2: Identifying Birds
Lesson 3: BFF Birds and Field Guides
Lesson 4: Science Behind the Scenes
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LESSON 1

INTRODUCTION TO BIRDING

OBJECTIVE

BACKGROUND

This activity gives students an
introduction to using binoculars
and time outdoors to watch and
listen to birds. Students should
become familiar with what birds
look like and how to observe them
– learning to identify them will be
part of future lessons.

Before students can start learning to identify species, they need to
become familiar with the tools and skills necessary to watch and
listen to birds. Primarily this means practicing keen observation
of birds, but does also include using binoculars to observe birds.
This activity will enable students to practice using binoculars and
observing birds.

NEXT GENERATION SCIENCE
STANDARDS CONNECTIONS

Disciplinary Core Ideas LS2.C:
Ecosystems Interactions, Energy,
and Dynamics
Science Practice 1: Asking
questions & defining problems
Science Practice 6: Constructing
explanations

For binocular practice, select a place where you can reliably find
birds at the time your group meets. This may be in a natural area
near water or a forest. Or, you may observe a bird feeder from a
short distance. Having birds to focus on with binoculars for the
first time is important.
PROCEDURE
A. Silhouette Quizzes

Stimulate curiosity and activate students’ prior knowledge by
introducing the Birds at Home and Bird Silhouette student pages.
Instruct students to complete the quizzes in class or as homework
prior to this class. In class, discuss what they know about birds,
and remind them that they probably know more than they realize.

Cross-Cutting Concepts: Structure Discuss:
and Function, Patterns
• What characteristics help you to know what type of bird the
silhouette represents?
TIME REQUIRED
• How did you learn to recognize these bird shapes?
• How does knowing about a bird’s typical behavior or habitat
45 minutes
preferences aid you in identifying it?
MATERIALS
•
•
•

2-2

Binoculars
Clipboards
Pens/Pencils

B. Binocular Practice

Note: Find a great video explaining how to use binoculars on
the Driven to Discover YouTube channel (https://www.youtube.
com/watch?v=KEZTbvmIctg&index=2&list=PLM8KVJxKnHO
Yi06ij2WoeDYtHqA43xJL7&t=0s). If you have trouble finding
it, use the search terms “How to use binoculars for birding” +
“University of Minnesota Extension” on YouTube.
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1. Carefully unpack the binoculars from their
case. Take a look at the information that is
included to help you identify the parts of your
binoculars. Remove lens covers and place them
in the case for safe keeping. Some lens covers
are attached to the binoculars and can remain
on the binoculars. Do your very best to never
touch the lenses. They get dirty easily and this
will distort your vision. Follow the instructions
that came with the binoculars to clean the
lenses.
2. Place the strap around your neck. Keep the
strap around your neck at all times.
3. Fit your binoculars to the width of your eyes.
Begin by gently flattening the binoculars by
opening up the central hinge between the
main lenses. Look through the binoculars. You
will see two circles. Keep looking through the
binoculars while carefully folding them until
the two circles come together to make one.
They are now set for the width of your eyes.
4. Focus the lenses to match your vision. Refer to
the graphic below.
a. First, using your hand (being very careful
not to touch the lens) cover the “Objective
Lens” that is on the same side as the “One
Adjustable Eyepiece”. With both eyes open,
look through the binoculars and, using the

“Central Focusing Mechanism”, focus on
a distant (about 30 feet) object and adjust
until clear.
b. Place your hand over the other “Objective
Lens.” Again with both eyes open, adjust
the focus using the “One Adjustable
Eyepiece” until the same object is clear. You
will not need to touch the “One Adjustable
Eyepiece” again, unless bumped.
5. Stand still and focus in on a few objects at
different distances. You should be able to
bring the objects into perfect view by ONLY
adjusting the “Central Focusing Mechanism”.
NEVER walk around with your binoculars up
to your eyes.
6. Have students practice finding birds and
bringing them into focus with their binoculars.
C. Observation Practice

Now that students know how to use binoculars,
it’s time to practice observing birds and listening
for birds.
1. Introduce the “Sounds Around You” Student
Page. Have the students practice their listening
skills outside for 10 minutes by standing or
sitting in one spot and recording the locations
of the sounds they hear around them. Make
sure they are spread throughout the site.
As they hear different sounds, they should
record the sounds in a “sound map,” marking
locations relative to their own position. They
should mark sounds in front of them above
the “X” that marks their own spot and sounds
behind them below the “X”. For example,
if someone hears a dog bark behind him, he
should write “dog” below the “X” on the page.
Encourage students to code the different
sounds so that they can talk about what they
heard later. For example: if they hear four
different bird calls, use four different symbols
to differentiate the sounds. Emphasize that
students don’t need to know what species of
bird is making each call they hear, but that it

The parts of a pair of binoculars are labeled here.
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is important to make note of and record what
each call sounded like and where they heard it
coming from.
2. Encourage students to also make note of any
birds that they see at this time and also record
these sightings on their sheet. Again, students
don’t need to identify each bird they see to
species, but they should record a description of
what they are seeing.
3. After completing the 10 minute observation,
bring students back together and ask them to
share their observations of birds and sounds.
Some possible discussion questions are:
•

What was the loudest sound?

•

How many different sounds did you hear?

•

How many different bird calls did you
hear?

•

Could you identify any birds by their calls?
If so, which ones?

•

Did anyone see or hear the same bird as
anyone else? How do you know?

4. As students are processing what they have
done and seen, be sure to have sticky notes
and/or the chart paper available for recording
their “I Wonder” questions. Encourage them
to jot down a question or two and add them to
the “I Wonder” Board.
5. Instruct students to complete the scientific
explanation in the exercise below.
a. What evidence do you have after this
activity to support the claim “We can
observe birds on our school grounds.”
Write this information in the box below
the “Evidence” heading.
b. Connect the claim to the evidence you
provided. Why does your evidence add up
to declaring your school grounds good for
observing birds? Write this justification in
the box below the “Reasoning” heading.

2-4
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Assessment Opportunity

Back in the classroom, ask the students to share
their observations. Discuss the experience of
locating and observing birds. Are binoculars more
help or hindrance to studying birds? Based on
this experience, what tips would they give others
about birding?

BIRD SILHOUETTES ANSWER KEY
A. Hawk
B. (Mallard) duck
C. Hummingbird
D. Robin
E. Woodpecker
F. Owl

BIRDS AT HOME ANSWER KEY
1. Starling
2. Grackle
3. Mourning dove
4. Swallow
5. Hawk
6. Cardinal
7. Blue jay
8. Woodpecker
9. Hummingbird
10. Sparrow
11 (Mallard) duck
12. Heron
13. Red-winged blackboard
14. (Canada) goose
15. Crow
16. Robin
17. Wren
18. (Great horned) owl
19. Nuthatch
20. Pheasant

S T U D E N T PA G E

N AM E

Birds SIlhouettes
With practice, you will be able to recognize many birds simply by their silhouette, or shape, and posture. In
addition, look at each part of the bird. Is the bill short or long, thick or thin, curved or straight? What shape is
the tail? Is it forked, pointed, or straight across at the end? Are the wings pointed or broad, long or short? Use
the graphic on this page to practice looking at bird shapes. Can you identify these types of birds by looking at
their body shapes? Write their names in the lines provided.

A.

D.

B.

C.

E.

F.
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Birds at Home
Can you find 20 birds in this scene? Can you identify the birds? You might be amazed at how many birds you
can recognize just by the shape and location. When trying to identify a bird where you find it can be just as
informative as its field markings. Name as many birds as you can in the image and write their names in the
lines provided.

1

4

5

3
2

7

6

10
8
9
17
12

15
13

18

14

16

19
20

11
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1.

______________________________________

11. ______________________________________

2.

______________________________________

12. ______________________________________

3.

______________________________________

13. ______________________________________

4.

______________________________________

14. ______________________________________

5.

______________________________________

15. ______________________________________

6.

______________________________________

16. ______________________________________

7.

______________________________________

17. ______________________________________

8.

______________________________________

18. ______________________________________

9.

______________________________________

19. ______________________________________

10. ______________________________________

20. ______________________________________
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S T U D E N T PA G E

N AM E

Sounds Around You
Choose a location to sit or stand for 10 minutes. Listen carefully to all the sounds around you and try to mark
them on the “map” below. You are the “X.” Record all of the sounds you hear: traffic, trains, birds, barking
dogs, people etc. Write the sounds on the map wherever you hear them. This skill will help you practice tuning
in to the sounds around you.
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Build a Scientific Explanation Worksheet
BUILD A SCIENTIFIC EXPLANATION
EVIDENCE: scientific data that
support a claim

CLAIM: a statement that answers
a question

REASONING: a justification for
why the evidence supports the
claim using scientific principles

BUILD A SCIENTIFIC EXPLANATION
EVIDENCE: scientific data that
support a claim
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CLAIM: a statement that answers
a question
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REASONING: a justification for
why the evidence supports the
claim using scientific principles

LESSON 2

IDENTIFYING BIRDS

OBJECTIVE

BACKGROUND

This activity gives students tools
for categorizing the observations
that are most helpful to
identifying birds. Students then
practice finding and recognizing
these bird “clues” on a bird
walk.

Now that students have practiced finding, observing, and
listening to birds, they need to learn some ways to identify these
birds. This activity describes four types of bird ID “clues” that
help students organize their observations of birds in a way that
will help them to identify birds by species. These clues are

NGSS SCIENCE STANDARDS
CONNECTIONS

Disciplinary Core Ideas LS2.C:
Ecosystems Interactions,
Energy, and Dynamics
Science Practice 1: Asking
questions & defining problems
Science Practice 6: Constructing
explanations
Cross-Cutting Concepts:
Structure and Function,
Patterns
TIME REQUIRED

One class period (about 45
minutes)
MATERIALS
•

•

(What biome are you in? What is the specific location of
the bird? What time of year is it?)

HABITAT

(Is the bird observed similar in size to a sparrow, robin, crow
or goose?)

SIZE

(What is the most obvious color? What are the bird’s
secondary colors?)

MAIN COLOR

BEHAVIOR (What is it doing? Is it eating at a feeder, sitting in a
tree, soaring, wading, etc?.)

These clues are the same steps used in the Merlin smartphone/
tablet application for identifying birds. We recommend that
you use the Merlin app on student mobile devices to help with
bird identification. Once students have gotten a good look at a
bird, the Merlin app can help identify what they’ve seen. After
downloading the app, you’ll need to add “bird packs” which are
free and contain lists/photos/etc. of birds commonly observed in
a particular region. For example, if you are in St Paul, Minnesota,
you probably only need the bird pack for the US Midwest, not
the one for the West Coast. Each bird pack takes up storage space
on your device, so downloading just the pack for your region is
probably sufficient.

Bird identification resources,
including field guides,
Merlin app from the Cornell
Laboratory of Ornithology,
All About Birds website
(www.allaboutbirds.org)

If mobile devices aren’t available, focus on watching birds and
describing them using the four clues for this lesson. Getting
into the habit of noticing these clues will always be the basis for
recognizing and identifying birds.

Binoculars, clipboards,
paper/pencil for outdoor
observations

1. Begin by asking students to brainstorm what clues they might
look for when trying to identify birds. How will they know
which bird is which? What will they look for?

PROCEDURE
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House Sparrow
(5–6 inches)
small

American Robin
(10 inches)
medium

American Crow
(17–21 inches)
large

Canada Goose
(30–40 inches)
extra large

A bird’s proportionate size compared to other birds is a helpful clue to its identification. Most birds can roughly be
sorted into one of these four size categories.

2. Briefly introduce the four bird clues described
above. Reference students’ observations from
the previous exercise – include some of those
observations as examples of one of the clues
where appropriate. Remind students that
although it may seem overwhelming to learn
to identify birds, with experience many species
will become familiar enough to recognize on
sight.
3. Explore the Merlin app as time allows.
Discuss:
• Which clue to bird identification feels
easiest to use? Hardest?
•

What other clues might be helpful when
searching for and identifying birds?

•

How can you strengthen your bird
identification skills?

•

What’s the point of being able to tell birds
apart anyway?

4. Take students outside for a bird walk when
possible. Ask students to practice their bird
observation skills by applying the bird clues
and using the Merlin app.
5. Remind students to jot down questions for the
“I Wonder” Board.
6. Practice the Science Explanations Framework
using the exercise below. Based on the
2-10
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descriptive evidence provided, what claim
can be made about what bird this is? What
reasoning connects your evidence (descriptive
details) to your claim (bird identification)?
Additional Resources
The Cornell Lab of Ornithology provides a wide range
of teaching aids, mini-courses, videos, images
and audio files to help you and your students learn
about birds and bird identification. Their All About
Birds website has lots of identification, natural
history, calls, and pictures for all North American
species: http://www.allaboutbirds.org.

Assessment Opportunity

At the beginning of each class period, show
students images of various birds. Ask them to
state how they would have described the four
clues (Habitat, Size, Color, Behavior) for each
bird. For example, if you showed a picture of a
Northern Cardinal, where might they have seen
it (in shrubby area near a feeder), what size would
they say it is (robin-sized), what color is it (red),
and what was the bird doing (eating seeds). Use of
reference material is welcome.

S T U D E N T PA G E

N AM E

Build a Scientific Explanation Worksheet
BUILD A SCIENTIFIC EXPLANATION
EVIDENCE: scientific data that
support a claim

CLAIM: a statement that answers
a question

REASONING: a justification for
why the evidence supports the
claim using scientific principles

BUILD A SCIENTIFIC EXPLANATION
EVIDENCE: scientific data that
support a claim

CLAIM: a statement that answers
a question

REASONING: a justification for
why the evidence supports the
claim using scientific principles
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LESSON 3

BFF BIRDS AND FIELD GUIDES

OBJECTIVE

TIME REQUIRED

In this activity, students learn
about field guides and how they
can be used in combination with
observations of the bird clues to
identify different species of birds.
Students then practice observing
a single species and comparing
their observations to the field
guide entry for that species.
Students also compare and
contrast their assigned species
with other students’ species.

One class period (about 45 minutes)

NGSS SCIENCE STANDARDS
CONNECTIONS

Disciplinary Core Ideas LS2.A:
Interdependent Relationships in
Ecosystems
Disciplinary Core Ideas LS2.C:
Ecosystems Interactions,
Energy, and Dynamics
Science Practice 1: Asking
questions and defining
problems
Science Practice 6: Constructing
explanations
Science Practice 8: Obtaining,
evaluating, and communicating
information
Cross-cutting Concepts:
Patterns, Structure & Function

MATERIALS
•
•

Field guides of various types
Binoculars, clipboards, paper/pencil for outdoor observations

BACKGROUND

Students should now be adept at observing birds (both with
and without binoculars) and noticing the four bird clues. In this
activity, students will learn how to transition observations of the
bird clues into an identification of the species observed using field
guides.
BFF birds could be described as “Best Feathered Friends.” Corny?
You be the judge!
PROCEDURE

1. Distribute various field guides among the students.
Discuss: What is a field guide for? What information does
each guide contain? What features of the guide are helpful?
How much information about each species is “enough”?
2. Ask students to examine their field guides for the following
information:
a. How is your field guide organized? (What characteristics
did the author use for sorting the birds into categories?)
b. What categories of information are included for every
bird’s description in your book? (Name/scientific name?
Range? etc.)
c. Find 3 vocabulary terms you don’t know the definition of
and look up their meanings.
d. How do maps distinguish between breeding and nonbreeding ranges?
e. How do the illustrations and text reflect species dimorphism,
or the different appearance of males vs. females.

2-12
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3. Refer students to the Student Page describing
field marks. Explain to students that, while all
birds have body parts in common (such as a
head, wings, and tail), these body parts vary
in shape, size and color from one species to
another. Differences in a bird’s appearance
that help you tell it apart from other bird
species are known as field marks. A field mark
may be “long and forked tail” or “wings are
yellow with white bands.”
4. Using the bird clues students observed in the
last lesson, have students work in small groups
to try to identify birds they’ve seen using field
guides. (Depending on your students, this may
require a lot of guidance. If you are unsure
of your students’ observations, you can use a
practice bird based on a species that you can
give good bird clues for.) Refer to the field
markings terminology on the student page as
needed.
5. Assign each student (or small groups of
students) a BFF Bird. Use whatever species are
commonly found in your area. For example,
explore your schoolyard and list the species of
birds that you see there. Instruct students to
locate the entry for their BFF in at least two
different sources (websites, field guide books,
etc.). Instruct students to complete the BFF
Bird Profile Student Page with facts about their
BFF Bird.
6. Pair students up and instruct them to compare
their birds with their partner by completing
the Venn diagram on the Student Page titled
“Compare my BFF Bird to Another BFF Bird.”
Write characteristics that are shared by the two
birds in the overlapping parts of the drawing,
and characteristics that are different in the nonoverlapping areas. This exercise will encourage
students to look more closely at their birds and
learn a bit more about another bird.
7. Take students to your outdoor study site, have
them find and observe a bird (or multiple
birds) of their species for 5-10 minutes. Help
students, if needed, in finding their BFF bird.

8. Have student pairs share their Venn diagrams
with the class and use this discussion to
facilitate some “I Wonder” Board questions.
Consider how birds use habitats, what birds
look like, the noises birds make, the number of
birds of different species, or other topics.
9. Practice generating scientific explanations
using the chart on the next page. Instruct
students to make a claim about their BFF
bird (it is easy/difficult to identify, it is a
habitat generalist/specialist, it is noisy, etc.)
and provide evidence from their experience
observing it to support their claim. Be sure to
have them explain why their evidence supports
their claim.
Additional Resources
The All About Birds website has lots of identification
tips, natural history information, calls, and pictures
for all North American species. (Essentially this is an
online field guide) http://www.allaboutbirds.org
Check your local and school libraries for bird field
guides. State or region specific guides (i.e. Eastern
and Central North America or Western North
America) are usually more helpful. Peterson,
Audubon, and National Geographic are commonly
reliable ‘brands.’
There are also a number of bird identification apps
that are also essentially digital field guides—if your
students have tablet computers, this is a good way
for students to explore field guides.

Assessment Recommendation

Students can turn in their BFF Bird Profile
Student Pages and BFF Bird comparisons for this
lesson. A group reflection on this lesson could
include the following questions:
•
•
•
•
•

What makes a field guide easier/harder to use?
What characteristics of a bird are most
important when trying to identify it?
What skills are necessary when using a field
guide? Identifying birds?
Why is it useful to identify a bird down to
species?
What makes my BFF Bird unique?
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Build a Scientific Explanation Worksheet
BUILD A SCIENTIFIC EXPLANATION
EVIDENCE: scientific data that
support a claim

CLAIM: a statement that answers
a question

REASONING: a justification for
why the evidence supports the
claim using scientific principles

BUILD A SCIENTIFIC EXPLANATION
EVIDENCE: scientific data that
support a claim
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CLAIM: a statement that answers
a question

BIRDS AND eBIRD | BUILDING SCIENCE SKILLS

REASONING: a justification for
why the evidence supports the
claim using scientific principles

S T U D E N T PA G E

N AM E

Anatomy of a Field Guide Entry
All field guides include a series of species accounts, one for each bird species. Each account generally
includes a picture of the bird along with the following information:

Great Blue Heron
Ardea herodias
A field guide
usually includes...
Common Name
Scientific Name
Picture

• size
• appearance
• field marks

The Great Blue Heron is North
America’s largest heron and a
common sight on Minnesota’s
lakes, ponds, rivers, and
wetlands.
Identification

Stands 38 to 54 inches tall, has
a blue-gray body, reddish “S”shaped neck, white crown and
face, a black plume extending
from above and behind the eye
to the back of head, and shaggy
plumes on the neck and back.
Feeding

Species
Information

• habitat
• calls/songs
• field marks
• behaviors

Hunts fish, invertebrates,
reptiles, amphibians, and small
birds and mammals in shallow
waters by spearing them with its
long yellow bill.
Nesting

Nests in colonies, or rookeries,
constructing large platform nests
in trees near the water.
Call

Call is a harsh, deep croak or
squawk.
Range Map
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Bird Field Markings
You can use a bird’s distinctive colors and patterns to identify it. These field marks include features such
as breast spots (speckling on the chest), eye rings (circles around the eyes), eye stripes (lines through the
eyes), and many others. Check the color of each major body part. Sometimes the color of a bird’s eye or legs
alone will help distinguish one species from another. But be careful -- a bird’s colors can be affected by light
conditions or the angle at which you see it.
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BFF Bird Profile: Field Guide Page
COMMON NAME

SCIENTIFIC NAME

SIZE

HOW IT LOOKS

WHAT IT EATS

HOW IT ACTS

WHERE IT LIVES

SKETCH OF BIRD

KEY (COLOR MAP AND BOXES BELOW TO MATCH):
BREEDING RANGE

WINTER RANGE

BREEDING AND WINTER RANGE
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Compare my BFF Bird to Another BFF Bird
Working with a partner, write the characteristics your birds in the bird houses. In the left house, write the
characteristics of your bird that are different from your partner’s bird. In the right house, your partner will
write the characteristics of his or her bird that are different from your bird. In the overlapping area, write the
characteristics that both birds share. Characteristics can be anything, including: colors, field marks, diet,
habitat, range, nest building, appearance, or any other difference.

BIRD 1
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BIRD 2

LESSON 4

SCIENCE BEHIND THE SCENES

OBJECTIVE

MATERIALS

Students use adaptive primary
literature (APL) to read and
understand research published
in a scientific journal. Students
will learn the structure of a
scientific article and understand
how that relates to the process
of science.

Science Behind the Scenes Handout

NGSS SCIENCE STANDARDS
CONNECTIONS

Disciplinary Core Ideas LS2.A:
Interdependent Relationships in
Ecosystems
Disciplinary Core Ideas LS2.C:
Ecosystems Interactions,
Energy, and Dynamics
Science Practice 1: Asking
questions and defining
problems
Science Practice 8: Obtaining,
evaluating, and communicating
information
Cross-cutting Concepts: Cause
and Effect, Patterns
TIME REQUIRED

Variable. One to three class
periods based on how you
choose to implement.

BACKGROUND

Adaptive primary literature rewrites published journal articles in a
way that students may easily understand. It focuses on familiarizing
students with the universal text structure of scientific articles:
abstract, introduction, methods, results, and discussion. Learning
this structure is foundational to science literacy. This lesson also
includes the following additional sections derived from the Natural
Inquirer publications created by the USDA Forest Service: Thinking
About the Science, Thinking About the Environment, and Meet the
Scientists. These sections are meant to supplement the traditional
APL format by encouraging moments of student discussion, critical
thinking, and self-reflection.
The procedure outlined below includes reading and discussing all
of the above sections. However, you may choose which of these
sections to use in your classroom to most effectively support your
students’ learning. This lesson is flexible; it may last from one to
three class periods. Facilitate small-group or class-wide discussions
after reading each section. The discussions provide an opportunity
to check understanding as well as to practice the evidence, claims,
reasoning (ECR) framework.
A copy of the original primary article is included in this curriculum
if you would like to review it or implement the optional extension
activity.
Understanding Null Hypothesis Testing

How do researchers use data to answer their research questions?
They use statistics to determine if their data support an alternative
hypothesis. Hypotheses are all the possible answers to a research
question. The null hypothesis is the answer that indicates the
response variable does not have a relationship to the predictor
variable. The alternative hypothesis (or hypotheses) are the other
possible answers to the question that demonstrate a relationship
between the predictor and response variables.
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In this paper, the authors ask how landscaping
with native or non-native plants (the predictor
variable) affects butterfly and bird species richness
and abundance (response variables). The null
hypothesis for this question is that there is no
difference in species richness and abundance
between landscapes. The alternative hypotheses
are all the other possible answers to the question.
In this paper, one alternative hypothesis is that
species richness and abundance are higher in yards
landscaped with native plants.
Making graphs is an important part of answering
a research question. When comparing averages,
as in this paper, data can put into a table
and analyzed with a t-test (see Table 1 in the
Science Behind the Scenes handout). If the null
hypothesis is true, the two averages in a response
variable row will be the same in both treatment
columns. This indicates there is no difference in
the response variable between the treatments. For
example, see the bottom row of Table 1 (omnivore
bird abundance). The data are supporting one
of the alternative hypotheses when the averages
between treatments are different. See the top
row in Table 1 (caterpillar species richness). A
really large difference between averages is easy to
interpret as support for an alternative hypothesis.
However, the natural world is complicated and
research methods are not perfect so scientists often
don’t get such strong easily-interpretable results.
Frequently, the difference between averages is
small or medium-sized.
How do scientists determine when there is
enough support for an alternative hypothesis? In
this paper, this is statistically determined with
a p-value calculated by a t-test. A low p-value
(usually less than 0.05) means there is a very
low probability that the averages are the same.
This is evidence for an alternative hypothesis:
the null can be rejected. If a p-value is greater
than 0.05 the null hypothesis cannot be rejected,
the averages may be the same. For example,
the p-value comparing the difference between
averages of caterpillar species richness in native
and non-native landscapes is <0.001 (Table 1).
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This is a very small p-value and less than 0.05. So,
we can reject the null and accept the alternative
hypothesis that the caterpillar species richness is
greater in native landscapes than non-native.
“We cannot reject the null hypothesis”

Scientists carefully avoid stating that they “accept”
a null hypothesis. Instead, you will see the phrase
“we cannot reject the null hypothesis.” A null
hypothesis is that there is no relationship between
variables. Researchers can only reject a null
hypothesis if they find evidence for an alternative.
Additional Resources
The United States Forest Service Natural Inquirer
publications are a great resource for additional APL
materials: http://www.naturalinquirer.org/all-issues.
html.

PROCEDURE

1. Show students the “Process of Science Wheel”
from chapter 1. Review each step in the
wheel. What happens in each step? Why is it
important? Ask students why they think the
process is presented in a circle shape. What do
the arrows indicate?
2. Introduce the text structure of published
journal articles to students: abstract,
introduction, methods, results, and discussion.
Ask students to identify parallels between the
investigation wheel and the text structure of
scientific articles. Both tell a similar story of
how science is done.
3. For each reading section listed below, provide
time for students to read to themselves or
aloud to a small group. Follow this reading
with a facilitated discussion about that section.
4. Use the “Thinking About the Environment”
section to introduce your “Science Behind
the Scenes” article. This is the context the
researchers were experiencing as they observed

and wondered about the world. It led to the
development of their research questions. What
did the scientists wonder about?
5. Use the “Meet the Scientists” section to
establish a human connection between
students and the researchers. Ask students if
they see themselves in these researchers. Why
or why not? Explain that they are scientists
because they have been studying the world
through citizen science.
6. Go through each of the main text structure
components of the article.
•

•

•

The ABSTRACT provides the reader with
an overview of the paper, summarizing
what the researchers studied and what they
found.
The INTRODUCTION provides a review
of literature that has been previously
completed on the topic, provides a broader
context for the work, and states the
questions being addressed. Ask students to
identify the research question as well as the
null and alternative hypotheses.
The METHODS section explains how the
experiment was done in enough detail to
allow other scientists to repeat the study
and verify the results. In ecology papers,
the methods section usually describes
where the work was carried out, under
what environmental conditions, and how
the data were collected and analyzed.

•

The RESULTS describe what the authors
found with the statistical evidence that
allows them to make claims. This section is
where tables and graphs reside.

•

The DISCUSSION text directly answers
the research question raised in the
introduction. The discussion is where
the authors pull together the full story. It
puts the research results in context of the

background from the introduction and
suggests what should be studied next.
Assessment Recommendation

Use the “Thinking About Science” section to
review your “Science Behind the Scenes” article.
•
•
•
•
•

•
•
•

What inspired the research?
What is the study question?
Is the study observational or does it involve
experimental manipulations?
What are the alternative and null hypotheses?
What are the advantages and disadvantages of
carrying out an experiment that manipulates
variables?
What are the advantages and disadvantages of
carrying out an observational study?
Identify any dependent and independent
variables.
What do the data mean?

Optional Extension

Give students a copy of the original article. Ask
them to find and highlight all the main text
structure sections within the article. Compare and
contrast the content in the “Science Behind the
Scenes” sections to the original article. What parts
of original article are most challenging for your
students? Where are they finding success?
Provide opportunities to practice these skills by
giving students copies of other primary science
journal articles, and ask them to identify the text
structure. PLOS ONE is an example of an open
access (free) science journal that is a good source
for additional primary literature articles.
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Science Behind the Scenes: Got Birds and Butterflies?
PRIMARY ARTICLE SOURCE

MEET THE SCIENTISTS

Burghardt, K.T., Tallamy, D.W., and Shriver,
W.G. (2008). Impact of Native Plants on
Bird and Butterfly Biodiversity in Suburban
Landscapes. Conservation Biology, 21(1), 219224. This article is reprinted with permission
from the Society for Conservation Biology,
Washington, D.C.

Karin T. Burghardt studies plant and insect
interactions. At the time that she co-authored this
study she was a college student at the University
of Delaware. After graduating, she went to Yale
University to be a doctoral student studying
ecology and evolutionary behavior in the lab of
Dr. Oswald J. Schmitz.

THINKING ABOUT THE ENVIRONMENT

Have you ever planted a flower garden? How did
you pick which plants to grow? Gardeners usually
want plant species that are attractive, have many
blooming flowers, and grow well in their soil.
An entire industry exists around breeding and
selling landscaping plants that are beautiful and
hardy. Most popular landscaping plants in North
America were originally collected from other
parts of the world. For example, daylilies are from
eastern Asia, including China, Korea, and Japan.
A plant growing in a part of the world where it
didn’t originate is called a “non-native” species.
Most common landscaping shrubs and flowers are
non-native.
Plants growing in areas where they originally
evolved are called “native” plants. Native plants
and animals make up ecological communities
that have been evolving together for thousands of
years. Overtime, specialized relationships develop
between native plants and animals. For example,
monarch butterflies only lay eggs on milkweed
plants and monarch caterpillars only eat milkweed
leaves. In fact, many species of butterflies have
caterpillars that can only feed on specific native
plants. The presence or absence of native plants
also impacts the birds that eat the butterflies.
Yards missing native plants don’t have habitat for
insects and therefore don’t provide food for insecteating animals.
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Insects fascinate Douglas W. Tallamy. He is a
professor of entomology and wildlife ecology at
the University of Delaware. Over his career he has
studied plant-insect interactions and behavioral
ecology of insects, conservation of biodiversity,
and the impact of invasive plants on native
ecosystems.
W. Greg Shriver is an associate professor of
wildlife ecology at the University of Delaware. He
focuses his teaching and research on bird ecology,
restoration ecology, and the effects of sea-level rise
on salt marsh birds.
ABSTRACT

During the summer of 2006, the researchers
measured how landscaping with native or
non-native plants affected bird and butterfly
communities. They selected six pairs of suburban
properties in southeastern Pennsylvania to study.
Within each pair, one yard was landscaped with
native plants and the other mostly with nonnative plants. The researchers measured and
compared the number of all the individual birds
and caterpillars, known as abundance, and the
number of species of birds and caterpillars, know
as species richness, between types of yards. Native
landscapes supported greater abundance and
species richness of both birds and caterpillars. It’s
likely that native plants support more caterpillars
because the plants and butterfly species have
evolved together. Likewise, more birds come to
yards with native plants because the caterpillars on
the plants are an important food source.
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INTRODUCTION

METHODS

Some non-native plants are also invasive.
Invasive plants are non-natives that have been
geographically separated from the predators with
which they originally evolved. Without predators
limiting their population growth, invasive plants
spread aggressively and quickly take over the
landscape. The result is an area of land covered
almost entirely by a single species of non-native
plant. This monoculture, a community made
mostly of one species, is bad for ecosystems.
Healthy ecosystems are comprised of many
different types of plants and animals. A lot
research, money, and hard work goes into fighting
the aggressive spread of invasive species.

Karin Burghardt and her team conducted their
study in 12 suburban gardens in southeastern
Pennsylvania. Six of the gardens contained
only native plants while the other six gardens
were mostly non-native plants. To make fair
comparisons, each one of the native gardens was
paired with a nearby non-native garden of similar
size and structure. The researchers also considered
other factors when they paired the gardens,
including whether they bordered woodlands or
streams and if they contained bird feeders or nest
boxes. In every yard, they counted caterpillar and
bird species richness and abundance.

Not all non-native plant species are invasive.
Many popular North American landscaping plants
are from Europe or Asia but do not aggressively
spread. The impacts of these types of non-native
plants on native ecosystems hasn’t received
as much attention. What impacts do nonnative non-invasive landscaping plants have on
ecosystems? Karin Burghardt and her colleagues
from the University of Delaware speculated
that non-native plants attract fewer insects and
therefore fewer animals that eat insects. To test
this, they counted and compared the number of
butterfly caterpillars and birds in yards planted
with non-native plants to the number found in
yards with all native plants.
Their research question is: How does type of
landscaping affect caterpillar and bird abundance
and richness. The null hypothesis is that there is
no difference in abundance and richness between
native and non-native yards. The alternative
hypothesis is that caterpillar and bird abundance
and richness are higher in yards landscaped with
native plants.

It would have been nearly impossible to count
every caterpillar in every yard. Instead, the
research team established 12 evenly separated one
meter diameter circles in each yard. The circles
were small enough that the researchers could find,
identify, and count every caterpillar within them.
Caterpillar abundance and richness was counted
every day from August 11 to September 8, 2006
between 9:00 a.m. and 2:00 p.m. One pair of sites
was surveyed each day for caterpillars.
Bird richness and abundance was recorded
between 5:00 am and 7:00 am from June 7 to
July 20, 2006. One pair of sites was surveyed for
birds per day. Each site was surveyed three times.
Yards were separated into 25-meter circles. The
number of circles per site depended on the size
of the yard. To count birds, the researchers stood
in the middle of each circle for five minutes and
recorded the quantity and types of birds they both
saw and heard. Birds flying high above the tops of
the trees were not counted.
Bird species richness is the total number of bird
species recorded during all three visits to a yard.
Abundance was calculated for each bird species:
the total abundance per species for each yard
was divided by the total number of circles in the
yard. The resulting values are the average species
abundance per circle. Calculating the average
value per circle is important because it allows
the researchers to compare data between yards of
different sizes. Otherwise, larger yards would have
BIRDS AND eBIRD | BUILDING SCIENCE SKILLS

2-23

S T U D E N T PA G E

NA M E

larger count values just because they are bigger
and have more circles.

Bird abundance is 16.9 individuals/circle in native
yards and 11.0 individuals/circle in non-native
yards. Bird species richness is 18.8 individuals/
circle in native yards and 11.3 individuals/circle in
non-native yards (table 1).

To compare butterfly and bird richness and
abundance between native and non-native
landscapes, they averaged and compared the
caterpillar and bird count values over all yards of
each type.

A statistical test, called a t-test, was used to figure
out if the two averages in each row in the table
represent a true difference in species richness
or abundance between types of yards. The null
hypothesis is that species richness or abundance
are the same for native and non-native landscapes.
If the null hypothesis is true, the average values
in each row will be equal for both the native
and non-native yards and the difference between
the two averages will be zero. If the alternative
hypothesis is true, that richness or abundance
is higher in native yards, we would expect the
averages to be different.

RESULTS

To determine the effect of native and non-native
landscaping on the abundance and richness of
butterflies and birds the researchers created a
data table (table 1). The table contains average
values for caterpillar species richness, caterpillar
abundance, bird species richness, and bird
abundance. The authors added two additional
rows to examine how what birds eat may affect
how they use the different landscapes.

Nature is complicated and human researchers
are not perfect so often we get two averages that
are not exactly the same but also not super far
apart. How did the authors determine when the
average values were far enough apart to indicate
a difference in richness or abundance between

Caterpillar abundance is 12.7 larva/site in native
yards and 3.0 larva/site in non-native yards.
Caterpillar species richness is 6.8 species/site in
native yards and 1.8 species/site in non-native
yards (table 1).

NATIVE YARDS

NON-NATIVE
YARDS

p-VALUE

Caterpillar Species Richness
(species/site)

6.8

1.8

<0.001*

Caterpillar Abundance
(larva/site)

12.7

3.0

<0.001*

Bird Species Richness
(species/site)

18.8

11.3

<0.001*

Bird Abundance
(individuals/circle)

16.9

11.0

<0.001*

Insectivore Bird Abundance
(individuals/circle)

13.8

7.1

0.007*

Omnivore Bird Abundance
(individuals/circle)

3.1

3.8

0.425

MEASUREMENT

Table 1. Caterpillar and bird average abundance and average species richness in native and non-native landscapes.
p-values were calculated using a t-test.
*Indicates a statistically significant difference between the native and non-native yard values (p-value < 0.05).
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native and non-native yards? They used statistics
and calculated the p-value. A p-value is a number
between 1 and 0. A low p-value (less than 0.05)
means there is a very low probability that the
two average values are the same. In this case the
null hypothesis can be rejected. If a p-value is
above 0.05 the null hypothesis cannot be rejected,
the averages might be the same, indicating
no difference may exist in average richness or
abundance between native and non-native yards.
For example, examine the bird species richness
row in table 1. Is an average of 18.8 individuals/
circle (in native yards) different enough from an
average of 11.3 individuals/circle (in non-native
yards) to allow us to reject the null hypothesis?
The statistical test called a t-test analyzes the data
and, in this case, outputs a very small p-value of
<0.001. This p-value is smaller than 0.05, so we
can reject the null hypothesis. Bird species richness
is higher in yards landscaped with native plants
than in yards landscaped with non-native yards.
The authors suspect that more birds are in yards
with native plants because the native plants attract
insects that the birds want to eat. To further
explore this idea, the authors examined how what
birds eat affected their abundance in native or
non-native yards. See the bottom two rows in
the table 1. They discovered that there were more
birds that eat only insects (insectivores) in native
yards (p-value = 0.007). However, birds that eat
both plants and animals (omnivores) were found
in equal numbers in native and non-native yards
(p-value =0.425).
DISCUSSION

Yards landscaped with native plants had higher
species richness and higher abundance of
caterpillars and birds. The authors originally
speculated that native plants would attract insects
and then also birds that feed on insects. They
tested this idea and found that birds that eat
only insects were more common in native yards
whereas birds that eat both insects and plants
were equally abundant in native and non-native

yards. This data supports the authors’ speculation
about the importance of native plants for insecteating birds. In fact, the researchers found that
rare insect-eating birds of special concern were
eight times more likely to be found in a yards
landscaped with native plants.
Most popular non-native landscaping plants are
not invasive species. Gardeners often assume that
because these plants are not invasive that they will
assimilate into local ecosystems without causing
problems. The authors of this paper argue that
assumption is false. These non-native plants don’t
have deep evolutionary histories in North America
and haven’t established partnerships with native
insects. Planting non-native plants instead of
natives reduces insect habitat and the amount of
food for insect-eating birds, including rare and
endangered species. The landscaping decisions that
suburban homeowners make have a big impact on
the local environment. Planting native plants is
best for supporting native insects, birds, and the
whole ecosystem.
THINKING ABOUT THE SCIENCE

Scientists conduct investigative research to answer
questions about our natural world. Conducting
research requires careful consideration of a
question and testable hypotheses. Scientists work
hard to design an appropriate research method
to answer their question. Sometimes, scientists
will carry out an experiment, which relies on
manipulating some variables while holding
others constant. Other times, scientists will
carry out an observational study, which relies on
monitoring naturally-occurring differences in
the environment. What are the advantages and
disadvantages of carrying out an experiment?
What are the advantages and disadvantages of
carrying out an observational study? What kind of
study was reported in this paper?
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KARINBird
T. BURGHARDT,
W. TALLAMY, AND W. GREGORY SHRIVER
Biodiversity in Suburban
Landscapes
∗

Department of Entomology and Wildlife Ecology, University of Delaware, Newark, DE 19716-2103, U.S.A

Abstract: Managed landscapes in which non-native ornamental plants are favored over native vegetation
now dominate the United States, particularly east of the Mississippi River. We measured how landscaping
with native plants affects the avian and lepidopteran communities on 6 pairs of suburban properties in
southeastern Pennsylvania. One property in each pair was landscaped entirely with native plants and the other
exhibited a more conventional suburban mixture of plants—a native canopy with non-native groundcover
and shrubs. Vegetation sampling confirmed that total plant cover and plant diversity did not differ between
treatments, but non-native plant cover was greater on the conventional sites and native plant cover was greater
on the native sites. Several avian (abundance, species richness, biomass, and breeding-bird abundance) and
larval lepidopteran (abundance and species richness) community parameters were measured from June
2006 to August 2006. Native properties supported significantly more caterpillars and caterpillar species and
significantly greater bird abundance, diversity, species richness, biomass, and breeding pairs of native species.
Of particular importance is that bird species of regional conservation concern were 8 times more abundant
and significantly more diverse on native properties. In our study area, native landscaping positively influenced
the avian and lepidopteran carrying capacity of suburbia and provided a mechanism for reducing biodiversity
losses in human-dominated landscapes.
Keywords: biodiversity, birds, Lepidoptera, managed ecosystems, native plants, non-native plants, suburban
landscape
Impacto de Plantas Nativas sobre la Biodiversidad de Aves y Mariposas en Paisajes Suburbanos

Resumen: Los paisajes bajo manejo en los que las plantas ornamentales no nativas son favorecidas en lugar
de la vegetación nativa son dominantes en los Estados Unidos, particularmente al este del Rı́o Mississippi.
Medimos el efecto del ajardinado con plantas nativas sobre las comunidades de aves y lepidópteros en seis
pares de propiedades suburbanas en el sureste de Pennsylvania. Una propiedad en cada par estaba ajardinada
con plantas nativas completamente y la otra presentaba una mezcla suburbana de plantas más convencional
– un dosel nativo con hierbas y arbustos no nativos. El muestreo de la vegetación confirmó que la cobertura
total de plantas era mayor en los sitios convencionales y que la cobertura de plantas nativas era mayor en
los sitios nativos. Medimos varios parámetros de la comunidad de aves (abundancia, riqueza de especies,
biomasa y abundancia de aves reproductoras) y de lepidópteros larvales (abundancia y riqueza de especies)
de junio 2006 a agosto 2006. Las propiedades nativas sustentaron un número significativamente mayor de
orugas y de especies de orugas, ası́ como una abundancia, diversidad, riqueza de especies, biomasa de aves
y parejas reproductoras de especies nativas significativamente mayores. Es de particular importancia que las
especies de aves de interés de conservación regional fueron 8 veces más abundantes y significativamente más
diversas en las propiedades nativas. En nuestra área de estudio, el ajardinado nativo influyó positivamente
sobre la capacidad de carga de aves y de lepidópteros de los suburbios y proporcionó un mecanismo para
reducir las pérdidas de biodiversidad en paisajes dominados por humanos.

∗ Address correspondence to Douglas W. Tallamy, email dtallamy@udel.edu
Paper submitted October 1, 2007; revised manuscript accepted June 16, 2008.
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Palabras Clave: aves, biodiversidad, ecosistemas bajo manejo, Lepidóptera, plantas nativas, paisaje suburbano,
plantas no nativas

Introduction
Invasive plant species with origins in Asia, Europe, or
South America have received considerable attention in
recent years because of their ecological impact on North
American plant and animal communities (Pimentel et al.
2005). In contrast, non-native plants popular in suburban
landscapes have not been considered a threat to biodiversity because most of them are ornamental and lack
invasive traits. Regardless of their dispersal abilities, nonnative ornamentals, favored by landscapers and homeowners, now dominate the first trophic level in millions
of hectares of North America. How the large-scale replacement of native vegetation with non-native plants in
managed ecosystems affects members of higher trophic
levels has yet to be determined.
Of particular concern are insect herbivores and the
many species of invertebrate and vertebrate insectivores
that eat them (Tallamy 2004). Theory (Ehrlich & Raven
1964) backed by decades of empirical evidence (Rosenthal & Janzen 1979; Weiss & Berenbaum 1988) predicts
that up to 90% (Bernays & Graham 1988) of all species
of insect herbivores can successfully reproduce only on
plant lineages with which they have shared an evolutionary history. With rare exceptions, insects cannot adapt
rapidly to evolutionarily novel plants (Southwood et al.
1982) because developing specialized physiological adaptations to detoxify, sequester, and excrete the noxious
phytochemical defenses of one host typically does not
predispose an insect lineage to breaking down the defenses of other plants. Thus, landscapes dominated by
non-native plants, whether unwanted invasives or desirable ornamentals, are unlikely to support the same diversity and biomass of insect herbivores as landscapes dominated by native host plants. Moreover, if the presence
of non-native plants compromises insect biomass, it follows that populations of insectivores such as birds will
also be compromised. Given that 96% of all terrestrial
birds in North America rear their young in part or entirely on insects (Dickinson 1999), large-scale reductions
in available insect biomass may have serious conservation implications that could be mitigated with changes in
landscape practices.
We quantified how simple changes in the paradigm
that has dominated suburban landscaping for over a century affect biodiversity in the Piedmont region of the eastern deciduous forest (U.S.A.). Controlling for total plant
structure and cover, we compared biodiversity between
suburban properties landscaped primarily with native ornamental plants with nearby properties landscaped with

Conservation Biology
Volume 23, No. 1, 2009

a conventional mix of native and non-native ornamentals.
We used lepidopteran larvae as a surrogate for the insect
herbivores that support much of the terrestrial food web
and breeding birds as a surrogate for insectivore diversity. We predicted that lepidopteran larval abundance
would correlate positively with the extent of native vegetation on each property. Given greater insect abundance
on native versus non-native plant species, we also predicted that bird species abundance and richness would
be greater on suburban properties landscaped with
native plants.

Methods
We conducted this study in a landscape that is typical of suburban areas in the southeastern Pennsylvania
Piedmont. We selected 6 pairs of properties within this
region that ranged in size from 0.13 to 5.26 ha. One
site-pair member was landscaped conventionally, with
large mowed lawns of cool-season Eurasian grasses, Asian
shrubs and understory trees, and a native canopy. The
other was landscaped entirely with native ornamentals
at all vegetative levels (canopy, understory, shrubs, and
grasses). For each pair of sites, the conventional site was
within 1.6 km of the native site, but the 2 sites were not
adjacent to avoid confusion from bird-use overlap during data collection. During site selection, we attempted
to match pairs so they would not differ in area, vegetative structure and cover, or surrounding landscape features such as bordering woodlands and streams, building
cover, bird nest boxes, and bird feeders.
We used line-intercept sampling to estimate vegetation cover (native vs. non-native), biomass, and structure
as a measure of the overall composition of vegetation
cover (Krebs 1999). We compared vegetation structure
between site pairs by measuring the total percentage of
plant cover at 4 height strata (5 cm, 1 m, 4 m, >15 m).
We estimated percent cover of each plant species along 4
transects originating from, and equally spaced along, the
longest side of each property by recording the length of
each transect intercepted by each species at the 4 height
strata. Areas of the transect with a heterogeneous cover of
multiple species (e.g., a meadow or mowed lawn) were
divided into “communities” in which the cover and plant
species composition remained relatively consistent. We
categorized each species in these communities as a dominant, average, or rare member of that community and
then assigned that species a value for percent cover of
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the transect line based on its dominance category and
number of species present in that community. We classified plants as native or non-native on the basis of range
and status maps from the PLANTS database (USDA 2007).
We defined non-native as not having shared an evolutionary history with the plants and animals of the mid-Atlantic
Piedmont.
From 11 August until 8 September 2006, we used a total
search approach (Wagner 2005) to quantify Lepidoptera
larvae at 3 evenly spaced intervals along each of the 4
vegetation transects on a property. At each sample point
along the transect, on days with no rain, we recorded
all lepidopteran larvae on all twigs and vegetation within
reach and inside a circle defining a vertical cylinder with
a 0.5-m radius between 09:00 and 14:00. We sampled
lepidopteran larvae at one site pair per day, alternating
whether we searched the native or conventional property
first and identified each individual to species or morphospecies. Because Lepidoptera abundance is a function of
the abundance and quality of available host plants, we
sampled larvae in a way that captured the abundance
and dispersion of plants supporting larvae on each pair
of properties. Thus, rather than attempting to record all
the species occurring on each property, we created a relative index of Lepidoptera abundance and diversity that
we could use to compare the Lepidoptera productivity
of each member of a property pair.
We estimated breeding-bird species richness and
diversity with 25-m fixed-radius point counts (Donnelly
& Marzluff 2004). Sampling points were selected with
orthophotos to maximize the number of points on each
property while maintaining a 25-m buffer between adjacent circles to minimize double counting. The number
of avian sampling points was consistent within site pairs.
Avian data were collected between 05:00 and 07:00 from
7 June through 20 July 2006. We recorded all birds seen
or heard within the 25-m radius plot for a 5-minute interval. Birds flying above the canopy within the radius were
not included because we could not determine whether
they were using the habitat. Weather permitting, we sampled a pair of properties per morning and alternated the
treatment that was sampled first for 3 total sample dates
for each pair of sites. We also noted birds actively breeding on a site by locating a nest, observing transport of
nesting material or food, or observing fledglings.
We estimated avian abundance at each site by summing
the maximum number of individuals detected across the
3 point counts for each species and dividing it by the
number of points sampled on a property. All estimates
and comparisons were made with the site as the sampling unit (n = 6). We compared avian species richness
between pairs for all native species of breeding birds and
for species of high conservation priority. We removed 2
non-native species from the breeding-bird analysis. These
were nesting House Sparrows (Passer domesticus) and
House Finches (Carpodacus mexicanus) with origins in
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England and California, respectively (Ehrlich et al. 1988;
Hill 1993). We based conservation priority on Rich et al.
(2004). For the study area (physiographic area 10), the
birds of conservation concern (BCC) were the Great Blue
Heron (Ardea herodias), Veery (Catharus fucescens),
Wood Thrush (Hylocichla mustelina), Scarlet Tanager
(Piranga olivacea), and Eastern Towhee (Pipilo erythrophthalmus). Avian biomass was estimated by multiplying abundance by average species weight (Sibley
2000). Birds were assigned to either insectivorous or
omnivorous breeding-season trophic guilds so we could
compare guild species richness and abundance between
native and conventionally landscaped properties (Ehrlich
et al. 1988).
We used Simpson’s (1949) diversity index to estimate
plant and avian diversity. We used Spearman’s correlation
to determine the relationships between native and nonnative plant cover and lepidopteran and avian abundance.
We used paired t tests (α = 0.05) to compare native
and conventional properties for all variables. We report
all results as mean with standard error. Supplementary
appendices of avian, botanic, and lepidopteran data are
available from D.W.T.

Results
Site size did not differ between native (2.32 ha [0.73])
and conventionally (2.27 ha [0.71]) landscaped sites (t =
0.139, p = 0.895). Site pairs were also matched in at least
5 of the other 6 characteristics controlled for in the selection process (birdseed provisioning, bird boxes, number
of wooded borders, presence of a stream border, building cover, and encompassed wood). One site matched all
characteristics, 2 sites had a mismatched character that
would seem to enhance bird populations on the conventional site (1 bird box, 1 birdseed provisioning), and 3
sites had such a character on the native site (2 bird box,
1 stream border).
Percent total vegetation cover did not differ between
native (49.3% [3.7]) and conventionally (44.9% [3.3])
landscaped sites (t = 1.730, p = 0.144). Native plant cover
was 2.4 times greater on the native properties (43.7%
[3.3]) than on conventional properties (17.9% [4.1],
t = 7.956, p < 0.001), whereas non-native plant cover
was 4.3 times greater on conventional properties (26.2%
[3.3]) than on native properties (6.1% [2.5], t = 21.235,
p < 0.001). These differences occurred exclusively in the
5-cm and 1-m height strata; properties did not differ in
native and non-native plant cover in the 4-m or > 15-m
strata (Table 1). In the 5-cm stratum, native properties had
6 times more native plant cover than conventional properties, and conventional sites had 3.5 times more cover
of non-native plants than native sites (Table 1). In the
1-m stratum, native sites had 4 times more native cover
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Table 1. Comparison of mean percent cover of vegetation at 4 height strata on study sites landscaped with predominantly native plants and sites
landscaped with a combination of non-native ornamentals and natives (conventional).

Height of
vegetation
transect
5 cm
1.0 m
4.0 m
>15 m

Category
of cover

Native (SE)

Conventional (SE)

t

p

total
native
non-native
total
native
non-native
total
native
non-native
total
native
non-native

80.2 (8.8)
59.2 (11.5)
19.9 (8.9)
33.4 (3.8)
31.4 (3.8)
2.0 (1.5)
35.0 (6.5)
32.6 (5.5)
9.6 (8.1)
48.3 (10.6)
48.0 (10.5)
0.3 (0.3)

78.4 (8.0)
10.3 (4.7)
66.6 (8.3)
21.3 (8.9)
7.5 (4.6)
12.6 (6.4)
43.3 (10.0)
23.4 (8.4)
25.7 (9.6)
36.5 (9.8)
30.5 (10.8)
5.8 (3.8)

0.328
5.419
−4.484
1.641
5.498
−2.276
−0.974
1.338
−1.795
0.971
1.261
−1.543

0.756
0.003
0.006
0.162
0.003
0.072
0.375
0.239
0.133
0.376
0.263
0.184

than conventional sites (Table 1). Plant species richness
was higher on native sites (58.0 [13.3] species/site) than
conventional sites (31.2 [6.9] species/site, t = 3.806,
p = 0.013), but Simpson’s diversity index did not differ
between native (0.91 [0.03]) and conventionally landscaped sites (0.82 [0.06], t = 2.364, p = 0.064). Native plant diversity was positively correlated with lepidopteran abundance (r = 0.836, p < 0.001) and avian
abundance (r = 0.589, p = 0.044). Non-native plant diversity was negatively correlated with lepidopteran abundance (r = –0.838, p < 0.001) and avian abundance (r =
–0.602, p = 0.038).
Lepidoptera abundance was 4 times greater on native
sites (12.7 [2.1] larvae/site) than on conventional sites
(3.0 [1.4] larvae/site, t = 8.665, p < 0.001), and lepidopteran species richness was 3 times greater on native
sites (6.8 [1.1] species/site) than on conventional sites
(1.8 [0.8] species/site, t = 7.906, p < 0.001).
We noted 46 bird species among all the sites. Avian
metrics (abundance, species richness, biomass, diversity,
and native nesting pairs) were all significantly greater on

properties landscaped with native species than on those
with conventional landscaping (Table 2). Abundance and
richness of avian species of conservation concern were
also significantly greater on native properties. The abundance and richness of avian insectivores (n = 33 species),
but not omnivores (n = 13 species), were significantly
greater on native sites (Table 2).

Discussion
Diversity indices of both lepidopteran larvae and breeding birds responded positively to a greater percentage of
native grasses, forbs, and shrubs in residential landscapes.
Avian abundance, diversity, richness, and biomass (particularly bird species of conservation concern) were all
greater on native properties. Native nesting birds that
are mostly dependent on insect populations to feed their
young (Dickinson 1999) were more abundant on native
properties. Lepidoptera abundance and diversity were
also higher on native properties, suggesting that food

Table 2. Comparison of bird-community metrics recorded on properties landscaped primarily with native plants versus properties landscaped with
a combination of non-native ornamentals and natives (conventional).

Metric
Abundance (individuals/point)
Richness (species/site)
Biomass (g/point)
Simpson’s diversity index (0–1)
All breeding birds (pairs/point)
Breeding birds w/o non-native
species (pairs/point)
BCC∗ abundance (/point)
BCC∗ richness (/site)
Insectivore abundance (/point)
Omnivore abundance (/point)
Insectivore richness (/site)
Omnivore richness (/site)
∗ Birds

t

p

Native (SE)

Conventional (SE)

16.86 (1.81)
18.83 (3.09)
956.28 (94.97)
0.92 (0.01)
1.63 (0.17)
1.63 (0.17)

10.96 (1.02)
11.33 (2.38)
636.94 (70.12)
0.840 (0.03)
0.96 (0.26)
0.75 (0.14)

7.201
8.859
3.238
3.053
2.457
3.656

<0.001
<0.001
0.023
0.028
0.057
0.015

1.13 (0.34)
1.67 (0.54)
13.79 (1.76)
3.07 (0.47)
14.67 (2.67)
4.167 (0.44)

0.13 (0.14)
0.17 (0.18)
7.13 (0.88)
3.83 (1.06)
7.83 (1.906)
3.50 (0.84)

3.098
3.503
4.434
−0.868
5.590
1.348

0.027
0.017
0.007
0.425
0.003
0.235

of conservation concern for study region as determined on the basis of Rich et al. (2004).
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availability might account for the differences detected in
the bird communities between native and conventionally
landscaped sites. Beissinger and Osborne (1982) demonstrated a similar pattern in bird community response to
urbanization in Ohio and alluded to the effect of vegetation type (non-native vs. native) as a potential explanatory
factor. In addition, the effect of food limitation on fitness
might be even more pronounced when adults of a species
also depend for their own nutrition on insect abundance.
This was the pattern we observed in our study; trophic
guild analyses revealed that the bird species driving the
differences between sites were those that specialize on
insects during the breeding season.
Plant species richness was higher on native properties but Simpson’s Index, a diversity index that incorporates relative abundance, did not reveal a difference
between native and conventionally landscaped sites. Although these results suggest that the evolutionary origins of the plants is the source of differences in avian
and lepidopteran abundance and diversity in our study,
a field experiment rigidly controlling for plant richness
and diversity would more clearly isolate these variables.
Nevertheless, conventional landscaping typically creates
relatively homogenous habitats. Because we attempted to
control for plant diversity, our 6 conventional sites were
more diverse than typical suburban landscapes. Thus, we
consider our results conservative because of the similarities in native canopy and understory trees between our
native and conventional properties. Our paired properties differed only in the proportion of shrub and groundcover that consisted of native plants. Greater differences
in biodiversity are expected in comparisons between
properties landscaped with natives and more typical suburban landscapes in which non-native trees such as Norway maple (Acer platanoides), Norway spruce (Picea
abies), Bradford pear (Pyrus calleryana), and goldenraintree (Koelreuteria paniculata) have replaced native
canopy trees.
Our results followed our prediction that enhancing the
biomass and diversity of native plants would increase the
diversity and abundance of insect herbivores and thus
create a greater resource base for important insectivores
such as birds (Tallamy 2004). It is well documented that
most bird species are food limited (Marra et al. 1998;
Nagy & Holmes 2005; Granbom & Smith 2006). What
is becoming more apparent is that by reducing insect
food availability, non-native plants are indirectly reducing bird abundance in natural systems (Wilson & Belcher
1989; Lloyd & Martin 2005; Flanders et al. 2006) and,
counter to recent claims (Burdick 2005), are not “seamlessly” entering North American ecosystems without ill
effects. Our results suggest that the negative relationship
between non-native plant abundance and bird community integrity is apparent in managed ecosystems as well,
regardless of whether the non-native species are invasive. By demonstrating the connection between native
plants and suburban biodiversity, we provide evidence
2-30
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that the landscaping choices of homeowners affect populations of both birds and the insect food they require,
thus empowering homeowners, landscapers, and policy
makers to raise (or lower) local carrying capacities by
plant choice alone.
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NOTES

Contributing to
Citizen Science
BIRDING AND eBIRD

Contributing to Citizen Science
This section provides instructions on how to
collect and submit student data for eBird. While
conducting data collection and entry, rely on the
birding skills students learned in the Building
Science Skills section.

global community of educators, land managers,
ornithologists, and conservation biologists. In
time these data will become the foundation for a
better understanding of bird distribution across
the western hemisphere and beyond.

Experiences gained while contributing to citizen
science will generate observations and questions
that fuel student independent investigations.

(This content from http://www.ebird.org/)
Required Tool
•

eBIRD

Have you ever counted the birds at a bird feeder?
Or seen a hawk overhead? The eBird Citizen
Science project allows for the collection of
these and other observations to create a massive
dataset that allows scientists to improve our
understanding of the ecology of birds.
A real-time, online checklist program, eBird
has revolutionized the way that the birding
community reports and accesses information
about birds. Launched in 2002 by the Cornell
Lab of Ornithology and National Audubon
Society, eBird provides rich data sources for basic
information on bird abundance and distribution
at a variety of spatial and temporal scales.
eBird’s goal is to maximize the utility and
accessibility of the vast numbers of bird
observations made each year by recreational and
professional bird watchers. It is amassing one of
the largest and fastest growing biodiversity data
resources in existence. For example, in March
2012, participants reported more than 3.1 million
bird observations across North America!

Computer, Tablet, or Smartphone - as a means
to enter phenology data online using eBird

Optional Tools
•
•
•
•
•

Binoculars
Camera
Hummingbird, seed, and/or
suet feeders
Clipboards/pencils
Field Guides/apps

Study Site Requirements
•

•

Someplace you can frequently and safely
access with your class with permission of the
landowner.
Someplace where birds can frequently be
observed is preferable. Bodies of water, habitat
edges, and bird feeders can all make it easier to
observe birds.

The observations of each participant join those
of others in an international network of eBird
users. eBird then shares these observations with a
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LESSON 4
1

COLLECTING & REPORTING BIRD OBSERVATIONS WITH eBIRD

OBJECTIVE

MATERIALS

Students participate in the
process of science by observing
birds and recording their
observations using eBird and
develop their own potential
research questions.

•

NEXT GENERATION SCIENCE
STANDARDS CONNECTIONS

Disciplinary Core Ideas LS2.A:
Interdependent Relationships in
Ecosystems

•
•
•
•

BACKGROUND

eBird is a digital tool for collecting citizen science data created by the
Cornell Lab of Ornithology. It is a dynamic, evolving program so the
electronic interface may change over time. Explore the eBird website
to familiarize yourself with the protocols and resources available.

Science Practice 1: Asking
questions and defining
problems

Generally speaking, eBird will ask you to report the following types
of information:

Science Practice 3: Planning and
carrying out investigations

Where did you go birding? To set a new location, use the map
feature to bring up a map of your county, then zoom in to your
school’s location. If there are any existing pins on your school
grounds or the place where you are birding, click on the pin so you
can add your observations to that location. To make a new pin,
zoom in as far as possible and click on the map to place a marker.
eBird will keep a list of the places where you report bird observation
data, so select from the drop down menu the next time you bird in
the same location.

Cross-cutting Concepts:
Patterns
TIME REQUIRED

10–30 minutes (Students
will get faster at finding and
identifying birds with practice,
while at the same time their
patience for observing birds will
grow. Start with shorter periods
of time and slowly work your
way up to longer periods)

Location

Date, Time, Party Size, Distance Traveled

Follow the instructions to complete these data fields.
Type of Observation

For this project, we recommend you use the protocols for the
traveling and/or stationary bird counts.
•

3-2

Clipboards
Pencil/pen
Data sheets
Binoculars (optional)
Bird identification resources (as needed)

Traveling count: choose this type if you’ve walked a specific
distance, such as hiking on a trail, walking a bike path, etc.
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•

Stationary count: choose this type if you’ve
stayed mostly in one place (you’re allowed to
move up to 30 meters), such as watching bird
feeders out a window or strolling around a
small area (such as a garden).

Species Observed
•

•

•

•

eBIRD ACCOUNT INFORMATION
User Name

Password

Enter the number of birds observed in the
data field in front of the species name. Use an
X if you saw the species but didn’t count how
many observed, or a number to state the exact
quantity of that species you counted during
the observation period.
Notice that when you activate the number
field, you gain the option to “Add Details”
about what was observed. The more detail the
better for science!
Explore the settings and shortcuts in this
section —there are lots of features to simplify
the reporting process.
Before you are done, be sure to click “Submit”.

While entering data seems like a small step,
without it, your data can never be used by
researchers. Entering data can be a good time to
talk about data accuracy and maintaining data
quality. You could also partner with another
teacher or professional with computer science
experience to talk about databases and their use in
research projects.

4. Take students outside to your observation site.
If you haven’t done so, explain how to conduct
stationery and/or traveling bird counts. Clarify
study site boundaries and time limitations for
completing the observations.
5. Students observe birds and record species on
data sheet. Be sure to clarify the number of
each species seen.
6. At the end of the observation time, compile
all the individual data onto one composite
reporting sheet that lists all the birds seen by
the whole class for that observation period and
location. Work from this master compilation
to submit data to eBird with a tablet or
computer.
Assessment Opportunity
•

Students create their own checklists of birds
identified and reported.

PROCEDURE

•

Students correctly submit data to eBird.

1. Set up an eBird account.

•

Students use what they learned about
collecting citizen science data to explain the
process to younger students.

2. Print data sheets, including an extra copy to
serve as a tally sheet where you will aggregate
all observations for the day.
3. Describe to your students that they will be
citizen scientists and collect bird observations
and report them to scientists trying to
understand bird distribution and abundance.
Carefully collected, correct data are essential to
documenting bird populations in the western
hemisphere.

I Wonder

As students are processing what they have done
and seen, be sure to have sticky notes and/
or the chart paper available for recording their
“I Wonder” questions. Encourage them to jot
down a question or two and add them to the “I
Wonder” Board each time they collect data for
eBird.
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Practice Constructing Scientific Explanations

Take the opportunity to have students practice constructing scientific explanations based on their
experience with bird observations and the eBird website. Using the Student Page half sheets in Chapter
1/Introduction, provide students with sample evidence (use the eBird database!) from which to make
a claim, or provide a sample claim and instruct them to find evidence to support (or refute) the claim.
Citizen science provides a rich opportunity to practice the skill of constructing scientific explanations!

Birders gather in a marked area to complete a stationary count of birds.

3-4
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S T U D E N T PA G E

N AM E

Stationary Bird Count
Apply your bird ID skills! If available, use binoculars to increase your ability to see the details of the bird. A
stationary bird count is a protocol to observe birds and record sightings from a specific location. Stationary
counts do not mean you have to stand in one place, but you do need to stay in an area about 30 yards in
diameter. Be sure to stay within the boundaries when doing this count. Use the chart below to record birds
you see and hear. Try to identify them using field marks and sound clues. Do not worry if you cannot identify
the bird! Take notes in the space provided to help you increase your bird observation skills. You may be able
to identify the bird later with your good notes.
LOCATION

DATE

TIME START

TIME END

NOTES ABOUT THE BIRDS YOU SEE OR HEAR
(shape or silhouette, approximate size, field marks,
sound, habitat, behavior)

SPECIES (IF KNOWN)

NUMBER
OBSERVED
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S T U D E N T PA G E

NA M E

NOTES ABOUT THE BIRDS YOU SEE OR HEAR
(shape or silhouette, approximate size, field marks, sound,
habitat, behavior)

3-6

SPECIES (IF KNOWN)
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NUMBER
OBSERVED

S T U D E N T PA G E

N AM E

Traveling Bird Count
Traveling counts take place while walking a trail. This can be a path at a local park, a fence perimeter, or a
set path through a field. Identify your route before you start. Record the time you start and walk your route at
a relaxed pace, taking time to stop and look for birds at regular intervals and/or when you see birds. Record
all the birds you see and hear. Do your best not to count the same bird twice. Record all bird species and tally
the number of unknown birds you encounter. Write down as much information about the birds you couldn’t
identify as possible. Use guide books later to help you identify them. Remember to include units in distance
covered. Use Google Earth if needed.

LOCATION
TIME START

DATE
TIME END

DURATION
NUMBER OF PEOPLE IN
BIRDING PARRTY

DISTANCE COVERED
NOTES ABOUT THE BIRDS YOU SEE OR HEAR

(shape or silhouette, approximate size, field marks, sound,
habitat, behavior)

SPECIES (IF KNOWN)

NUMBER
OBSERVED
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S T U D E N T PA G E

NA M E

NOTES ABOUT THE BIRDS YOU SEE OR HEAR
(shape or silhouette, approximate size, field marks, sound,
habitat, behavior)

3-8

SPECIES (IF KNOWN)
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NUMBER
OBSERVED

LESSON 2

INTERPRETING DATA WITH eBIRD

OBJECTIVE

BACKGROUND

Students analyze graphs with
eBird citizen science-collected
data following the “Identify and
Interpret Strategy.”

Analyzing data is a key part of the process of science. To support
this, eBird provides a treasure trove of data for you to analyze and
interpret. For this exercise, begin by applying the “Identify and
Interpret” strategy described in Chapter 4 to the chart provided
on the Student Page. Then, as time allows, explore the data
visualization options within eBird.

NGSS SCIENCE STANDARDS
CONNECTIONS

Disciplinary Core Ideas LS2.A:
Interdependent Relationships in
Ecosystems
Science Practice 4: Analyze and
interpret data
Science Practice 6: Constructing
explanations
Science Practice 7: Engaging
arguments from evidence
Cross-cutting Concepts: Patterns,
Stability and Change
TIME REQUIRED

45 minutes
MATERIALS
•

•

One or more graphs made
from eBird citizen science data
or a copy of the Student Page
for each student
“Identify and Interpret
Strategy” lesson from
Chapter 4.

Things to note about the line graph on the Student Page:
1. The Y axis is labeled “% Frequency.” This describes the
percentage of checklists that report a species within the
specified date range and region. This is the most common
way of displaying the eBird data and provides a good idea of
relative occurrence and seasonal timing. Higher frequency
means more birders in the specified region are including that
species in their checklists for that time period. These data
reflect observation reports from all of Minnesota in the year
2017-2018.
2. The X axis is labeled “Week starting on…” and then each tick
mark is labeled with a date. Use this information to compare
frequency across the progression through the seasons.
3. In this graph, we compare three birds (House Sparrows,
Yellow-Rumped Warblers, and Ruby-throated
Hummingbirds). Each line represents the reporting
frequencies of each species across one year, 2017-2018.
Discuss:
a. What could influence the frequency with which each
species is reported? (different number of observers,
behavior of birds changes seasonally and makes them
easier/harder to observe, weather conditions may influence
observability/behavior, etc.)
b. How might bird behavior (and therefore the data) vary
from year to year?
c. What can we infer from this line graph about the
migratory behavior of each species?
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d. How might the data vary if we compared
Minnesota observation frequencies with
frequencies in another location, such as
Virginia? Costa Rica?
e. Why do some bird species invest the energy
in migrating? Why do some species not
migrate?
To explore the data on your own, go to the
“Explore” tab and then look at “Explore a
Region.” Find your school on the map, find a
birding hot spot near your school, and find the
number of species that have been seen at that
hotspot. You can also go to “Bar Charts”, navigate
to your state and click “Entire Region”. You will
see bar charts for the abundance of all the species
that occur in your state. Find a species you know
(e.g. Blue Jay) and see if the bar chart is green
across the whole year (a year round resident) or
is blank during the winter months. Apply the
“Identify and Interpret” strategy with the bar
charts you generate.

Assessment Recommendations

Facilitate discussion about the graph:
1. What factors contribute to the trends you see
in the graph?
2. How does the way the data were collected
influence the graph?
3. What does the graph tell us about bird habitat
use and migratory behavior? What does it not
tell us?
4. Would you change anything about this graph
if you could recreate it?

Consider co-leading this lesson with a math or
statistics teacher if you would like additional
support or interdisciplinary integration.
PROCEDURE

1. Distribute this graph, or a more recent version
obtained from the eBird website, to your
students. Ask them where the data to make
the graph came from. What does each line
represent?
2. Follow the “Identify and Interpret Strategy”
lesson from chapter 4. Ask students to identify
what they see in the graph, what it means, and
then write a caption for the graph.
3. Answer questions about the graph components
as needed.
4. Ask students to share their captions.
Yellow-bellied Sapsucker
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Write a caption for this graph, describing what you see and what it means.

Week starting on...

Bird Sightings Graph
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Conducting Independent
Investigations
BIRDING AND eBIRD

NOTES

Conducting Independent Investigations
After students are familiar with the science skills
required to carry out their citizen science projects
and have collected and submitted data for these
projects, they are ready to engage in their own
research. You may do a single experiment with
your entire classroom, or you may generate several
questions tested by small groups.
The following activities are separated into lesson
plans for each step depicted in figure 1, but each
lesson is not intended to fill a whole class period.
You can decide how much class time to dedicate
to each step as you work your way through
the process. How long you spend on each step
depends on your students’ prior knowledge and
your goals for your students. But it works best to
follow the sequence in the order it appears.
The Driven to Discover materials are designed
to support a largely verbal, interactive process
intended to be engaging and thought provoking.
Throughout the process, encourage students to
record their ideas and decisions in a notebook or
science journal. They will need to refer to these
details when writing conclusions and preparing to
share their findings.
The process of developing and implementing an
investigation requires explanation and guidance at
first. But once they learn the steps, your students
will have the skills to design science investigations
on their own.
OBJECTIVES FOR INDEPENDENT
INVESTIGATIONS
•

•
•

Students will conduct a scientific investigation
based on observations and questions from their
experiences as citizen scientists.
Students will collect, analyze, and interpret
data to formulate answers to a science question.
Students will record notes about their planning

•

process, data collection, and data analysis.
Students will communicate their findings.

NGSS SCIENCE PRACTICES
•
•
•
•
•
•

Asking questions
Planning and carrying out investigations
Analyzing and interpreting data
Constructing explanations
Engaging in argument from evidence
Obtaining, evaluating, and communicating
information
Encourage students to continue
adding to the “I Wonder” board
throughout the research process.
THE PROCESS OF SCIENCE
OBSERVE &
WONDER

CONCLUDE &
REPORT

QUESTION

REFLECT &
RETHINK

DEVELOP
HYPOTHESES

ANALYZE &
INTERPRET

PLAN &
TEST

FIGURE 1. Scientific discoveries are made through
the process of investigation, though scientists often
use the terms “research” or “the scientific method”
to describe what they do. Investigations involve
detailed examination of phenomena with the goal of
discovering and interpreting new knowledge, whether
the knowledge is new to humankind, to a small group
of people, or just to the person doing the research.
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LESSON 1

MINI-INVESTIGATIONS

OBJECTIVE

PROCEDURE

Students will practice steps in
the process of doing science.

The Mini-Investigation worksheet is designed to help you conduct
a short investigation to give students a chance to practice the many
steps in planning and carrying out an investigation. They are meant
to be quick, collaborative, and fun. To expedite the process of
developing an investigation, a question of your choosing is provided
to students.

NEXT GENERATION SCIENCE
STANDARDS

Science Practice 3: Planning and
carrying out an investigation
MATERIALS
•
•
•

Mini-Investigation
worksheet
Pen/Pencil
Supplies for specific
investigation

OUTDOOR/INDOOR & TIME
OF YEAR SUGGESTIONS

A mini-investigation can take
place outdoors or indoors
any time of year, but the
investigations will be different
based on these factors. Outdoor
investigations can allow
students to collect observational
data if the season is right. For
example, don’t plan to observe
pollinator behavior outdoors
in winter, but bird behavior
is observable any time of year.
Indoor investigations might
focus on analysis of existing
citizen science data.
TIME REQUIRED

1–2 class periods
4-2

1. Introduce the question.
2. Work with students to develop hypotheses based on the question
provided.
3. Discuss how to test the question with a step-by-step plan for
collecting data and making sure the process will result in fair,
accurate data.
•

How will you collect data?

•

How much data do you need to collect?

•

What should data collectors do, look for, or count/not count
so everyone is doing it the same way?

•

What materials will you need?

•

How will you record the data you collect? Make a data
recording sheet.

4. Collect the data. Since this is meant to be a practice exercise, be
sure to keep this fun while still working carefully.
5. Use the graph paper on the back of the Mini-Investigation
worksheet to make a graph that represents the data you collected.
Be sure to label the axes on the graph and give it a title.
6. Write a conclusion by answering the questions in the “Conclude
& Report” box on the worksheet.
7. Discuss these questions.
•

Which hypothesis was supported by our data?

•

How did our planning work make the data collection easier
or harder?
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•

•

How would our findings be different if
we collected data on a different day? In a
different place? Using different methods?

Pollinators

What did this activity teach us about
conducting investigations?

•

•

•

Assessment Recommendation

The Mini-Investigation worksheet may serve
as assessment for this activity. A rubric may be
based on the degree of completeness, clarity, and
complexity of thought.
IDEAS FOR MINI-INVESTIGATION QUESTIONS

•
•

•

Birds
•

•
•

•
•

Where in our field site are most birds found?
(Extensions: try gathering data in a variety
of ways, comparing, for example, different
geographical locations, different habitat types,
locations with varying habitat complexity or
degree/percent of hardscape, etc.)
Does talking during a bird count affect the
number of birds observed?
What method of observing birds – sight,
sound, or sign – produces the most
observations?
How many bird calls do you hear with your
eyes open versus eyes closed?
Which bird feeder type (or location) do birds
prefer? (Feeders would have to be put out a
few days earlier if they aren’t already available
at your site.)

•

Does the number (or diversity) of pollinators
visiting flowers vary between flower colors?
Do more pollinators visit flowers in the sun or
shade?
Does talking during a pollinator count affect
the number of pollinators observed?
Does sitting close to flowers affect the number
of pollinators observed?
How long do pollinators spend at individual
flowers? Does this vary for different flowers or
different pollinator species?
Are some flower species more likely to be
visited by fly (or bee) pollinators than other
species?
Do teachers (or students) in your school know
the difference between a honey bee, bumble
bee, and flower fly?

Dragonflies
•

•
•
•
•

Is the sex ratio of male and female dragonflies
different near the water vs. away from the
water?
Are there differences between damselfly and
dragonfly habitat? If so, what are they?
Does time of day affect the number of
dragonflies students see?
Does weather affect the number of dragonflies
students see?
How many species of dragonflies are at your
site in spring, in fall?

Phenology
•

•
•

•

How much variation in phenophase timing
occurs within a single tree species found at our
site?
Do different tree species show different levels
of variation in phenophase at our site?
Does the phenophase of a common plant at
our site vary on different sides of a building,
on different sides of a hill or in locations with
different amounts of sun and shade?
How many different life stages of a particular
animal (bird or insect) are present at our site?
BIRDS AND eBIRD | CONDUCTING INDEPENDENT INVESTIGATIONS
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Scientists collect data in many different ways.
Top: Preserved specimens of dragonflies raised at different temperatures as part of a controlled experiment.
Bottom: Dragonfly nymphs collected to be observed and measured and then released.
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Mini-Investigation
The following pages contain a fun project that will help you practice planning and carrying out a research investigation.
Use the space below to record any notes, sketches, or ideas important to the investigation.

The Process of Science
OBSERVE &
WONDER

CONCLUDE &
REPORT

QUESTION

REFLECT &
RETHINK

DEVELOP
HYPOTHESES

ANALYZE &
INTERPRET

PLAN &
TEST

Mini-Investigation
CONCLUDE &
REPORT

OBSERVE &
WONDER

AFTER INVESTIGATION
What observations made during
your investigation have led to
new questions?

Summarize the results,
including which hypothesis was
supported by the study.

What did you learn by doing this investigation?

REFLECT &
RETHINK

ANALYZE &
INTERPRET

Describe the results of what
happened. Use graph paper to
make a chart to summarize your
data.

PLAN & TEST

Create a step-by-step
procedure for your investigation.
Remember to think about
materials, methods, sample size,
and constants. Use graph paper
to make a table to record data.

BEFORE INVESTIGATION
What observations led to your research question?

QUESTION

Write your testable question in this
space.
.

DEVELOP
HYPOTHESES

What are the possible answers
to the research question?

DATA TABLE
Use this space to make a table to record data.

RESULTS
Use this graph paper to make a chart that summarizes your data.

LESSON 2

SCIENTIST ROUNDTABLE

OBJECTIVES

BACKGROUND

Students will sharpen research
planning skills.

Scientists often need help thinking through their ideas. The open
exchange of ideas helps scientists consider all angles to their plans
and helps them anticipate—and therefore prevent or prepare
for—problems they may encounter with their investigation.

Students will practice working
together to help each other
improve their investigations.
NEXT GENERATION SCIENCE
STANDARDS

Science Practice 1: Asking
questions and defining problems
Science Practice 3: Planning and
carrying out investigations
Science Practice 7: Engaging in
argument from evidence
Science Practice 8: Obtaining,
evaluating, and communicating
information
MATERIALS

(Optional) Large sheets of paper
taped to the wall.
TIME REQUIRED

20 – 60 minutes

Focus on keeping the process constructive for all the young
scientists. Pay special attention to fostering an emotionally
safe and supportive atmosphere to lay the groundwork for the
roundtable. This will encourage students to experiment with new
ideas and think aloud together. Talking through their research
plans helps them sharpen their research skills by analyzing
multiple research plans instead of just their own. By holding
roundtables multiple times throughout the Driven to Discover
experience, collaborating with others becomes the norm. The
students get help developing their research plans, gain confidence
in their science skills, and feel a sense of investment in all the
class’s projects.
An important feature of this process is to allow the presenting
scientist(s) to begin their presentation with a statement about the
type and the amount of feedback they are seeking from the group.
It may be difficult, at first, for students to accept even the most
constructive feedback from their peers in a public forum. The
teacher’s role is to help the students clarify the feedback they are
seeking and help the group stay on task to do their best to provide
feedback. This process may seem stilted, forced, and it may take
longer than anticipated at first. The class may need a higher
level of involvement from the teacher initially as they model the
process. The investment in building these skills with students is
worth the effort, even in small steps.
With practice, students will gain confidence in their projects and
in their ability to think on their feet and to provide constructive
input to their peers.
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PROCEDURE

As students plan investigations, have them present
their research plans to each other one at a time
during a scientist roundtable. The goal of the
roundtable is to provide constructive feedback
and point out potential problems or issues with
research designs. If peers have trouble coming
up with ideas for their fellow scientists, consider
using this feedback process:
1. PRESENT One scientist presents a research
plan, even if it isn’t fully thought out yet.
They should state their research question,
hypotheses, and plans for data collection.
2. PRESENTER ASKS The presenting scientist
asks specific questions, for example, “How
would you decide on the sample size for this
project?” or “How can I set up a data sheet
for this project so that it makes the most
sense?” or “What have I missed?” Encourage
constructive suggestions.
3. PEERS ASK Invite peers to ask questions, for
example, “What is your independent variable?”
or “How will you keep your data collection
protocols consistent?”

Assessment Recommendation

Wrap up the discussion with reflective questions
like these for the entire class.
•

How was it helpful to discuss your project
with other scientists?

•

What kind of input was most helpful to you?
Least helpful?

•

How were our investigations improved by this
discussion?

•

How do you benefit by helping other scientists
with their projects?

This activity adapted with permission from a
process developed by Driven to Discover club
leader Kristina McCullough.
Repeat this process multiple times
throughout the investigation
phase of your Driven to Discover
experience. Keep the “I Wonder”
board handy as new questions
may arise.

4. PEERS SUGGEST Invite peers to make
additional suggestions, for example, “Another
hypothesis you could list is….” or “Your data
would be more consistent if you made your
observations at the same time each day.” Only
use this last level of feedback if the presenting
scientist is willing to accept additional input
beyond what he or she asked for.
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LESSON 3

OBSERVE &
WONDER

THE PROCESS OF SCIENCE: OBSERVE AND WONDER

NEXT GENERATION SCIENCE
STANDARDS

Science Practice 1: Asking
questions and defining problems
MATERIALS
•

“Observe and Wonder”
Student Page (optional)

•

The sticky notes from the “I
Wonder” board

TIME

5 – 10 minutes to reflect on
experiences collecting citizen
science data and generating “I
Wonder” questions.

PROCEDURE

Throughout this project, students have been collecting
observations and questions on your “I Wonder” board. Now, you
will use these observations and questions to springboard into an
independent research project of their own.
To help students reflect on all they’ve done and seen during the
“Building Science Skills” and “Contributing to Citizen Science”
portions of the Driven to Discover project, ask them to complete
the “Observe and Wonder” student page. Keep this page handy as
they prepare to work through the rest of the process.
Assessment Recommendation

Student questions may serve as assessment. A rubric may be
based on number of questions, creativity, analytical thought,
thoroughness, and observation skills demonstrated by questions.
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S T U D E N T PA G E

NA M E

Step 1: Observe and Wonder

INVESTIGATIONS BEGIN WITH OBSERVATIONS

While collecting citizen science data, you may have noticed things in
nature that sparked your curiosity. You may use these observations
as the foundation for your own research. This observation phase of a
research project is key. Scientists focus their attention on the world
around them and use their senses to experience what’s there. They
may compare what they see to what they already know or to other
things they see. Just like you, they often record notes or illustrations
about their observations in a journal.

THE SPECIES OR NATURAL PHENOMENON THAT I WILL STUDY

4-12
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TEN THINGS I NOTICED ABOUT MY SPECIES OR NATURAL PHENOMENON

SOME THINGS I WONDER ABOUT MY SPECIES OR THE PHENOMENON I AM STUDYING
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LESSON 4

QUESTION

THE PROCESS OF SCIENCE: QUESTION

NEXT GENERATION SCIENCE STANDARDS

Science Practice 1: Asking questions and defining
problems

Which of the following categories best
describes your question?

LOOK IT UP
MATERIALS
•

“Question” Student Page (optional)

•

The sticky notes from the “I Wonder” board

Question has been answered authoritatively.
Use reference material or ask an expert.

TIME

EXAMPLES:
What are bird egg shells made of?
What countries are monarch butterflies
found in?

15–60 minutes

NOT ANSWERABLE

BACKGROUND

Often “Why” questions. May depend on
coincidence or an observation that can’t be
replicated.

In this part of the science process, students
generate and winnow research ideas as their
thoughts progress from the general (What am
I curious about?) to the specific (What variable
will I change and how?). As they work their way
through this process, they will learn the concepts
of independent and dependent variables as well
as the difference between observational and
experimental studies.

EXAMPLES:
Why are there so many kinds of sparrows?
Why did that monarch fly away?

TESTABLE BUT NOT PRACTICAL
Good research question but not feasible to test
with the time/materials available.
EXAMPLE:
Do robins vocalize more in their summer
breeding season than in the winter?

Every question
is a good question.
Not every question is
testable.
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TESTABLE
Questions whose answers are observable,
measurable, and repeatable.
EXAMPLES:
Do monarch females prefer to lay eggs on the
top side or underside of the milkweed leaf?
Which type of feeder do birds prefer?
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PROCEDURE

give them a sense of the type of study they are
undertaking and the nature of the data they will
need for their investigation.

1. Identify testable questions

In this step, sort the questions into the four
categories shown on the previous page. How you
do this depends on how you have been keeping
your “I Wonder” board. You may need to cut the
questions apart or copy them onto index cards
or Post-it notes. The end result is to have each
question on a separate piece of paper.
Display the questions from the “I Wonder” board
on a table and gather students around them.
Sort the questions into the categories described
above.
Discuss.
•

Why did you categorize the questions as you
did?

•

How could you convert a “not testable”
question into a “testable question?”

•

What is the benefit of investigating a question
that might have been studied before by
someone else?

•

Are any of the questions we classified as
“testable but not practical” something you
could pursue on your own outside the
classroom? What would it take to do this?

Remind students that questions declared “not
testable” are not bad questions. They may just
not work for this particular situation. Generally,
things such as size, location, and behavior (e.g.,
crawling, reacting to stimuli, flying, or feeding)
are easier to study. It is important to acknowledge
and encourage their “why” questions because these
questions demonstrate wonder and curiosity —
an essential component of science. Unfortunately,
“why” questions are often difficult to convert into
a testable question for investigation purposes.
If you’d like to go further, consider having
students characterize their testable questions as
descriptive, comparative, or correlative. This will

DESCRIPTIVE QUESTION
What is there?
How many?
What happens?
How frequently?
EXAMPLE:
How many bee species come to our garden?

COMPARATIVE QUESTION
Is there a difference between two things such as
techniques, weather, locations, time, etc.?
EXAMPLE:
Do we see (or hear) more birds in the morning or
afternoon?

CORRELATIVE QUESTION
What is the relationship between two variables
such as time, temperature, etc.?
EXAMPLE:
Do lilac bushes right next to the south side of our
school produce earlier buds than lilac bushes on
the north side of our school?

2. Identify dependent and independent
variables

Note: Identifying variables only applies to
comparative and correlative questions, as defined
above. If students ask a descriptive question such as,
“How many bird species live in my yard?” there will
not be dependent and independent variables.
Examine the questions classified as “testable.”
Point out that the questions focus on
characteristics of their study system (an organism,
group of organisms, or natural phenomenon)
or relationships between their study system and
the environment. Help students select a specific
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characteristic or relationship to study.
For example, the characteristics of the
comparative and correlative questions illustrated
in the table above include bird songs, lilac
phenology, and the numbers of bee species in
their garden.

DEPENDENT
VARIABLE

INDEPENDENT
VARIABLE

(CHARACTERISTIC)

(THINGS THAT MIGHT AFFECT
THE CHARACTERISTIC)

Number of bees in
our graden

The characteristic the students want to study
will be the dependent or response variable in their
investigation: something they are interested in
exploring and whose value might change or vary
in response to different conditions.
Ask the student investigators to brainstorm things
that might affect the characteristic they selected.
They should try to list at least four or five things,
but it’s okay if they can’t come up with this many.
Things that affect the characteristic they want
to study are called independent variables. A way
to distinguish the independent variable in the
investigation is to remember: “The variable I
manipulate (or that is manipulated naturally) is
the independent variable.” See examples in box on
this page.
If students are having problems thinking of
factors that might affect the characteristic they
want to study, it’s fine for them to choose another
characteristic.
Choose one independent variable to test in an
investigation. Remind students that this should be
something that is feasible given the available time,
setting, and materials. You may steer them toward
questions that make sense. For example, if you
were studying spiders, and they decide to study
how temperature affects spiders’ ability to fly, you
would probably discourage them since spiders
don’t have wings, and thus they don’t fly under
any circumstances.
3. Specify whether you will conduct an
experimental or observational study

In an observational
study, students collect data that document or
interpret the natural world. In this case they will

OBSERVATIONAL STUDY
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Number of flowers present
Number of flower species
present
Time of day
Time of year

Number of birds
we observe

Species of bird
Time of day
Temperature
Time of year

not change the independent variable themselves,
but it might vary naturally. For example, if they
are interested in how the color of a flower affects
the number of bees that visit it, they would
probably use flowers that are growing in their
garden. If they were interested in earthworm
habitat preference, they may look for worms in
wet and dry soil (independent variable) and count
the numbers of worms (dependent variable).
Here they are working with naturally-occurring
habitat variation. Observational studies are an
important way for scientists to learn about the
world. Scientific studies do not need to involve
manipulations by the experimenter.
In an experimental
study, students alter their independent variable.
If they were interested in how shade affects the
number of bees that visit flowers, they could
hold umbrellas over some of the flowers in the
school garden. If they were interested in whether
robins foraged more on the ground after it rained
because there were more earthworms close to the
surface, they could water a lawn plot and see if
more robins come to it. Encourage the students

EXPERIMENTAL STUDY
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to be as specific as possible in describing how they
will vary or change the independent variable.
4. Finalize the research question

Finally, put all of these steps together
into a question. In most cases, it will be
easiest if you use this format: How does
___________________ (independent variable)
affect _______________________ (dependent
or response variable)? Examples of questions
include
•

How does the temperature a lady beetle larva
experiences affect its ability to catch prey?

•

How does whether a flower is in the shade
or not affect the number of bees that visit a
flower?

•

How does soil moisture affect robin foraging
behavior?

Assessment Recommendation

Student-generated questions can serve as
assessment for this lesson. A rubric may be
based on correct categorization of question
type, appropriate phrasing of testable question,
appropriate use of variables, and specificity of
their assignment of dependent and independent
variables.

In some cases, questions will not fit this format.
This is okay. Examples include
•

Do aphids prefer one type of milkweed
plant over another? Aphid preference is the
dependent/response variable, and the type of
plant is the independent variable.

•

Do butterflies show any preference for type of
flower? Butterfly preference is the dependent
variable, and the type of flower is the
independent variable.

•

How do robins respond to different noises?
Robin behavior is the dependent variable, and
the type of noise is the independent variable.

If you are going to conduct an investigation as
a whole group, choose from the questions the
group generated. Compile a master list and, with
your leadership, have students evaluate questions
on the list. An important criterion to consider
is whether you may realistically investigate the
question. Using consensus, choose one or more
questions to investigate.
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S T U D E N T PA G E

NA M E

Step 2: Question

IS MY QUESTION TESTABLE?

One of the hardest things about the process of science is to ask questions
in a way that makes them suitable for an investigation. If a question
is not testable, that doesn’t mean it’s not a good question. It just isn’t
something you’ll be able to study.
Testable questions
•
•
•
•
•

ask about objects, organisms, and events in the natural world;
can be answered through experiments, observations, or surveys;
are answered by collecting and analyzing evidence that is measurable;
relate to scientific ideas rather than personal preference or moral
values; and
do not relate to the supernatural or to nonmeasurable phenomena;

NOT TESTABLE

TESTABLE QUESTION

How do birds fly?

How close can I get to a robin before it flies away?

Why do monarchs eat milkweed?

How does the size of a monarch larva affect how
much it eats?

Why do chickadees eat seeds?

What type of bird feeder attracts the most
chickadees?

What do flowers look like to a bee?

What color flowers attract the most pollinators?

WHAT ARE MY VARIABLES?
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DEPENDENT OR RESPONSE VARIABLE

INDEPENDENT VARIABLE

The thing you choose to test in an experiment.
Its value might vary or change depending on
something else.

The factor that you vary or change in the experiment
or that varies naturally. You will choose one
independent variable to test in your experiment.

BIRDS AND eBIRD | CONDUCTING INDEPENDENT INVESTIGATIONS

S T U D E N T PA G E

N AM E

CHOOSE A CHARACTERISTIC TO STUDY

(This will be the dependent variable or the thing
that might change due to the independent
variable.)

LIST THINGS THAT MIGHT AFFECT THE
CHARACTERISTIC I WANT TO STUDY

(This is my independent variable or the thing I
change or that changes naturally.)

MY INVESTIGATION WILL BE (CHECK ONE)

MY QUESTION WILL BE (CHECK ONE)

o
o

o

OBSERVATIONAL (learning from what I see)
EXPERIMENTAL (learning what happens if I
change something)

o
o

DESCRIPTIVE (describes what is or what
happens)
COMPARATIVE (compares two things)
CORRELATIVE (finds how things influence each
other)

THE QUESTION I WILL TRY TO ANSWER IN MY INVESTIGATION IS

Hint: Use this format if possible.
How does __________________ (independent variable) affect ___________________ (dependent variable)?
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LESSON 5

DEVELOP
HYPOTHESES

THE PROCESS OF SCIENCE: DEVELOP HYPOTHESES

NEXT GENERATION SCIENCE
STANDARDS

Science Practice 1: Asking
questions and defining problems
MATERIALS

“Hypotheses” Student Pages
TIME

5-20 minutes

BACKGROUND

A common definition of a hypothesis is that it is a prediction or
an educated guess about what might happen in an investigation.
However, a more accurate definition is that a hypothesis describes
one possible outcome to an investigation or one possible answer to
your question. Scientists regularly use multiple hypotheses when
conducting an investigation. Using multiple hypotheses teaches
students that there are several possible outcomes or answers to
their question, and these hypotheses will either be supported or
not supported by the data. One hypothesis that should always
be considered is the null hypothesis. This acknowledges that the
independent variable might not affect the dependent variable at all,
or that there will be no difference between experimental groups.
Encouraging students to generate multiple hypotheses before they
conduct an investigation is not only a better representation of
how scientists work, it is also a way to help them avoid feeling like
they were wrong if the investigation doesn’t turn out the way they
expected it to. In general, hypotheses clarify the question being
addressed, help direct the design of the investigation, and help the
researchers maintain their objectivity.
In the case of a descriptive research question, hypotheses may not
be necessary. For example, if your question is “What species of birds
will we observe at our meeting site?”, it would be okay to skip the
hypotheses and simply document and report what you see. It would
also be appropriate to write a hypothesis that lists the species you
expect to see. Then, your conclusion may describe any surprises.
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PROCEDURE

An example of this process follows.

1. Collect information

Before developing a hypothesis, students should
learn as much as they can about the question they
developed in the previous activity. They can use
the library, their past experience, the Internet, or
other resources.

The group has chosen the question “How does
temperature affect the number of bees we see
in our garden?” The students have studied and
thought about many different areas related to this
question, such as insect metabolism and effects of
temperature on flower blooming.

2. Provide examples of hypotheses

a. List the following hypotheses:

Present an example to ensure students understand
how to form multiple hypotheses. For example,
suppose that your question is “Do robins spend
more time on the ground in the morning or
afternoon?” There are three possible outcomes:
•

Robins spend more time on the ground in the
morning.

•

Robins spend more time on the ground in the
afternoon.

•

Robins spend the same amount of time on the
ground in the morning and afternoon.

The third outcome (hypothesis) is called the null
hypothesis. It is the one that acknowledges that
there might not be an effect of the independent
variable.
3. Develop hypotheses for selected research
question

Discuss the question your class has chosen and
brainstorm possible answers. Have students write
reasons that one hypothesis or another is more
likely to be supported. For example, they might
think that robins spend more time on the ground
in the morning because the soil is wetter, and
worms are more likely to be near the surface.
At this point, it is reasonable for the students to
refine their original question to one that is more
specific if necessary. In the above example, they
might decide to compare the amount of time
robins spend on the ground after a rain to the
time they spend on the ground when the soil is
very dry.

•

•

•

We will see more bees when it is warmer (this
could be true if bees are more likely to forage
when it is warm because their metabolism
speeds up so they need more food).
We will see more bees when it is cooler (this
could be true if bees are more likely to forage
when it is cool because they need more energy
to warm themselves up).
The number of bees we see will not be affected
by temperature (this is the null hypothesis
which could be true if honey bees are the main
bees that come to the garden, and for the
most part, honey bees are collecting nectar to
turn into honey to store for their colonies so
temperature might not be important).

b. At this point, it might make sense to
reflect and rethink. As the students develop
hypotheses, they will probably come up with
ideas that require clarification. For example,
they may decide that it would make sense to
limit the temperature range of their study.
Clearly, they would not expect to see bees
if the temperature was below freezing. So,
they could change their question: “Within
the range of 60 to 80 degrees F, how does
temperature affect the number of bees we see
in our garden?”
Assessment Recommendation

Student hypotheses and the reasoning behind
them can serve as assessment for this lesson.
A rubric may be based on appropriate delineation
of possible answers, appropriate use of null
hypothesis, thoroughness, and clarity.
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Step 3: Develop Hypothesis

WHAT ARE MY HYPOTHESES?

Hypotheses are possible answers to your research question. Be sure
to list all possible outcomes, including the possibility that you will
observe no differences or relationships in your study subjects.
For example, if you are studying which species of flower monarch
butterflies land on, your hypotheses might include (1) monarchs
land more often on flower A; (2) monarchs land more often
on flower B; (3) monarchs land more often on flower C; or (4)
monarchs land on all flower species equally often. This last one
is called a null hypothesis. If your findings support your null
hypothesis, it does not mean your research didn’t work. Finding no
pattern is just as important as finding a pattern.
Use the space below to brainstorm some ideas. List your best
hypotheses on the next page.
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WHAT ARE MY HYPOTHESES?

What are the possible answers to my questions? List your hypotheses here (H1, H2, H3, and Null,
depending on what your question needs). Include reasoning for each hypothesis (why it might be true).
You might not need all the boxes.

H1

H2

H3

Null
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LESSON 6

PLAN & TEST

THE PROCESS OF SCIENCE: PLAN AND TEST

NEXT GENERATION SCIENCE
STANDARDS

Science Practice 3: Planning and
carrying out investigations
MATERIALS

“Plan and Test” Student Page
TIME

30 minutes to 2 class periods

BACKGROUND

After generating hypotheses, the next step is to design an
investigation to test them. This is a time to pay close and careful
attention to all the details, both before starting the investigation and
during the period of data collection. The steps described below will
help students think of as many details as possible when planning
their investigation. There are three important scientific concepts to
discuss before you design an investigation: 1) replication or sample
size, 2) constant conditions, and 3) controls.

PLAN: DESIGN AN INVESTIGATION
Decisions for Investigations
Replication or sample size

The best way to explain replication is to use an example. Let’s say
a scientist is interested in how many children there are in families
that live in different places. If she only counts the children in one
city family and one farm family, random chance will greatly affect
her results. She might happen to pick two very large families, two
very small families, a large farm family and small city family, or
any other combination. Instead, if she counts the children in 100
farm families and 100 city families, she will get a much better
picture of the average number of children in farm vs. city families.
Scientists have to use a large enough sample size to accurately test a
hypothesis, while taking into account things like cost, availability of
experiment subjects, and time.
With students, though, the scientific truth may not be our
highest priority. We want them to understand the process and
enjoy themselves. If more replicates become tedious, or if it’s
difficult to get a large sample size for some reason, keep it simple.
Understanding how to go about answering a question may be more
important than the veracity of the results. You may always discuss
how additional replicates might affect your results and conclusions.
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Constant Conditions (or a Fair Test)

The second scientific concept to consider is
the importance of holding everything but
the independent variable constant. This is an
essential part of an experiment. For example,
if you want to study temperature effects on
the number of bee visitors to your garden, you
should visit the garden at the same time each
day and should conduct the study over a short
enough time period that flower availability is
constant. Likewise, the scientist studying family
size wouldn’t want to study farm families where
the parents were 40-50 years old and city families
where the parents were 25-35 years old.
Controls

Again, we will use an example to illustrate this
concept. Let’s say you want to test the hypothesis
that loud music causes high mortality in monarch
caterpillars. Your team members may suggest
keeping a group of monarch caterpillars in a room
with loud music going constantly. However, if all
the caterpillars die, you won’t know if the music
killed them or if there was something wrong with
them in the first place. In this experiment, you
need a control. Place half of the group in a normal
environment (control group) and half in with the
loud music (experimental group). If more die in
the room with the loud music, your hypothesis is
supported. Again, it is important to hold constant
conditions between the two groups. The conditions
the larvae are exposed to in the two groups should
be as similar as possible. Controls are used in
experimental studies, not observational studies.
Not all experiments need controls. It’s likely that
most of the experiments you do for this project will
be done outside under natural conditions and won’t
involve manipulating the independent variable.
Then you usually don’t need a control. If, for
example, you want to find out if earthworm density
is the same under pine trees as deciduous trees,
you may simply measure the density in the two
soils and compare them. There is no need to have
a separate control treatment in which earthworms
aren’t under either pine trees or deciduous trees.

You do want to hold other conditions constant,
however. For example, you wouldn’t want to sample
the earthworms under the pine trees just after a
rainy day unless you also sampled the deciduous
tree worms on the same day.
PROCEDURE

1. Discuss the issues of sample size, constants,
and controls.
2. Work with students individually or in groups
to complete the “Plan & Test” Student Page.
a. Discuss how they will apply the concepts
of variables, sample size, controls, and
constants to their particular investigation.
b. Have them plan the steps to the
investigation, asking questions or playing
devil’s advocate as necessary.
c. Make a complete list of materials.
d. Design a data table to record the data.
Students often need more space to write
down all the data they collect, so once
they are satisfied with the design, they may
prepare a larger table on a separate sheet
of paper to use during their actual data
collection.
3. Conduct a Scientist Roundtable (see lesson 2)
to help students ensure that their investigation
plans are sound.

TEST: COLLECT DATA
Now is the time for students to carry out the
protocols they designed for their investigations.
Allow time for them to collect enough data as well
as to solve any problems that come up.
The teacher’s role at this point is to observe,
to support, to encourage methodical work, to
prepare the students to analyze and interpret
their data, and finally, to share their findings. As
much as possible, describe what behaviors they are
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demonstrating that qualify as good science process
skills. For example, if you see them debating the
best way to count the number of birds that come
to a feeder, you might tell them, “You’re doing a
good job of explaining the procedure you have
in mind. By speculating which plan would work
better and listening to each other’s ideas, you
really are being scientists.”

Assessment Recommendation

Assessments for this component of the
investigation may be based on design of
investigation (appropriate decisions about sample
size, constants, and controls, as well as appropriate
data sheet) and conscientiousness of data
collection (fidelity to research plan, consistency,
fairness, thoroughness). Consider offering
bonus points for any demonstrated “Reflect and
Rethink” activity.

Dragonfly nymphs and a data sheet recording their sizes.
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Step 4: Plan and Test
SAMPLE SIZE

CONSTANTS

What sample sizes will I use?

What do I need to hold constant in this
investigation?

CONTROLS

METHODS

Do I need a control? What will it be?

What steps will I take in my investigation?
Write directions so someone else could replicate
the investigation by following this procedure.

MATERIALS

List all of the materials and tools needed to
conduct the investigation.

DATA TABLE

Use this space to design a table to record data. Use another page if more space is needed.
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LESSON 7

ANALYZE &
INTERPRET

THE PROCESS OF SCIENCE: ANALYZE AND INTERPRET

NEXT GENERATION SCIENCE
STANDARDS

Science Practice 4: Analyzing and
interpreting data
Science Practice 5: Using
mathematics and computational
thinking
Science Practice 6: Constructing
explanations
MATERIALS

“Analyze and Interpret” Student
Pages
TIME

30-90 minutes

BACKGROUND

By now the students have a pile of data — perhaps a bunch of
tally marks and numbers — and it is time to make sense of what
they have found.
Often the best way to organize data is to use a graph. Graphs
allow people to visualize the results of an investigation in a way
that is often difficult in tables. In this lesson, you will discuss
three kinds of graphs that are commonly used by scientists. There
are samples of each kind of graph described in the Student Pages.
Before having your students interpret their own data, you may
choose to use the next lesson, Using the Identify and Interpret
Strategy, which focuses on graph interpretation skills.
Types of Graphs

are
usually used to
compare proportions.
They look like a pie
cut into different
sized wedges where
the size of each
wedge represents a
different category of
data. For example,
you could use a pie
graph to compare
the proportion of
birds you observe that are eating, singing, or flying or observe the
proportion of flowers of different colors that are in your garden.

PIE GRAPHS

are used to compare counts or averages of discrete
groups or categories of data. Each group is represented by a bar
whose height represents something about that group. Usually
each group is represented along a horizontal (or x) axis and the
vertical (or y) axis represents the data collected about each group.
A bar graph could be used to compare the average heights of
boys and girls in your class or the numbers of individuals of
BAR GRAPHS
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different species of birds you observe. It is rarely
appropriate to illustrate each individual with a
separate bar. You wouldn’t graph the height of
each student on the graph, just the averages for
males and females.

are used to look for a
relationship between two numerical variables,
often an independent variable and a dependent
variable. They tend to be difficult for students to
understand because they aren’t used as commonly
in schools, but they illustrate patterns that other
graphs can’t illustrate. They usually have the
independent variable represented on the x axis
and the dependent variable on the y axis. A scatter
plot might be used to graph the relationship
between height and shoe size or how the height
of grass in a prairie affects the number of insect
species. Each dot represents one sample, for
example, one person’s height and shoe size or one
prairie site showing both grass height and insect
diversity for the site.

SCATTER PLOTS

line graph to show how temperature or day length
change over the course of a year, plotting days on
the x axis and temperature or day length on the y
axis. You would then connect the dots to visualize
the relationship. (In a scatter plot there might be
multiple y values for each x and you would not
connect the dots.)
If you wanted to show temperature or day length
over time comparing three different cities, for
example, you might put days (or weeks) of the
year on the x axis, plot the information for each
city, and connect the dots for each city, so that the
graph has three distinct lines comparing the data
from the three cities. You might also graph day
of the summer and the number of birds observed
using a line graph with each dot representing one
day and the number of birds observed on that day.

PROCEDURE

Direct students to study the sample graphs on
the Student Pages. Discuss the reasons you might
choose one or another format to analyze and to
present your findings.
Determine which type of graph will suit your data
best and make the graph on Student Page with
graph paper.
Assessment Recommendation

are set up like scatter plots, but
there is usually only one y value for each x value.
Both x and y values are continuous or numerical
as on a time line or continuum. You would use a

LINE GRAPHS

Student-generated tables, graphs, or charts may
be used as assessment for this lesson. The rubric
may be based on appropriate choice of graph type,
appropriate construction of graph, inclusion of
graph labels, and other features of the graphs that
you would like to emphasize.
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Step 5: Analyze and Interpret
GRAPHING DATA

Graphs help you see patterns and trends that are hard to notice in a data table.
Some types of graphs will be better suited to your data than others. If you use
a graph with an x and y axis, like the bar, line, and scatter plots below, put
your independent variable on the x axis and the dependent variable on the
y axis.
PIE CHART
•
•
•

Use when comparing proportions or
percentages.
All the pieces together make up 100%.
The wildflower chart quickly shows you that
almost half of the flowers are blue; about a
quarter are purple; and fewer are yellow or red.

BAR GRAPH
•
•
•
•
•

Use when comparing categories or groups.
Each bar represents a separate group.
Groups are on the x axis (horizontally), and
each bar represents a spearate group.
Data collected about groups are on the y axis
(vertical).
The data on the y axis may either show
averages, or numbers.

LINE GRAPH
•
•
•
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Use when the independent and dependent
variables are both measured in numbers.
Plotted points show changes over time.
Individual points are plotted and then
connected with a line.
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SCATTER PLOT
•
•
•
•

Use when both variables are measured in
numbers.
Individual points indicate a relationship
between variables.
A trend line may be used to show the
relationship.
This graph shows that there tends to be more
insect species in taller grass.

REMEMBER TO LABEL THE FOLLOWING PARTS OF YOUR GRAPHS:
•
•
•
•
•

Title
x axis
y axis
Legend (if needed – in the example below, you need a legend to compare the two sites, but if you
were only collecting data at one site, you wouldn’t need a legend)
Scale of axis
Title
Scale

Legend

y Axis

x Axis

Dependent Variable
The data you are collecting

Independent Variable
The groups/categories
you are comparing
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RESULTS

Describe the results of what happened. Don’t explain them here; just calculate.
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GRAPH

Design a graph (or multiple graphs) that illustrate your results. The x axis, horizontal line, is usually the
independent variable, and the y axis, vertical line, is usually the dependent variable.
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LESSON 8

DATA ANALYSIS: USING THE IDENTIFY AND INTERPRET STRATEGY (I2)
This lesson is used with permission from BSCS: A Science Curriculum Study. © 2012 BSCS, elearn.bscs.org

OBJECTIVE

BACKGROUND

Students will examine data
presented in a graph and
break it down into
understandable parts.

Students often become overwhelmed when they try to interpret
graphs, figures, or data tables that have been created by other
people, much less create their own graphs. The Identify and
Interpret (I2) strategy is a way to help them make sense of the
information by breaking it down into smaller parts.

NEXT GENERATION SCIENCE
STANDARDS

In the I2 strategy, students first identify changes, trends, or
differences that they observe in a graph. They draw an arrow to each
observation and then write a “What I see” (WIS) comment. These
comments should simply be what the student observes, such as a
positive slope on a graph, increasing numbers in a data table, or a
difference between two bar heights on a bar graph. After students
have made their observations and written their WIS comments,
they should interpret the meaning of their observations by writing
a “What it means” (WIM) comment for each WIS comment.
Once students have mastered WIS and WIM comments, ask
them to create a caption for the graph, figure, or table. A caption
summarizes all of the information and helps illustrate students’
understanding.

Science Practice 4: Analyzing
and interpreting data
Science Practice 6: Constructing
explanation
MATERIALS

Sample graph of citizen science
data
OUTDOOR/INDOOR & TIME
OF YEAR SUGGESTIONS

Indoor, any time of year
TIME REQUIRED

45 minutes

PROCEDURE

To use the I2 strategy, distribute a handout of the graph, figure, or
table that students will interpret. They should draw the arrows and
write their comments on and around the image. This helps them
make the connections between the graphical information and their
ideas. They should write the caption on the same page to help
remind them of the interpretation.
1. Model this strategy for students. They will learn by watching
you do a “think-aloud” as you complete the strategy on a graph,
figure, or table. At first, you may want to ask students to complete
the WIS and WIM comments without writing a caption. They will
likely need help understanding what they should be looking for
on the graph. Some students do not add enough arrows and WIS
comments to interpret all the information. Other students add too
many arrows and comments. These students soon find that they
cannot interpret the meaning of some of their WIS comments. For
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example, if they identify that a graph is printed
in black ink, they will discover that they cannot
assign meaning to this WIS comment. This stage
helps students begin to filter their observations
and identify those that are significant.
Once students have become proficient at writing
WIS and WIM comments, ask them to add a
caption. The caption is a coherent paragraph that
interprets all parts of a graph, figure, or table.
Later, when students have had practice with this
strategy, the ultimate goal should be for them

to write a caption without listing their WIS and
WIM comments. Eventually, these comments
become a habit of mind, and students should be
able to notice all the pieces of a graph or figure
to come up with a complete interpretation.
Developing these habits of mind to identify and
interpret data in many forms will benefit students
in all subjects, in their jobs as they get older, and
in becoming scientifically literate citizens.
For example, your think-aloud process might look
like this:

STEP 1: IDENTIFY (“WHAT I SEE” COMMENTS)
•
•
•
•

Identify any changes, trends, or differences you see in the graph or figure.
Draw arrows and write a “What I see” comment for each arrow.
Be concise in your comments. These should be just what you can observe.
Do not try to explain the meaning at this point.

What I see
An upward slope
between February
and July

What I see
A peak in July

What I see
A downward slope
between July and
December

For this example, there are arrows drawn that point to the two trends and the change. Notice that
the arrows point to the general upward and downward trends, not to each data point. A “What I
see” comment describes what each arrow points to on the graph.
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STEP 2: INTERPRET (“WHAT IT MEANS” COMMENTS)
•
•

Interpret the meaning of each “What I see” comment by writing a “What it means” comment.
Do not try to interpret the whole graph or figure.

What I see
An upward slope
between February
and July
What it means
The average
temperature in
the city increases
between February
and July.

What I see
A peak in July
What it means
The hottest average
temperatures in the
city happen in July.

What I see
A downward slope
between July and
December
What it means
The average
temperature in
the city decreases
between July and
December.

In this example, “What it means” comments were added to each “What I see” comment. The “What
it means” comments explain the changes, trends, and differences that were identified in step 1.
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STEP 3: CAPTION
•
•
•
•

Write a caption for the graph or figure.
Start with a topic sentence that describes what the graph or figure shows.
Then join each “What I see” comment with its “What it means” comment to make a sentence.
Build a coherent paragraph out of your sentences.

What I see
An upward slope
between February
and July
What it means
The average
temperature in
the city increases
between February
and July.

What I see
A peak in July
What it means
The hottest average
temperatures in the
city happen in July.
The city must be
in the northern
hemisphere.

What I see
A downward slope
between July and
December
What it means
The average
temperature in
the city decreases
between July and
December.

This graph shows the average temperature in a city over a year. There is an upward
slope from February to July showing that there is an increase in the average
temperature during these months. There is a downward slope from July to December
which means the average temperature decreases during this time. There is a peak in
July which shows that the hottest average temperature in the city happens in July. The
peak in July also means that the city must be in the Northern Hemisphere.
In this example, the first sentence of the caption describes what the graph shows. Then each “What
I see” comment was combined with its “What it means” comment to form complete sentences.
Those sentences make up a paragraph that describes each part of the graph.
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2. After the think-aloud demonstration, present a graph of citizen science data. Instruct students to
complete the I2 process with these data, either alone or in small groups. These steps could be projected
on the board:

Steps to Identify and Interpret Data
STEP 1: IDENTIFY
•
•
•
•

Identify any changes, trends, or differences you see in the graph or figure.
Draw arrows and write a “What I see” comment for each arrow.
Be concise in your comments. These should be just what you can observe.
Do not try to explain the meaning at this point.

STEP 2: INTERPRET
•
•

Interpret the meaning of each “What I see” comment by writing a “What it means”
comment.
Do not try to interpret the whole graph or figure.

STEP 3: CAPTION
•
•
•
•

Write a caption for the graph or figure.
Start with a topic sentence that describes what the graph or figure shows.
Then join each “What I see” comment with its “What it means” comment to make a
sentence.
Build a coherent paragraph out of your sentences.

3. When students have finished analyzing and interpreting the citizen science data, show them how to
transfer these ideas to the “Build a Scientific Explanation” tables. See page 1-13 to review suggestions
for using these tables throughout this unit.
•
•
•

Evidence box: Summarize the “What I see” comments.
Claim box: Summarize the “What it means” comments.
Reasoning box: The summary paragraph goes here, along with any additional scientific principles
that apply.

Assessment Recommendation

Students can turn in their labeled graphs as the assessment for this lesson. A group discussion of the
process could include reflection questions such as
•
•
•
•
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What makes data easier/harder to interpret?
Why go to the bother of dissecting data in depth?
What is the difference between analyzing and interpreting data?
Explain the relationship between analyzing data and constructing scientific explanations.
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Build a Scientific Explanation
EVIDENCE

CLAIM

REASONING

scientific data that can support a
claim (What do you see on a graph,
or during a scientific investigation?)

a statement that answers a question
(What claim can you make based on
what you see? What does it mean?)

a justification for why the evidence
supports the claim using scientific
principles
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LESSON 9

CONCLUDE &
REPORT

THE PROCESS OF SCIENCE: CONCLUDE AND REPORT

NEXT GENERATION SCIENCE
STANDARDS

Science Practice 4: Analyzing
and interpreting data
Science Practice 6: Constructing
explanations and designing
solutions
Science Practice 8: Obtaining,
evaluating, and communicating
information
MATERIALS

CONCLUDE: WRITING CONCLUSIONS WITH
THE RERUN METHOD
BACKGROUND

When you have finished your research, it is time to draw
conclusions about your findings. Conclusions place the results into
a larger context and explain why they are interesting or significant.
They are also a place to discuss any problems with or caveats
to the experiment. Using the RERUN method described here,
students will learn how to write clear and concise conclusions for
an experiment or data analysis. You may choose to do this after or
before writing the more detailed research report (lesson 10). It may
be used either as an abstract to the report (at the beginning) or a
conclusion (at the end).

“RERUN” Student Page
PROCEDURE
TIME

20-60 minutes

1. Present the RERUN method for writing conclusions. RERUN is
a short paragraph used to summarize the results from a scientific
study. The RERUN paragraph should be a minimum of five,
well-written, complete sentences. RERUN is an acronym for five
types of information a conclusion should include.

RERUN
R = RECALL

Briefly describe what you did.

E = EXPLAIN

Explain the purpose of the study.

R = RESULTS

State the results, including which hypothesis
was supported by the study.

U = UNCERTAINTY

Describe uncertainties that exist, if any.

N = NEW

Write two new things you learned

2. You may have inconclusive results. This is not a problem.
An investigation in which the null hypothesis is supported may
be just as interesting. For example, participants may hypothesize
that insects prefer a particular species of plant over another or
4-40
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that flowers are larger on the sunny side of
the building. They may find no difference
in size or no plant preference. If the study
supported the null hypothesis instead of
another hypothesis, this does not mean that
the investigation didn’t work.
Example of a RERUN Paragraph for a
Study of Pollinator Plant Preferences
We studied whether more pollinators came to
native (asters and coneflowers) or non-native
plants (hostas and day lilies) in our garden.
We observed groups of ten flowers in each
species at time and counted the number of
pollinators (bees, butterflies, and flies) that
came to the ten flower in ten minutes (RECALL).
We were trying to determine if there really
is an advantage to planting native flowers if
your goal is to help pollinators (EXPLAIN). On
average, native plants had 0.4 visitors per ten
minutes, and non-native plants had 0.1 visits
per ten minutes. Our hypothesis that pollinators
prefer native plants was supported by this
study (RESULTS). However, when we looked at
the individual species, many more pollinators
came to the asters than the coneflowers, and
coneflowers didn’t have more visitors than
the non-native species. So, we can’t conclude
that all native plants attract more pollinators
(UNCERTAINTIES). Two things we learned are
that flowers that are starting to get dried up
don’t get as many pollinators visiting them and
that there are a lot of pollinator species in our
garden (NEW).
Note: If students are confident about the
results of their study, they don’t have to include
uncertainties.

Bee pollinating a flower.

Assessment Recommendation

Student-generated paragraphs may serve as the
assessment for this lesson. A rubric may be based
on completeness, clarity, logic, readability, or
other features that you would like to emphasize.
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Step 6: Conclude
Once you have the results of your research, it’s time to tell others about it.
First, you should write a conclusion summarizing your project and explaining
what you found out. Then, use the guidelines on the following pages to
prepare a poster/display, oral report, or written report.

RERUN

RERUN is a way to help you remember what to include in a summary of the results from a scientific
investigation. The letters in RERUN are an acronym for five types of information a conclusion should
include. Write at least one complete sentence for each letter. It’s okay to include more information if
you think it is necessary.
R = Recall
E = Explain
R = Results
U = Uncertainty
N = New		

Briefly describe what you did.
Explain the purpose of the study.
State the results, including which hypothesis was supported by the study.
Describe uncertainties that exist, if any.
Write two new things you learned.

R:
E:
R:
U:
N:
Remember: If the experiment supported your null hypothesis instead of another hypothesis, this does
not mean the experiment “didn’t work.”
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LESSON 10

CONCLUDE &
REPORT

THE PROCESS OF SCIENCE: CONCLUDE AND REPORT

NEXT GENERATION SCIENCE
STANDARDS

REPORT: PRESENTING RESULTS OF
INVESTIGATIONS

Science Practice 8: Obtaining,
evaluating, and communicating
information

BACKGROUND

MATERIALS

Report materials on Student Pages
TIME

20-90 minutes or more

Once your students have designed an experiment, carried it
out, analyzed the data, and come to conclusions about what
their results mean, they should present their results. Scientists
communicate the results of their research in three main ways:
written reports, poster presentations, and oral presentations.
The information included in all of these presentation types is
similar, although posters and oral presentations usually don’t go
into as much detail as written reports. Every presentation should
include clear sections that
•

introduce the topic,

•

explain the methods,

•

present the results, including visual representations such as
graphs or pictures, and

•

interpret the results (the RERUN conclusion).

Written presentations

Scientists need to be good writers to communicate their findings.
Sometimes a scientist will write a report for their boss, a funder,
or the public about what they found out through their research.
This report may come in the form of a quick e-mail message, or a
50-page report — and anywhere in between. Some scientists write
up their findings for a magazine or professional journal.
Poster presentations

Science fair-type events provide venues for displaying posters. A
poster describing research done by a Driven to Discover class or
school may be displayed in the lobby of a nature center, school
hallway, community center, or even a place of business.

BIRDS AND eBIRD | CONDUCTING INDEPENDENT INVESTIGATIONS

4-43

Each poster typically presents one complete
investigation on a three-sided cardboard display,
though large format printers make huge printouts
feasible. It’s a good idea to make a mock-up of
the poster on notebook paper before working
on the final product. See Student Pages for more
information about poster presentations.

Assessment Recommendation

Student-generated reports, posters, and
presentations can serve as the assessment for this
component of the investigation. A rubric may be
based on clear communication, thoroughness,
understandability, or other features that you
would like to emphasize.

Oral presentations

Oral presentations require clear verbal
communication as well as visual aids. You might
want to celebrate your research experience with
an oral presentation to your local Audubon
Society, park board, community group, or
parents, depending on who you think might be
interested in your results. You should set a time
limit of 5 – 15 minutes for each presentation and
help your students decide on the most important
aspects of their investigations to cover in the talks.
They should include visuals that describe their
results (graphs, pictures, etc.) which might be
overheads, drawings on a whiteboard, handouts,
PowerPoint slides, or large drawings held up in
front of the group. Encourage students to practice
their oral presentations with each other or at
home. See Student Pages for more information
about oral presentations.
PROCEDURE

Decide which kind of presentation students will
make. The students should feel proud of their
work, so provide multiple opportunities for them
to present their work if possible. Presentation
preparation may be done in class or as homework,
and likely a combination of both. Adults may
be able to help type the text for the displays and
possibly even provide scrapbooking resources or
other supplies to help make the displays attractive.
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Step 6: Report
MAKING A DISPLAY OR POSTER ON A RESEARCH PROJECT

Your display will represent all of the work you have done on your research project. It will consist of a
backboard and other things that represent your project, such as photographs, or examples of the items
you studied. It should tell about your project in a way that attracts viewers and gets them to stay and
look at it closely. It should be as simple as possible while still being thorough enough to accurately
present your work.
1. Before starting your display, make notes about your project: what was your question; what were
your dependent and independent variables; what hypotheses did you have; why did you choose the
hypotheses; how did you test your hypotheses (the methods); and what did you conclude? Decide
what graphs or tables you will make to present your results.
2. Decide what kind of backboard you will use, or use PowerPoint to make a large poster. You may also
use a three-sided display, sturdy cardboard, or wooden panels cut and hinged together.
3. Plan your layout. See the example on the next page.
4. Use neat, bold lettering for all of the headings, and make all of the letters the same color. You may
use stencils, words printed on a computer, or neat printing. It is best to make the title stand out by
using letters larger than the other headings. The title should be short and catchy.
5. It is important to be concise (short and to-the-point). Use large type or printing. People should be
able to read it from a few feet away. Be sure you don’t have any spelling or grammatical errors.
6. Computer-generated graphs and photographs are excellent ways to represent your methods and
results. Color illustrations, graphs, charts, and photos are more eye-catching than black and white.
7. Lay everything out before gluing anything to your backboard. Make sure things are evenly
distributed all over the board. Don’t leave large empty spaces.
8. When you are sure the poster is just how you want it, glue everything to the backboard using rubber
cement. This will allow you to change components around if necessary.
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SAMPLE DISPLAY OR POSTER LAYOUT
Title 

If you can’t think of anything catchy, it’s okay to use your
question as your title. Be sure to include your name under
the title.

Question 

Methods 

State your research
question in large type.
You want viewers to find
this easily.

Explain what you did.
Mention the steps you took
to keep your data fair and
accurate.

Background 
Optional. Explain
what led you to
your question, or
what you learned
about your topic in
preparation
for your
research.

Data 

Results 

Give each bar chart, graph,
and table a title and be sure to
label your axes. After the title,
sometimes this is all a viewer will
read, so make sure it is easy to
understand.



Describe what happened.

Conclusion 
Use your RERUN
paragraph here.

















Hypotheses 

List the possible outcomes
of your research. Specify
which hypothesis you thought
was the most likely and your
reasons why.
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References
Graphics 

Photos, clip art, or
illustrations of your
subject are always
helpful. Photos
of you doing your
research are great
to include.

Props 

You may want to show
some tools you used or
a specimen you studied.
When you prepare to
display your poster, check
to see if there are any
restrictions on what you
are allowed to bring.
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List any sources you used, including
websites, books, etc. You may also
thank experts you learned from or
others who provided special help
with your project.
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PREPARING AND GIVING AN ORAL PRESENTATION

If you give an oral presentation, you must be well-organized to cover your research in a limited amount
of time. You will need to explain everything, from your question to your conclusion in a few minutes.
If possible, it is good to use charts, graphs, models, experimental subjects, or slides.
During the presentation, stand up straight and look at your audience. Speak loudly and clearly, smile,
and be polite. At the end of your talk, thank the audience, and ask them if they have any questions.
If you don’t know the answer to a question, don’t make one up. Say that you don’t know the answer.
You may use the following script as a guide.
My name is ______________________________________________________________________
The title of my project is ____________________________________________________________
I was interested in doing this project because ____________________________________________
_______________________________________________________________________________
_______________________________________________________________________________
The question I asked was ___________________________________________________________
_______________________________________________________________________________
The hypotheses I formed were ________________________________________________________
_______________________________________________________________________________
The procedure I used to test my hypotheses was to ________________________________________
_______________________________________________________________________________
My results were ___________________________________________________________________
_______________________________________________________________________________
These results supported (which) hypothesis because _______________________________________
_______________________________________________________________________________
The conclusion I reached was ________________________________________________________
_______________________________________________________________________________
If I were to do this investigation again, I would __________________________________________
_______________________________________________________________________________
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A WRITTEN RESEARCH REPORT

Write up your research in report form. Include the following sections in your report, and check it
carefully for spelling and grammatical errors. Have at least one other person read it, and ask them if
everything was clear. You should go through at least two drafts before making your final copy.
•

INTRODUCTION

This section should include the problem you investigated, why you were interested in the problem,
the hypotheses you formed, and why you formed these hypotheses. If you did background research,
describe what you found and where you found it.
•

MATERIALS AND METHODS

Describe exactly what you did to test your hypotheses. Include a description of the controls and
sample sizes you used and what materials you used.
•

RESULTS

Tell what happened during your experiment. Include detailed, neat and clear tables and graphs to
represent your results.
•

CONCLUSION

Use the RERUN method to summarize your investigation. You might also include what you would
do next time.
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Appendix
BIRDING AND eBIRD

NOTES

Constructing Scientific Explanations
Through Citizen Science
OBJECTIVE

Students master the process of science by doing
science, and few scientific skills are as critical
as the ability to reason from evidence. After
all, scientific knowledge can only be advanced
through the systematic process of proposing,
testing, and refining scientific ideas. Proposing
and defending scientific explanations allows
students to understand concepts in depth, and
helps them develop
analytical thinking skills.
An essential goal of the
Driven to Discover project,
therefore, is to familiarize
teachers and students
with the development of
scientific explanations.
The Driven to Discover program follows a
framework developed by McNeill and Krajcik
(2011). Content from that publication is
referenced here. For further reading, examples,
and background information, please see their full
text Lab out Loud (2015) which contains a great
introduction to their work.
BACKGROUND

Scientific knowledge is built through “a process
of reasoning that requires a scientist to make a
justified claim about the world,” (Sampson &
Clark, 2008, p. 448). Scientific inquiry as an
inductive process is based on transformations of
data into evidence, evidence into patterns, and
patterns into explanations. Students participating
in scientific inquiry acquire a basic understanding
of the nature of science as an iterative process of
formulating theories and validating them with

evidence. A central goal of science education must
therefore be to help students develop their ability
to develop scientific explanations. An emphasis on
scientific explanations will “help shift their view of
science away from a science as a static set of facts
to science as a social process where knowledge is
constructed” (McNeill & Krajcik, 2008, p. 54).
SCIENTIFIC EXPLANATIONS

McNeill & Krajcik (2011) describe four
components of the Science Explanations
Framework:
a statement that expresses the answer or
conclusion to a question or a problem. A claim
concludes a scientific investigation by answering
the research question.

CLAIM

Example: In the stalk-eyed fly (Drosophila
heteroneura), larger males have a higher
reproductive success than smaller males
(see figure 1).
the scientific data that support
the claim. Data include observations and
measurements that come from natural settings
or controlled experiments and may be either
quantitative or qualitative. They may be
represented in multiple ways, from a figure
to a detailed description. To support a claim,
data need to be appropriate, sufficient, and
scientifically-relevant.

EVIDENCE

Example: Figure 1 shows a positive correlation
between male head size and the number of
successful copulations in the stalk-eyed fly (Boake,
DeAngelis, & Andreadis, 1997).
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Driven to Discover project, we want to emphasize
that a claim should be based in evidence, so we
have tweaked the McNeill & Krajcik (2011)
model to position Evidence ahead of Claim in the
model to reflect this sequence of thinking.
ALIGNING SCIENTIFIC EXPLANATIONS WITH
SCIENTIFIC INQUIRY AND CITIZEN SCIENCE
PROJECTS

Figure 1: Male fly head size in relation to reproductive
success. Recreated from Boake et al. 1997.

provides a logical connection
between the evidence and the claim. Reasoning
relies on patterns, theories, and scientific principles
to justify why the evidence supports the claim.
REASONING

Example: A larger body size is advantageous
when male stalk-eyed flies fight for access to
females. In species that engage in mate choice
and competition, larger males tend to win more
fights than smaller males (Boake, DeAngelis, &
Andreadis, 1997).
Which comes first—the claim or the
evidence?

When students are first asked to make a claim
statement, the claim must come from somewhere,
preferably not pulled out of thin air. In fact,
the claim should be drawn from data, whether
the data are based in empirical research or even
anecdotal experience. For the purposes of the

EVIDENCE

CLAIM

Scientific explanations arise at all points of the
scientific process, from hypothesis formation to
data analysis. Students can therefore practice their
explanation skills at every stage of the Driven to
Discover project, using the Evidence, Claims,
Reasoning framework. Here are some examples:
1. Questions and Hypotheses
•

•
•

Given what you’ve learned as you made citizen
science observations, what questions popped in
your head?
What evidence might support your hypotheses?
What reasoning would lead you to favor one
hypothesis over the others?

Unlike questions (e.g., “Do bumblebees prefer
nectar with higher sugar concentrations?”),
hypotheses make clear predictive statements
that can be supported or falsified by evidence
(e.g., “Bumblebees will forage longer at flowers
that produce nectar with higher sucrose
concentrations”). Teachers should encourage their
students to propose multiple testable hypotheses
(possible answers to their questions). Hypotheses,
like claims, make verifiable statements about a
given phenomenon.

REASONING

Figure 2: Revised McNeill and Krajcik model of scientific explanation.
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SCIENTIFIC
EXPLANATION

2. Plan and test
•
•
•

What is the reasoning behind your research
design?
What observations and potential limitations
influenced your choice of research design?
How did you take into account your
understanding of sample size, the need for
constant conditions, or the need for controls?

The methods chosen for any study need to be
carefully planned. They should directly relate
to the question and, once carried out, should
be able to support one of the hypotheses. The
methods section of a scientific report needs to be
clearly written and logically consistent to enable
other scientists to replicate the results. By asking
students to engage critically with their proposed
methodologies, a teacher may assess their ability
to reason logically.
3. Analyze and interpret
•
•
•
•
•

What claim may you make given your data?
What is the evidence for your claim, and why
does this evidence support your claim?
What reasoning connects your evidence and
claim?
Which hypothesis do your data support?
Given these results, how may your
methodology be improved, or were you able to
answer my question with the methods?

Science is fundamentally about explaining the
world around us. Scientists use observations and
evidence to support their scientific explanations.
Students, therefore, need experience working with
all types of data, from qualitative observations
to statistics and figures. The Driven to Discover
project allows students to generate, manipulate,
and analyze their own datasets. As such, it also
allows students to use their own data to construct
scientific explanations.

4. Conclude and report
•
•
•
•
•

•

Did your results support or falsify your
hypotheses?
Given your results, what new questions arise?
What might be other explanations for your
data?
Are there limitations in your methods or
results?
How are your findings relevant to science
knowledge or to problems that need solutions
in the real world?
Be clear with your reasoning.

Scientists continuously grapple with uncertainty
in their research and conflicting opinions in
their field. Students must become comfortable
working with incomplete information. After
all, science is an iterative process, and reflection
and revision play integral roles within scientific
inquiry. Students refine their ability to construct
scientific explanations whenever they practice
reconciling conflicting or incomplete evidence.
Allow students the time to grapple with the
limitations of their research project, to identify
new questions, and to develop future research
directions.
Scaffolding

If this process of constructing scientific
explanations is new for your students, you may
wish to provide scaffolding. Begin with simple
examples of claims, evidence, and reasoning then
progress to more complex variations, requiring
more evidence, more sophisticated reasoning,
and eventually requiring, rebuttals and alternative
explanations.
Practice

Help your students build scientific explanation
skills by working them through the process in a
variety of ways. Use the Student Page template
found in chapter 1 as daily or weekly practice by
filling in one of the three boxes with an example
from your citizen science topic and asking
students to complete the other boxes.

BIRDS AND eBIRD | APPENDIX

5-3

RESOURCES
Lab Out Loud (2015) Using the Claim, Evidence and Reasoning Framework: http://laboutloud.com/2015/04/
episode-127-claim-evidence-reasoning/.
Boake, C.R.B., DeAngelis, M.P. and Andreadis, D.K. (1997). Is sexual selection and species recognition a
continuum? Mating behavior of the stalk-eyed fly Drosophila heteroneura. PNAS, 94(23):12442-12445.
McNeill, K.L. and Krajcik, J. (2008). Scientific explanations: Characterizing and evaluating the effects of teachers’
instructional practices on student learning. Journal of Research in Science Teaching, 45(1):53-78.
McNeill, K. L., & Krajcik, J. S. (2011). Supporting Grade 5-8 Students in Constructing Explanations in Science:
The Claim, Evidence, and Reasoning Framework for Talk and Writing. Pearson.
Sampson, V. and Clark, D. (2008). Assessment of the ways students generate arguments in science education:
Current perspectives and recommendation for future directions. Science Education, 92(3):447-472.

A scientist reporting on her research and results.
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LESSON

KEEPING A SCIENCE JOURNAL

OBJECTIVE

BACKGROUND

This lesson helps students record
observations related to their
citizen science work, while also
encouraging them to question,
theorize, and share opinions.

While record keeping
and measurement
are the foundation
of good science, the
keen observation that
comes from spending
time looking at natural
phenomena often leads
to the best questions
for scientific inquiry.
Sample journal sketch and entry
This activity may be
used throughout your
school year to help students practice good scientific record
keeping as well as encouraging them to think critically about their
observations, to think like a scientist. While presented here as one
activity, we encourage using a science journal as a component of
activities in the curriculum as often as possible.

NEXT GENERATION SCIENCE
STANDARDS CONNECTION

Science Practice 1: Asking
questions and defining problems
MATERIALS

Field journaling requires no
special equipment. Fancy paper
and drawing pencils can make
students feel that they need
to create art instead of record
science, but some field supplies
are useful. The most important
thing is a good journal. If you can
afford them, bound hard cover
notebooks that students can use
throughout the year and that will
stand up to field use lend dignity
to the process of taking notes. You
can also make your own journals
as part of a class project.
•
•
•
•
•

#2 pencils
Hand-held pencil sharpeners
Science Journals or paper
Colored pencils (optional)
Magnifying lens (optional)

TIME REQUIRED

15 minutes plus additional
journaling time, flexible

Many great scientists and thinkers recorded (and still record) their
observations in a journal format. Some of these include Charles
Darwin, Gallileo Galilei, Leonardo DaVinci, James Audubon,
Aldo Leopold, and Maria Sybilla Merian. In their writings, they
made scientific observations, recorded measurements, and also
questioned, wondered, proposed theories (and were sometimes
wrong), and offered opinions. The scientist’s journal includes all
of these things. A science journal is a great opportunity to help
students develop as writers and observers of the natural world.
In their journals, students practice observation and description
skills using words and drawings. Each student may have his or
her own organism to observe, or you may have groups of students
share an organism. If you include information on Maria Sybilla
Merian or other naturalists who have kept journals, students will
gain historical perspective on the art of journaling and the role it
plays in science.
Some students tend to make brief entries unless they are provided
prompts and descriptive words from which to choose. Some
teachers ask students to focus on a specific area each day to help
students pass these hurdles (see Observation Prompts).
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PROCEDURE

1. Show students examples of scientists’ logs,
records, or publications. A sample from
Maria Merian’s journal of insect observations
is provided. Ms. Merian was a 17th-century
Dutch artist and naturalist.
Show and read this description of a caterpillar
by Merian:
“[It has] fifty shining red warts. Von
Leeuwenkhoek (inventor of microscope) is
of the opinion that these are eyes. To date, I
have not been able to accept this opinion...; in
my view, they would then be able to find their
food from behind and from the sides, which I
have not observed to be the case; they have
no eye-sockets there.”

2. Ask students to analyze Ms. Merian’s passage.
Possible questions to prompt discussion
include the following.
• Which phrases are fact (direct observation)?
•

Which are opinion?

•

What does she wonder about?

•

How does she use evidence to support her
theory about caterpillar eyes?

3. Next, share additional journal entries from Ms.
Merian (provided at the end of this lesson).
Again, ask students to decide which are
factual observations and which are comments,
questions, or opinions. From all of the samples
you provide, see if your students can formulate
more questions. For example: Why do
watermelons have hard skin? Why do tadpoles
have tails, but frogs don’t?
4. Tell students that they will keep a scientific
journal— a record of the many changes in
their study system over time. It will be a place
to record careful observations, with both words
and drawings (and even photos, if you choose),
as well as reflections, questions, opinions, and
feelings.

5. Provide time for journaling whenever you
have an activity involving your citizen science
system. Journaling time may also be used when
there is only sufficient time to visit your site
but not complete any other activities.
6. The provided sentence starters for journal
writing might be useful to your students. You
might post them for regular observation, or
you might provide several each day to help
focus their observations.
7. Encourage (or require) your students to
include drawings in their journals. There is a
section on nature drawing technique at the
end of this lesson. Stress that journaling is
not about making pretty pictures, and try
to avoid saying, “That looks great!” when a
student shows you his or her work. This kind
of feedback emphasizes and gives positive
reinforcement to drawing skills and not careful
observation.
Positive reinforcement needs to be given in a way
that advances the goal of the curriculum. You
have told the students they are to observe and
carefully record what they have seen. Give positive
reinforcement when you find accurately observed
details in their work. “I see you have shown hairs
on the stem. Details like that are important to
botanists when identifying and studying plants.”
Give positive reinforcement to scientifically
useful information that students add to their
observations such as date, location, time and
weather information, size or scale information,
color notes, multiple views of the same subject, or
behavior or interactions with other species. “You
have put a scale next to your drawing. That will
really help you remember this plant when you
review your notes.”
Refrain from saying
•
•
•
•
•
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“That is really pretty.”
“What a good drawing.”
“You are a great artist.”
“That looks so realistic.”
“You are really good at shading.”

Do describe what the students did well
•
•
•
•

“The way you use both writing and drawing to
describe this flower is really clear.”
“I see you measured the distance between the
branches and added a scale.”
“Oh, you found a spider on top of the flower.
Great observation!”
“The insect damage on that leaf you have
illustrated really helps me pick out which
flower you are looking at.”

ADDITIONAL IDEAS
Sentence Starters for Journal Writing
•
•
•
•
•
•
•
•
•
•
•
•

I noticed...
I think maybe...
I am surprised that...
I would guess...
I suspect...
I discovered...
I’d like to know...
I wonder...
What if...
It’s amazing that...
I’m disappointed that...
I now realize that...

JOURNAL EXCERPTS FROM MARIA SIBYLLA
MERIAN: 17TH CENTURY ARTIST AND
NATURALIST

In 1660, at the age of 13, Maria Sibylla Merian
made her first journal entry. In this, written
eight years before most people even knew that
insects hatched from eggs, Merian used words
and paintings to record the stages of silkworm
metamorphosis from caterpillar
“...they are green with a yellow stripe over
their whole body; on each segment there
are four round orange-yellow beads covered
with little hairs”
to moth
“with a pattern on each wing like a piece of
Moscow glass.”

Maria Sibylla Merian’s drawings of a caterpillar’s
metamorphosis into a moth.

Her fascination with metamorphosis, which she
was the first to describe, led her to a lifelong study
of the natural history of insects and other small
animals. Daughter of a Swiss artist, stepdaughter
of a Dutch painter, and great-granddaughter of a
famous engraver, Merian wrote, drew, and painted
in her journal for the next 50-plus years. She selfpublished portions of her journals, creating books
of richly annotated engravings of insects on their
host plants.
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A brilliant and adventurous person (at the age of
52, she set off on a two-year journey to Surinam
to collect and draw tropical animals), Merian
earned an impressive reputation and a great deal
of respect in a time when most women were not
welcome in the professional realm. One of the
first people to study insects and other animals in
depth, Merian’s drawings and paintings and her
insights into the animals’ natural history made a
lasting contribution to both science and art.
Merian observed, described, and commented on
her observations in detail. About a caterpillar’s
behavior, she wrote, “It is their way, to roll
together, when they are touched, and thus to
remain like a ball.” A different caterpillar “as soon
as touched, turns its head quickly to and fro, as if
in anger, and that it did about ten times one after
the other.”

they grew eyes; eight days later two little
feet emerged from the skin at the back and
after a further eight days two little feet at
the front, and they began to resemble small
crocodiles. Thereafter the tail rotted away
and they became proper frogs and jumped
onto the land.”
Merian’s work served as a valuable source of
information and inspiration for many scientists
and artists, including Swedish botanist Carolus
Linnaeus; German poet Goethe; and English
naturalists Eleazar Albin, Mark Catesby,
and Moses Harris. Royal families in Russia,
England, and Denmark collected her paintings
and drawings, while scientists cited her notes.
Forgotten for nearly a century, Merian’s role in
improving scientific understanding in the 17th
century has recently been rediscovered.

She also wrote that watermelons in Africa
“...grow on the ground like cucumbers
in Holland. They have a hard skin which
gradually becomes less hard towards the
inside of the fruit. The flesh is shiny and
melts in the mouth like sugar; it is healthy
and has a very pleasant taste; it is very
refreshing to the sick.”
She also described how she found the animals she
drew and observed. In Surinam, this process was
sometimes complicated.
“Since the tree is tall and hollow, it is not
possible to climb up it and I therefore had it
cut down to get hold of the caterpillars.”
With careful observation over time came new
understanding about the natural world. Merian
learned a great deal not only about insects and
their biology but also about other animals,
including frogs.
“After several days the black grains began
to show signs of life and fed on the white
slime that surrounded them. They even
grew little tails so that they could swim in
the water like fish. Halfway through May
5-8
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Maria Sibylla Merian’s drawings both informed and
inspired.

DRAWING TECHNIQUE

The purpose of field sketching is not to make
pretty pictures, but there are techniques that you
may share with your students that will help them
more accurately render what they see.
Shape Before Details

When you start drawing, ignore the details and
go for shape and proportions. Once you have
sketched these in, turn your attention to detail.
Start a drawing with fast “ghost lines,” lines that
are so faint that they will hardly show in the
final drawing. Sketch the whole form loosely and
lightly. Accent the shapes that you like as they
begin to emerge. Focus on trying to capture the
basic shape and proportions at the start instead
of focusing on details. Check your proportions
early on. If you wait until you have added details,
you might not be able to make changes without
erasing significant amounts of work. The quick
lines also help students get over the fear of putting
the first mark on blank paper. Once you have the
basic form, draw over the ghost lines to add detail.
For example, when drawing a leaf start by getting
the basic shape and proportions (length vs. width)
and then add toothed edges over the shape. Draw
the leaf veins last going from the mid rib to the
tip of each tooth. Use a regular graphite pencil
and draw lightly.
Sketch vs. Portrait

Students typically draw a single picture then
continue working
to improve. Instead,
encourage them to
make several sketches
of the same subject
each next to the other
on the same page.
They are not obliged
to finish every sketch.
Rough sketches may
contain important
information. Their
impressions may be
Rough sketch of a flower
used for reference to

make a more finished drawing later if they wish,
but that is not the objective. The object is to focus
on seeing accurately and recording what was seen.
Their field sketches will not be perfect. Nor is
there a need for them to correct their sketches by
comparison to a field guide. Let their field notes
stand for themselves as their best impression of
what they saw on the spot. Altering the notes at
a later date risks replacing observation with less
reliable memory.
Erasing

Discourage erasures. When students erase
a picture, cross it out, or tear it from their
notebook, they are destroying information
that they have collected. If part of the sketch is
inaccurate, they may instead add written notes or
draw another detail of that part.
Moving Subjects

When drawing a moving animal, work on one
drawing until the animal moves to a different
position, then start another drawing on the same
page. If it moves again, start another drawing. If
it returns to a position you have already started
to draw, go back to that drawing. The drawing
on which you get the furthest along will probably
capture the animal’s most characteristic posture.
Size

Many students will draw very small pictures. It
is difficult to see or add detail to these cramped
drawings. Encourage them to work larger, perhaps
making enlargements of the objects that they are
drawing. You may have to specify, “I want the
flower or bird drawn at least as large as your fist.”
In contrast, some students will undertake too
large a landscape drawing. Halfway through the
project they tire of drawing trees. They will find
smaller thumbnail landscapes perhaps 1”x 2” or
2”x 3” to be much more manageable.
This section is from the California Native
Plant Society’s Opening The World Through
Nature Journaling by John Muir Laws, used with
permission.
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Draw a subject from various angles and add written notes if necessary.

Writing and Drawing

Sketching is an important tool to focus
observations. If a drawing helps the student see
something new or remember it later, then it is a
success. The more that students draw, the more
they will see. However, students who are more
comfortable drawing should include writing in
their notes as well, while students who prefer
writing should include sketches and diagrams
with their writing. Combining writing and
drawing gives the pages less of the feel of an art
project and more of a place where information is
collected. Spelling should not count either. Worry
about spelling or punctuation in field notes only
impedes the flow of data recording about art.
Set an Example

Keep your own field journal and sketch while the
students do. You may help them see sketching as
a part of what a scientist does instead of just an
assignment. Many adults are afraid to draw. Ifyour

5-10
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journals are free of pretty pictures, your work
reinforces what you have told the students, that
the project is not about art. Nonetheless, as you
continue to keep a field journal, you will discover
that your drawing will rapidly improve and that
the more you sketch, the faster that improvement
will occur. Drawing is a skill developed by
practice. Journaling is that practice.
Connecting with Art Lessons

If you are interested in developing art lessons
to supplement science journaling, get a copy of
Nature Drawing: a Tool for Learning by Clare
Walker Leslie. The book contains a series of
lessons and drawing projects that you may do
alone or with your class. The basic drawing
exercises at the start make an excellent beginning
for any art class and the separate chapters on
drawing birds, flowers, trees and more are very
helpful.

Assessment Recommendation
Opening the World Through Nature Journaling
Introduction
A teacher may qualitatively assess work in field
journals. If students are given clear expectations for a

journaling project, you may make an assessment rubric to tally the number of required elements that

assessment
students included in their work. Of course, some of the most exciting elements of journaling can only

beteacher
evaluated
qualitatively.
example
rubric,
at the
end of
this
lesson, asforaastarting
and
A
can qualitatively
assess Use
workthe
in field
journals.
If students
are given
clear
expectations
journalingpoint
project,
you
can
make
rubricStudents
to tally themay
number
of required
that students
included
their work. Of
course,
adapt
it an
forassessment
your needs.
submit
their elements
entire journals
or use
theirinjournaling
time
as asome
way
of
the
most
exciting
elements
of
journaling
can
only
be
evaluated
qualitatively.
Use
the
rubric
as
a
starting
point
and
adapt
the
of completing formative assessments throughout this curriculum.
idea specifically for your needs.
Name:
Date:
Check the required items for this journaling project. Add up the total points possible and put this number at the bottom of the page. Then
have a classmate score your sketch and you score their sketch. Circle the point or points by the required items your classmate included. Add
up the total points received and put the number on the line at the bottom.
Baseline Data
____Date (1 point)
____Place (1 point)
____Weather/temperature (1 point)
____Time (1 point)
Sketch and Description
____Likeness of object (1 point)
____Notes and descriptions (1 point)
____Detail of interesting part (1 point)
____Label parts (1 point or more ____)
____Color or notes about color (1 point)

____Identify object sketched (1 point)
____Habitat sketch (1 point)
Measurements
____Indicate size of object sketched (1 point)
____Indicate parts that are life-sized (1 point)
____If magnified, indicate magnification (1 point)
Other Things to Include
____Connections (1 point)
____Questions (1 point)
____Other-specify (1 point or more ____)

Total points received:
Total points possible:

Example Journal Rubric

RESOURCES
This lesson is adapted from the California Native Plant Society’s Opening The World Through Nature Journaling
by John Muir Laws and from the Monarchs and More Curriculum from the University of Minnesota.
Drawings by John Muir Laws from the California Native Plant Society’s Opening The World Through Nature
Journaling guide. Insect plates by Maria Sibylla Merian.

7
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Tips For Taking Students Outside
On the days you are planning to take students
outdoors, you may want to have an extra adult
or two with you. This person could be a school
aide, other staff, or a parent volunteer. More
important than having extra adults is setting firm
boundaries and expectations for student behavior.
It is important that students understand that
going outside is exciting, but is NOT recess time.
And, as always, make sure safety is the number
one priority. Be aware of student allergies or other
limitations. Make sure to have the appropriate
first-aid and other necessities with you and during
your time outside, and follow any rules that
your school has for notifying the office or other
authorities.

BEFORE YOU HEAD OUTDOORS

1. Explain to students the structure of the
outdoor activities. Give the students clear
directions of what they will be accomplishing
outside. The lesson you conduct outside
should directly tie in with what is being
studied in the classroom.
2. Make sure students are properly dressed for the
weather. Staying warm enough while standing/
sitting/observing is different from staying
warm while physically active. Discuss what you
mean by properly dressed. Students who are
cold or concerned about getting their brand
new jeans dirty will have difficulty focusing.

A U.S. Fish and Wildlife Service educator leading students outside.

5-12
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3. Gather necessary materials, such as clipboards,
data sheets, trash bags to sit on, extra pencils,
nature journals, study tools.
WHILE YOU’RE OUTDOORS

1. Create small group Discovery Teams for doing
outdoor work. These groups could remain the
same for the year and should include rotating
roles for each student. The continuity of small
groups is important for getting outside and
starting activities quickly. Giving each student
a specific job will help keep them focused
when they are outside.
Sample Roles:
•

ACTIVITY EXPLAINER

Responsible for explaining directions and
keeping group on track
•

DATA RECORDER

Record data in a notebook
•

TOOL TRADER

Responsible for any equipment or
instruments needed by the group
•

outdoors. Use a whistle when gathering the
group. Raising a hand or hooting like an owl
when you want the group’s attention will be
more effective and also spare your voice.
5. Set clear and identifiable boundaries for
exploratory activities such as scavenger hunts.
6. Tap into the magic and mystery that most
people, especially kids, feel around nature.
Treat going outside as a valuable part of
learning but also as the adventure that it truly
is. The attitude will create an atmosphere of
anticipation and excitement to encourage
students to heighten their observations and
questioning while outdoors.
7. Think in advance how you will engage
and accommodate students with physical
disabilities.
Keep in mind that learning outdoors may be a
new experience for students, so the first time or
two you take them out, they will be energized
by the novelty of the experience. But over time
students will become more comfortable and settle
in to focusing on the subject of study.

REPORTER

Shares the group’s data with the class
2. Form circles when explaining activities outside
or when students report their data. A large
circle allows everyone to see and hear each
other. Make sure you are the one facing into
the sun so the students are not distracted by
squinting into the sunlight.
3. Use ambulators when walking from place to
place. Ambulators are activities that students
may do while they are on the move. For
example, have students keep track of the
number of different bird calls they hear as they
walk or the number of insects they observe.

RESOURCES
Grant, T. & Littlejohn, G. Eds. (2014). Teaching in the
Outdoors: a Green Teacher eBook. Niagara Falls,
NY: Green Teacher. ISBN: 978-1-46894-755-7.
Hammerman, D., Hammerman, W. & Hammerman,
E. (2000). Teaching in the Outdoors: 5th Edition.
Upper Saddle River, NJ: Prentice Hall. ISBN: 9780813431802.
The Ecology School. (2006). The ABC’s of Ecology: An
Educator’s Guide to Learning Outside. Saco, ME:
Ecology Education Inc. ISBN: 978-0977842100.

4. Have a signal for getting students’ attention.
It is difficult enough to talk over the students
when you are indoors and even more difficult
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