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Introduction
BirdSleuth: Investigating Evidence

What is BirdSleuth?
Science is sleuthy! Scientists observe carefully and collect evidence and data, they
conduct investigations, and they draw evidence-based conclusions. BirdSleuth helps
bring the excitement of scientific investigation to students everywhere.
BirdSleuth is a growing series of inquiry-based, interdisciplinary science modules for
elementary and middle school students developed at the Cornell Lab of Ornithology.
BirdSleuth: Most Wanted Birds and BirdSleuth: Exploring Bird Behavior are the first two
modules of the curriculum. This module, BirdSleuth: Investigating Evidence, continues
inquiries begun in the other modules, and is available online.
Both Most Wanted Birds and Exploring Bird Behavior focus on learning to identify birds
and participate in the Lab’s Citizen Science program. Through citizen-science projects,
people across the continent make important contributions to science by collecting
data about their local birds and sending the information to scientists who study bird
populations and develop bird conservation programs. Most Wanted Birds brings the
Lab’s newest and largest citizen-science project—eBird—to students in both formal and
informal educational settings. Exploring Bird Behavior is focused on learning about bird
behavior through focused study of corvids (crows and their relatives) through the Crows
Count citizen-science project.
Through BirdSleuth, students learn to observe birds carefully, to ask questions based on
their observations, and then to figure out how to answer their questions and share their
results. Specifically, this module, Investigating Evidence, provides support as students
participate in the scientific process by asking and answering bird-related questions and
then sharing their results. It is probably most useful as a continuation or capstone to one
of the other BirdSleuth modules.
Investigating Evidence conforms to many of the National Science Education Standards
(NSES) for grades 5 through 8 (see the table on page v).
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BirdSleuth: Investigating Evidence
National Science Education Standards, Grade 5–8
Investigating Evidence
Unifying Concepts and Processes

X

Systems, order, and organization

X

Evidence, models, and explanation

X

Change, constancy, and measurement

X

Evolution and equilibrium
Form and function
Science as Inquiry
Abilities necessary to do scientific inquiry

X

Understandings about scientific inquiry

X

Life Science
Structure and functions in living systems

X

Reproduction and heredity

X

Regulation and behavior

X

Populations and ecosystems

X

Diversity and adaptations of organisms

X

Science and Technology
Abilities of technological design

X

Understandings about science and technology

X

Science in Personal and Social Perspectives
Personal health
Populations, resources, and environments

X

Natural hazards

X

Risks and benefits

X

Science and technology in society

X

History and Nature of Science
Science as a human endeavor

X

Nature of science

X
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What are BirdSleuth Reports and Classroom BirdScope?
The BirdSleuth curriculum is designed to give students experience with the entire
scientific process, which culminates in a publication or presentation. We encourage
students to send us their work. Twice a year, the Cornell Lab of Ornithology publishes
select student work in a “webzine” called BirdSleuth Reports, published on the BirdSleuth
web site. In this webzine, we focus on reports that students send about the experiments
and descriptive studies they have done. Then, each spring the Lab publishes the national
edition of a printed newsletter called Classroom BirdScope which features exceptional
student research reports and illustrations. We hope you will submit some of your
students’ work for consideration for these publications. Note that submission for both
publications is done online in the “Student Publications” section of the BirdSleuth web
site, <www.BirdSleuth.net>.
Possibilities for student submissions are broad, and we encourage your students to be
creative. Student research reports, including descriptive studies and experiments, make
up the majority of each publication. Some articles describe the research of individual
students while others summarize a classroom’s bird counts for the year or a class study.
These research reports are supplemented with illustrations. For example, we might
include student illustrations of Blue Jays along with the report “Do Blue Jays Scare Away
Smaller Birds?” We are also interested in receiving writings and drawings from student
field journals and photos of students engaged in bird study and habitat improvement.
See the BirdSleuth web site at <www.birdsleuth.net> and the lessons in this module for
more details and guidelines for submissions.

What are the lessons and main ideas of Investigating Evidence?
In this module, we’ve provided resources and ideas that will be helpful as you guide
students to ask and answer their own questions. Due to the flexible nature of authentic
inquiry, you’ll need to think about the format that your students’ independent inquiries
will take before beginning this module.

Lesson Titles and Goals
Investigation 1: What is Science?
Goal: Students will examine some of the main features of scientific investigation. They will discover that different types of scientific questions can lead to
different kinds of investigations, and will practice framing questions that require
different investigative methods.

Investigation 2: Testing Hypotheses
Goal: Students will understand the role of variables and hypotheses within an
experimental design.

Investigation 3: Show Me the Data
Goal: Students will use graphing techniques to visually represent data.
vi

Investigation 4: Plan and Conduct My Investigation
Goal: Students will design and conduct their own inquiry investigation.

Investigation 5: Present My Inquiry Project
Goal: Students will become familiar with the parts of a scientific presentation
before preparing a peer-reviewed project about their investigation.

Things to consider before beginning the module:
• Plan how students will conduct their investigations. For example, consider
› What kinds of questions can students investigate?
» Will they need to do an experiment? Conduct a descriptive study? Consult
secondary sources? Examine eBird data? Some combination? Or is the format
flexible?
› Will the students work together? For example, consider
» Will students complete a written report? What length or format will be
required? In pairs? In groups? Will the students ask and answer only one
question as an entire class? Or can students choose whether they work with a
partner or group? Will you assign group members?
• Plan how students will present their work.
› What kind of report/paper will you assign? Will graphs be required? What other
requirements would you like to specify?
› Will they submit their report to the Cornell Lab of Ornithology for publication?
Will the reports be compiled into a class science journal? Might they publish a
school newsletter?
› Will students prepare a display? Will they take part in a science fair? Will you hold
a class science symposium (oral presentation)? Might students share what they
have learned with the school or with parents at a festival or open house?
Depending on the format of the investigations and presentations, you may want to
emphasize or remove certain investigations. See the “It Happened in Class” box, page
viii for an implementation strategy example.
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It happened in class…

IMPLEMENTATION STRATEGIES IN MS. ELLWOOD’S 8TH GRADE CLASS
Ms. Ellwood routinely has her students do inquiry in her classroom. Last year, she had groups of two to
four students work together to design and implement an experimental study on birds. She required each
group to complete a minimum of eight one-hour observation periods at home or at school. Most of her
students finished their experimental observations within two to three weeks.
Each group of students wrote a scientific paper which was submitted to Classroom BirdScope, and several
were published. Each group also prepared scientific posters which were displayed in the school’s entryway
so that the entire community could admire the research. Finally, the students gave oral presentations in
class as part of their assessment.
Peer review was a critical component of the inquiry and paper-writing process in Ms. Ellwood’s class.
Students peer reviewed the scientific papers and posters for each other, using the Peer Review Sheet. Ms.
Ellwood recommends providing a grading rubric to the students so they can self-evaluate their performance
as they go along. Students turned in their Peer Review Sheets with their final poster, so she could evaluate
whether they acted on the suggestions
given, but she allowed each group to indicate if they didn’t agree with any aspects
of the peer evaluation, and why. Over the
years, Ms. Ellwood found that it was best
to require that students submit sections
of their projects as they complete them,
so she can give recommendations as the
students progress. As she says, “mini due
dates help keep them on track!”
Due to students’ concerns about individual
grades on group projects, she built in a
“safety net” for the individual members
of each group. Each group had a “poster
contract” that they signed. If one student
didn’t bring his/her part for the poster, the
other group members’ grades would not
suffer.
viii

Two of Ms. Ellwood’s students with the poster they presented.

Investigation 1

What is
Science?
Before You Start
00:70

Time
Time
andand
Place
Place

X minutes
70
X
Indoors

Materials Needed

Resource Pages
For
each group
• “Meet the Scientist” Reports (1
• per
X group, 5 reports total)

• “Kinds of Questions” article

Reference
Guide
Links
Journal Pages
1–3
•X

Other Curriculum Components
• “Meet the Scientists” video

Getting
Ready
clips (online
at www.BirdSleuth.
• net,
X. as available)

You Provide

• “I wonder” list (if you have
completed other BirdSleuth
modules)
• Research materials (such as
books, Internet access, field
guides)

Getting Ready

• Decide how you will facilitate
the “Meet the Scientist” reports
and videos, and prepare
appropriately (See Step 2 in this
lesson).

Goal

Students will examine some of the main features of scientific
investigation. They will discover that different types of scientific questions can lead to different kinds of investigations, and
practice framing questions that require different investigative
methods.

Learning Objectives

1. Students will be able to analyze a “Meet the Scientist” report to determine the question investigated, the data/information that was collected and the ways in which they were
collected, and the conclusions that the investigator made.
2. Students will be able to describe, in their own words, the key
features of a scientific investigation.
3. Students will be able to identify key aspects of the nature of
science as illustrated by the “Meet the Scientist” reports.
4. Students will learn the difference between questions that
can be answered through (1) reference or literature searches, (2) data exploration, (3) descriptive studies, and (4) experimentation.

Investigation Overview
1.
2.
3.
4.
5.
6.

Draw a scientist.
Read and discuss the “Meet the Scientist” reports and videos.
Discuss the nature of science.
Draw a concept map of the scientific process.
List ways to answer questions.
Think on Your Own: compare and contrast the scientist featured in your report with your idea of a scientist

Conducting the Investigation
1. Draw a scientist.
Ask students to think about what a scientist is and what scientists do. Give students about five minutes to draw or describe in their journals a scientist at work (JOURNAL PAGE
1, question 1).
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What is Science?
2. Read and discuss the “Meet the Scientist” reports and videos.
Tell students that they will be introduced to a
Cornell Lab of Ornithology scientist though
a written report and a video (there is a three
to four minute video clip for each scientist).
Depending on time and your ability to show
videos, you might choose to
• Project one or more of the videos for the
entire class as an introduction, then assign one written report per group
• Ask each group to read one report and
watch only the corresponding video clip
• Simply ask students to read the reports
(RESOURCE PAGES 1–3) if you cannot
show the videos.

JOURNAL PAGE 1
Name:

Date:

What is Science?
Scientists look for evidence that will help them
draw conclusions.

My Scientist
1. Think about scientists whom you’ve read about, seen on TV, or maybe even know
personally. Draw a picture (or describe in words) what a scientist looks like and what a
scientist does.

1
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RESOURCE PAGE 1
Meet a Scientist: Kevin McGowan
Dr. Kevin McGowan has been interested in animal behavior, especially bird behavior,
since kindergarten. At the Cornell Lab of Ornithology, he’s been studying social behavior in
American Crows. He follows crows because he wants to find out where they go, who they
hang out with, and what kinds of things they do.
Kevin needs to be able to recognize individual crows to answer his questions. For example,
he wants to know if brother and sister crows hang out together when they are adults. To
recognize the crows, Kevin marks them. He climbs up a tree that holds a crow nest, borrows
the nestlings long enough to put colored bands around their legs or tags on their wings,
and puts them safely back in their nest. He also attaches radio transmitters to some of the
birds, which signal him where the birds have gone even when they’re out of sight.
Kevin has been collecting data about the crows for nearly 20 years. He records who is
mating with whom, how long the crows live, and who hangs out together throughout the
year. By following the birds he’s tagged, Kevin has discovered that crows are very social
creatures. Crow parents mate for life, and crow children usually stay with their parents for
several years, helping take care of their younger siblings. This behavior might not be odd
for humans, but it is pretty unusual in birds; most bird families don’t stay together for long
after the fledglings leave the nest. Crows are also very protective of each other, and a crow’s
distress call will gather other crows to help scare off intruders.
Kevin has recently been curious about a virus affecting crows called West Nile virus. Because
he knows individual birds, he can learn a lot about who is affected and who isn’t. Because
getting the virus is usually fatal for the crows, it is important for Kevin to try to understand
what happens to crow social structure when crow populations are decreasing and there are
not as many helpers in crow families.

Kevin McGowan (2)

Lots of people are interested in the effects of the virus, so Kevin has shared what he’s
learned about crow families by publishing his research in scientific journals, magazines, and
newspaper articles.

One of the American Crows that Dr. Kevin McGowan has
tagged and banded. The crows don’t seem to be bothered
by the tags, and treat them like feathers!

Kevin discovers a nest of baby crows. He’ll tag them, take their
temperature, and then put them back in the nest before their
parents have a fit.
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What is Science?
Divide the class into groups of three to
five students, and give each group one
of the “Meet the Scientist” reports and/or
video clips. Give students at least 15 minutes to read and discuss their report and
video, and answer the questions about
the scientist’s work (JOURNAL PAGE 2,
question 2). For younger or less experienced students, you may wish to model
this exercise by reading one report aloud
and outlining the components of the scientific process used by the scientist.
When students are finished, have each
group briefly describe the research they
learned about to the rest of the class. You
might ask each group to introduce the researcher’s question, describe the data or
information that the researcher collected
and how they gathered it, and explain
what conclusion(s) the researcher made.
When each group has reported,

JOURNAL PAGE 2
Name:

Date:

What is Science?
Meet a Scientist
2. In a small group, read one of the “Meet the Scientist” reports/videos. Discuss it with
your group and answer the questions below.

Report Name:
Scientist’s Name:
a. What did the scientist wonder?

b. Did the scientist observe something that led him/her to ask a question? If so, what
did he or she observe?

c. How did this scientist answer his/her question (what was the investigation like?)

d. What kind of information and data did the scientist gather?

e. What has this scientist learned as a result of his/her research?

Ask
• What does each of these scientists have in
common? (Possible answers include asking questions, collecting data, studying
animals.)
• How does the work of these scientists differ?
(Possible answers include studying different animals, working outside versus inside,
traveling to different locations around the
country and in other parts of the world.)
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3. Discuss the nature of science.
Summarize these similarities on the board
by emphasizing the following aspects of the
“nature of science” (for background,
read the TEACHER BACKGROUND
BOX, “What is the Nature of Science?”
• Scientists collect data and information.
They look for evidence that will help
them draw conclusions.
• Scientific ideas change and grow. One
observation or experiment often leads
to new questions. There is always something new to learn!
• Scientists are creative in the questions
they ask and the methods they use to answer them.
• Scientists work together, getting ideas
from each other as well as from their own
experience and research.
Students may wish to share similar examples
from scientific investigations they have read
about, seen on TV, done themselves, or that
they are familiar with because they know
a scientist personally. You may also discuss
how these aspects were important for the scientists in the “Meet the Scientist” reports.

Teacher Background

WHAT IS THE NATURE OF
SCIENCE?
One of the most exciting aspects of
teaching science is conveying how science is done
and engaging students in the process of discovery for themselves. Science is a particular way of
understanding the natural world, and is built upon
our natural curiosity. Science is based on observations. We use our senses, and extensions of those
senses (instruments) to give us information about
the world around us. Scientists investigate things
over time, they collect and analyze data, and
sometimes they do experiments. Scientists always
base their explanations or conclusions on evidence.
But scientists have to stay open to new ideas and
be willing to change or discard their ideas when
new or more reliable evidence is found. Scientific
results are always subject to testing and possible
revision. Science can be especially fun because
it often benefits from creativity and imagination
(with a good bit of logic thrown in)!

4. Draw a concept map of the scientific
process.
Illustrate the many ways (methods) of conducting science by constructing a concept
map of the scientific process with
the class (see next page TEACHER
BACKGROUND BOX, “The Scientific Process.”) Let students know that
throughout the unit, they will continue to
investigate how science and scientists work.
This will prepare them to develop their own
questions and collect data and information
to help them answer questions. Save the concept map you create for later reference.
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What is Science?
Teacher Background

THE SCIENTIFIC PROCESS
Younger or less experienced students might visualize the basic process that scientists use to try to find answers
as a series of steps (often called the “scientific method”):
¶ Observe the natural world and look for patterns.
¶ Define questions to investigate based on these observations. Questions may also arise from findings of
earlier research or through research done by other scientists.
¶ Develop hypotheses to test.
¶ Systematically collect and then analyze information (data) to test the hypotheses.
¶ Look at the results, then come to conclusions about whether their hypotheses are supported or not supported.
¶ Ask more questions based on these observations.
However, doing science is not as simple as a linear progression, nor is it always experimental. A concept map of
the scientific process, below, shows more complexity:

Make Careful
Observations

Notice Patterns

Collect and
Analyze Data

Ask Questions

Develop a
Hypothesis

Draw Possible
Conclusions

Do an
Experiment

Synthesize
Reference
Materials
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5. List ways to answer questions.
Generate a class list of “Ways to Answer
Questions.” If you have an existing “I Wonder” Board (as featured in BirdSleuth: Most
Wanted Birds and BirdSleuth: Exploring Bird
Behavior), you might ask the students to look
at the questions they have previously posted. See TEACHER BACKGROUND BOX (this
page), “I Wonder” Board.

Ask
• Has anybody in the class found the answers to
any of these questions since they were posted?
If so, how?
• Which of the questions are you still interested
in answering? How do you think you might go
about finding the answers?
Make sure that students realize that they can
(1) look up the answers to some questions or
(2) for others, devise ways of finding answers
themselves.

Teacher Background

“I WONDER” BOARD

Inquiry is a critical component

of the BirdSleuth curriculum. The “I Wonder”
Board provides a way to track student questions
throughout the investigations.

Questions might arise during class that you

can’t explore because of time constraints, or
because you are not sure how to address them,
or because you want students to consider them
more. Keep track of these questions on a class “I
Wonder” list. Recording questions will eliminate
pressure for you to provide immediate answers,
and might 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
it later” vacuum.

Some teachers have handed out sticky notes to

students so they can write their questions as they
think of them, and easily affix the notes to the
board. In addition, the student journal contains
an “I Wonder” area in which students can record
their questions for each investigation. You may
wish to look at these questions regularly and record
interesting or often-asked questions on the board.
As investigations continue, the “I Wonder” Board
will provide a wealth of ideas that can form the
basis of independent research. Students will want
to return to questions that they are genuinely interested in (i.e., “How do loons make that noise?”
“How do birds know what kind of nest to build?”
“Would some birds eat pizza?”).
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RESOURCE PAGE 4
Kinds of Questions
You may have already come up with some questions you have about birds. For example:
What would happen if we set up a birdbath? How do birds behave when a hawk flies over?
Does weather affect the number of birds on our schoolyard? Does our playground noise
affect birds? How does a bird find its way when it migrates? How many species has my class
seen? You can find the answers to a lot of your questions, too! Different types of questions
lead to different types of research projects. You can classify questions by the way you can
look for the answer. Figure 1 illustrates four of ways to answer your scientific questions.
WHAT DO YOU THINK? Look at Figure 1 and read the paragraph in the box.
What are the four ways to answer your scientific questions?
DESCRIPTIVE
STUDY

nd

uct

uc

t

explore
and analyze

ns
a

bo

DATA

I wonder…?

co

cond

ut

EXPERIMENTAL
STUDY

n
he
,t
ad

REPORT
FINDINGS

dr

aw

co
nc
lu
sio

ANSWER
YOUR
QUESTION

re

As part of class, or for homework, have the
students read the article “Kinds of Questions”
(RESOURCE PAGE 4).
Following along with the “I Wonder” Kid
(Figure 1), introduce the four categories of
questions whose answers are found in different ways:
• Reference Materials: These are questions
for which you “look up” answers. Often,
you’ll have to read and synthesize information from several reliable sources
before reaching a conclusion. The references you are looking at are based on the
findings of scientists who did research before you.
• Data Exploration: You’ll look at other
people’s data (for example, the eBird
data submitted by people all around the
country) to answer these questions.
• Descriptive: If you want to answer these
kinds of questions, you’ll need to collect
data as you observe the natural world.
• Experimental: If you want to answer
these kinds of questions, you’ll generate
the data yourself by conducting an experiment.

MORE
QUESTIONS

REFERENCE
MATERIALS

Figure 1

Where will you jump into the process?
Depending on your question, you can enter the process of science at different stages. Look at the
dotted arrows to see where this student scientist could jump into the scientific process. Some conduct
their investigations through experimental or descriptive studies, some start by exploring and
analyzing data from a database (like eBird, for example), and still others find answers by pulling
together information they find in reference materials such as books or web sites.
4
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Note: Some students might suggest conducting surveys as a way to find answers.
If this should arise in your classroom, consider the TEACHER
BACKGROUND BOX, “Surveys
to Answer Questions.”

6. Think on Your Own
Introduce and assign the Think on Your
Own question (JOURNAL PAGE 3): How
are the scientists in these reports like the
scientist you drew earlier? How are these
scientists different?

Teacher Background

SURVEYS TO ANSWER
QUESTIONS

Students will sometimes mention “surveying people” as a way to find answers. Survey
questions typically ask about human opinion.
Therefore, they are not “science” questions so
much as social science questions. Depending on
your teaching goals, you may or may not want to
pursue these kinds of questions. Examples of survey
questions include, “What bird is the favorite of
the fourth grade students?” and “How many bird
feeders do fourth grade students have at home?”
To answer these questions, students would need to
conduct surveys and compile data. Such surveys
often result in data that can be displayed graphically in pie charts or bar graphs.

JOURNAL PAGE 3
Name:

Date:

What is Science?
Think on Your Own
3. Refer back to page 1 (question 1) in your journal. How are the scientists in the “Meet
the Scientist” reports like the scientist you drew earlier? How are these scientists
different?
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Investigation 2

Testing
Hypotheses
Before You Start
00:90

Time and Place

90 minutes
Indoors

MATERIALS NEEDED
Resource Pages

• “Hypothesis Help” handout
• “Variables in your Experiment”
article
• “Will a Fake Cat Scare Birds?”
research report
• “Answering your Scientific
Questions” article

Journal Pages 4–6
Other Curriculum Components

• “Variables in Science
Experiments” (PowerPoint slide
show)

You Provide

• Graph paper
• Transparency of “Hypothesis
Help” resource page
• “I wonder” list (if you have
completed other BirdSleuth
modules)

Getting Ready

• Prepare to present the
“Variables in Science
Experiments” slide show.

Goal

Students will understand the role of variables and hypotheses
within an experimental design.

Learning Objectives

1. Students will be able to define the terms hypothesis, null
hypothesis, and alternate hypothesis.
2. Students will be able to write a testable hypothesis.
3. Students will be able to identify independent and dependent variables within an experimental study.
4. Students will be able to describe why it is important to control variables in an experimental study.

Investigation Overview
1.
2.
3.
4.
5.
6.
7.

Introduce the term “hypothesis.”
Read and discuss the hypothesis handout.
Present the variables slide show.
Read and discuss Amy’s experiment in groups.
Discuss experiments as a class.
Brainstorm experimental questions.
Discuss an experimental plan in detail, in groups and as a
class.
8. Generate consensus about the plan.
9. Think on Your Own: Why is it important to control variables?

Conducting the Investigation
1. Introduce the term “hypothesis.”
Refer students to the science process concept map they made
in Investigation 1. Introduce students to the concept of a
“hypothesis” as an important part of any scientific investigation.

Ask
What do you think a hypothesis is?
Make sure that a hypothesis is described as an idea that is
testable.
9
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Testing Hypotheses
2. Read and discuss the hypothesis handout.

RESOURCE PAGE 5
Hypothesis Help

a. Project a transparency of “Hypothesis Help”
(RESOURCE PAGE 5) and, as a class, read
the first four sections aloud as you uncover
them one by one:
• “What do I wonder?”
• “What do I already know?”
• “How do I turn my idea into a hypothesis?”
• “How do I test my hypothesis?”
b. Discuss the stated hypothesis for this study
about American Robins and ask students
what a graph might look like if the stated
hypothesis is supported by data. You may
wish to draw the graph on the board (see
graph 1).

Hypothesis:
A testable statement or prediction about the natural world
which can be supported or rejected by experiments or observations.

How do we turn a QUESTION into a HYPOTHESIS?
What do I
wonder?
What do I
already know?

How do I turn
my idea into a
hypothesis?

How do
I test my
hypothesis?

How do I
know if my
hypothesis was
supported?
What if I
didn’t find any
differences?

What if I found
something
other than
what I
expected?

Suppose you are curious about what time of day American
Robins feed their young the most.
Before you turn your question into a hypothesis, you need
some background knowledge about this topic. You do some
research and discover that most songbirds, including robins,
sleep at night.
Knowing this information might lead you to think that
parents feed their nestlings most often early in the morning
because they are hungry after a night with no food.
Therefore, your stated hypothesis could be, “Feeding rates
of American Robins may be highest in the morning.”
Although there is more than one way to test this
hypothesis, you might design a study that would involve
watching at least one active robin nest for several days and
recording the number of times a parent brings food to the
young during specified time intervals during each day.
The data you collect can be used as evidence to either
support or reject your hypothesis. Are feeding rates much
higher in the morning as you expected? If so, you would
support your stated hypothesis.
If your results show that robins feed their young about the
same time throughout the day, you would conclude that
time of day had no effect on feeding rates. We call this a null
hypothesis, which means that you could not find a pattern
or relationship for the things you were testing. You would
therefore reject your stated hypothesis and support your null
hypothesis.
If your results show that robins fed their young the most
right before sunset, you would reject your stated hypothesis,
in favor of an alternative hypothesis. You might wonder
if feeding rates are highest right before sunset because
the young need a lot of food to get through the night. An
alternative hypothesis to test might be “American Robins
feed their young the most right before sunset.”
5
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Mean number of parental visits to
American Robin nest over 7 days

6–7 A.M. 9–10 A.M.12–1 P.M. 3–4 P.M. 6–7 P.M.
Time interval

Graph 1: Hypothesis supported: the mean number of visits
seems highest in the morning.
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Ask
• What if our original hypothesis isn’t supported? Should we be disappointed? Should
we conclude we must have done something
wrong? Why or why not?
• How might you feel if you did your study and
your evidence supported the null hypothesis
(that the change did not have an effect)?
Tell the students that any outcome of a scientific study contributes to our understanding
of the world around us if the study has been
well designed. Any outcome (whichever hypothesis is supported) is valuable.
Remind the students of the four kinds of questions they learned about in Investigation 1
(experimental studies, descriptive studies,
exploring data, and looking at reference materials). Tell the students that they’ll spend
some time now concentrating on experimental studies.

15

Mean number of parental visits to
American Robin nest over 7 days

10
5
0

6–7 A.M. 9–10 A.M.12–1 P.M. 3–4 P.M. 6–7 P.M.
Time interval

Graph 2: Null hypothesis supported: mean number of visits
would be about the same at every time interval.

Mean number of visits

c. Continue reading the last three sections of
the overhead aloud:
• “How do I know if my hypothesis was
supported?”
• “What if I didn’t find any differences?”
• “What if I found something other than
what I expected?”
You may wish to draw an example of what
the graph of the data might look like if the
hypothesis is rejected (see graphs 2 and 3).
d. Sometimes students might feel they have
“failed” if they do not support their stated
hypothesis. Inquire about students’ feelings
about this.

Mean number of visits

Testing Hypotheses

12
10
8
6
4
2
0

Mean Number of Parental Visits to
American Robin Nest Over 7 Days

6-7 A.M. 9-10 A.M.12-1 P.M. 3-4 P.M. 6-7 P.M.
Time interval

Graph 3: Alternative hypothesis supported: mean number of
visits would be higher in other intervals (afternoon and evening).

3. Present the variables slide show
Often, scientists test hypotheses by doing experiments. Present the “Variables in Science
Experiments” PowerPoint slide show (available for download at the BIRDSLEUTH
WEBSITE) to emphasize the importance
of different kinds of variables in an experiment. Note: The script you can follow can be
found in the “Notes” section of each PowerPoint slide.
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Testing Hypotheses
To follow up, you may wish to have your
students read the article “Variables in Your
Experiment” (RESOURCE PAGES 6–7).

RESOURCE PAGE 6
Variables in Your Experiment
If you want to do an experiment, you’ll have to consider variables. A variable is a
characteristic that has two or more different values—it varies! For example, you might count
three Turkey Vultures one day, eight the next day, and none on the third day. The number
of Turkey Vultures is a variable.

4. Read and discuss Amy’s experiment in
groups.

When you do an experiment, always consider these three types of variables: Independent
Variables, Dependent Variables, and Control Variables:

Hand out copies of “Will a Fake Cat Scare
Birds?” (RESOURCE PAGES 8–9) to each student. Have students read it and discuss the
questions at the end of the report with their
group.
• What was Amy’s hypothesis?
• What was the Independent Variable in
this study?
• What was the Dependent Variable in this
study?
• What factors did Amy hold constant?
• What questions or concerns do you have
about her methods?
• Was the study well-designed?

Independent Variable (IV)
• The experimenter (you) changes this variable, or looks at a variable that naturally
changes, such as temperature.
• Graph it on the x-axis.

Dependent Variable (DV)
• This variable that might be affected by the change in the IV (you might
remember: it DEPENDS on the change in the IV).
• This is what you measure.
• Graph it on the y-axis.

Control Variables
• These are all the things that you try to keep constant, or control.

Y Axis

X Axis

Figure 1

Let’s look at these variables in an actual study. Allison wanted to know if birds preferred to eat
at a bird feeder located in an area that was protected by trees and bushes. Allison considered
three variables before she began: Independent, Dependent, and Control Variables.

6
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RESOURCE PAGE 8
Will a Fake Cat Scare Birds?
By Amy
Robert Frost School, Silverton, OR
Mrs. Rindy

Introduction
Courtesy of Amy

I noticed that cats in my yard had
been scaring the birds away. I wondered
if the birds could differentiate a fake cat
from a real one. I decided to find out:
does a fake cat scare birds? I measured
the amount the birds ate one week and
compared it to how much they ate
during the next week when a stuffed cat
was “guarding” the feeder. I thought
that for a little while the birds would be
afraid of the fake cat but that eventually
the birds would figure out that the cat
was fake. Therefore, my hypothesis was
that during the week that the cat was
not “guarding” the bird feeder I would
get more birds but that there would
only be a small difference in the amount
of food eaten.

Amy wondered if a fake cat would scare away the birds. Here you can
see her stuffed-animal cat “guarding” her bird feeder.

Materials and Methods
I filled two bird feeders with 2¼ cups of seed (one with mixed seed and one with sunflower
seed). I hung them outside. After one week, I took the bird feeders down and measured
how much seed was eaten. I got a life-size stuffed cat and propped it up in the tree close to
my bird feeders (see picture). I then filled the bird feeders again with the same kinds and
amounts of seed. After one week, I measured how much seed was eaten with the stuffed
cat present. I compared how much seed was eaten with and without the cat.

Results and Analysis
I found out that more birds came to the bird feeders when there wasn’t a “dangerous”
animal around. When I didn’t have the cat “guarding” the bird feeders, the birds ate all
2¼ cups of mixed seeds and 1¼ cups of the sunflower seeds (a total of 3½ cups of seed
was eaten). During the week with the stuffed cat, only ¼ out of the 2¼ cups of seeds were
eaten out of each of the feeders (a total of only ½ cup of seed was eaten). The birds did
not eat as much birdseed when the stuffed cat was “guarding” the bird feeder. See my
graph.
8
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Testing Hypotheses
5. Discuss experiments as a class.
After the groups have had time to discuss
their ideas, share as a class by asking
questions such as
• How did Amy change the Independent
Variable?
• What things did she hold constant in both
treatment groups?
• Were there any other things Amy should
have (or could have) controlled for?
• Could Amy’s experiment have “proven”
that the cat affected the number of birds
at the feeder?
See the TEACHER BACKGROUND BOX “Was Amy’s
Experiment Fair?” for more information on the answers to these questions.
Conclude by emphasizing the features of
Amy’s study that make it experimental:
i. The Independent Variable was manipulated: “cat” and “no cat.” These
are called the “treatment” and “control” groups.
ii. Other variables were held constant
(the location and kind of feeder, the
kind of birdseed). This helps to make
the experiment a “fair test.”

Teacher Background

WAS AMY’S EXPERIMENT
FAIR?
Note that many factors could affect
the numbers of birds coming to the feeders besides
the cat. Some possibilities include differences in
the temperature or the amount of rain during the
weeks that the experiment took place. Although
Amy did a good job keeping as many variables
constant as she could, it would have been helpful
for Amy to tell us whether any of these might have
affected her results.
Be wary that students may consider evidence such
as the data that Amy cites as “proof” of a hypothesis. A hypothesis cannot be proven, only rejected
or supported. Scientists continue to collect evidence
and alter and refine their explanations based on
the evidence.
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Testing Hypotheses
6. Brainstorm experimental questions.
Working in pairs, ask students to practice
identifying variables for the three experimental questions on JOURNAL PAGE 4. You may
wish to do one of the questions together as a
group as an example. Discuss the students’
ideas as a class and allow them to correct any
misconceptions they’ve recorded in their journal.
Brainstorm various experimental questions
about birds that could be investigated on your
schoolyard or at the students’ homes. To start,
you may wish to look at your “I Wonder” list
if you have one. Generate a list of possible
experimental questions on the board.

JOURNAL PAGE 4, WITH SAMPLE ANSWERS
Name:

Date:

Testing Hypotheses
An important part of a scientific investigation is
stating a testable hypothesis.

Identifying Variables
Read these three experimental questions. Identify the treatment groups for the
Independent Variable (ask yourself how the Independent Variable would change). Then,
tell how you might measure the Dependent Variable.
Question 1: Will more birds visit the schoolyard if we put up a birdbath?
Independent Variable (treatment groups):

bath, no bath

Dependent Variable:

Count the total number of birds who visit, or
number of kinds of birds who visit.
Question 2: Does the height of grass affect the number of robins feeding?
Independent Variable (treatment groups):

grass height: tall or short
Dependent Variable:

Count the number of robins eating in the
yard.
Question 3: Do more birds sing when it is sunny?

7. Groups discuss an experimental plan
in detail.

sunny, cloudy

.

Count the number of birds singing on 3
cloudy mornings versus on 3 sunny mornings.

As a class, choose one of these research questions to discuss in more detail. For example, if
students wanted to determine whether noise
affects the number of birds in the school
courtyard, students might suggest, “If we
play loud hip hop music, we will see fewer
birds in the courtyard,” as a hypothesis.
Ask students to work in groups of two to four
students to make up an experimental plan
that would address the class hypothesis. Each
group should develop a list of methods and
materials for conducting the study, identify
the Independent and Dependent Variables,
and describe the Control Variables. Students
should record their thoughts by answering
the questions on JOURNAL PAGE 5.

8. Generate consensus about the plan.
.

Ask one group to share their plan and ask for
class comments about that plan. You should
make sure that students have fully addressed
the idea of controls in an experiment. You
may need to have several groups share their
plans and make comments to arrive closer to
this ideal.
To conclude, generate a class list of all of the
variables that they’d need to hold constant
in the class experiment.

Independent Variable (treatment groups):
Dependent Variable:

4
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JOURNAL PAGE 5
Name:

Date:

Testing Hypotheses
Making a Plan for an Experiment
Our experimental question:

Our hypothesis:

Our Independent Variable (treatment groups):

Our Dependent Variable:

How we could measure the Dependent Variable:

Our control variables:

The materials we would need to conduct this study include:

How we could conduct this study (our methods):

5
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Testing Hypotheses
See IT HAPPENED IN CLASS,
“Discussing the Experimental
Plan” (page 16) for an example
discussion that took place in one
BirdSleuth classroom that was investigating
seed preferences in birds.

RESOURCE PAGE 10
Answering Your Scientific
Questions
Two ways of answering your questions involve collecting and analyzing your own data—
Experimental and Descriptive studies. The other two involve investigating the data that
others have collected (Data Exploration) or examining references others have published
(Reference).

1. Experimental Questions

9. Think on Your Own.

Sample Questions
• What would happen if we set up a birdbath?
• Do birds prefer a certain kind of birdseed?

For homework/review, ask students to
read the article “Answering Your Scientific
Questions”(RESOURCE PAGES 10–15)
You may wish to discuss the “What Do You
Think?” questions that are scattered throughout the article, or ask the students to provide
written responses for assessment.
After reviewing the article, they can answer
the “Think on Your Own” question “Why is
it important to control variables in a scientific experiment?” (JOURNAL PAGE 6).

• Does our playground noise affect birds?
• Does temperature affect the number of birds that visit our feeders?
For these types of questions, you are interested in whether some change has an effect
on the birds, so you’ll conduct an experiment. Experimental studies look for the effect of
one variable (the thing that changes, which is called the Independent Variable, or IV) on
another variable (the thing you measure, which is called the Dependent Variable, or DV). For
example, one student wondered if the amount of playground noise (Independent Variable)
affects the number of birds that visit (Dependent Variable). In order to be sure that changes
in the DV are due to the IV, the researcher attempts to control—hold constant—all other
variables that might affect the DV.

What Do You Do?
Measure your Dependent Variable to see if it is affected by the Independent Variable by
collecting data on your study site. Change only one thing—the Independent Variable—
while you hold other variables constant. Analyze your data and draw conclusions.
For example, for the question about birdbaths, you could ask: “Do birds prefer feeders that
are with or without a birdbath?” Since you are really only interested on any effects of a
birdbath, you want to be sure that the only thing you change is whether or not there is a
birdbath. You want everything else, like the time of day that you count, where you count,
and how you count, and everything about the feeder, to stay the same. See Figure 1.
In the example above, the presence or absence of a birdbath is the Independent Variable
since it is the thing you changed. The number of bird visits to the feeders is the Dependent
Variable since it is the thing you measure. Notice that when you graph, the Independent
Variable is graphed along the X-axis (along the bottom) and the Dependent Variable is
always on the Y-axis (the up-and-down axis).
10
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JOURNAL PAGE 6
Name:

Date:

Hypothesis
Think on Your Own
Why is it important to control variables in an experiment?

6
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Testing Hypotheses
It Happened in Class

DISCUSSING THE EXPERIMENTAL PLAN
When the first student group shared their plan, they stated, “We would make two identical feeders from soda bottles and fill one with one kind of mixed birdseed and the other with a more expensive
brand of mixed birdseed. We would hang the feeders in the same tree and count and record the number and kind
of birds that visited each feeder for a one–hour period.” Miss James, their teacher, asked the students what their
hypothesis was, and the students replied that they thought the birds would visit the feeder with the expensive
seed more often.
Miss James commented that she thought it was a great plan to have the feeders in the same tree, and asked if
the students agreed. One student commented, “If they hung the feeders in different trees, they may not know
whether the birds liked one of the trees better or if they actually preferred one kind of food or the other.” One
student commented, “If you did hang them in different trees and one tree was close to a noisy playground and
the other tree was in a quiet area, birds may not visit the noisy tree regardless of what kind of food was in it.”
Miss James and several other students agreed.
Miss James asked other student groups to decide whether they had considered this in their plans. Another student said that the group she was in had planned to hang the feeders in different trees, but they were all in the
same area. Discussion was lively about whether that was OK or not, and in the end, the group decided not to
change their plan, but to make sure other things (like height and general location of trees) were held constant.
Miss James asked the students whether they thought an hour of feeder watching was enough. Students shared
their plans to count birds and compared ideas between groups. Most groups had more extensive plans to count
birds and felt that the more time spent counting, the more accurate results would be. One group suggested that
is was better to weigh or measure the amount of seed remaining, rather than just the number of bird visits, since
a bird could visit the feeder to check the food, but not actually eat it. The class agreed that would improve the
study, and they were excited to begin their experiment.
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Investigation 3

Show Me
the Data
Before You Start
00:90

Time and Place

90 minutes, more if you explore
eBird data
Indoors

MATERIALS NEEDED
Resource Pages

• “Graphs of Bird Data” handout
• “Graphing My Data” article
• “The ‘I Wonder’ Kid” handout

Journal Pages 7–11
Other Curriculum Components
• None

You Provide

• Graph paper
• Internet access

Getting Ready

• Copy the Reference Guide
articles for each student.
• Make a color transparency
or class handouts of “Graphs
of Bird Data,” or prepare to
project it for the class.

Goal

Students will use graphing techniques to visually represent
data.

Learning Objectives

1. Students will be able to correctly identify and describe four
kinds of graphs commonly used in science: pie charts, line
graphs, scatter plots, and bar graphs.
2. Students will be able to draw an appropriate example of a
pie chart, line graph, scatter plot, and bar graph to represent data.
3. Students will be able to explain how the four types of graphs
are used to represent different kinds of information.

Lesson Outline
1.
2.
3.
4.
5.
6.

Introduce graphs.
Look at real world graph samples.
Discuss choosing the right kind of graph.
Generate class graphs.
Become an eBird data sleuth (optional).
Think on Your Own: complete another graph.

Conducting the Activity
1. Introduce graphs.
Remind the students that in Investigation 2, they saw examples of bar graphs in “Amy’s Scientific Report,” and different kinds of graphs in the “Answering Your Scientific
Questions” article. Begin with a class discussion about how
and why people use graphs.

Ask questions such as
• Have you ever made a graph? Why do people make graphs?
• Can you name any types of graphs? (Make sure that bar, line,
and pie/circle graphs have been mentioned.)
• Why do you think that information is often presented in graphs
instead of just in lists or tables? (Graphs visually show relationships between variables.)
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Show Me the Data
2. Look at real world graph samples.

Graphs of Bird Data
Pie Charts
Types of birds we counted this month
songbirds
water birds
shorebirds
birds of prey

Bar Graphs

other

Percentage of feeders visited by
Northern Cardinals in four states

Percentage of feeders visited

120

Line Graphs

100
80
60
40
20
0

Minnesota

Group sizes of American Crows in New York state

22

New York
State

Illinois

Indiana

20
18
16

Average Count

Display an overhead or give each student
the “Graphs of Bird Data” handout (REFERENCE PAGE 16) that illustrates four kinds
of graphs you will focus on: pie, line, scatter, and bar. Ask students to compare and
contrast the graphs, focusing on how the
data are presented and any differences they
might notice between the kinds of data presented in each.
You may wish to create a Venn diagram to illustrate similarities and differences between
pairs of graph types, and ask students to tell
what they think the graphs show.

REFERENCE PAGE 16

14
12
10
8
6
4
2

Scatter Plots

0
1/1

2/1

3/1

4/1

5/1

6/1

7/1

8/1

Week Starting on

9/1

10/1 11/1 12/1

Number of visits

20

The effect of temperature on the number
of bird feeder visits in winter

15
10
5
0

0

10

20

30

Temperature (˚C)
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Show Me the Data
3. Discuss choosing the right kind of
graph.
Have students read “Graphing my Data”
(REFERENCE GUIDE PAGES 17–21).
Review the terms “Independent Variable” and “Dependent Variable” if necessary. Discuss ways that different types of
graphs are better at illustrating different
kinds of data. Make the following points
by appropriately referencing the four
“Graphs of Bird Data” graphs:
• Line graphs are especially helpful for
showing how something changes over
time.
• Scatter Plots are similar, and good for
showing trends in data. They show
how much one variable is affected by
another.
• Bar graphs are used to compare two
or more categories of things.
• Line, bar, and scatter plot graphs all
have a dependent variable that is
measured and plotted on the y-axis.
• Line graphs are preferred for showing
changes over time because they better represent a continuum of data. Information presented in a bar graph is
divided into categories.
• Pie charts show proportions and always add to 100%.
Students should record these ideas in the
table on JOURNAL PAGE 7.
You may wish to discuss the “What Do You
Think?” questions scattered throughout
the article, or ask students to submit writ-

REFERENCE PAGE 17
Placeholder
Graphing
Mytext
Data
You’ve probably heard the phrase, “A picture is worth a thousand words.” A well-made
graph is worth a thousand words—it summarizes your data and might even make it easy to
see any trends in your data! Graphing is all about showing people your data visually.
There are many kinds of graphs. Not every kind of graph will be best for your data. Deciding
on what kind of graph to draw, and how to draw it, can require thought—which makes
graphing a fun challenge! Here, you’ll learn about four kinds of graphs and when to use
each kind.

Pie Charts
• When you can convert data to show percentages, you can use a pie chart.
• Remember that the pieces of a pie together make 100%.
Types of birds we counted this month
songbirds
water birds
shorebirds
birds of prey
other

Figure 1

WHAT DO YOU THINK? What is the most common kind of bird the students
counted? What kind of bird was seen least often? Approximately what proportion
of birds counted this month were water birds?
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JOURNAL PAGE 7
Name:

Date:

Show Me the Data
Practice representing data using different types
of graphs.

Types of Graphs
After a class discussion about graphs, fill in the reasons for using each type of graph.

Type of
Graph

When to Use This Graph

Pie Chart

Line Graph

Scatter Plot

Bar Graph

7

BirdSleuth: Investigating Evidence Investigator’s Journal

19

Cornell Lab of Ornithology

BirdSleuth: Investigating Evidence Teacher’s Guide

Show Me the Data
ten responses as part of your assesment.

JOURNAL PAGE 8
Name:

4. Generate class graphs.

Date:

Show me the Data
Fun with Graphs!

Practice making a sample graph of each type
with simple class-generated data (see samples below). Students should record a sample
graph of each of the four kinds on JOURNAL
PAGES 8–10.

Follow along with your class to complete an example of a pie chart, line graph, scatter
plot, and bar graph. For each graph remember to include:
Question you are trying to answer
Title for your graph
Labels for x and y axes (line, bar, and scatterplots)
Scale measurements for x and y axes (line and bar graphs, scatterplots)
Key or legend

Pie Chart

Data table (optional)

•

Examples to graph: what proportion of
students choose a given favorite sport,
bird, or food? See the sample pie chart,
Figure 1.
• Steps for making a pie chart:
1. Collect the data and organize them in
a table with column and row headings
(see Table 1). Remember, pie charts
are used to display percentages and
the total of all categories always adds
up to 100%.
2. Calculate the proportions and circle
degrees for each item in the table (for
younger students, calculating circle degrees is not necessary; estimating and
drawing the proportions will suffice).
3. Draw a circle to represent a pie chart.
4. Transfer the data to the graph by
drawing segments in the chart. Distinguishing sections by color is the standard way to tell them apart.
5. Decide on a title for the pie chart. The
title should go at the top and summarize the variables studied.
Favorite cafeteria food

Pizza
Hamburgers
Chicken Nuggets
Other Food

Figure 1: Sample pie chart

1. Pie Chart
Question to graph
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Favorite
cafeteria
food

Number
of
students

Percentage
of students

Circle
degrees
(% x 360)

Pizza

8

40%

144

Hamburgers

5

25%

90

Chicken
Nuggets

3

15%

54

Other

4

20%

72

Total

20

100%

360

Table 1: Table of favorite cafeteria foods

20

BirdSleuth: Investigating Evidence Teacher’s Guide

Cornell Lab of Ornithology

Show Me the Data
6. Create a key to identify the sections of
the pie chart.

Line Graph
•

Examples to graph: a student’s growth
in height or weight since birth, the daily
high temperature over the course of last
week. See Figure 2 for an example.
• Steps for making a line graph:
1. Collect the data and organize them
in a table with column and row headings (see Table 2).
2. Draw a right angle on the board to
represent the graph axes.
3. Label the x and y axes of the graph.
Lay out the scales for each axis (for
the example below: height in inches,
0–60, age in years, 1–10).
4. Transfer the data to the graph by adding data points and drawing a line
through them.
5. Decide on a title for the graph. The

JOURNAL PAGE 9
Name:

Date:

Placeholder
Show
Me thetext
Data
2. Line Graph
Question to graph

3. Scatter Plot
Question to graph

9
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Kerry’s height since age one
Age (in years)

Height (in inches)

1

27

2

32

60

3

37

50

4

40

40

5

42

30

6

45

20

7

48

8

50

8

52

10

54

Height (in inches)

How Kerry has grown since age one

10
0
1

2

3

4

5

6

Age (in years)

Figure 2: Sample of line graph

7

8

0

10

Table 2: Table of student’s growth
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title should go at the top and describe
the relationship between the variables
represented.

Scatter Plots

Scatter plots are best for showing whether
two variables are correlated.
• Examples to graph: the number of hours
that students spent studying for an exam
versus the grade received (see Figure 3).
• Steps for making a line graph:
1. Collect the data and organize them
in a table with column and row headings (see Table 3).
2. Draw the outline of a graph (a right
angle) on the board to represent the
graph axes.
3. Label the x and y axes of the graph.
Lay out the scales for each axis.
4. Transfer the data to the graph by adding data points.
5. You may choose to draw a best-fit line
through the points if they seem to be
correlated. (This has not been done
in the sample, but it appears there is
a positive correlation between time
spent studying and test score.)

Test Score

Effect of Study Time on Test Scores
100
90
0
70
60
50
40
0
0
10
0

0

2

4
Hours Spent Studying

Figure 3: Sample scatter plot

6

8

Student

Hours spent
studying

Test score

1

3

80

2

5

90

3

2

75

4

6

80

5

7

84

6

1

55

7

2

64

8

0.5

48

9

1

42

10

7

100

11

1.5

81

12

2.5

82

13

3.5

82

14

4

91

15

1.5

61

Table 3: Table of study time and associated test score
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6. Decide on a title for the graph. The
title should go at the top and describe the relationship between the
variables represented.

JOURNAL PAGE 10
Name:

Date:

Show Me the Data
4. Bar Graph
Question to graph

Bar Graph
•

•

Examples to graph: which movies the
students have recently watched, what
pets they own, or which ice cream flavors
are their favorites.
Steps for making a bar graph:
1. Collect the data and organize them in
a table with column and row headings (see table 4).
2. Draw a right angle on the board to
represent the axes of the graph.
3. Label the x and y axes for the graph.
Lay out the scales for the y-axis and
the categories for the x-axis.
4. Transfer data to the graph by draw10
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Number of Students

What Pets Do Students Have?

Kind of
Pet

Number of Students who have
at least one of this kind of Pet

6

Dog

6

5

Cat

7

2

Fish

8

Rodents

5

Others

3

10
8

0
Dog

Cat

Fish
Kind of Pet

Figure 4: Sample bar graph

Rodents

Others

Table 4: Pets owned by students
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ing bars on the graph.
5. Decide on a title for the graph. The title
should go at the top and describe what
the graph is about.

(Taken from Most Wanted Birds:
“Become an eBird Data Sleuth”)

Open Inquiry

Give a copy of the “Questions to Investigate”
handout (Resource Materials) to each student. Ask
each pair of students to explore the question that
interests them the most. You may wish to have
students present what they have found either to
the whole class, to another group, or in a written
report.

Independent Inquiry

Have each student or pair of students develop
a question that they think can be answered using
the eBird database, then research the answers.
You might specify that they examine either your
classroom’s BirdSleuth eBird data (if you have collected enough), or all eBird data. Ask students to
note any interesting findings as well as the answer
to their question as they work. Students should
share their findings with another group, with the
entire class, or in a written report.

RESOURCE PAGE 22
The “I Wonder” Kid

EXPERIMENTAL
STUDY

DESCRIPTIVE
STUDY

I wonder…?

co

nd

cond

uct

uc

t

ns

ab
o

ut

explore
and analyze

DATA

dr
aw

co

nc

lu

sio

ANSWER
YOUR
QUESTION

th

en

REPORT
FINDINGS

d,

We encourage you to complete or begin BIRDSLEUTH: MOST WANTED BIRDS LESSON
6, “Become an eBird Data Sleuth”
with your students if you have not
already done so. If you began the
lesson, but did not complete either of
the “Advanced Inquiry Options” (page 32
of that unit), consider doing that part at this
time (see TEACHER BACKGROUND box
this page, “Advanced Inquiry Options,” for
information.)
(BirdSleuth: Most Wanted Birds may be ordered on the BirdSleuth web site.
Project “The ‘I Wonder’ Kid” overhead (RESOURCE PAGE 22—note that the students
were previously introduced to this figure
in the “Kinds of Questions” article on RESOURCE PAGE 4.) Emphasize the “Explore
and Analyze Data” jumping in point on the
diagram. To answer these kinds of questions,
students will need to look at data that have
already been collected. The Cornell Lab of
Ornithology’s citizen science databases are a
perfect resource. For example, eBird is full of
data about the kinds and numbers of birds
seen around the country, and can be used to
answer many kinds of questions about bird
distribution and abundance. eBird also easily generates graphs of that data. Consider
visiting eBird at www.ebird.org to explore
this resource.
If you’d like more support for using eBird, associated lessons can be found in two other
BirdSleuth modules: BirdSleuth Most Wanted
Birds and BirdSleuth: Exploring Bird Behavior (you may order these BirdSleuth modules
at www.BirdSleuth.org.) Specifically, we encourage you to complete:
• BirdSleuth: Most Wanted Birds Lesson 6,
“Become an eBird Data Sleuth,” particu-

ADVANCED INQUIRY OPTIONS

re
a

5. Become an eBird Data Sleuth (optional).

Teacher Background

MORE
QUESTIONS

REFERENCE
MATERIALS

Figure 1

Where will you jump into the process?
Depending on your question, you can enter the process of science at different stages. Look at the
dotted arrows to see where this student scientist could jump into the scientific process. Some conduct
their investigations through experimental or descriptive studies, some start by exploring and
analyzing data from a database (like eBird, for example), and still others find answers by pulling
together information they find in reference materials such as books or web sites.
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larly the “Advanced Inquiry Options”
(page 32 of that module, see Teacher
Background box this page, “Advanced
Inquiry Options,” for information.)
• BirdSleuth: Exploring Bird Behavior “Explore Corvid eBird Data” lesson (page 17
of that module).
These modules come complete with slide
shows that can help you explore eBird.

JOURNAL PAGE 11
Name:

Date:

Show Me the Data
Think on Your Own
Create a graph and exchange it with another person or group.

6. Think on Your Own
Ask students to complete their own example
graphs in groups, pairs, or individually, on
JOURNAL PAGE 11. You may want them
to do one of each type of graph, or specify
type(s). They can use the data in their journals or data the class has collected during
their BirdSleuth bird counts. Students should
exchange their graphs with another group,
pair, or student who can peer review their
graph before submitting their revised graph
to you for comment. Provide graph paper for
the students.
In class, review and correct any common
mistakes found in the graphs. You may wish
to post exemplary examples of each type of
graph.

11
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Thinking ahead to conducting independent research on your schoolyard…

Teacher Tip

JUMPING IN POINTS
Questions that the students answer using the data you’ve collected on
your schoolyard, questions that they answer
using the eBird database, and questions they
answer using literature and online resources are
all possibilities for publication in the Classroom
BirdScope student research magazine or BirdSleuth Reports webzine. In other words, each of
these “jumping in points” is a great way to answer
scientific questions, and each of these question
types will be considered for publication.
Students will learn more about publishing their
original research in Investigations 4 and 5.

Teacher Tip

HELPING STUDENTS
INTERPRET DATA
Consider the following questions to
help students make sense of data:
• What patterns do you notice?
• What does the data “show”?
• What do you think the data mean? What can
you conclude?
• How would you explain that?
• What generalizations do you think you can
make based on your data/observations?
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Notes Page
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Investigation 4

Plan and Conduct
My Investigation
Before You Start
00:50

Time and Place

50 minutes for introduction
Time outside/inside class for
students to create their plan
and get your approval
Ongoing time for research and
investigation
Introduction is indoors.
Research is primarily outdoors.

MATERIALS NEEDED
Resource Pages

• “Annalisa’s Report” research
report

Journal Pages 12–17
Other Curriculum Components
• None

You Provide

• Research materials (such as
books, Internet access, field
guides)
• Computer with Internet access

Getting Ready

• Make copies of “Annalisa’s
Report” for each student
• Decide on the format of your
students’ investigations.
• Assign due dates for the various
parts (JOURNAL PAGE 12).

Goal

Students will design and conduct their own inquiry investigation.

Learning Objectives

1. Students will be able to design a study to answer a scientific
research question.
2. Students will be able to collect data and information that
addresses their research question.
3. Students will be able to draw an evidence-based conclusion.

Lesson Outline
1.
2.
3.
4.

Brainstorm ways to present findings.
Read Annalisa’s report and examine the parts of it.
Prepare a project plan.
Collect and analyze data and information.

Conducting the Activity
1. Brainstorm ways to present findings.
Ask students to brainstorm ways that scientists might share
their findings. If they struggle, you could remind them of
the “Meet the Scientist” reports they read, and any experience they have in sharing scientific findings (perhaps at a
science fair). Make sure that students mention
• Written reports (for example, in magazines, via the
Internet, in newspapers or newsletters, and in scientific
journals)
• Oral presentations (at a symposium or conference)
•. Displays (in a poster, for instance).

2. Read “Annalisa’s Report.”
Pass out a copy of “Annalisa’s Report” research paper on
chickadees to each student (RESOURCE PAGES 23-24). Give
students 10 minutes to read her report individually or in
pairs, asking them to pay close attention to the sections of
the report in bold and the information found in each section. After students have finished reading, record information about these parts of her report on the chalkboard in
27
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3. Prepare a project plan.
Invite students to take part in a scientific
investigation and presentation, starting
with one of their questions about birds. Ask
students to look at the project checklist on
JOURNAL PAGE 12 to review the process
they will use:
a. Identify a researchable question related
to birds, then develop a hypothesis that
can be tested with the time and resources
you have.
b. Read about what you are studying for
background and summarize what you
learn. Write down citation information
for the resources you use.
c. Outline your method, which may include
designing an experiment, collecting data,
accessing eBird, or gathering other information.
d. Do your study, collecting any necessary
data and information.
e. Organize the data you collect in tables
and graphs. Consider analyzing the
data.
f. Create a first draft of your scientific poster, presentation, and/or report.
g. Go through a peer-review process and
edit your work based on feedback.
h. Communicate what you did and what
you learned through a final scientific
poster, scientific paper, oral presentation,
and/or research report.
Note: Parts a–e are covered in this lesson (Investigation 4) and parts f–h are covered in Investigation 5, “Present My Inquiry Project.”

RESOURCE PAGE 24
Annalisa’s Report
The Effect of Temperature on Chickadees

Black-capped Chickadee by Caitlyn, Grade 7, Tualatin
Valley Junior Academy, Hillsboro, OR, Mr. Kahler

a table similar to “Scientific Report Components” (see page 29).
Tell the students that by including this information in each section, Annalisa was able
to organize her ideas and make sure that her
report was complete. Whether students do a
written report, oral presentation, or poster,
including these sections will help them to
stay organized and make sure their project is
complete.

by Annalisa, 10th Grade
Tualatin Valley Junior Academy, Hillsboro, OR
Mr. Kahler

Introduction
I decided to study Black-capped Chickadees
and Chestnut-backed Chickadees observed at our
feeding station. Both birds are found in mature
forests near streams, which makes Downy Creek
(near my school) the perfect haven for these active birds. I wanted to know if the temperature
affected the number of birds seen eating at our feeders. I predicted that on colder days, I
would observe more chickadees than on warmer days. I based this prediction on the fact
that spiders and insects—the main food of these little birds—are scarce when it’s cold,
causing the birds to seek food from feeders.

Materials and Methods
I observed the feeders at the bird blind in the wooded area behind the school on 13 different
days from November through March. At Downy Creek, we offer birds a variety of birdseed
in feeders and on the ground, and suet at feeders hanging from several trees. On each data
collection day, my biology class would write weather information on our bird tally sheets,
walk to the bird blind, count birds, and compare data. Then we entered the information
on the web site. Each bird watch was about 15 to 30 minutes long and took place in the
afternoon around 2:30 P.M.

Results and Analysis
The greatest number of Black-capped Chickadees seen on an observation day was three.
The greatest number of Chestnut-backed Chickadees seen on an observation day was four.
I saw these species on about half the days I watched: on five of the days, no Black-capped
Chickadees were observed, and on six of the days, no Chestnut-backed Chickadees were
observed. The temperature on observation days fluctuated from 6˚ C to 20˚ C (from 43˚ F to
68˚ F). I calculated an average number of visits for each temperature category and created
a bar graph to see if there were any trends in the data. See my graph.
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JOURNAL PAGE 12
Name:

Date:

Plan and Conduct My Investigation
How will I carry out my investigation?
To get started on your original investigation, devise a plan to
carry out your work.

Project Checklist and Timeline
Use the checklist below to construct a timeline for each stage of your project.
Remember to get your teacher’s approval at each stage.
Project Checklist

Date to be
Completed

a. Identify a researchable question related to
birds, then develop a hypothesis that can be
tested with the time and resources you have.
b. Read about what you are studying for background, and summarize what you learn.
Write down citation information for the
resources you use.

Check
When
Done

°
°

c. Outline your method, which may include
designing an experiment, collecting data, accessing eBird, or gathering other information.

°

d. Do your study, collecting any necessary data
and information. You may need to make data
sheets.

°

e. Organize the data you collect in tables and
graphs. Consider analyzing the data.
f. Create a first draft of your scientific poster,
presentation, and/or report.
g. Go through a peer-review process and edit
your work based on feedback.
h. Communicate what you did and what you
learned through a final scientific poster,
scientific paper, oral presentation, and/or research report. Consider submitting your work
to the Cornell Lab of Ornithology.

Teacher
Initials

°
°
°
°
12
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Scientific Report Components
Section of report

What might be found in this section?

Introduction

• Background information, including natural history information
• Statement of the hypothesis
• Why the question was chosen or is important to study

Materials and
Methods

• Materials used to conduct the study
• Data details: when and where data were collected, who
collected them, and how
• Any other methods used

Results and Analysis

• Results, including tables and graphs
• What the data or any patterns mean
• How the data were analyzed (if they were analyzed)

Discussion and
Conclusions

• Conclusions
• Alternate explanations for the results
• Suggestions for improvements to the study design
• Ideas for future research

References

• Any citations: web sites, books, magazines, science reports,
Classroom BirdScope or BirdSleuth Reports articles.
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Share your expectations for the student investigations and assign due dates for each of the
above steps. See the TEACHER TIP BOX,
(“How Can my Students Share Their
Findings?” on page 28) for ideas and
details.
Note that peer review and ways to share
results (reports, posters, oral presentations,
and articles) are covered in Investigation 5.
You will want to cover that lesson before the
deadlines that you’ve established approach.

4. Collect and analyze data and information.
a. Ask students to complete a preliminary plan
on JOURNAL PAGES 13–15 (questions 1–8)
with their project team or by themselves. Review their plans and make suggestions for
improvement. If they are using a data sheet,
ask them to submit a draft of the data sheet
prior to collecting data. When their plans
have been approved, invite them to begin
their study.
b. Provide each group with the time and resources they will need to conduct their investigations. As they progress, they should
record their work on their data sheets and
in their JOURNAL (PAGE 16–17), questions
9–15. This journal can be used later to outline their poster/presentation/paper.

JOURNAL PAGE 13
Name:

Date:

Plan and Conduct My Investigation
Use the following pages to keep track of your research project. The left hand column
will help you structure your work. As you conduct your project, use the right hand
column to take notes.

Introduction
1. Write a question that
can be answered
using one of the
methods you
learned about.

1. My question:

2. Develop a testable
hypothesis to
answer your
question.

2. My hypothesis:

3. Read about the topic
you are studying (in
books and on the
Internet). Take notes
in a notebook.

3. My list of references:

13
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JOURNAL PAGE 14
Name:

Date:

Plan and Conduct My Investigation
Materials and Methods
4. Describe how you
will conduct your
study.

4. My methods:

5. List the materials you
will need.

5. My materials:

6. If you are doing
an experiment, list
the variables you’ll
consider.

6. My Independent Variables(s):

My Dependent Variables(s):

My controls:
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JOURNAL PAGE 15
Name:

JOURNAL PAGE 17

Date:

Name:

Date:

Plan and Conduct My Investigation

Plan and Conduct My Investigation

Results and Analysis

Conclusion and Discussion

7. Create data sheets.

11. Is your hypothesis
supported?

11. My answer to the original question:

12. What scientific
conclusions can
you make from
your research?

12. My conclusions:

13. Are there
alternative
explanations for
your results?

13. My ideas for other explanations:

14. Consider problems
you encountered.
What could
have been done
differently?

14. My ideas to improve the study:

15. Does your
conclusion raise
new questions?

15. My ideas for future studies:

8. Determine how you
will visually present
your data. (For
example; line graph,
pie chart, scatter
plot, or bar graph).

7. Data I’ll collect on my data sheet:

8. Notes about my graphs:
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JOURNAL PAGE 16
Name:

Date:

Plan and Conduct My Investigation
Results and Analysis
9. Create a preliminary
graph or graphs
based on your
hypothesis.

9. My graph(s):

10. Interpret your
graphs and tables
or analyze your
data. Are there any
patterns in your
data?

10. My data suggest:
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Teacher Tip

HOW CAN MY STUDENTS SHARE THEIR FINDINGS?
We suggest the following ways to present findings, modeling what Cornell Lab of Ornithology scientists do. Of course, you may choose to do more than one of these options!

Classroom BirdWatch magazine, BirdSleuth Reports webzine

Invite students to look at the BirdSleuth Reports webzine, available on the BirdSleuth web site. You may also
wish to order copies of past versions of the printed magazine (order forms are available on the BirdSleuth web
site). We encourage students to submit many kinds of bird-related work. Make a list of possible submissions: science papers, research reports, graphs and charts, art, photographs, field sketches, and journals. Have students
print and read the submission guidelines offered on the web site. Students should be sure their submissions are
peer-reviewed and checked by a teacher prior to submission, and should understand that (as with any scientific
publication) many works are submitted that cannot be included.

Class Newsletter

Compile the class submissions and publish your own BirdSleuth Newsletter, to be distributed in the school and at
home. Encourage students to brainstorm what they might find interesting in a newsletter. Students can use their
imaginations and creativity to come up with a design plan and/or look at other newsletters and magazines for
ideas. Here are some additional ways students have showcased their knowledge about birds: poems, songs, short
stories, book reviews, surveys, and interviews. Be sure to send a copy of your newsletter to the Education Department at the Cornell Lab of Ornithology!

Poster Session

Have students prepare a large poster to display their work for the class, school, or open house. Graphics and
other visuals can be added to make the poster attractive. Due to their limited size, posters need to be succinct
summaries (the font size must be large and readable and there may be several illustrations). Nevertheless, for a
scientific poster, all sections (introduction, materials and methods, results and analysis, and conclusion) should
be included. You may wish to have students write and submit summaries for one or more of the posters they
examine during the poster session.

Ornithology Convention

Convene a conference during which students orally present their findings. You may wish to invite others to hear
the presentation (the principal, next year’s class, parents) and have the students prepare a PowerPoint presentation.
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Investigation 5

Present My
Inquiry Project
Before You Start
Time and Place
Two 40-minute sessions, plus
additional time for students to
prepare their projects or reports
Indoors

MATERIALS NEEDED
Resource Pages

• “Sharing My Investigation”
article

Journal Pages 18–23
Other Curriculum Components

• Copies of Classroom BirdScope
research magazine (order online
at www.BirdSleuth.net—see the
Student Publications section)
• Copies of BirdSleuth Reports
webzine (view and print online
at www.BirdSleuth.net—see the
Student Publications section)

You Provide

• Computer for word processing
• Poster supplies (if students will
do posters)

Getting Ready

• Decide how students will
present their findings (written
report, oral presentation,
poster, etc.). Share your
expectations with students.

Goal

Students will become familiar with the parts of a scientific presentation before preparing a peer-reviewed project about their
investigation.

Learning Objectives

1. Students will be able to prepare a poster, oral presentation, newsletter article, or scientific report that summarizes their work.
2. Students will be able to give constructive feedback on another student’s research report or presentation.
3. Students will be able to consider feedback to revise their report or presentation.

Lesson Outline
1.
2.
3.
4.
5.
6.
7.

Continue to conduct research.
Prepare to share results.
Prepare a draft project.
Introduce peer review and the “critical friend.”
Conduct a peer review of papers.
Think on Your Own: rewrite your report.
Share your findings and feedback.

Conducting the Activity
1. Continue to conduct research.
Ask students to continue to record their work as they proceed with their investigations (and take notes on JOURNAL
PAGES 12–17).

2. Prepare to share results.
a. Tell the students that an important part of the scientific
process is sharing their results with others, so others can
learn about the natural world from their work.
b. Tell students how you want them to share their work.
Have them complete JOURNAL PAGE 18 before they
begin work on their project. If you have them submit
their reports to the Cornell Lab of Ornithology, you may
wish to share BirdSleuth Reports and Classroom BirdScope
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with them (available online at <www.
BirdSleuth.net> under “Student Publications”).

3. Prepare a draft project.
At the conclusion of their research, give students time in and/or out of class to write the
first draft of their report/poster/article/presentation using their journal notes. Give feedback and suggestions during the process, encouraging students to give a detailed account.
(For example: have they included suggestions
for improving their study in the Discussion
section? Are all the materials listed? Are the
methods written like a recipe that someone
else could follow? Do their graphs illustrate
important findings? Have they considered
other explanations?)
Scientific papers and posters should include
a standard format for their content. If your
students are presenting their reports as either
a scientific paper or poster have them read
the article “Sharing My Investigation” (RESOURCE PAGES 25–26).

RESOURCE PAGE 25
Placeholder
Sharing
text
My Investigation
Scientists write research papers so they can share their results and ideas with others. Scientific
papers and posters include the following kinds of information:
• What were our questions?
• How did we do our research?
• What data did we collect?
• What do the data mean?
• What conclusions can we draw from our research?
To be sure all of this information is in every paper or poster, scientists use a standard outline
for their writing:
1. Introduction
2. Materials and Methods
3. Results and Analysis
4. Discussion and Conclusions
5. References (if any)

Introduction
The Introduction explains why you decided to conduct your research. For example, what
questions are you trying to answer? What information about previous research or existing
knowledge do you have? How did this background help you decide what to do in your own
research?

Materials and Methods
The Materials and Methods section provides a clear description of exactly what you did and
how you did it. For example, if you conducted a study of the birds at a feeder, what kind of
feeder did you use? Where did you set it up? How often did you observe the feeder? How
often did you make your observations? What kinds of data did you record? How did you
record your data? You should provide enough information so other people can understand
what you did and can duplicate your work.
You might also give information about the habitat around your study area. This information
is often important in helping other scientists understand your results.
25
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4. Introduce peer review and the “critical
friend.”
Remind the students that after they write a
report, it is not yet ready to be published. Scientists send their work to other scientists who
review it and make suggestions for improvement. This is called the peer review process.
Invite students to take part in a peer review
process with each other.
Although peer reviewers need to give suggestions for improvement, their criticism should
be constructive. Often, we call these reviewers “critical friends.” Lead a discussion about
how the peer review process should be a positive one (helpful and encouraging). Make a
list on the board called “What makes a good
critical friend?” Add adjectives and ideas the
class suggests for conducting a positive review process.
Ask at least two other students to review each
project. These critical friends will fill out and
sign a “Peer Review Contract” (JOURNAL
PAGE 19) for each of the reports they review.

5. Conduct a peer review of papers.
Pass out the Peer Review Forms (JOURNAL
PAGE 20–21) and review the form with the
students. Have students exchange manuscripts with their critical friends. You may
wish to review all reports at this stage as
well. When the reviews are complete, students should receive copies of each of the
Peer Review Forms written about their project. Encourage students to thoughtfully consider the feedback they have received and
incorporate all reasonable suggestions.

JOURNAL PAGE 19
Name:

Date:

Present My Inquiry Project
Peer Review Contract
As you have learned, writing a manuscript for publication involves a lot of work and
many people! A peer review process helps you get constructive feedback from those not
familiar with your work. Give your manuscript to two classmates (“critical friends”) to
review. Have them fill out and sign the contract below. Your critical friends will provide
you with feedback and suggestions for improvement. In turn, you will review two of your
classmates’ manuscripts.

1. As your critical friend, I agree that

°ÊI will give feedback with respect for the person receiving it.
°ÊI will give feedback that will lead to improvement.
°ÊI will give specific suggestions.
Signature:

Date:

2. As your critical friend I agree that

°ÊI will give feedback with respect for the person receiving it.
°ÊI will give feedback that will lead to improvement.
°ÊI will give specific suggestions.
Signature:

Date:

I am a critical friend for these two classmates:
1.
2.
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JOURNAL PAGE 20
Name:

Date:

Present My Inquiry Project
Peer Review Form
Name of Reviewer

Date

Project Reviewed
Project Author(s)
Is the research question well defined and introduced?
Great
Good
OK
Needs work

°
°
°
°

Comments about what was done well:

Suggestions for improvement:

Are the materials and methods fully described?
Great
Good
OK
Needs work

°
°
°
°

Comments about what was done well:

Suggestions for improvement:

Are the data and graphs understandable?
Very understandable
Mostly understandable
Somewhat understandable
Not understandable

°
°
°
°

Comments about what was done well:

Suggestions for improvement:
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Present My Inquiry Project
6. Think on Your Own.
Students will revise their projects, taking
into account any useful suggestions of
their critical friends.

7. Share your findings and feedback.

JOURNAL PAGE 22
Name:

Date:

Present My Inquiry Project
Think on Your Own
After receiving comments back from your critical friends and getting your teacher’s
final approval, rewrite your manuscript, incorporating any changes that you and your
teacher agree upon.

a. Review all completed projects. Have
students submit their revised reports
online to Classroom BirdScope and BirdSleuth Reports webzine. Please also send
us any photos, illustrations, or sample
student work (journals, posters graphs).
Refer to the online “Submission Guidelines,” then use the “Easy Form” to submit materials.
b. Ask students to give feedback about
their BirdSleuth Experience (JOURNAL
PAGE 23). Mail the completed forms to
the Cornell Lab of Ornithology at the
address provided. We appreciate hearing from you!
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JOURNAL PAGE 23
Name:

Date:

Present My Inquiry Project
Share Your Thoughts
Congratulations! By sharing your results with the scientific community,
you are helping to increase our understanding of the natural world. In
addition, you have taken part in an authentic scientific inquiry.
In the space below, reflect on your experiences with BirdSleuth. What did
you enjoy the most? What did you enjoy the least? What ideas do you have
to improve the lessons? What other comments do you have? Your feedback
is important to us!

Mail your comments to:
BirdSleuth
Cornell Lab of Ornithology
159 Sapsucker Woods Road
Ithaca, NY 14850
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