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As the old adage has it: You can’t know where 
you’re going until you know where you’ve been. 
And it’s every bit as true in science education 
as it is in other parts of life. In this intrigu-
ing book, Page Keeley and Cary Sneider, 
two experienced and talented educators, set 
out to help teachers figure out where their 
students have been in their thinking about 
our planet and its place in the universe, so 
that your teaching and their learning of 
astronomical ideas can then be as effective 
as possible. 

After many decades of research about 
learning, today we know that students are not 
simply blank vessels waiting to be filled with 
our brilliantly taught lessons. They’re more 
like hot dogs you buy from a street vendor—
already full, although not necessarily with 
material you would approve of. The more you 
know about what your students’ heads are 
filled with, the better you will be at helping 
them. 

Students of each generation construct 
their understanding of the world from the best 
resources they have available—their common 
sense, their daily experience, the media they 
are exposed to, conversations with family and 
friends. Today, the internet plays a much big-
ger role than it did for the previous generation, 
but the process by which students absorb a 
wild mixture of information and approaches 
in the course of their lives has not changed. 
And we should always appreciate that stu-
dents have tried to make the best synthesis of 
all these influences that they could. After all, 
their mental constructs—whether scientifi-
cally correct or not—show the scientist’s urge 

to make sense of the world and put disparate 
phenomena into a reasonable context. 

This book consists of a series of small but 
carefully thought-out probes into student 
thinking about astronomy. Just like a doctor’s 
diagnostic tool provides one chemical or physi-
cal indicator of our health, each of Keeley and 
Sneider’s probes measures one or two ideas 
that lets you know how much surgical repair 
(if any) might be needed to fix up your stu-
dents’ astronomical ideas.

Astronomy is a great portal to help stu-
dents solidify their thinking about science and 
the scientific process. Surveys show that for 
younger children, astronomy and dinosaurs 
continue to be the most fascinating entrées 
into science (and you need only look at popu-
lar films for youngsters to see this confirmed). 
But the study of astronomy has something for 
students of all ages, from simple observations 
of everyday sky phenomena to considerations 
of the origins of all heavier elements in the 
nuclear crucibles of the stars. The sheer beauty 
of the images being taken by the Hubble Space 
Telescope and giant mirrors on Earth is a won-
derful entrée for students who are visual learn-
ers. And then there is the possibility that one 
day a large chunk of rock or ice from space 
may again threaten life on Earth as it did 65 
million years ago (in the time of the dino-
saurs). If you want to capture the imagination 
of students for science, astronomical lessons 
and activities may be your strong suit.

Although I have organized and taught 
summer workshops for teachers and infor-
mal educators for three decades, most of my 
teaching has been and continues to be for non-

Foreword
There is nothing like astronomy to pull the stuff out of man.

His stupid dreams and red-rooster importance: let him count the star-swirls.
—From the poem “Star-Swirls” by Robinson Jeffers
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science college students. In my evening classes, 
I have students ranging in age from 16 to 75 
and so I have seen a nice cross section of the 
adult American public over the years. I can 
attest to the fact that these older students are 
often grappling with the very same misconcep-
tions that are highlighted in this book. 

Many of my college students firmly believe 
that the seasons are caused by the Earth being 
farther away from the Sun in winter, that the 
changing appearance (phases) of the Moon is 
the result of the Earth’s shadow falling on the 
Moon, and that shooting stars are stars that 
die. Some students have also become con-
vinced by internet and TV conspiracy theo-
rists that NASA never landed on the Moon, 
that UFOs are alien spaceships whose landings 
on Earth are hushed up by the government, 
and that the world will end on the winter sol-
stice in 2012 (as supposedly predicted by the 
ancient Mayans).

In my classes, I do activities that allow 
students to confront and lay open the precon-

ceptions that they have on many astronomical 
subjects. Only after we have faced the exis-
tence of these ideas can we then do activities to 
move the students toward finding a new view 
of astronomical phenomena, based on scien-
tific experiments and observations. Former 
students who return to speak with me after 
some time has passed frequently cite these 
“mind-set”-changing sessions as the highlights 
of what they remember from my classes.

 It is therefore from direct personal expe-
rience that I can commend the techniques 
in this book to your attention and wish you 
as much pleasure in teaching the wonders of 
astronomy as I have had over the years.

—Andrew Fraknoi
Chair, Department of Astronomy, Foothill 

College, Los Altos Hills, California
Former Executive Director, Astronomical 

Society of the Pacific, San Francisco, California

In addition to the positions listed above, Andrew Fraknoi was founding co-editor of the journal 
Astronomy Education Review, and he founded and directed Project ASTRO, a national program 
that trains and brings volunteer astronomers into fourth- through ninth-grade classrooms. Fraknoi is 
the lead author of Voyages Through the Universe, one of the leading college textbooks for introductory 
astronomy, and he wrote a colorful children’s book called Disney’s Wonderful World of Space. He was 
selected California Professor of the Year in 2007 by the Carnegie Endowment for Higher Education 
and won the Andrew Gemant Award from the American Institute of Physics for his work in making 
connections between physics and culture. Fraknoi was recently named an honorary member of the 
Royal Astronomical Society of Canada, a distinction shared by such notables as Stephen Hawking and 
Harlow Shapley. The International Astronomical Union named Asteroid 4859 Asteroid Fraknoi to 
honor his contributions to science education and outreach (but he hastens to add that it is a very boring 
asteroid that is in no danger of hitting the Earth!).
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Preface
When I heard the learn’d astronomer,

When the proofs, the figures, were ranged in columns before me,
When I was shown the charts and the diagrams, to add, divide, and measure them,

When I sitting, heard the astronomer where he lectured with much
 applause in the lecture-room,

How soon unaccountable I became tired and sick,
Till rising and gliding out I wander’ d off by myself,

In the mystical moist night-air, and from time to time,
Look’d up in perfect silence at the stars.

 —Walt Whitman, Leaves of Grass 

In the classic poem “When I Heard the Learn’d 
Astronomer,” Walt Whitman contrasts the dry 
and dull delivery of a lecture on the universe 
with the awe-inspiring experience of going 
outside and looking up at a star-filled night sky. 
One can draw a parallel to similar experiences 
students have in school—being passively filled 
with facts about astronomy from reading text-
books and listening to teachers talk. Wouldn’t 
it be more interesting if students could con-
template the wonders of the universe through 
questions that spark interest and curiosity and 
lead them to observe or model astronomical 
phenomena firsthand? This book is the first in 
the Uncovering Student Ideas in Science series 
to focus on astronomy. Coauthored with Dr. 
Cary Sneider, an esteemed “learn’d astrono-
mer,” educator, and researcher, this book aims 
to not only inform teaching but also inspire 
students to want to know more about the won-
ders of the Earth, Moon, Sun, our solar sys-
tem, and the universe beyond.

Series Overview: Uncovering 
Student Ideas in Science
The Uncovering Student Ideas in Science series 
provides science educators with unique sets of 
versatile formative assessment probes for use in 
K–12 education, preservice teacher programs, 
and professional development. This popular 
series of award-winning books began with 
Uncovering Student Ideas in Science, Vol. 1: 25 
Formative Assessment Probes (Keeley, Eberle, 
and Farrin 2005). That book contains 25 K–12 
probes in life, Earth, space, and physical sci-
ences. The introductory chapter provides an 
overview of formative assessment and a descrip-
tion of the standards- and research-based probe 
development process. Between that 2005 book 
and this new volume on astronomy, five other 
books have been published in the series:

•	 Uncovering Student Ideas in Science, Vol. 
2: 25 More Formative Assessment Probes 
(Keeley, Eberle, and Tugel 2007): This 
book contains 25 K–12 probes in life, 
Earth, space, and physical sciences. The 
introductory chapter describes the link 
between formative assessment and instruc-
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tion and suggests ways to embed the 
probes into your teaching. This book won 
the Distinguished Achievement Award 
given by the Association of Educational 
Publishers (AEP).

• Uncovering Student Ideas in Science, Vol. 
3: Another 25 Formative Assessment Probes 
(Keeley, Eberle, and Dorsey 2008): This 
book contains 22 K–12 probes in life, 
Earth, space, and physical sciences and 3 
nature of science probes. The introductory 
chapter describes how to use the probes for 
teacher learning either through individual 
study or in a variety of professional devel-
opment formats.

• Uncovering Student Ideas in Science, Vol. 
4: 25 New Formative Assessment Probes 
(Keeley and Tugel 2009): This book 
contains 23 K–12 probes in life, Earth, 
space, and physical sciences and 2 unify-
ing concepts probes, one on models and 
one on systems. The introductory chap-
ter describes the link between formative 
and summative assessment, including 
why an investment in formative assess-
ment throughout an instructional cycle 
can improve student performance on sum-
mative assessments. This book was also a 
winner of the Distinguished Achievement 
Award and a finalist in the Golden Lamp 
Award given by the AEP.

• Uncovering Student Ideas in Physical 
Science, Vol. 1: 45 New Force and Motion 
Assessment Probes (Keeley and Harrington 
2010). Coauthored with physicist and 
physics education researcher Dr. Rand 
Harrington, this book contains 45 K–12 
probes organized in the categories of 
Describing Position and Motion; Forces 
and Newton’s Laws; and Mass, Weight, 
Gravity, and Other Topics. The intro-
ductory chapter provides an overview of 
the research, teaching, and student ideas 
related to force and motion, including 

advice for implementing the probes. Other 
volumes planned for this physical science 
series will cover electricity and magnetism, 
sound and light, and matter and energy. 
This book was also a winner of the AEP’s 
Distinguished Achievement Award.

•	 Uncovering Student Ideas in Life Science, 
Vol. 1: 25 New Formative Assessment Probes 
(Keeley 2011b): This book includes 25 
biology/life science probes organized in 
the categories of Life and Its Diversity; 
Structure and Function; Life Processes and 
Needs of Living Things; Ecosystems and 
Adaptation; Reproduction, Life Cycles, 
and Heredity; and Human Biology. The 
introductory chapter describes how forma-
tive assessment probes are used in a life sci-
ence context. Two more books are planned 
for this life science series.

Collectively, this new astronomy book and 
the six volumes that preceded it now provide 
educators with 215 assessment probes. In addi-
tion, the introductory chapters of all the books 
in the series can significantly expand teach-
ers’ assessment literacy, understanding of the 
ideas students bring to their learning, key ideas 
that make up fundamental topics in science, 
effective teaching and learning strategies, and 
access to other related resources.

About the Probes in This Book
The probes in this book, as well as others in 
the series, are diagnostic assessments designed 
to uncover students’ thinking. Once students’ 
ideas are revealed, the teacher uses the infor-
mation to make decisions about instruction 
that will help students give up their miscon-
ceptions or incompletely formed ideas in favor 
of the scientific view or a more coherent and 
connected understanding of the content. It is 
this use of the probe to inform instruction that 
transitions it from being a diagnostic assess-
ment to a formative assessment. If one uncov-
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ered students’ preconceptions but did nothing 
with the information, then the probe would be 
merely diagnostic. It is the formative use of the 
probes that make them powerful resources for 
promoting learning and improving teaching.

Although these probes are printed on 
paper and are often used as written formative 
assessments, their real value comes through 
providing opportunities for students to discuss 
their ideas and formulate scientific arguments 
to support their thinking while evaluating and 
challenging the ideas of their peers. Whether 
used at the beginning of a unit as an elicita-
tion or at checkpoints during various stages of 
instruction, the probes are designed to draw 
out ideas commonly held by students. Beyond 
having students merely select an answer, the 
real value of the probes emerges when students 
are asked to explain their thinking. It is this 
part of the probe that provides many insights 
into students’ ways of thinking and reason-
ing that draw on their everyday experiences 
outside of school as well as ideas “learned” in 
school that failed to come together in a coher-
ent, connected, or accurate way. 

All of the probes in this series have com-
mon features: a title designed to spark inter-
est; a prompt set in an engaging, familiar con-
text; a set of answer choices to choose from; 
and an open-ended section where students are 
asked to provide an explanation. This format is 
designed for the purpose of making the probe 
accessible to all students, providing an answer 
that is most likely to match ideas students 
have and eliminate the blank stares or “I don’t 
know” responses that often accompany open 
response formats. The explanation section is 
also used to promote student thinking and 
provide opportunities for students to construct 
explanations to support their thinking. Con-
structing explanations and defending scientific 
ideas through talk and argument are key sci-
ence practices included in A Framework for 
K–12 Science Education, which will inform the 

Next Generation Science Standards tentatively 
due to be released in late 2012 (NRC 2011).

In addition to these common features 
of the probes, there are a variety of formats 
used throughout the Uncovering Student 
Ideas in Science series to draw out students’ 
ideas in different and sometimes novel ways. 
These formats and the process for developing 
these types of probes are described in Page 
Keeley’s National Science Foundation–funded 
Curriculum Topic Study (CTS) materials 
(Keeley 2005; Mundry, Keeley, and Landel 
2009), and the formats are summarized below:

•	 Justified List Probes. These probes pro-
vide a list of items which may or may not 
match a particular concept or statement in 
the probe’s prompt. Students are asked to 
choose the items on the list they believe 
match the concept or statement provided 
and explain their rule or reason for choos-
ing the items. An example of a justified list 
probe is Probe 16, “Seeing the Moon.”

•	 Friendly Talk Probes. These probes involve 
a group of people talking about their dif-
ferent ideas. Students choose the name of 
the person they agree with the most and 
explain why. The format of these probes 
make them much more engaging than a 
traditional multiple-choice question where 
students choose A, B, C, or D. The state-
ments (answer choices) are written to sim-
ulate a conversation between people. There 
is also a degree of safety in choosing the 
answer in that students worry less about 
whether they are wrong because they 
didn’t say it, “so and so” did. An example 
of a friendly talk probe is Probe 30, “Is It a 
Planet or a Star?” 

•	 Thought Experiment Probes. These probes 
are set in the context of an imaginary sce-
nario that would be impossible to produce 
in the real world. Students have to use 
their imagination to visualize the scenario 
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and apply their knowledge of science to 
predict a result and explain their reason-
ing behind their prediction. An example 
of a thought experiment probe is Probe 3, 
“Falling Through the Earth.”

•	 Word Use Probes. These probes reveal how 
students confuse the use of everyday words 
with scientific words or confuse similar-
sounding words. An example of a word use 
probe is Probe 5, “The Two Rs.”

•	 Opposing Views Probes. These probes are 
similar to friendly talk probes except they 
involve two people with opposite views. 
Students select the person whose view 
most matches their own and explain why. 
An example of an opposing views probe is 
Probe 27, “Is the Moon Falling?”

•	 Follow the Dialogue Probes. These probes 
include back-and-forth dialogue between 
two people. Students follow the dialogue 
and defend or critique each person’s rea-
soning. An example of a follow the dia-
logue probe is Probe 42, “Seeing Into the 
Past.”

•	 Familiar Phenomenon Probes. These probes 
are based on a phenomenon students are 
familiar with or may have seen or experi-
enced in real life or vicariously. The probe 
is designed to reveal their ideas about the 
explanatory nature of the phenomenon. 
An example of a familiar phenomenon 
probe is Probe 34, “Shooting Star.”

•	 Representation Analysis Probes. These probes 
provide students with a choice of repre-
sentations that visually model a concept, 
process, event, or object. Students choose 
the representation that best matches their 
thinking visually and explain why they 
chose it. An example of a representation 
analysis probe is Probe 29, “How Do 
Planets Orbit the Sun?”

Regardless of what type of format is used, 
all the probes are designed to engage students 

in surfacing their astronomy ideas and sharing 
their thinking with other students as well as the 
teacher. It is for this reason that you are strongly 
encouraged not to give students the answer to 
the probe immediately after responding. If you 
do, the thinking is over! Provide students with 
time to think the question through, muddle 
about in reconsidering their ideas as the dis-
cussion yields new evidence, and engage in 
firsthand observations or modeling to discover 
the answers for themselves. Merely telling stu-
dents the answer does little to change deeply 
rooted conceptions. Students need to be vested 
in the process of realizing for themselves when 
their ideas no longer work for them. This often 
happens through rich classroom discourse that 
encourages and supports the skills of evidence-
based argumentation. Eventually students will 
come to learn the right answer, whether it is 
through their own process of constructing new 
knowledge or they are eventually presented 
with the scientific explanation. Hanging out 
in uncertainty for a while is not the same as 
hanging out in uncertainty indefinitely; there 
is no harm in holding answers back until stu-
dents are ready to accept the scientific explana-
tion and discard ideas that no longer provide 
explanatory power for them.

How the Probes Are Arranged in 
This Book
The probes are arranged in five sections. Sec-
tion 1 presents ideas related to the nature of 
our planet, such as the spherical Earth concept 
and Earth’s gravity. Section 2 presents ideas 
related to the Sun-Earth system, such as the 
seasons and the Sun’s changing path across the 
daytime sky. Section 3 addresses the Earth-
Sun-Moon system, with an emphasis on mod-
eling the Moon. Section 4 goes beyond Earth’s 
moon to explore the dynamic solar system. 
Finally, Section 5 takes us beyond the solar 
system to explore ideas related to stars, galax-
ies, and the universe. 
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Each section begins with a concept matrix 
that identifies the major concepts addressed by 
each probe and the grade span most appropri-
ate for using the probe. Following the matrix 
is an overview of teaching and learning con-
siderations for the concepts in that section. 
Next, there is a list of the CTS guides that are 
often used to generate the probes by linking 
key ideas in national standards to research-
identified misconceptions. CTS guides can 
also be used to further examine the curricular 
topic (Keeley 2005). More information about 
the CTS process and tools is available at www.
curriculumtopicstudy.org. 

The last part of the introductory material 
in each section is a list of related resources 
from NSTA and other sources. These highly 
recommended resources can be used to further 
develop teachers’ content knowledge or pro-
vide suggestions for instructional activities and 
opportunities to further students’ learning.

Teacher Notes 
Each probe is accompanied by a set of Teacher 
Notes. These notes contain valuable informa-
tion about content, teaching, and learning and 
should be read before using a probe. The sec-
tions of the Teacher Notes are described below.

Purpose
This section describes the purpose of the 
probe—that is, why you would want to use it 
with your students or the teachers you work 
with. It begins by describing the overall con-
cept elicited by the probe, followed by the 
specific idea the probe targets. Before using 
a probe, you should be clear about what the 
probe can reveal. Taking time to read the pur-
pose will help you decide if the probe fits your 
intended use.

Related Concepts
Each probe is designed to target one or more 
related concepts that often cut across grade 

spans. These concepts are also included on 
the matrix charts. A single concept may be 
addressed by multiple probes as indicated on 
the concept matrix. You may find it useful to 
use a cluster of probes to target a concept or 
specific ideas within a concept. For example, 
there are several probes that relate to Earth’s 
orbit around the Sun.

Explanation
A brief scientific explanation accompanies 
each probe and clarifies the scientific content 
that underlies the probe. The explanations are 
designed to help you identify what the “best” 
or most scientifically acceptable answers are 
(sometimes there is an “it depends” answer) 
as well as clarify any misunderstandings you 
might have about the content. 

The explanations are not intended to pro-
vide detailed background knowledge about 
the content. In writing these explanations we 
were careful not to make them so technical 
that only someone with an astronomy back-
ground would understand them, since our 
intended audience includes teachers who have 
little or no astronomy or physics background. 
We provide the information a novice teacher 
would need to understand the content he or 
she teaches, but we also try not to oversimplify. 
If you have a need for additional information 
about the content, refer to the resources list in 
each section.

Administering the Probe
In this section, we suggest ways to adminis-
ter the probe to students, including appropri-
ate grade spans and, in some cases, modifica-
tions to make a probe intended for one grade 
span useful for another. The suggested grade 
span is intended to be a suggestion only. Your 
decision about whether or not to use a probe 
depends on why you are using it and your stu-
dents’ readiness. Do you want to know about 
the ideas your students are expected to learn in 
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your grade-level standards? Are you interested 
in how preconceived ideas develop and change 
across multiple grade levels in your school 
whether or not they are formally taught? Are 
you interested in whether students achieved 
a scientific understanding of previous grade-
level ideas before you introduce higher level 
concepts? Do you have students who are ready 
for advanced concepts? We recommend that 
you weigh the suggested grade levels against 
the knowledge you have of your own stu-
dents, your school’s curriculum, and your state 
standards.

Related Ideas in the National Standards
This section lists the learning goals stated in 
the two national documents generally con-
sidered the “national standards”: Benchmarks 
for Science Literacy (AAAS 1993, 2009) and 
National Science Education Standards (NRC 
1996). The learning goals from these two 
documents are quoted here because almost 
all states’ standards are based on them. Also, 
since the probes are not designed as summa-
tive assessments, the listed learning goals in 
this section are not intended to be considered 
alignments but rather ideas that are related in 
some way to the probe. When the ideas elic-
ited by a probe appear to be a strong match 
(aligned) with a national standard’s learning 
goal, these matches are indicated by a star ()
symbol. You may find this information useful 
in using probes with lessons and instructional 
materials that are strongly aligned to your state 
and local standards and specific grade level.

Sometimes you will notice that an elemen-
tary learning goal is included with middle and 
high school probes. This is because it is use-
ful to see the related idea that the probe may 
build on from a previous grade span. Likewise, 
sometimes a high school learning goal is 
included even though the probe is designated 
for grades K–8. This is because it is useful to 
consider the next level of sophistication that 

students will encounter in a coherent vertical 
sequence of learning.

At the time this book was written, the 
National Research Council had just come out 
with A Framework for K–12 Science Education: 
Practices, Crosscutting Concepts, and Core Ideas 
(NRC 2011). This conceptual framework is 
being used to guide the development of the 
Next Generation Science Standards that are 
anticipated to be released in late 2012. Since 
the state-level implementation phase will 
most likely not phase in until 2013, and the 
previous standards still are relevant in states, 
we chose to keep the Benchmarks and the 
National Science Education Standards in this 
volume. However, as we developed the probes, 
we did notice that the core ideas described in 
the Framework match well with the probes in 
this book. Once the Next Generation Science 
Standards are released, there will be a cross-
walk for this book (as well as all the previous 
books in the Uncovering Student Ideas series) 
that describes the link between each probe 
and the new standards. That crosswalk will 
be available on the Uncovering Student Ideas 
website in 2013: www.uncoveringstudentideas.
org.

Related Research
Each probe is informed by research on stu-
dents’ astronomy misconceptions, including 
research conducted by coauthor Dr. Cary 
Sneider. The research summaries can help you 
better understand the design and intent of the 
probe and the kinds of thinking your students 
are likely to reveal when they respond to the 
probe. Some of the research studies we cite 
describe studies that have been conducted in 
past decades, and they have involved children 
in both the United States and other countries. 
Most of the results of these studies are consid-
ered timeless and universal. Whether students 
develop their ideas in the United States or in 
other countries, research indicates that many 
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of these astronomy ideas are pervasive regard-
less of geographic boundaries and societal 
and cultural influences. Teachers who use the 
probes are encouraged to conduct their own 
classroom action research with the probes. An 
example of using probes for action research is 
described in the Science and Children article 
“Formative Assessment Probes: Is It Living?” 
(Keeley 2011a). Consider a similar action 
research approach with these astronomy 
probes.

Suggestions for Instruction and 
Assessment
A probe remains simply diagnostic, not for-
mative, unless you use the information about 
students’ ideas to inform instruction. After 
analyzing your students’ responses, the most 
important step is to decide on the student 
interventions and instructional paths that 
would work best in your particular context, 
based on your students’ thinking. We have 
included suggestions gathered from the wis-
dom of teachers, the knowledge base on effec-
tive science teaching, research, and our own 
collective experiences working with students 
and teachers. These are not extensive lists of 
detailed instructional strategies but rather brief 
suggestions that may help you plan or modify 
your curriculum or instruction to help stu-
dents learn ideas that they may be struggling 
with. It may be as simple as realizing that you 
need to provide an opportunity for students to 
directly observe the phenomenon, or there may 
be a modeling activity you could use with your 
students (e.g., to demonstrate the positional 
relationship of the Moon to the Earth and the 
Sun when explaining what causes the phases of 
the Moon). Learning is a very complex process, 
and most likely no single suggestion will help 
all students learn. But that is what formative 
assessment encourages—thinking carefully 
about the variety of instructional strategies 
and experiences needed to help students learn 

important ideas in astronomy. As you become 
more familiar with the ideas your students 
have and the multifaceted factors that may 
have contributed to their misunderstandings, 
you will identify additional strategies that you 
can use to teach for understanding.

References
References are provided for the standards, 
research findings, and some of the instruc-
tional suggestions cited in the Teacher Notes. 
You might want to read the full research sum-
mary or access a copy of the research paper or 
resource cited in the Related Research section 
of the teacher notes. 

Going Formative
Before you begin to use the probes in this book, 
recall that a probe is not formative unless you 
use the information from the probe to mod-
ify, adapt, or change your instruction so that 
students have data-informed opportunities to 
learn the important concepts in astronomy. As 
a companion to this book, NSTA has copub-
lished Science Formative Assessment: 75 Practical 
Strategies for Linking Assessment, Instruction, 
and Learning (Keeley 2008). That companion 
book includes strategies to use with the probes 
to facilitate elicitation of students’ ideas, sup-
port metacognition, spark inquiry, encour-
age discussion and argumentation, monitor 
progress, give and obtain feedback, improve 
quality of questions and responses, and pro-
mote self-assessment and reflection. In addi-
tion, please visit the Uncovering Student Ideas 
website (www.uncoveringstudentideas.org) for 
additional formative assessment resources and 
strategies shared by users of the probes. And 
please look for “Uncovering Student Ideas in 
Science” sessions offered by NSTA Press at 
NSTA’s area and national conferences and web 
seminars. We hope to see you there and learn 
about your (and your students’) successes in 
using these 45 astronomy probes!
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Introduction
“I don’t get it,” he said, passing me in the hall one day. Pointing out the window he continued, 
“Look, there’s the Moon. I can see the curved shadow of the Earth on the Moon. But the Sun 
is still up, so the Earth’s shadow must be behind us somewhere. How can Earth’s shadow fall 
on the Moon in the daytime?”

My friend had graduated from an Ivy League school. He had always done well in school 
and he loved science. As director of a major science education program he certainly had a 
good formal background in science. But that day I realized he did not understand the modern 
scientific explanation for Moon phases. 

To his credit, at that moment my friend realized that he’d had it wrong all these years. It is 
likely that he first learned about Moon phases in elementary school, when his spatial reason-
ing skills had not yet developed. And since he never studied Moon phases again, he never had 
an opportunity to learn the real reason for phases. 

A great many people of all ages make this same mistake. They learn about Moon phases 
and eclipses, but what really sticks is the explanation for an eclipse of the Moon, also called a 
lunar eclipse (derived from the Latin word for moon, luna). A lunar eclipse occurs when the 
Moon passes through the Earth’s shadow. A lunar eclipse happens about twice a year. Since 
you have to be on the side of Earth facing the Moon when it is in Earth’s shadow, chances are 
about 50-50 that you’ll get to see it. So at any one location it is common to see a lunar eclipse 
about once a year. 

Once we both recognized why he was confused, it was easy to help my friend understand 
why Moon phases occur. I took a hard-boiled egg out of my lunch bag and we walked outside. 
I handed him the egg and asked him to hold it up next to the Moon in the sky and pay atten-
tion to which part is lighted and which part is in shadow. He figured it out himself. Here’s 
more or less what he said:

“Oh! I see now. The egg and the Moon are both lit up by the Sun. I knew that before. 
But the shadow on the egg is the same as the shadow on the Moon—and the lighted part is 
the same, too. In fact, I’m looking at a ‘crescent egg’! The dark part is the shadow of the egg 
on itself, just like with the Moon—the dark part of the Moon is the shadow of the Moon on 
itself.”

For good measure I took a moment to explain to my friend why he had been confused. It’s 
easier to learn the explanation for a lunar eclipse than for Moon phases, and if it is presented 
too early and then never revisited it’s not surprising that someone would remember just one 
explanation and apply it to both phases and eclipses—even though the explanation for Moon 
phases is different. Today, thanks to science education research, the concept of Moon phases 
is more appropriately placed at the upper elementary or middle school level, where many stu-
dents still find it challenging. 

        —Cary Sneider, 2011
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Why Are Probes Useful for 
Teaching Astronomy?
The 45 astronomy probes in this book can 
help you provide the kind of experience in 
your classroom that Cary and his friend expe-
rienced in the exchange described above. Each 
probe presents a situation that will engage 
your students’ interests while assessing their 
current level of understanding (or misunder-
standing). Although it may not always be easy 
to help your students untangle mistaken ideas, 
knowing what your students’ preconceptions 
are is an excellent start. 

One way to think about what these probes 
can do that other assessments often fail to do 
is to reveal your students’ mental models of 
the world. We all have many such models and 
we use them all the time. For example, envi-
sion in your “mind’s eye” the house or apart-
ment building where you live. Imagine you are 
standing across the street from the front door. 
What color is the building? How many win-
dows does it have? Is there a mailbox in view? If 
the mailbox is not in front of the building, can 
you envision where it is? Now imagine walk-
ing across the street, picking up the mail, and 
entering the building. “Walk around” inside, 
looking into the different rooms, to become 
aware of just how detailed this mental model 
happens to be.

Your mental model of the place you live 
does much more than provide mild entertain-
ment when reading about science teaching—it 
provides a map of the world that you follow 
when you pick up the real mail, walk into your 
actual house, put away the groceries in the 
correct cupboards, and find your glasses in the 
place where you usually leave them. Mental 
models are such an important part of our lives 
that we rarely think of them; but without them 
we could not function in the world. They also 
color new information that we receive.

Stella Vosniadou and William Brewer 
(1992, 1994) conducted a series of influen-

tial studies on children’s mental models in 
astronomy. They interviewed first-, third-, and 
fifth-grade students, and found that the chil-
dren’s understanding of the day-night cycle 
depended on their mental models of the Earth. 
For example, students whose mental model of 
the Earth was a flat surface with an absolute 
“down” in space explained that the Sun would 
literally go “up” in the daytime and “down” 
at night. Older students, who held a more 
advanced spherical Earth concept, understood 
that the Earth is a ball in space. Those students 
held different misconceptions. For example, 
some thought that day and night were caused 
when the Sun went around the Earth once a 
day.

Without understanding your students’ 
mental models about the Earth in space, it will 
be very difficult to help them understand any-
thing that you may want to teach them about 
astronomy.

Mental Models and the 
Evolution of Astronomy
Astronomy is sometimes called the “mother 
of all sciences” because it was the first field to 
which modern scientific thinking was applied. 
Although the term scientist had yet to be 
invented, the term might well be applied to 
Aristotle, the ancient Greek philosopher and 
teacher of Alexander the Great. Aristotle was 
born approximately 2,500 years ago in Stagira 
in what is today northern Greece. He wrote 
about his ideas on astronomy in a book called 
On the Heavens (see Guthrie 1939 for one of 
several English translations).

Aristotle’s mental model of the Earth in 
space was remarkably modern in some ways. 
He described the Earth as a huge sphere (giv-
ing proper credit to philosophers of earlier 
periods) and as evidence of Earth’s shape he 
correctly referred to the appearance of Earth’s 
shadow on the Moon during a lunar eclipse. 
He noted that as travelers journeyed far to the 
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north or south they would see different stars 
gradually come into view. 

Aristotle’s mental model was not entirely 
modern. He imagined that people could live 
in many different places on Earth without fall-
ing off because in his view Earth was located 
in the center of the universe. Everything heavy 
would naturally fall to the center of the uni-
verse, while things that were light, such as fire, 
would go away from the center of the Earth. 
To explain day and night, he posited that the 
Sun circled the Earth once a day. Aristotle’s 
writings survived the Middle Ages, and his 
mental model of the Earth and Sun was taught 
in the best schools for thousands of years, until 
it was finally challenged by Copernicus in the 
16th century.

Copernicus agreed with Aristotle that the 
Earth is a sphere. However, he disagreed that 
the Earth is immovable in the center of the 
universe. Instead, he proposed that the Sun is 
immovable, in the center of the universe, and 
the Earth orbited around it once a year. In his 
mental model—which is closer to our own—
day and night were caused by the Earth spin-
ning once a day as it orbited the Sun once per 
year. 

Since Copernicus worked a couple of cen-
turies before Newton came up with his theory 
of gravity, Copernicus must have had diffi-
culty explaining why people—and everything 
else—clung to Earth’s surface rather than fly-
ing off into space as the Earth spun around. So 
he envisioned that the Earth, the Moon, and 
other large bodies each had its own center to 
which everything would fall. 

The process of continually modifying a 
mental model of Earth’s position among other 
bodies in space continues today in the work 
of modern astronomers. Astronomers cannot 
“experiment” with objects in space. However, 
they can observe the light from distant stars 
and galaxies to see how they move and how 
they relate to one another, and then build a 

mental model (often translated into a more 
precise mathematical model) that is consistent 
with what they see. It is not unusual for a new 
observation—or a new way of thinking about 
old observations—to cause astronomers to 
change their mental models of stars, galaxies, 
moons, planets, or even the Earth itself.

Your Students’ Mental Models
One of the greatest resources you can tap into 
as a teacher is the different mental models held 
by your students. By engaging them in dis-
cussing their ideas related to these probes, stu-
dents will have an opportunity to learn about 
other mental models besides their own. That 
realization—that there may be a different way 
to think about a situation—is a tremendously 
powerful way to get your students to question 
their own thinking.

A set of instructional materials that used a 
similar approach but predated the Uncovering 
Student Ideas in Science series was Earth, Moon, 
and Stars in the GEMS (Great Explorations in 
Math and Science) series (Sneider 1986). Stu-
dents were given “thought experiments,” using 
diagrams and questions similar to some of the 
probes in this book. The focus of the GEMS 
unit was the Earth’s spherical shape and a 
simple idea of gravity. The students started by 
writing their answers to the probes, and then 
they met in small groups to discuss their ideas. 
Without the teacher having to explain the cor-
rect concepts, these discussions alone moved 
the students much closer to the scientific men-
tal model of the Earth in space (Sneider and 
Pulos 1983; Sneider et al. 1986). 

The Earth, Moon, and Stars curriculum 
was rigorously tested in a study by 17 teachers 
from 10 states who agreed to give pretests and 
posttests to students who participated in their 
classes (Sneider and Ohadi 1998). The study 
included 539 students in grades 4–9. Although 
all groups significantly increased their test 
scores, the youngest students, in grades 4 and 
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5, made the greatest gains. Students in control 
groups, who did not engage in these activities, 
did not increase their scores. In other words, 
students can change their mental models of 
the Earth’s shape and gravity concept by dis-
cussing their ideas with each other. And that is 
what we want you to do with these probes—
use them to stimulate discussion that can help 
your students change their mental models of 
the universe. 

Learning From Probes and 
the New Science Education 
Standards
In July 2011, the National Research Council 
(NRC) released a report entitled A Framework 
for K–12 Science Education: Practices, Cross-
cutting Concepts, and Core Ideas (NRC 2011). 
This Framework is expected to provide a blue-
print for new science standards that states will 
eventually adopt. It describes core ideas in the 
major fields of science, including astronomy, 
and also describes important capabilities that 
all students should acquire during their K–12 
experience. Among these are the crosscutting 
concepts of systems and models, stability and 
change, and cause and effect, and the practices 
of developing and using models, construct-
ing explanations, and arguing from evidence. 
All of these capabilities can be supported by 
engaging students in discussions around the 
probes. Eventually the Next Generation Sci-
ence Standards (NGSS) will be developed, 
based on the Framework; the NGSS will also 
embody these concepts and abilities. Although 
the NGSS are not yet available, the probes and 
Teacher Notes in this book will very likely be 
consistent because we have taken into account 
the practices, core ideas, and crosscutting con-
cepts described in the 2011 Framework report.

Stepping-Stones
The word misconception has been used a num-
ber of times in the preface and introduction. 

It’s important to point out that from the per-
spectives of the students their ideas about the 
world are not “wrong.” As Vosniadou and 
Brewer (1992, 1994) and many others have 
pointed out, the students’ explanations for 
phenomena such as night and day or phases 
of the Moon are entirely consistent with their 
mental models of the Earth in space, among a 
host of other objects that they cannot directly 
see or handle. Some researchers have suggested 
using the term preconception or alternative 
conception rather than misconception to avoid 
labeling the students’ ideas as “wrong.” 

We prefer to keep the term misconception 
and use it in a general way to indicate that it is 
an idea that is contrary to the modern scientific 
thinking that we want to promote. However, 
we emphasize that expressing these ideas—
even though they may be wrong from a mod-
ern scientist’s point of view—is a very impor-
tant part of the learning process. In many cases 
your students will progress through a sequence 
of misconceptions before getting it right. As 
suggested by researcher Philip Sadler (1998), 
misconceptions might best be thought of as 
stepping-stones that are absolutely essential for 
helping our students gradually change their 
mental models, so they can share the modern 
scientific view of the universe.

With this book you now have a powerful 
set of tools to uncover the astronomy-related 
ideas your students bring to the classroom. 
Through students’ writing and talk you will 
be able to follow their efforts to make mean-
ing out of their everyday encounters with the 
natural world and concepts presented to them 
in school. Every student has his or her own 
unique approach to creating meaning in a 
learning situation. Whether or not a student’s 
ideas change depends on the willingness of the 
student to accept new ways of looking at his or 
her natural world. 

In other words, you cannot “fix” your 
students’ misconceptions. However, by using 
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these probes to formatively assess your stu-
dents’ current thinking, you will be in a much 
better position to create a path that moves 
students from where they are to where they 
need to be scientifically. We hope the probes 
in this book, along with the information in the 
Teacher Notes, will help you create a classroom 
environment that makes it safe and interesting 
to surface and discuss all students’ ideas, so 
that they can reach for the next stepping-stone 
in their understanding of astronomy.
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shorter Days in 
Winter

Mrs. Moro’s students checked the newspapers every morning for the times of sunrise 
and sunset. They used this information to determine the number of hours of daylight. 
The class started this project in September, and by November they could see that the 
days were getting shorter and shorter. The students asked their families and neighbors 
to explain why days get shorter as winter approaches in the North. Here are the ideas 
they came to class with the next day:

Frank:  “My mom says it’s because of daylight saving time.”

Jubal:  “My sister said Earth’s tilt causes the Sun to be farther away in winter.”

Sybil:  “My father thinks the angle of sunlight must be the cause.”

Carter:  “My brother says the Sun moves across the sky faster in winter.”

Wendy:  “My neighbor thinks the Sun’s path in the sky gets shorter in winter.”

Which student came to class with the best idea? ______________ Explain why you 
think that is the best idea.

_________________________________________________________________

_________________________________________________________________
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shorter Days in Winter
Teacher Notes

Purpose
The purpose of this probe is to elicit students’ 
ideas about the changing length of daylight 
with the change in seasons. The probe is 
designed to find out if students can relate the 
apparent path of the Sun as seen from Earth to 
the length of daylight.

Related Concepts
Seasons: cause, length of day
Solar system objects: spin
Sun: path in the sky

Explanation
Wendy has the best answer: “My neighbor 
thinks the Sun’s path in the sky gets shorter 
in winter.” Her neighbor describes an accu-
rate observation that the Sun makes a shorter 
and lower arc in the sky in winter. A shorter 
arc means the Sun spends less time above the 
horizon, so days are shorter. Here are problems 
with the answers given by the other students:

• Frank: “My mom says it’s because of day-
light saving time.” Daylight saving time is 
a consequence of shorter days, not a cause. 

• Jubal: “My sister said Earth’s tilt causes the 
Sun to be farther away in winter.” While 
it’s true that Earth’s axis is tilted, the tilt 
does not change the distance between the 
Earth and Sun. So that part of her sister’s 
response is incorrect. However, the tilt 
of Earth’s axis does cause the path of the 
Sun in the sky to appear to become shorter 
in winter and longer in summer. So this 
answer is partially correct.

• Sybil: “My father thinks the angle of sun-
light must be the cause.” It is true that as 
winter approaches not only does the path of 
the Sun grow shorter but also the Sun does 
not rise as high into the sky. The changing 
angle of the Sun results in cooler—but not 
shorter—days.

• Carter: “My brother says the Sun moves 
across the sky faster in the winter.” Since 

13
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the apparent movement of the Sun across 
the sky is due to Earth’s daily rotation on 
its axis, the rate of travel does not change.

Shorter days are one reason that it is colder 
in winter in the temperate and polar zones. 
When the Sun is above the horizon longer it 
has more time to heat up the land, and there is 
less time for the land to cool off at night. Also 
when the Sun is lower in the sky the energy we 
receive from the Sun is spread out over a larger 
area, so it is less intense, and the land absorbs 
less thermal energy. 

Administering the Probe
This probe is best used at the middle and high 
school level. It can be combined with Probes 
14, “Changing Constellations,” and 15, “Why 
Is It Warmer in Summer?” to assess students’ 
ideas about the seasons. If you are planning to 
use the probes to begin a unit of study, it is 
best to use this probe first, since it is important 
for your students to be able to explain why it is 
warmer in summer and cooler in winter from 
their own viewpoint, here on Earth, before 
taking the space view.

When you examine students’ responses 
don’t be surprised if most of them agree with 
Jubal, since the tilt of Earth’s axis is related to 
a complete explanation of seasons. If that is the 
case facilitate a discussion in which students 
justify and argue their opinions.

Related Ideas in Benchmarks 
for Science Literacy  
(AAAS 2009)

K–2 The Universe
• The Sun, Moon, and stars all appear to 

move slowly across the sky.

3–5 The Earth
• The rotation of the Earth on its axis every 

24 hours produces the night-and-day 
cycle. To people on Earth, this turning 
of the planet makes it seem as though the 
Sun, Moon, planets, and stars are orbiting 
the Earth once a day

6–8 The Earth
 	 The number of hours of daylight and the 

intensity of the sunlight both vary in a pre-
dictable pattern that depends on how far 
north or south of the equator the place is. 
This variation explains why temperatures 
vary over the course of the year and at dif-
ferent locations.

9–12 The Earth
• Because the Earth turns daily on an axis 

that is tilted relative to the plane of the 
Earth’s yearly orbit around the Sun, sun-
light falls more intensely on different parts 
of the Earth during the year. The difference 
in intensity of sunlight and the resulting 
warming of the Earth’s surface produces 
the seasonal variations in temperature.

Related Ideas in National 
Science Education Standards 
(NRC 1996)

5–8 Earth in the Solar System
 	 Seasons result from variations in the 

amount of the Sun’s energy hitting the sur-
face, due to the tilt of the Earth’s rotation 
on its axis and the length of day.

Related Research
•	 A review of 41 research studies on peo-

ple’s understanding of the seasons (Snei-
der, Bar, and Kavanagh 2011) found that 

13

 Indicates a strong match between the ideas elicited by the probe and a national standard’s learning goal.
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although understanding of seasons tended 
to increase with age, misconceptions were 
widespread even among college students 
and educated adults. For example, many 
people learn in school that seasons are due 
to Earth’s tilt, but have the misconception 
that the tilt causes Earth to be closer to the 
Sun in summer. (In fact Earth is closest to 
the Sun in January, which is winter in the 
Northern Hemisphere.) The review article 
suggests a sequence of instruction begin-
ning in elementary school, leading to full 
understanding of seasons in high school.

• Plummer (2008) interviewed 20 students 
in each of grades 1, 3, and 8. While she 
found a general trend toward higher levels 
of understanding among the older students, 
students at each grade level held miscon-
ceptions about how the Sun appeared to 
move through the sky during the day and 
how the Sun’s path across the sky changed 
with the seasons. Many of the children at 
all ages thought that the Sun was directly 
overhead at noon every day, even though 
the Sun was never overhead at noon at the 
latitude where the children lived. Further-
more, there was no significant difference 
between third-grade students’ and eighth-
grade students’ understanding of the Sun’s 
apparent motions. However, she did find 
that students were able to learn about the 
Sun’s changing path in the sky during the 
year with the help of a small planetarium.

• As part of an evaluation of a new high 
school course on astronomy, Sadler (1998) 
tested 1,250 high school students who had 
taken the course, which included instruc-
tion on the reasons for the seasons. One 
of the questions on the test was as follows: 
“The main reason for its being hotter in 
summer than winter is: (a) The Earth’s 
distance from the Sun changes; (b) The 
Sun is higher in the sky; (c) The distance 
between the northern hemisphere and the 

Sun changes; (d) Ocean currents carry 
warm water north; and (e) An increase 
occurs in ‘greenhouse’ gases.” Sadler found 
that most students who did poorly on the 
test overall chose the common misconcep-
tion that Earth’s distance from the Sun 
changes during the year. Most students 
who did moderately well chose a different 
misconception, that the distance between 
the Northern Hemisphere and the Sun 
changes, indicating that they understood 
that the tilt was somehow related to sea-
sons; but they misunderstood how the 
tilt caused the seasonal variation in tem-
perature. Only the students who did very 
well on the test overall chose the correct 
answer: “(b) The Sun is higher in the sky.” 
Sadler concluded that these misconcep-
tions should not be considered failures, but 
rather stepping-stones toward a full scien-
tific understanding.

Suggestions for Instruction and 
Assessment
• One of the reasons it is so difficult for stu-

dents to learn about the causes of Earth’s 
seasons is that the space viewpoint is intro-
duced too early, at the elementary level, 
before children have an opportunity to 
make the critical observations of the Sun’s 
changing path in the sky that explain 
why it is warmer in summer and colder in 
winter. 

• During the upper elementary grades stu-
dents should have opportunities to observe 
the changing rising or setting point of the 
Sun as observed from a fixed location. 
September–October and March–April are 
good times to do that because the Sun’s 
path changes most dramatically in the fall 
and spring. There are also a number of ways 
to safely measure the altitude of the Sun in 
the middle of the day, the simplest being to 
measure the length of a shadow of a fixed 
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object like a flagpole. Making these observa-
tions on a clear day once a week is sufficient 
to observe changes in the Sun’s daily move-
ments. It is also important for the teacher to 
help the students synthesize their observa-
tions to clarify the Sun’s changing path in 
the sky and see that as winter approaches, 
the arcing path of the Sun becomes shorter, 
the sun does not travel as high in the sky, 
and the days grow shorter.

• A visit to a planetarium or use of a class-
room planetarium can be very helpful in 
demonstrating these changes in the Sun’s 
daily path, especially if it comes after stu-
dents have made measurements of their 
own.

• Once students understand how the path 
of the Sun changes with the seasons, they 
should discuss how such changes affect 
average daily temperatures in the summer 
and winter. It should not be difficult for 
students in grades 4, 5, or 6 to understand 
that if the Sun is up longer, it will have 
more time to warm the Earth. That’s why 
it’s usually warmer in the afternoon, after 
the Sun has been up for a long time. It’s 
also why it is coldest shortly before sunrise, 
because the land has been cooling off all 
night. 

• Ideally this activity should take place after 
a unit on Earth’s shape and gravity so that 
the students can understand that the Sun’s 
apparent movement is due to Earth’s daily 
spin and the speed of the Sun across the 
sky does not change. The length of the day 
is directly related to the length of the Sun’s 
path in the sky.

• If middle school students are to fully 
understand the reasons for seasons, it is 
important that they first learn about the 
Sun’s changing path in the sky during the 
year, before they are expected to explain 
these changes as a result of Earth’s tilted 
axis.

• There are two reasons why the Sun’s 
changing path in the sky causes it to be 
warmer in summer and cooler in winter. 
One reason concerns length of day. A more 
difficult reason to understand is that the 
altitude of the Sun in the sky makes a dif-
ference in the solar energy that reaches 
each square meter of ground. This can be 
addressed at the middle school level in a 
number of ways. Students can go outdoors 
to set up a solar cell that lies flat on the 
ground, connected to an ammeter. They 
can plot electrical current generated over a 
full day with no clouds and see that more 
energy is generated during the middle of 
the day. Or they can experiment in the lab 
with a bright incandescent lightbulb and 
solar cell or liquid crystal thermometer to 
see how angle of light affects the energy 
received.

• It should not be assumed that high school 
students understand the reasons for the sea-
sons just because they studied it during ele-
mentary or middle school. This probe will 
tell you if high school students need to learn 
about the Sun’s changing path in the sky. 
If they don’t agree with Sybil’s neighbor, it 
will be important that they also do activi-
ties like those discussed above, so that when 
they learn about Earth’s tilted axis, they will 
understand that the model of the Earth’s 
tilted axis and its orbit around the Sun is 
intended to explain what we experience on 
Earth. It is not simply an explanation to be 
memorized and repeated on a test.

• The National Science Digital Library’s 
PRISMS (Phenomena and Representa-
tions for Instruction of Science in Middle 
Schools) website, funded by the National 
Science Foundation, has several represen-
tations and phenomena reviewed for their 
effectiveness in teaching ideas related to 
the seasons topic and subtopics: http://
prisms.mmsa.org.
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• Although the following Project 2061 
AAAS website is still a work in progress, 
it has much useful information about 
students’ ideas related to the seasons and 
visualizations that can be used to teach 
about the seasons: http://flora.p2061.org/
climate/#.

• The GEMS (Great Explorations in Math 
and Science) guide, The Real Reasons for 
Seasons, has several activities that can be 
used to develop ideas related to this probe 
(Gould, Willard, and Pompea 2000).
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What’s Moving? probe, 51–54

Earth’s spin
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Miller, B., 97
Miller, J. D., 191, 236
Minds in Motion: A Kinesthetic Approach to Teaching 

Elementary Curriculum, 30
Misconceptions, xxvi, 7, 23, 24, 45, 48, 50, 53, 67, 

72, 77, 78, 80, 81–82, 93, 104, 105, 125, 
137, 141, 145, 148, 150, 154–156, 161, 168, 
178, 179, 186–188, 205, 211, 218, 221, 225, 
230, 241, 244. See also specific probes

as stepping-stones to learning, xxviii–xxix
Misconceptions-Oriented Standards-Based 

Assessment Resources for Teachers 
(MOSART), 150, 156, 161, 168, 205, 221, 
225, 230, 241

Modeling the Moon probes, 85
Chinese Moon, 123–126
Comparing Eclipses, 113–117

Copyright © 2012 NSTA. All rights reserved. For more information, go to www.nsta.org/permissions.



N a t i o n a l  S c i e n c e  Te a c h e r s  A s s o c i a t i o n250

Index

concept matrix for, 86
Crescent Moon, 127–130
Curriculum Topic Study guides related to, 87
Does the Earth Go Through Phases?, 135–138
Does the Moon Orbit the Earth?, 99–102
Earth or Moon Shadow?, 103–107
How Long Is a Day on the Moon?, 131–134
Is the Moon Falling?, 139–142
Moon Phase and Solar Eclipse, 109–112
Moon Spin, 119–122
resources for, 87–89
Seeing the Moon, 91–94
Sizing Up the Moon, 95–98
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Comparing Eclipses probe, 113–117
Moon Phase and Solar Eclipse probe, 109–112

Space exploration, Human Space Travel probe, 
165–170
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