
Copyright © 2016 NSTA. All rights reserved. For more information, go to www.nsta.org/permissions. 
TO PURCHASE THIS BOOK, please visit www.nsta.org/store/product_detail.aspx?id=10.2505/9781938946479



Copyright © 2016 NSTA. All rights reserved. For more information, go to www.nsta.org/permissions. 
TO PURCHASE THIS BOOK, please visit www.nsta.org/store/product_detail.aspx?id=10.2505/9781938946479



Copyright © 2016 NSTA. All rights reserved. For more information, go to www.nsta.org/permissions. 
TO PURCHASE THIS BOOK, please visit www.nsta.org/store/product_detail.aspx?id=10.2505/9781938946479



Arlington, Virginia

By Page Keeley
and

Laura Tucker

Copyright © 2016 NSTA. All rights reserved. For more information, go to www.nsta.org/permissions. 
TO PURCHASE THIS BOOK, please visit www.nsta.org/store/product_detail.aspx?id=10.2505/9781938946479



Art And design 
Will Thomas Jr., Director  
Cover, Inside Design, and Illustrations by Linda 
Olliver

Printing And Production  
Catherine Lorrain, Director

Claire Reinburg, Director
Wendy Rubin, Managing Editor
Rachel Ledbetter, Associate Editor
Amanda O’Brien, Associate Editor
Donna Yudkin, Book Acquisitions Coordinator

nAtionAl science teAchers AssociAtion

David L. Evans, Executive Director
David Beacom, Publisher

1840 Wilson Blvd., Arlington, VA 22201
www.nsta.org/store
For customer service inquiries, please call 800-277-5300.

Copyright © 2016 by the National Science Teachers Association.
All rights reserved. Printed in the United States of  America.
19 18 17 16   4 3 2 1

NSTA is committed to publishing material that promotes the best in inquiry-based science education. However, condi-
tions of  actual use may vary, and the safety procedures and practices described in this book are intended to serve only 
as a guide. Additional precautionary measures may be required. NSTA and the authors do not warrant or represent 
that the procedures and practices in this book meet any safety code or standard of  federal, state, or local regulations. 
NSTA and the authors disclaim any liability for personal injury or damage to property arising out of  or relating to 
the use of  this book, including any of  the recommendations, instructions, or materials contained therein.

Permissions

Book purchasers may photocopy, print, or e-mail up to five copies of  an NSTA book chapter for personal 
use only; this does not include display or promotional use. Elementary, middle, and high school teachers 
may reproduce forms, sample documents, and single NSTA book chapters needed for classroom or 
noncommercial, professional-development use only. E-book buyers may download files to multiple personal 
devices but are prohibited from posting the files to third-party servers or websites, or from passing files to 
non-buyers. For additional permission to photocopy or use material electronically from this NSTA Press 
book, please contact the Copyright Clearance Center (CCC) (www.copyright.com; 978-750-8400). Please access 
www.nsta.org/permissions for further information about NSTA’s rights and permissions policies.

Cataloging-in-Publication Data for this book and the e-book are available from the Library of  Congress.
ISBN: 978-1-938946-47-9
e-ISBN: 978-1-68140-007-5

Copyright © 2016 NSTA. All rights reserved. For more information, go to www.nsta.org/permissions. 
TO PURCHASE THIS BOOK, please visit www.nsta.org/store/product_detail.aspx?id=10.2505/9781938946479



Contents

Foreword   ...........................................................................................................................ix

Preface   ..............................................................................................................................xi

Acknowledgments   ....................................................................................................xxi

About the Authors   ..................................................................................................xxiii

Introduction   .....................................................................................................................1

Section 1. Land and Water
Concept Matrix   .....................................................................................................12

 Related Next Generation Science Standards Performance Expectations   ..13

Related NSTA Resources   .....................................................................................13

1 What’s Beneath Us?   .............................................................................................15

2 What Do You Know About Soil?   .........................................................................19

3 Land or Water?   ......................................................................................................25

4 Where Is Most of the Fresh Water?   ..................................................................29

5 Groundwater   ..........................................................................................................33

6 How Many Oceans and Seas?   ............................................................................37

7 Why Is the Ocean Salty?   .....................................................................................41

Copyright © 2016 NSTA. All rights reserved. For more information, go to www.nsta.org/permissions. 
TO PURCHASE THIS BOOK, please visit www.nsta.org/store/product_detail.aspx?id=10.2505/9781938946479



Section 2. Water Cycle, Weather, and Climate
Concept Matrix   .................................................................................................... 46

 Related Next Generation Science Standards Performance Expectations   ..47

Related NSTA Resources   .....................................................................................47

8 Water Cycle Diagram   ...........................................................................................49

9 Where Did the Water in the Puddle Go?   ...........................................................53

10 Weather Predictors   ...............................................................................................57

11 In Which Direction Will the Water Swirl?   .........................................................61

12 Does the Ocean Influence Our Weather or Climate?   ......................................65

13 Coldest Winter Ever!   ............................................................................................69

14 Are They Talking About Climate or Weather?   ..................................................73

15 What Are the Signs of Global Warming?   ......................................................... 77

Section 3. Earth History, Weathering and 
Erosion, and Plate Tectonics

Concept Matrix   .....................................................................................................84

 Related Next Generation Science Standards Performance Expectations   ..85

Related NSTA Resources   .....................................................................................85

16 How Old Is Earth?   .................................................................................................87

17 Is It a Fossil?   .........................................................................................................91

18 Sedimentary Rock Layers   ....................................................................................95

19 Is It Erosion?   ..........................................................................................................99

20 Can a Plant Break Rocks?   ................................................................................103

21 Grand Canyon   ......................................................................................................107

22 Mountains and Beaches   .................................................................................... 111

23 How Do Rivers Form?   ......................................................................................... 117

24 What Is the Inside of Earth Like?   ....................................................................121

25 Describing Earth’s Plates   ..................................................................................125

26 Where Do You Find Earth’s Plates?   .................................................................131

27 What Do You Know About Volcanoes and Earthquakes?   ............................135

Copyright © 2016 NSTA. All rights reserved. For more information, go to www.nsta.org/permissions. 
TO PURCHASE THIS BOOK, please visit www.nsta.org/store/product_detail.aspx?id=10.2505/9781938946479



Section 4. Natural Resources, Pollution, and 
Human Impact 
  Concept Matrix   ...................................................................................................142

  Related Next Generation Science Standards Performance Expectations   143

  Related NSTA Resources   ...................................................................................143

 28  Renewable or Nonrenewable?   ..........................................................................145

 29  Acid Rain   .............................................................................................................. 151

 30  What Is a Watershed?   ....................................................................................... 155

 31  Is Natural Better?   ............................................................................................... 161

 32  The Greenhouse Effect   ......................................................................................165

 Index   ................................................................................................................................171

Copyright © 2016 NSTA. All rights reserved. For more information, go to www.nsta.org/permissions. 
TO PURCHASE THIS BOOK, please visit www.nsta.org/store/product_detail.aspx?id=10.2505/9781938946479



Copyright © 2016 NSTA. All rights reserved. For more information, go to www.nsta.org/permissions. 
TO PURCHASE THIS BOOK, please visit www.nsta.org/store/product_detail.aspx?id=10.2505/9781938946479



ixU n c o v e r i n g  S t u d e n t  I d e a s  i n  E a r t h  a n d  E n v i r o n m e n t a l  S c i e n c e

Foreword
In our efforts to use science to improve the 
quality of our lives, we have learned that our 
mental models of physical phenomena can be 
so deeply anchored as to effectively block learn-
ing. From the youngest age, we try to explain 
natural phenomena—the Sun “comes up” in 
the morning, the Earth casts a shadow on the 
Moon, rocks are stronger than plants—and 
we ask questions. Where do birds go at night? 
How does an acorn become a tree? Why is the 
ocean cold in sunny Los Angeles but warm in 
chilly Maryland? Once we have the answers, we 
tend to hold them fast, regardless of whether 
what we “learned” was correct. 

Many will remember Science Media Group’s 
1987 video A Private Universe. The video revealed 
that some of our best-educated college students 
could not apply the science they had learned 
about familiar occurrences such as the chang-
ing seasons or phases of the Moon. The issue 
identified in the video and in very substantial 
research is that the presence of misinformation 
can prevent correct information from taking 
root. When teaching science, simply presenting 
the evidence for a more scientifically accurate 
explanation is not enough. Misconceptions must 
be explicitly identified to facilitate learning. 

The Uncovering Student Ideas in Science 
series addresses this critically important step 
in science education. With her engaging vol-
umes, Page Keeley gives teachers the tools 
they need to identify their students’ and their 
own misunderstandings at the beginning of 
instruction. To ensure deeper learning, she 
follows up the accessible probes with related 
research and suggestions for instruction and 
assessment. Uncovering Student Ideas in Earth 
and Environmental Science: 32 New Formative 
Assessment Probes is the 10th book of the series 

and focuses on areas of science where we all have 
our own misconceptions, such as the formation 
of rock and soil, the processes of weather and 
climate, the water cycle, the saltiness of the 
ocean, and the history of Earth. 

As you dive into these probes with your 
students, I encourage you to keep the impor-
tance of addressing misconceptions in mind. 
The Age of Enlightenment taught us that the 
use of evidence, logic, and reason—cornerstones 
of scientific investigation—influences how we 
understand our world. So ensuring that students 
have a good understanding of science is far more 
important than focusing on just memorizing 
“facts.” And given the global challenges we face, 
science education is fundamental to our survival 
as a society—and maybe even as a species. 

Today, we better understand that human 
activities impact the whole planet (an idea that 
many of us find hard to accept). Our role as 
stewards of the environment is thus more critical 
than the traditional environmentalist message; 
the habitat, if not the viability, of our species 
could be at stake. Uncovering Student Ideas in 
Earth and Environmental Science will help you 
guide your students in making science-based 
decisions as responsible members of society. 
I hope that your emphasis on right scientific 
thinking will lead to right environmental doing. 

—David L. Evans, PhD 
Executive Director

National Science Teachers Association 

Reference
Harvard-Smithsonian Center for Astrophysics, 

Science Education Department, Science Media 
Group. 1987. A private universe. Film available 
at www.learner.org/resources/series28.html.
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Preface
This book is the 10th book in the Uncovering 
Student Ideas in Science series and the first one 
specifically targeting Earth and environmental 
science. Like its predecessors, this book pro-
vides a collection of unique questions, called 
formative assessment probes, designed to 
uncover preconceptions students bring to their 
learning, as well as identify misunderstandings 
students develop during instruction that may 
go unnoticed by the teacher. Each probe is 
carefully researched to surface commonly held 
ideas students have about the phenomenon or 
scientific concept targeted by the probe. Each 
probe includes one scientifically best answer, 
along with distracters designed to reveal com-
mon, research-identified alternative conceptions 
held by children and adults.

The 32 probes in this book uncover stu-
dents’ thinking about several of the big ideas 
in Earth and environmental science. Many of 
the probes are designed to uncover pre-existing 
ideas, often developed before the concept or 
idea is even taught. Therefore, we avoid the use 
of technical terminology in a probe and instead 
use everyday language students are familiar 
with in order to uncover their conceptual ideas 
that do not depend on knowing vocabulary. 
Some of the probes are intended for use after 
a concept or idea has been introduced, such 
as the collection of plate tectonic probes. For 
example, students may first need to learn the 
idea that Earth is composed of several plates 
before probing students’ ideas about the char-
acteristics of Earth’s plates. 

It is impossible to cover all Earth and 
environmental science ideas in one book. For 
this first volume in Earth and environmental 
science, we chose to focus primarily on ideas 
associated with strongly held misconceptions 

that follow students from one grade level 
to the next, often into adulthood. You may 
wonder why some ideas such as the rock cycle, 
energy in the Earth system, flow of matter and 
energy through ecosystems, and atmospheric 
ideas are not included in this book. Some of 
these ideas will be included in other books in 
the Uncovering Student Ideas in Science series. 
Energy in the Earth system will be covered 
as a crosscutting concept in the future book, 
Uncovering Student Ideas about Matter and 
Energy. For the environmental science probes, 
we chose to focus primarily on natural resources 
and human impact. Probes related to mat-
ter and energy in ecosystems and ecosystem 
dynamics are included in the collection of 
life science probes in the other books in this 
series. Uncovering Student Ideas in Life Science, 
Volume 2, to be released in 2017, will contain 
additional ecosystem-related probes. 

Other Uncovering Student Ideas 
in Science Books That Include 
Earth and Environmental 
Science–Related Probes
The following is a description of the other 
books in the Uncovering Student Ideas in Sci
ence series to date (2016) that include probes 
related to Earth and environmental science.

Uncovering Student Ideas in Science, Vol
ume 1 (Keeley, Eberle, and Farrin 2005): This 
first book in the series contains 25 formative 
assessment probes in life, physical, Earth, and 
space science. The introductory chapter of the 
book provides an overview of what formative 
assessment is and how it is used. Earth and 
environmental science probes in this book, 
along with suggested grade levels and related 
concepts, include the following:
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• “Wet Jeans” (grades 3–12): water cycle
and evaporation

• “Beach Sand” (grades 5–12): weathering,
erosion, deposition, and beach formation

• “Mountain Age” (grades 5–12): mountain
formation

Uncovering Student Ideas in Science, Volume
2 (Keeley, Eberle, Tugel 2007): This second 
book in the series contains 25 formative 
assessment probes in life, physical, Earth, 
and space science. The introductory chapter 
of this book describes the link between for-
mative assessment and instruction. Earth and 
environmental science probes in this book, 
along with suggested grade levels and related 
concepts, include the following:

• “Is It a Rock? Version 1” (grades 2–5):
rock and rock sizes

• “Habitat Change” (grades 3–8): adaptation
and habitat change

• “Is It a Rock? Version 2” (grades 3–8):
concept of a rock and natural versus
human-made rocks

• “Mountaintop Fossil” (grades 3–8): fos-
sils, mountain formation, uplift, and plate
tectonics

• “Giant Sequoia Tree” (grades 6–12): pho-
tosynthesis and carbon cycle

Uncovering Student Ideas in Science, Vol
ume 3 (Keeley, Eberle, Dorsey 2008): This 
third book in the series contains 25 formative 
assessment probes in life, physical, Earth, and 
space science. It also contains three nature 
of science probes on hypotheses, theories, 
and how scientists do their work. The “Is 
It a Theory?” probe can be combined with 
the collection of plate tectonics probes. The 
introductory chapter of the book describes 
ways to use the probes and student work for 
professional learning. Earth and environmen-
tal science probes in this book, along with 

suggested grade levels and related concepts 
include the following:

• “Rainfall” (grades 3–8): rain, precipitation,
and weather

• “Rotting Apple” (grades 3–8): decay and
decomposers

• “What Are Clouds Made of?” (grades 3–8):
clouds and water cycle

• “Where Did the Water Come From?”
(grades 3–12): water cycle and condensation

• “Earth’s Mass” (grades 5–12): flow of mat-
ter through ecosystems and conservation
of matter

Uncovering Student Ideas in Science, Volume
4 (Keeley and Tugel 2009): This fourth book 
in the series contains 25 formative assessment 
probes in life, physical, Earth, and space 
science. It also includes two probes that 
target the crosscutting concepts of models 
and systems. The introductory chapter of 
this book describes the link between forma-
tive and summative assessment. Earth and 
environmental science probes in this book, 
along with suggested grade levels and related 
concepts include the following:

• “Where Does Oil Come From?” (grades 3–8):
fossil fuels

• “Where Would It Fall?” (grades 3–8):
land-water distribution

• “Camping Trip” (grades 5–12): Earth’s
warming and cooling and radiant energy

• “Global Warming” (grades 6–12): global
warming and human impact

Uncovering Student Ideas in Life Science,
Volume 1 (Keeley 2011b): This sixth book in 
the series, as well as the first one in the series 
of life science probes, contains 25 life science 
formative assessment probes. The introductory 
chapter of this book describes how formative 
assessment probes are used in a life science 
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context. Environmental science probes in this 
book, along with suggested grade levels and 
related concepts include the following:

• “No More Plants” (grades 2–8): role of
producers, food chains, and food webs

• “Is It a Consumer?” (grades 3–8): consumer,
food web, and food chain

• “Changing Environment” (grades 5–12):
adaptation and ecosystem change

• “Food Chain Energy” (grades 5–12):
producers, consumers, and flow of energy

• “Ecosystem Cycles” (grades 6–12): matter
cycles and energy flows

Uncovering Student Ideas in Astronomy
(Keeley and Sneider 2012): This seventh book 
in the series contains 45 astronomy formative 
assessment probes. Many Earth science teach-
ers also teach space science and can use these 
probes to address the space sciences section 
of their curriculum. The introductory chapter 
of this book describes how formative assess-
ment probes are used to understand students’ 
mental models in astronomy. In addition to 
the astronomy probes, probes included in this 
book that address students ideas about the 
nature of planet Earth include the following:

• “Is the Earth Really Round?” (grades 2–5):
concept of a spherical Earth

• “Where Do People Live?” (grades 2–5):
concept of a spherical Earth

• “Falling Through Earth” (grades 6–8):
Earth’s gravitational attraction

Uncovering Student Ideas in Primary Science,
Volume 1 (Keeley 2013): This eighth book in 
the series contains 25 formative assessment 
probes designed for K–2 students. The probes 
are for early or nonreaders as well as English 
language learners. They can also be used in 
grades 3–5 to check for prior knowledge. The 
probes are visual in nature and designed to be 

used in a talk format. The introductory chapter 
focuses on how to use the probes to support 
science talk and how science talk supports 
students’ thinking. Earth and environmen-
tal science probes in this book, along with 
suggested grade levels and related concepts, 
include the following:

• “Describing Soil” (grades K–5): soil
• “Is a Brick a Rock?” (grades K–5): rock

and natural versus human-made materials
• “What Makes Up a Mountain?” (grades

K–5): mountains and rock

Format of This Book
This book contains 32 probes for grades 3–12 
and is organized in four sections: Section 1, 
“Land and Water” (7 probes); Section 2 “Water 
Cycle, Weather, and Climate” (8 probes); Sec-
tion 3 “Earth History, Weathering and Erosion, 
and Plate Tectonics” (12 probes), and Section 
4 “Natural Resources, Pollution, and Human 
Impact” (5 probes). The format is similar to 
the other nine volumes in the Uncovering 
Student Ideas in Science series. The introduc-
tory chapter describes how to use the probes 
and provides an overview of teaching and 
learning related to Earth and environmental 
science. Each section begins with a concept 
matrix that lists the main concepts that each 
probe addresses. The matrix also lists the 
related performance expectations from the 
Next Generation Science Standards (NGSS) 
by grade level and related National Science 
Teachers Association (NSTA) resources, such 
as journal articles, books, content webinars, 
and science objects. These resources provide 
materials for teachers who wish to extend their 
learning. The Teacher Notes are one of the 
most important components of the book and 
should always be read before using a probe. 
The following pages describe the features of 
the Teacher Notes that accompany each probe 
in this book.
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Purpose
This section describes the purpose of the 
probe—that is, what you will learn about 
your students’ ideas if you use the probe. It 
begins by describing the overall concept the 
probe elicits, followed by the specific idea the 
probe targets. Before choosing a probe, you 
must understand what the probe is intended 
to reveal. Taking time to read the purpose 
will help you decide if the probe will elicit 
the information you need to understand your 
students’ thinking.

Type of Probe
This section describes the format of the probe. 
The probes in this series use 10 different 
formats. Some of the more common formats 
are justified lists, friendly talk, and opposing 
views. The format of a probe is related to how 
a probe is used. The snapshot vignettes in the 
Introduction (pp. 1–10) illustrate how a format 
informs the use of a probe.

Related Concepts
Each probe is designed to target one or more 
concepts that are often used across multiple 
grade levels. A concept is a one-, two-, or 
three-word mental construct used to organize 
the ideas the probe addresses. Most of these 
concepts are included in core disciplinary ideas. 
The concepts are also included on the matrix 
charts that precede the probes for each section. 

Explanation
The best answer choice is provided in this 
section. We use best answer rather than correct 
answer because the probes are not intended 
to pass judgment on students. Instead, they 
are used to encourage students to reveal their 
thinking without the worry of being “wrong.” 
Sometimes there is no single “right” answer 
because the probe is designed to uncover dif-
ferent ways of thinking. The best answer is the 

one that scientifically addresses the purpose 
and intent of the probe. 

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 most 
scientifically acceptable answers are, as well 
as clarify any misunderstandings about the 
content. The explanations are not intended 
to provide detailed background knowledge 
about the content. They are provided to sup-
port teachers’ content knowledge; although 
in some cases, the explanations can be shared 
with upper middle and high school students as 
written. Some elementary and middle school 
science teachers have limited coursework 
or professional development in science, and 
some high school instructors teach Earth or 
environmental science outside of their science 
major. Therefore, the explanations are carefully 
written to avoid highly technical language so 
that you do not have to be a science specialist 
to understand them. At the same time, the 
explanations try not to oversimplify the science. 
Rather, they provide the concise information a 
science novice would need to understand the 
content he or she teaches related to the probe. 
If you need additional background informa-
tion regarding the content of the probe, refer 
to the NSTA resources listed for each section 
to build or enhance your content knowledge.

Administering the Probe
Intended grade levels and suggestions are 
provided for administering the probe to stu-
dents, including response methods, ways to 
use props, the way to demonstrate the probe 
scenario, modifications for different learn-
ers, or use of different formative assessment 
classroom techniques (FACTs) to gather the 
assessment data. FACTs are described in the 
Introduction on pages 3–9.
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Related Core Ideas
This section identif ies the learning goals 
described in the two national documents used 
to develop the learning goals in most states’ 
standards and curriculum materials—the 
revised, online version of Benchmarks for Sci
ence Literacy (AAAS 2009) and A Framework 
for K–12 Science Education: Practices, Cross
cutting Concepts, and Core Ideas (NRC 2012), 
of which the disciplinary core ideas were used 
to develop the Next Generation Science Stan
dards (NGSS Lead States 2013). Because those 
are the primary source documents on which 
almost all state standards are or will be based 
after they are revised, it is important to look 
at the related learning goals in these docu-
ments. Because the probes are not designed 
as summative assessments, the listed learning 
goals are not to be considered alignments, 
but rather ideas that are related in some way 
to the probe. Additionally, the performance 
expectations related to probes in each section 
are listed under the concept matrices at the 
beginning of each section.

Core ideas across grade spans are included 
in this section. The ideas are included because 
seeing the related idea that precedes your grade 
level is useful when using the probe, as well as 
seeing the core idea that builds on the probe at 
the next grade level. In other words, teachers 
can see how the foundation they are laying 
relates to a spiraling progression of ideas as 
students move from one grade level to the next.

Related Research
Each probe is informed by related research 
when available. Three comprehensive research 
summaries commonly available to educators are 
the following: Chapter 15 in the Benchmarks 
for Science Literacy (AAAS 1993), Rosalind 
Driver’s Making Sense of Secondary Science: 
Research Into Students’ Ideas (Driver et al. 
1994), and recent summaries in the Atlas of 
Science Literacy (AAAS 2007) were drawn on 

for the research summaries. In addition, recent 
research from science education journals is 
cited where available. Although many of the 
research citations describe studies that have 
been conducted in past decades and studies 
that include children in not only the United 
States but also other countries, most of the 
results of these studies are considered timeless 
and universal. Whether students develop their 
ideas in the United States or other countries, 
research indicates that many of these com-
monly held ideas are pervasive regardless 
of geographic boundaries and societal and 
cultural influences. 

Although your students may have had 
different backgrounds, experiences, and con-
texts for learning, the descriptions from the 
research can help you better understand the 
intent of the probe and the kinds of think-
ing your students are likely to reveal when 
they respond to the probe. The research also 
helps you understand why the distracters are 
written a certain way. As you use the probes, 
we encourage you to seek new and additional 
published research, engage in your own action 
research to learn more about students’ thinking, 
and share your results with other teachers to 
extend and build on the research summaries 
in the Teacher Notes. To learn more about 
conducting action research using the probes, 
read the Science and Children article “Forma-
tive Assessment Probes: Teachers as Classroom 
Researchers” (Keeley 2011b), or read Chapter 
12 in the book What Are They Thinking? Pro
moting Elementary Learning Through Formative 
Assessment (Keeley 2014b).

Suggestions for Instruction and 
Assessment
Uncovering and examining the ideas children 
bring to their learning is considered diagnostic 
assessment. Diagnostic assessment becomes 
formative assessment when the teacher uses 
the assessment data to make decisions about 
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instruction that will move students toward the 
intended learning target. Thus, for the probe 
to be considered a formative assessment probe, 
the teacher needs to think about how to design, 
choose, or modify a lesson or activity to best 
address the preconceptions students bring to 
their learning or the misunderstandings that 
might surface or develop during the learning 
process. As you carefully listen to and analyze 
your students’ responses, the most important 
next step is to choose the instructional path 
that would work best in your particular context 
according to the learning goal, your students’ 
ideas, the materials you have available, and 
the different types of learners you have in 
your classroom. 

The suggestions provided in this section have 
been gathered from the wisdom of teachers, 
the knowledge base on effective science teach-
ing, and research on specific strategies used to 
address commonly held ideas and conceptual 
difficulties. These suggestions are not lesson 
plans, but rather brief recommendations that 
may help you plan or modify your curriculum 
or instruction to help students move toward 
learning scientific ideas. It may be as simple as 
realizing that you need to provide a relevant, 
familiar context, or there may be a specific 
strategy, resource, or activity that you could 
use with your students. 

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 instructional strategies, resources, 
and experiences needed to help students learn 
scientific ideas. 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 conceptual change and understanding. In 
addition, this section also points out other 
related probes in the Uncovering Student Ideas 

in Science series that can be modified or used 
as is to further assess students’ conceptual 
understanding. 

When applicable, the Suggestions for 
Instruction and Assessment section includes 
safety notes for the proposed activities and 
investigations. These guidelines need to be 
adopted and enforced to provide for a safer 
learning and teaching experience. Teachers 
should also review and follow local polices and 
protocols used within their school and school 
district. For additional safety information, read 
NSTA’s “Safety in the Science Classroom” article 
(www.nsta.org/pdfs/SafetyInTheScienceClassroom.
pdf ) or visit the NSTA Safety Portal (www.
nsta.org/portals/safety.aspx).

References
References are provided for the information cited 
in the Teacher Notes, including the original 
article referenced in the research summaries. 

Formative Assessment Probes 
in the Elementary Classroom
Formative assessment is an essential feature of 
a learning-focused elementary science environ-
ment. To help teachers learn more about using 
formative assessment probes with elementary 
students to inform instruction and promote 
learning, NSTA’s elementary science journal 
Science and Children publishes a monthly column 
by the author titled, “Formative Assessment 
Probes: Promoting Learning Through Assess-
ment.” Your NSTA membership provides you 
with access to all of those journal articles, 
which NSTA has archived electronically. Go 
to the Science and Children website at www.
nsta.org/elementaryschool. Scroll down to the 
journal archives, and enter “formative assess-
ment probes” in the keyword search box. 
This will pull up a list of all of Page Keeley’s 
column articles. You can save the articles in 
your library in the NSTA Learning Center or 
downloaded them as a pdf. 
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Table 1 lists the journal issue, title of the 
column, and topic of the column for the articles 
that have been published to date related to 
Earth and environmental science. Check back 
regularly as more articles are added. Professional 
developers and facilitators of professional learning 
communities can also use the articles to engage 

instructors in discussions about teaching and 
learning related to the probes and the content 
they teach. In addition, several of the articles 
are provided in chapter form, along with a 
link to the probe and discussion questions for 
professional learning groups in What Are They 
Thinking? (Keeley 2014b).

Table 1. Earth and Environmental Science Formative Assessment Probes: Promoting Learning 
Through Assessment

Issue Title Topic

September 2010 “Doing Science” Scientific method and how misuse of the “scientific method” 
affects students’ ideas related to the nature of science

December 2010 “To Hypothesize or Not” Hypothesis making and misconceptions teachers have about 
the nature of science that can be passed on to students

November 2011 “Teachers as Researchers” Biological conception of an animal and how formative 
assessment probes can be used to engage in teacher action 
research

April/May 2012 “Food for Plants: A Bridging 
Concept”

Understanding food, photosynthesis, needs of plants; using 
bridging concepts to address gaps in learning goals; and 
understanding students’ common sense ideas

July 2012 “Where Did the Water Go?” Using the water cycle to show how a probe can be used 
to link a core content idea, a scientific practice, and a 
crosscutting concept

December 2012 “Mountain Age: Creating 
Classroom Formative 
Assessment Profiles”

Understanding weathering and erosion and organizing 
student data using a classroom profile for instructional 
decisions and professional development

March 2013 “Habitat Change: Formative 
Assessment of a Cautionary 
Word”

Adaptation and how formative assessment helps teachers 
be more aware of the language they use when teaching 
concepts such as adaptation

April 2013 “Is It a Rock? Continuous 
Formative Assessment”

Concept of a rock, natural versus human-made materials, 
and the Group Frayer Model for continuous assessment

September 2014 “Is It a Theory? Speaking the 
Language of Science”

Scientific theories and how colloquial language affects our 
understanding of what a scientific theory is

March 2015 “Soil and Dirt: The Same or 
Different?”

Soil and how our use of everyday language affects 
understanding of science concepts

April 2015 “No More Plants!” Understanding producers, food chains, and food webs and 
uncovering students’ ideas about interdependency and 
ecosystem change

October 2015 “Wet Jeans” Understanding evaporation and the water cycle and using real 
world phenomena to uncover ideas

December 2015 “Mountain Top Fossil: A 
Puzzling Phenomenon”

Understanding how Earth’s surface changes over time using a 
puzzling phenomenon
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Formative Assessment 
Reminder
Now that you have the background on the 
probes and the Teacher Notes in this new book, 
let’s not forget the formative purpose of these 
probes. Remember that a probe is not formative 
unless you use the information from the probe 
to modify, adapt, or change your instruction 
so that students have the opportunity to learn 
the important scientific ideas necessary for 
achieving scientific literacy. As a companion 
to this book and all the other volumes, NSTA 
has co-published the book Science Formative 
Assessment: 75 Practical Strategies for Linking 
Assessment, Instruction, and Learning (Keeley 
2008, 2015) and Science Formative Assess
ment: 50 More Practical Strategies for Linking 
Assessment, Instruction, and Learning (Keeley 
2014a). In these books, you will find a variety 
of strategies to use, along with the probes to 
facilitate elicitation, support metacognition, 
spark inquiry and investigation, encourage 
discussion, monitor progress toward conceptual 
change, encourage feedback, and promote self-
assessment and reflection. In addition, these 
strategies provide opportunities for students 
to use scientific practices such as modeling, 
designing investigations, argumentation, and 
explanation construction. 

Finally, the ultimate purpose of formative 
assessment is to break away from teaching 
and assessing disconnected facts to support 
conceptual learning of science. Because con-
ceptual change is the underpinning of the 
Uncovering Student Ideas in Science series, 
we highly recommend the book Teaching for 
Conceptual Understanding in Science, which 
includes chapters on understanding the nature 
of students’ thinking, instructional strategies 
that support conceptual change, and content 
that links assessment, instruction, and learning 
(Konicek-Moran and Keeley 2015). 
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Groundwater

Water found below Earth’s surface is called groundwater. Five friends wondered 
what they would see if they could look underground and see groundwater. This 
is what they said:

Tyson: I think I would see a moving underground stream or river.

Yalena: I think I would see water in the tiny cracks and spaces between soil, 
sand, and rocks.

Jake: I think I would see a pool of water, sort of like an underground lake.

Betsy: I think I would see water spouting up from a vent or opening deep 
under the ground.

Armando: I think I would see chunks of ice that slowly melt and release water. 

Who do you agree with the most? ______________________ Explain your thinking.

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

5
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Groundwater
Teacher Notes

5

Purpose
The purpose of this assessment probe is to 
elicit students’ ideas about a major fresh-
water resource, groundwater. The probe is 
designed to find out how students visualize 
groundwater.

Type of Probe
Friendly talk

Related Concepts
Aquifer, fresh water, groundwater

Explanation
The best answer is Yalena’s: “I think I would 
see water in the tiny cracks and spaces between 
soil, sand, and rocks.” Groundwater is water 
found below the surface of  Earth. It is the 
major source of water for drinking and agri-
culture. Groundwater is found in the pores, 
cracks, and spaces between earth material 
such as soil, fractured rock, gravel, and sand. 

It moves slowly through a formation called 
an aquifer.

Administering the Probe
This probe is best used with upper elementary, 
middle, and high school students. The probe 
can be extended by asking students to draw 
a conceptual model showing what they think 
groundwater looks like from a cross-sectional 
view below Earth’s surface. 

Related Core Ideas in 
Benchmarks for Science 
Literacy (AAAS 2009)

6–8 The Earth
•	 Water evaporates from the surface of the 

Earth, rises and cools, condenses into rain 
or snow, and falls again to the surface. The 
water falling on land collects in rivers and 
lakes, soil, and porous layers of rock, and 
much of it flows back into the oceans. 
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Related Core Ideas in A 
Framework for K–12 Science 
Education (NRC 2012)

3–5 ESS2.C: The Role of Water in Earth’s 
Surface Processes
•	 Nearly all of Earth’s available water is in 

the ocean. Most fresh water is in glaciers 
or underground; only a tiny fraction is in 
streams, lakes, wetlands, and the atmosphere.

Related Research
•	 A common misconception of both students 

and teachers is that water under the ground 
flows in river-like systems or in large under-
ground lake-like reservoirs. Students who 
think this sometimes assume that wells 
will provide water forever because they are 
filled by underground rivers. The scale of the 
spaces water fills also varies from micro to 
macro, with some older students thinking 
that groundwater fills spaces the size and 
depth of skyscrapers. (Dickerson et al. 2007).

•	 The common misconception that ground-
water is like an underground lake may 
come from the level of abstraction that is 
needed to understand hidden phenomena 
and processes that take place underground. 
Research indicates that students’ mental 
model of groundwater as a static sub-surface 
lake results from their actual experience 
with the upper water system (Ben-zvi-Assarf 
and Orion 2005).

Suggestions for Instruction and 
Assessment
•	 Use a sponge to represent how water fall-

ing on the surface of Earth seeps into the 
ground and fills empty spaces. The sponge 
and water model the porous rock, soil, and 
sand and the empty spaces between the earth 
material. (Safety note: Immediately wipe up 
any spilled water to avoid slips and falls.)

•	 Student and teacher information about 
groundwater can be found on the Groundwater 

Foundation’s website at http://groundwater.
org.

•	 Visualizing groundwater can be challenging 
for students, as it is very different from water 
resources they see on the surface of Earth. 
Have students draw a conceptual model 
of the form and location of groundwater. 

•	 A video of sixth graders discussing their 
ideas about groundwater (including mis-
conceptions) can be viewed at http://
education.nationalgeographic.com/media/
what-groundwater. 

•	 Water cycle diagrams may interfere with 
students’ understanding of groundwater as 
part of the water cycle because many water 
cycle diagrams show only surface water. 
Use water cycle diagrams that also show 
groundwater or have students create water 
cycle diagrams that include groundwater 
as part of the cycle.

•	 Include the use of rock specimens when 
teaching about groundwater. Students can 
examine rocks to observe differences between 
rock types found in aquifers. (Safety note: 
Instruct students to handle rock specimens 
cautiously because some rocks may have 
sharp edges that can cut skin.)
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and, 133
Where Is Most of the Fresh Water? probe 

and, 30–31
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Fertilizers, 158

Is Natural Better? probe, 161–164
Formative assessment classroom 

techniques (FACTs), xiv, 2, 3, 7
Formative assessment probes, xi–xviii
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See also specific probes
Mountains and Beaches probe, 111–115

administration of, 113
explanation of, 112

purpose of, 112
related concepts for, 84, 112
related core ideas in science education 

standards, 113
research related to, 113–114
suggestions for instruction and 
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explanation of, 96
purpose of, 96
related concepts for, 84, 96
related core ideas in science education 

standards, 96–97
research related to, 97
suggestions for instruction and 

assessment using, 97–98
Teacher Notes for, 96–98
type of, 96
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Does the Ocean Influence Our Weather 
or Climate? probe, 65–68

Groundwater probe, 4–5, 33–35
How Do Rivers Form? probe, 117–120
How Many Oceans and Seas? probe, 

37–40
Land or Water? probe, 25–28
Water Cycle Diagram probe, 49–52
What Is a Watershed? probe, 155–159
Where Did the Water in the Puddle Go? 

probe, 53–56
Where Is Most of the Fresh Water? 

probe, 29–31
In Which Direction Will the Water Swirl? 

probe, 61–63
Why Is the Ocean Salty? probe, 41–44

Water Cycle, Weather, and Climate probes, 
45–81
Are They Talking About Climate or 

Weather?, 73–76
Coldest Winter Ever!, 69–72
concept matrix for, 46
Does the Ocean Influence Our Weather 

or Climate?, 65–68
NSTA resources related to, 47–48
related NGSS performance expectations 

for, 47
Water Cycle Diagram, 49–52
Weather Predictors, 57–60

What Are the Signs of Global Warming?, 
77–81

Where Did the Water in the Puddle Go?, 
53–56

In Which Direction Will the Water Swirl?, 
61–63

Water Cycle Diagram probe, 49–52
administration of, 50–51
explanation of, 50
purpose of, 50
related concepts for, 46, 50
related core ideas in science education 

standards, 51
research related to, 51
suggestions for instruction and 

assessment using, 51
Teacher Notes for, 50–52
type of, 50

Weather and climate
Are They Talking About Climate or 

Weather? probe, 73–76
Coldest Winter Ever! probe, 6–9, 69–72
Does the Ocean Influence Our Weather 

or Climate? probe, 65–68
Weather Predictors probe, 57–60
What Are the Signs of Global Warming? 

probe, 77–81
Weather Predictors probe, 57–60
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explanation of, 58–59
purpose of, 58
related concepts for, 46, 58
related core ideas in science education 

standards, 59
research related to, 59
suggestions for instruction and 

assessment using, 59–60
Teacher Notes for, 58–60
type of, 58
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Weathering, xii, xvii, 17, 42, 85. See also 
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Can a Plant Break Rocks? probe, 104, 

105
Grand Canyon probe, 108, 109
How Do Rivers Form? probe, 119
Is It Erosion? probe, 100–102
Mountains and Beaches probe, 112, 113
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explanation of, 78–79
purpose of, 78
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related core ideas in science education 

standards, 79–80
research related to, 80
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Teacher Notes for, 78–81
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19–23
administration of, 21
explanation of, 20–21
purpose of, 20
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related core ideas in science education 

standards, 21
research related to, 21–22
scenario of use in third-grade classroom, 

3–4
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assessment using, 22
Teacher Notes for, 20–23
type of, 20
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administration of, 137
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purpose of, 136
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explanation of, 156
purpose of, 156
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standards, 157
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assessment using, 158
Teacher Notes for, 156–159
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administration of, 122
explanation of, 122
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“This timely edition provides a tool to help teachers emphasize Earth 
and environmental sciences’ place alongside the traditional disciplines 
and their relevance to students’ lives and the changing, unknown world they 
will enter into. Uncovering Student Ideas in Earth and Environmental Science will 
help me identify my students’ preconceptions as we dive into these complex ideas.”

—Margo Murphy
Chair, Teacher Advisory Council
National Academies of Sciences, Engineering, and Medicine

Maybe you’re new to formative assessment probes, or perhaps you’re among the thousands who love the 
Uncovering Student Ideas in Science series and crave probes specifically about Earth and environmental science. 

Either way, you’re in luck! This book gives you 32 engaging new questions that can reveal what your students 
already know—or think they know—about core Earth and environmental science concepts. Armed with those 
insights, you can present Earth and environmental science in grade-appropriate ways so students will learn the 
content accurately.

The probes are organized into four sections: land and water; water cycle, weather, and climate; Earth history, 
weathering and erosion, and plate tectonics; and natural resources, pollution, and human impact. The probes will 
help your students demystify why the ocean is salty, how old the Earth is, and the difference between weather and 
climate.

Like the other nine wildly popular books in the series, Uncovering Student Ideas in Earth and Environmental 
Science is 

• designed so you’ll find the probes ready to reproduce and easy to use;
• complete with field-tested teacher materials that explain the scientific ideas underlying each probe and link 

to national standards, including the Next Generation Science Standards; 
• flexible enough to apply throughout the instructional cycle; and 
• adaptable enough to use with different grades and student populations.

Best of all, the probes are intrinsically interesting. They’re full of material to stimulate your students’ intellectual 
curiosity, even as they transform your fundamental methods of teaching and learning.
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