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“Earth Is (Not) Flat” friend and colleague. Who
would have predicted that a phone call made years
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to such a rewarding partnership and cherished

[riendship among the authors and these three

individuals who have inspired us in our work.
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Preface

This book is the fourth in the highly success-
tul Uncovering Student Ideas in Science series.
The addition of 25 more formative assessment
probes has now expanded the collection to a
total of 100 science elicitation questions that
provide teachers with insights into student
thinking seldom revealed through standard
science assessment questions. In this book,
a new addition to the Earth, space, physical,
and life science probes is the inclusion of two
probes that target important unifying themes
in science models and systems. Collectively,
these 100 probes focus on important funda-
mental ideas in science that cut across multiple
grade spans.

Regardless of whether you teach elemen-
tary, middle, or high school science, students’
preconceptions can be tenacious and often fol-
low students from one grade span to the next.
Taking the time to elicit and examine student
thinking is one of the most effective ways to
support instruction that leads to conceptual
change and enduring understanding. It is also
the starting point for differentiating instruc-
tion to meet the content needs of all students.

Since Volume 1 was released in October
2005, Volume 2 in 2007, and Volume 3 in
2008, thousands of K-12 teachers, university
faculty, and professional developers have used
these probes to bring to the surface the ideas
students and teachers have that they might not

even be aware of. The response to these probes

Uncovering Student Ideas in Science

has been very encouraging. Teachers have fre-
quently remarked to us that they now know
much more about their students and student
learning. They also report that the probes have
significantly changed their instruction as well
as their classroom environments. Teachers
spend more time letting their students do the
talking, listening carefully to their ideas, and
constantly thinking about the next steps they
need to take to move their students from where
they are to where they need to go in order to
develop conceptual understanding. Old hab-
its, such as the need to grade every piece of stu-
dent work or acknowledge only right answers,
have changed to allow students the opportu-
nity to express their thinking safely—that is,
in classroom cultures that welcome and value
new ideas.

Not only are teachers using the probes to
elicit students’ ideas and inform their instruc-
tional practices, but teachers are also using the
probes to transform their own learning. In our
work at the Maine Mathematics and Science
Alliance, we provide professional development
to many school districts, math-science part-
nership projects, and other teacher enhance-
ment initiatives throughout the United States
that use these probes in their teacher profes-
sional development programs. The insights we
have gained from working with teachers show
that the probes have challenged teachers’ own

thinking about ideas in science, brought to the
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surface long-held misconceptions that many
teachers were unaware they held, and revealed
how some instructional activities and methods
can lead to reinforcing common misconcep-
tions without teachers realizing it. In addition,
the Teacher Notes that follow each probe have
increased teachers’ ability to see the link among
key ideas in the standards, developmentally ap-
propriate instruction, students’ commonly held
ideas, and strategies for addressing students’
ideas. All of this information gained from us-
ing the probes has led to profound changes in
teachers’ content knowledge, pedagogy, and
beliefs about how students learn science.

In Volume 4, we decided to focus on ways
to balance formative assessments with sum-
mative assessments (e.g., classroom-based,
district, and state assessments) because of the
widespread interest in this balancing chal-
lenge. We believe it is important to distinguish
between these two types of assessment, recog-
nize the link between them, and stay true to
the purposes of each.

As the interest in formative assessment has
skyrocketed and has become more prominent
in local, state, and national efforts to improve
science learning, the term formative assessment
is being “hijacked” in the name of more prac-
tice for test taking. Publishers market sets of
drill questions to prepare students for standard-
ized tests and call them formative assessments.
These questions are nothing more than a wolf
in sheep’s clothing. You can dress the wolf up
in a sheepskin so it looks like a sheep, but un-
derneath it still behaves like a wolf. Likewise,

you can package test preparation questions as

“formative assessments,” but underneath they
are nothing more than questions limited in
scope and depth that diminish quality instruc-
tional time and do little to promote learning
and enduring understanding.

While you are probably most interested
in using the 25 probes provided in this book,
don’t overlook the Introduction (pp 1-8) or
the introductions in Volumes 1-3. Each in-
troduction will expand your understanding of
formative assessment and its inextricable link
to instruction and learning. Volume 1 gives an
overview of formative assessment. It also pro-
vides background on probes as specific types
of formative assessments and how they are de-
veloped. Volume 2 describes the link between
formative assessment and instruction and
suggests ways to embed the probes into your
teaching. Volume 3 describes how you can use
the probes and student work to deepen your
understanding of teaching and learning. This
volume (Volume 4) describes the relationship
between formative assessment and summative
assessment. Collectively, the introductions in
all four volumes will increase your assessment
literacy and instructional repertoire. In addi-
tion, they will deepen your understanding of
effective science teaching and learning.

The Teacher Notes that accompany each

probe are made up of the following 10 elements.

Purpose

This section describes the general concept or
topic targeted by the probe and the specific
idea that is being elicited. It is important to be

clear as to what the probe is going to reveal.

National Science Teachers Association
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Being clear about the purpose of the probe will
help you decide if the probe fits your intended

learning target.

Related Concepts

Each probe is designed to target one or more
related concepts that cut across grade spans.
These concepts are described in the Teacher
Notes and are also included on the matrix
charts on pages 10 and 90. A single concept
may be addressed by multiple probes. 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 three probes in this volume

that target the concept of natural selection.

Explanation

A brief scientific explanation, reviewed by sci-
entists and content specialists, accompanies
each probe and provides clarification of the
scientific content that underlies the probe. The
explanations are designed to help you identify
acceptable or “best” answers (sometimes there
is no “right” answer) and to clarify any misun-
derstandings you might have about the content.
The explanations are not intended to provide
detailed background knowledge on the con-
cept, but they do provide enough explanation
to connect the idea(s) in the probe with the sci-
ence concept it is based on. If you need further
explanation of the content, the Teacher Notes
also list NSTA resources, such as the series Stop
Faking It! Finally Understanding Science So You
Can Teach It or Science Objects in the NSTA
Learning Center, that will enhance and extend

your understanding of the content.

Uncovering Student Ideas in Science
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Curricular and Instructional
Considerations

The probes in this book do not target a sin-
gle grade level as summative assessments do.
Rather, they provide insights into the knowl-
edge and thinking your own students may have
regarding a topic as they developmentally prog-
ress or move from one grade span to the next.
Some of the probes can be used in grades K-12
while others may cross over just a few grade
levels. Teachers from two grade spans (e.g.,
elementary and middle school) might decide
to use the same probe and come together and
discuss their findings. To do this it is helpful to
have insight into what students typically expe-
rience at a given grade span as it relates to the
ideas elicited by the probe. Because the probes
do not prescribe a specific grade level for use,
you are encouraged to read the curricular and
instructional considerations and decide if your
students have had sufhicient experience and the
readiness to make the probe useful.

The Teacher Notes also describe how the
information gleaned from the probe is useful
at a given grade span. For example, it might
be useful for planning instruction when an
idea in the probe is a grade-level expectation
or it might be useful at a later grade to find out
whether students have sufficient prior knowl-
edge to move on to the next level. Sometimes
the student learning data gained through use
of the probe indicate that you might have to
back up several grade levels to teach ideas that
are not really clear to students.

We deliberately chose not to suggest a

grade level for each probe. If the probes were
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intended to be used for summative purposes,
a grade level, aligned with a standard, would
be suggested. However, these probes have a
different purpose. Do you want to know more
about the ideas your students are expected to
learn in your grade-level standards? Are you
interested in how preconceived ideas develop
and change across multiple grade levels in your
school, sometimes even before they are formal-
ly taught? Are you interested in whether stu-
dents have acquired a scientific understanding
of previous grade-level ideas before you intro-
duce higher-level concepts? The descriptions of
grade-level considerations in this section can be
coupled with the section that lists related ideas
in the national standards in order to make the

best judgment about grade-level use.

Administering the Probe

In this section, we suggest ways to administer
the probe to students, including a variety of
modifications that may make the probe more
useful at certain grade spans. For example,
we might recommend eliminating certain
examples from a justified list for younger stu-
dents who may not be familiar with particular
words or examples or adding more sophisti-
cated examples for older students. The notes
also include suggestions for demonstrating the
probe context with artifacts or ways to elicit the
probe responses while students interact within
a group. This section often refers to techniques
described in Science Formative Assessment:
75 Practical Strategies for Linking Assessment,
Instruction, and Learning (Keeley 2008) that

move the probes beyond paper-and-pencil

tasks to interactive classroom strategies.

Related Ideas in the National Standards
This section lists the learning goals stated in
the two national documents generally consid-
ered the “national standards™ Benchmarks for
Science Literacy (AAAS 1993) and National
Science Education Standards (NRC 1996).
Because the probes are not designed as sum-
mative assessments, the learning goals listed
from these two documents are not intended
to be considered as alignments but rather as
related ideas connected to the probe. Some
targeted ideas, such as a student’s conception
of the difference between weight and pressure,
as seen in the probe “Standing on One Foot”
on page 61, are not explicitly stated as learning
goals in the standards but are clearly related to
national standards concepts that address spe-
cific ideas about forces. When the ideas elic-
ited by a probe appear to be a strong match
with a national standard’s learning goal, these

matches are indicated by a star symbol (*).

Related Research

Each probe is informed by related research
when it is readily available. Because the probes
were not designed primarily for research pur-
poses, an exhaustive literature search was not
conducted as part of the development process.
We drew primarily on three comprehensive
research summaries commonly available to
educators: Chapter 15 in Benchmarks for Sci-
ence Literacy (AAAS 1993), Making Sense of
Secondary Science: Research Into Children’s

National Science Teachers Association
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Ideas (Driver at al. 1994), and the research
notes in the Atlas of Science Literacy, Volume 2
(AAAS 2007). Although the first two resources
describe studies that have been conducted in
past decades and involved children not only
in the United States but in other countries as
well, many of the results of these studies are
considered timeless and universal. Many of the
ideas students held that were uncovered in the
1980s and 1990s research still apply today.

It is important to recognize that geography
and cultural and societal contexts can influ-
ence students’ thinking, but research also indi-
cates that many of the ideas students have are
pervasive regardless of geographic boundaries
and societal and cultural influences. Hence the
descriptions from the research can help you
better understand the intent of the probe and
the variety of responses your students are likely
to have. As you use the probes, you are encour-
aged to seek new and additional research find-
ings. One source of updated research can be
found on the Curriculum Topic Study (CTS)
website at www.curriculumtopicstudy.org. A
searchable database on this site links each of
the CTS topics to additional research articles

and resources.

Suggestions for Instruction and
Assessment

After analyzing your students’ responses, it is
up to you to decide on appropriate interven-
tions and instructional strategies for your stu-
dents. We have included suggestions gathered
from the wisdom of teachers, the knowledge

base on effective science teaching, and our
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own collective experience as former teachers
and specialists involved in science education.
These are not exhaustive or prescribed lists but
rather suggestions that may help you modify
your curriculum or instruction in order to help
students learn ideas that they may be strug-
gling with. It may be as simple as realizing that
you need to be careful how you use a particu-
lar word in science. Learning is a very complex
process and most likely no single suggestion
will help all students learn the science ideas.
But that is part of what formative assessment
encourages—thinking carefully about the
variety of instructional strategies and experi-
ences 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 mis-
understandings, you will identify additional
strategies that you can use to teach for concep-

tual change.

Related NSTA Science Store
Publications, NSTA Journal Articles,
NSTA SciGuides, NSTA SciPacks, and
NSTA Science Objects

NSTA’s journals, books, SciGuides, SciPacks,
and Science Objects are increasingly targeting
the ideas students bring to their learning. We
have provided suggestions for additional read-
ings that complement or extend the use of the
individual probes and the background infor-
mation that accompanies them. For example,
Bill Robertson’s Stop Faking It! series of books
may be helpful in clarifying concepts teach-

ers struggle with. A journal article from one
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of NSTA’s elementary, middle school, or high
school journals may provide additional insight
into students’ misconceptions or provide an
example of an effective instructional strategy
or activity that can be used to develop under-
standing of the ideas targeted by a probe. Other
resources listed in this section provide a more
comprehensive overview of the topic addressed

by the probe.

Related Curriculum Topic Study Guides
and References

NSTA is copublisher of the book Science Cur-
riculum Topic Study: Bridging the Gap Between
Standards and Practice (Keeley 2005). This
book was developed as a professional develop-
ment resource for teachers with funding from
the National Science Foundation and is avail-
able through NSTA Press. It provides a set
of 147 curriculum topic study (CTS) guides
that can be used to learn more about a science
topic’s content, examine instructional impli-
cations, identify specific learning goals and
scientific ideas, examine the research on stu-
dent learning, consider connections to other
topics, examine the coherency of ideas that
build over time, and link understandings to
state and district standards. The CTS guides
use national standards and research in a sys-
tematic process that deepens teachers’ under-
standing of the topics they teach.

The CTS guides that were used in the de-
velopment of the probes in this book are listed
before each reference list. Teachers who wish to
delve deeper into the standards and research-

based findings that were used to develop the

probes may wish to use the CTS guides for
further information.

In addition, Chapter 4 in the CTS book
describes the process for developing an assess-
ment probe that links standards and research on
learning. Teacher educators, assessment devel-
opers, and others who want to engage groups in
developing their own assessment probes will find
professional development materials in A Leader’s
Guide to Science Curriculum Topic Study: De-
signs, Tools, and Resources for Professional Learn-
ing (Mundry, Keeley, and Landel 2009).

Referencesare provided for the standardsand

research findings cited in the Teacher Notes.

e e e 0000000000000 000000000000000 000

We hope this fourth volume of probes will be
as useful to you as the other three volumes. If
the interest continues in the Uncovering Student
Ideas in Science series, we will continue to pro-
duce new books and assessment tools. If there are
particular ideas you would like to see targeted in
future volumes of Uncovering Student Ideas in
Science, please contact the primary author of the
series, Page Keeley, at pagekeeley@gmail.com or
pkeeley@mmsa.org. Beginning in the spring of
2009, visit the Uncovering Student Ideas web-
site—http://uncoveringstudentideas.org—where
the author shares new information and updates
related to assessment probes and maintains a

blog on formative assessment in science.
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Introduction

When teachers are asked how

they assess their students,

they typically talk about tests,

examinations, quizzes, and other

formal methods. When they are

asked how they know whether

their students have learned what

they have taught, the answers

are very different.

—Dylan Wiliam, Assessing Science
Learning (2008, p. 6)

Our districtwide K—12 science team came
back from a National Science Teachers
Association conference last spring all fired
up. We had gone to a session on formative
assessment and learned about the Uncovering
Student Ideas in Science series of assessment
probes and a variety of science formative
assessment classroom techniques (FACTs)
we could use with the probes. The presenter
started the session by asking us to call out

the first word that came to mind when we

Uncovering Student Ideas in Science

heard the word assessment. In unison, most of
the people in the room called out “testing!”
As the presenter then pointed out, assessment,
and particularly formative assessment, is not
necessarily about testing; it is about what you
can do to improve learning and, ultimately,
get better test results.

During the session, we, as learners, used
the probes and the FACTs and came to real-
ize how powerful they are. We had heard the

phrase assessment for learning before, and for
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the first time, we felt we really knew what it
meant. The speaker talked about the impor-
tance of using assessments like the probes and
FACT: to create a balanced system of assess-
ment that provides useful information at the
beginning of instruction to promote think-
ing and inform instruction. This “front-end”
assessment leads to better results at the “back
end,” when students are tested on what they
have learned.

This approach to assessment started to
make sense to us. All the concepts and ideas
from the practice tests our students were tak-
ing to prepare for the state assessment were
quickly forgotten by the students, even when
it came time to take the test. We knew drill-
ing with sample test questions wasn’t the
best solution for raising test scores, but we
had always hoped it would help a little. We
now realized that maybe formative assess-
ment was what we needed to do more of at
the beginning and throughout a lesson so
that students—rather than memorize a lot of
discrete facts—would have an opportunity
to confront and work through their ideas
before taking a test. After all, science is dif-
ferent from other subjects—it’s about ideas
that explain the natural world and processes
that help us make sense of that world.

Many of the people in the audience
had been using the probes and shared their
stories. We connected with several folks
from districts like ours and got all kinds of

good ideas about how to use these tools to

improve student learning and teacher prac-
tice. Before we left the conference we went
to the NSTA bookstore and bought copies of
the Uncovering Student Ideas in Science series.
We started reading them on the plane ride
home. We couldn’t stop talking about them
and our ideas for using them! We felt we had
finally found a solution to the struggles we
face in our district in balancing accountabil-
ity and reporting with students’ opportunity
to learn.

Teaching and assessing for understand-
ing aren’t about more teaching, more materi-
als, and more testing; they are about more
opportunities to learn by promoting thinking
and bringing students’ ideas to the surface.
Here was a set of assessments already devel-
oped for us to use with links to the key ideas
in the standards, descriptions of the research
that the probe was based on, and suggestions
for things to do in the classroom to help stu-
dents learn. These assessments would save us
months of work that might have been spent
developing our own formative assessments.

When we got back to our district we
shared what we had learned in our grade-level
teams with teachers and administrators. We
argued over what formative assessment really
meant and whether our current practices were
consistent with what the research describes
as good assessment practice. We all decided
we wanted to move beyond practice for test
taking and deadly drill sessions. Our super-

intendent surprised us with her enthusiasm
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and her offer to provide funding to support
stipends and copies of the series for after-
school professional learning communities.
These groups would come together and study
this new assessment technique, try it out in
the classroom, examine student results, and
report back.

After several months of exploring the
theory and practice of formative assessment
in collaborative groups, the broad consensus
of our learning communities was that forma-
tive assessment worked! Students were more
engaged in learning science, they began to
write more extensively and to converse sci-
entifically about their ideas, and they took
more ownership in the learning process.
Their explanations became much richer and
we knew better how to then tailor learning
to address the students where they were,
rather than where our textbook and pacing
guide said they should be. Our classroom
questioning had changed from an ongo-
ing monologue back and forth between the
teacher and students to one in which there
was rich dialogue among students working
together with guidance from us in resolving
their ideas. All students were involved and
felt safe to share their thinking.

As we tried out formative assessment,
we also looked at our summative assess-
ments. We quickly found that released items
from prior state assessments, our district-
developed standardized tests, and even our

own classroom tests did not give us the kind
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of data we needed to know exactly what the
students’ learning problems were. We knew
our students weren’t doing well in some areas
such as matter and energy interactions or
Earth systems, but we didn’t know exactly
what the learning problems were until we
used the formative assessment probes as well
as other new teaching strategies that probe
students’ thinking,.

We decided to match up the probes with
the assessment reporting categories aligned
to our state standards, administer the probes
across grade levels, analyze the results, and
match the results to our district test data.
Lo and behold, we found that the problem
areas for tenth graders weren’t much differ-
ent from the problems of our middle school
and elementary students.

Good data about student learning are at
the core of improvement in student achieve-
ment. We began to use the Collaborative
Inquiry into Examining Student Thinking
(CIEST) protocol to look at student work
from the probes (Mundry, Keeley, and Landel
2009). The probes revealed not only informa-
tion we could use to inform our instruction
but also a lot about the gaps in our K-12 cur-
riculum that were affecting learning from one
grade level to the next. No wonder certain
problems continued after the fourth-grade
test and the eighth-grade test. As a district, we
had never collected the rich kind of formative
data that could be used to pinpoint what the

learning problems were, how they originated,
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and why they persisted from one grade to the
next. Instead of looking at test scores—a sin-
gle snapshot in time—and saying we needed
to reteach the same material, we could now
see just what we needed to focus on better.
And just as important, our students began to
experience the conceptual change that hap-
pens when they realize that their preconcep-
tions no longer make sense to them and they
start to construct new explanations.

Now we use the probes to try to improve
the quality of our district assessments, and
we look for evidence that students under-
stand key ideas in science that may have been

riddled with misconceptions in the past. We

The above vignette is a composite account,
drawn from the many stories we have heard
from science educators who are using the
Uncovering Student Ideas in Science series. It
shows how formative assessment can provide
valuable information to teachers and students
to promote learning and inform instruction,
creating a more balanced system of assessment
that does not overly rely on summative assess-
ment. Assessment isn’t only about testing, and
this book is not about assessments that are
graded and then used to pass judgment on
students about the extent to which they have
achieved a learning goal. This book is about
using a type of assessment, called a probe, for
diagnostic and formative purposes.

The probes are selected-response items

specifically designed to reveal student mis-

match our summative data to our formative
data and identify patterns and discrepan-
cies. Accountability isn’t such a scary word
anymore. We now have the right tools and
processes to take the guesswork out of assess-
ment and ensure that our students are ready
to “show what they know.”

As for the future, although we realize that
not all of our students are going to leave our
district with plans to be scientists, the chances
are now much better that they will leave being
science literate, ready to use their knowledge
and skills to understand real-world issues and
problems that require an understanding of the

basic principles of science.

conceptions that the research literature on
student learning has documented. Through-
out this book and the other three books in
the series, we use the word misconception in a
general way to refer to the ideas students bring
to their learning that are not yet fully formed
and not scientifically correct at the level we
would expect. Other words to describe stu-
dents’ ideas include preconceptions, naive ideas,
partially formed ideas, facets of understanding,
and alternative conceptions. Although teachers
tend to use the word misconception in a pejora-
tive way to describe students’ ideas that are not
the same as the scientific ideas we want them
to understand, misconceptions can be useful if
we use them to build a bridge between where
students are in their thinking and where we

eventually want them to be.
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The assessment probes in this book are
designed to help teachers build that bridge. The
bridge begins with finding out what students
think about important ideas in science that they
will use throughout their learning. Although the
probes were written primarily to target a K—12
student audience, they can be used with adult
learners as well, including university students
and science teachers participating in profes-
sional development. The previous three volumes
provided background information for teachers
on formative assessment. We encourage you to
collect all the books in the series and read the
introductory material to expand your under-
standing of assessment and its role in teaching,
learning, and professional development.

In addition to the 25 probes in each vol-
ume, Volume 1 contains an overview of forma-
tive assessment—what it is and how it is used.
Volume 2 introduces ways to integrate assess-
ment with instruction, and Volume 3 provides
an introduction to using the probes, including
in professional learning communities. Because
we often get the question “But what about
testing?”—Dby which teachers generally mean
summative assessment—in the introduction
we address the link between formative and
summative assessment.

Summative assessment is a pervasive
topic that includes everything from statewide
accountability tests, to local assessments and
district benchmark tests, to everyday classroom
tests. To grapple with what seems to be an over-
use of graded quizzes and testing, educators
need to change their view of assessment to one

that is about information. The more informa-
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tion we have about students, from both sum-
mative and formative assessments, the clearer
the picture we have about student learning.

It is important to remember that these
probes are used to elicit students’ ideas, engage
students in discussion about their ideas, and
monitor how students’ conceptions are chang-
ing throughout instruction. They are not
intended to be graded. Once you pass judg-
ment on the student with a grade, research
shows that the student’s learning often shuts
down (Black et al. 2003). Use these probes to
gather information about your students and
motivate them to open up and share their ideas.
Grading a formative assessment often does the
opposite. When low achievers get back their
papers with low scores, the message is, “You
are not good enough,” and their desire to learn
fades. Likewise a good grade also shuts down
students’ thinking. As long as students see a
passing grade, they often ignore the teachers’
comments that may indicate ways to improve
their work or challenge them to think further.
If we are going to use formative assessment
effectively, and distinguish it from summa-
tive assessment, it is important to get over the
pervasive habit of grading every piece of work.
Although there are times when it is important
to grade work, the probes are not intended for
that purpose.

Assessments fall into three different types:
formative, summative, and diagnostic. When
data are used by teachers to make decisions
about next steps for a student or group of stu-
dents, to plan instruction, and to improve their

own practice, they help inform as well as form
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practice; this is formative assessment. When data
are collected at certain planned intervals, and
are used to show what students have achieved
to date, they provide a summary of progress and
are summative assessment (Carlson, Humphrey,
and Reinhardt 2003, p. 4).

But what about the third type, diagnos-
tic assessment? Diagnostic assessment is used
to uncover a misconception or learning diffi-
culty. When used just for this purpose, it is
diagnostic. However, diagnostic assessment
becomes formative when the information
revealed by the assessment is applied to a situ-
ation. Another way to look at the three types
and their purposes is to use an analogy.

Have you ever watched the Fox television
medical drama Howuse? Dr. House is a cur-
mudgeonly medical genius who works with an
accomplished group of medical diagnosticians
who assess a variety of mysterious illnesses in a
teaching hospital. What Dr. House does is very
similar to what a teacher does when using the
probes. Dr. House and his team collect a vari-
ety of data to diagnose an illness a patient has.
They often use medical probes to look into the
body and see things they would not ordinarily
be able to see. The data reveal to Dr. House and
his team the cause of the illness. Similarly, the
teachers’ use of the probes uncovers a variety of
problems that may not be obvious to other prac-
titioners who do not have the right tools or deep
understandings about student learning.

Naturally, Dr. House and his team do not
stop with the diagnosis. They want the patient
to get better, so they prescribe the best course

of treatment that will take care of the medi-

cal problem. The treatment is informed by
the diagnosis and any additional data on the
patient’s condition. Dr. House and his team
closely monitor the patient for improvement.
In educational assessment, this would be the
formative assessment—moving beyond the
diagnosis to inform the instructional strategies
and direction a teacher will use to help stu-
dents with their learning problems and achieve
conceptual understanding.

At the end of a course of treatment, the
patient often comes back for a follow-up checkup
to see if he or she is cured. This usually happens
after the treatment has ended. In education,
summative assessment is usually given after a
sequence of instruction or at the end of a course
to find out how well a student has learned.

Of course, science assessment is not a life
or death decision-making process, and today’s
teachers would not communicate with their stu-
dents in the way Dr. House abruptly confronts
his patients. Teachers’ assessments, however,
do involve carefully made choices that have a
potentially huge impact on student learning,
Assessment is not about just testing anymore,
and practicing for test taking may not lead to
constructive changes in the classroom. Rely-
ing on external test results doesn’t help much
to improve learning in the immediate sense.
Traditionally, summative assessments have not
helped teachers adjust instruction for individual
students because it takes too long for the data
to be returned to schools. Formative assessment,
such as the probes in this book, can be used on
a regular basis to monitor student progress and

modify instruction when it is needed.
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Teachers and schools are now looking at
classroom assessment more closely and at how
to best improve teaching and learning so that
the assessments we give at the end of a unit
or at the end of a year are better matched to
what students have been learning, not what
they memorized for a test. By linking diag-
nostic and formative assessments, such as the
probes in this book, to the standards being
assessed on summative assessments, teachers
get a better picture of what they need to do
to move students toward the development of
conceptual understanding so that students can
be successful on summative assessments.

As depicted in the vignette at the beginning
of this introduction, some schools are beginning
to shift away from a rigid accountability system
and move toward the use of more assessments,
such as the ones in this book, that look at the
whole picture of student learning. When teach-
ers and districts begin to align these formative
assessments with the standards assessed on sum-
mative assessments, the student data from these
probes can provide powerful predictors of readi-
ness for summative assessment. When teachers
design their summative assessments with the
standards in mind and a picture of what suc-
cess is, they can use the assessment probes prior
to and throughout instruction to monitor how
well students are moving toward the learning
targets—and adjust their teaching accordingly.
As students become more metacognitive about
what they know, think they know, and do not
know, they take more responsibility for their
learning, which eventually improves their per-
formance on measures of achievement.

As a noted superintendent once suc-

cinctly said, “Schools are data rich and infor-
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mation poor” (DuFour, Dufour, and Eaker
2005 p. 40). We hope that the probes in this
book will uncover information about your
students’ thinking that will provide a gold
mine of useful data for your classroom and
for the improvement of your school’s science
program. Forging a stronger link between
formative and summative assessment will
create a better assessment balance and lead to
your desired results. Are the desired results
improved test scores? They may be the “trees”
you are looking at, but the real aim is to look
through the trees to see the whole forest. In
that forest is the “big picture” of learning that
will produce science-literate adults. As you
use these probes, remember to look beyond

the trees and into the forest!
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Sugar Water

Deanna stirred a teaspoon of sugar into a glass of

warm water. The sugar completely dissolved in the
water. Put an X next to the statements that are true

about the dissolved sugar.

The sugar melts.
The sugar loses mass.

The sugar turns into water molecules.

O 0 W »

The sugar forms a mixture

with the water.

The sugar can be separated

from the water.
The sugar disappears and no longer exists.

The sugar molecules are spread among the water molecules.

= O m

The sugar breaks down into the individual atoms that make up sugar.

Explain your thinking. Describe what happens to sugar when it dissolves in water.

I The sugar chemically combines with the water to form a new substance.

Uncovering Student Ideas in Science
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Sugar Water

Purpose

The purpose of this assessment probe is to elicit
students’ ideas about dissolving. The probe is
designed to find out what students think hap-

pens to sugar when it dissolves in water.

Related Concepts

dissolving, mixture, physical change

Explanation

The best answers are D, E, and G. A grain of
sugar is actually a large collection of sugar mol-
ecules. When these grains of sugar are added
to the water, they dissolve—forming a mix-
ture called a solution. This solution is formed
because water is a polar molecule, in which one
part of the molecule has a slight positive charge
and the other part has a slight negative charge.

Opposite charges attract. When grains of sugar

(tiny sugar crystals) are added to water, the posi-
tive part of the polar water molecules attracts
(through dipole forces) the specific groupings
on the sugar molecules (called hydroxyl groups)
that have a slight negative charge. This dipole
force does not break the molecular bonds in the
individual sugar molecules, resulting in indi-
vidual atoms that make up the sugar. Instead,
the force overcomes the intermolecular attrac-
tion that holds the large number of individual
sugar molecules together in the form of a “sugar
grain,” or crystal. The sugar molecules become
surrounded by the attracted water molecules so
that the individual sugar molecules are no longer
part of the crystal. This process is repeated until
either (a) all the sugar (the solute) is dissolved
in the water (the solvent) to form a solution or
(b) there are no longer any “unattached” water

molecules and no more sugar can dissolve.
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When sugar dissolves, it is physically,
not chemically, combined with water, and
therefore it does not form a new compound.
Instead, it forms a mixture—sugar water.
The sugar can be separated from the water in
solution through evaporation or boiling off of
the water. Sugar crystals form again through
intermolecular forces among the sugar mol-
ecules that are no longer surrounded by the
polar water molecules. During the dissolving
process, the sugar still exists as a molecular
compound. It has not melted because melting
involves a change of state and does not require
the interaction between two substances as dis-
solving does. According to the conservation
of mass principle, the weight or mass of the
sugar remains the same even though it can-
not be seen in the solution. It is still there. No
additional sugar molecules have been added or

taken away after dissolving.

Curricular and Instructional
Considerations

Elementary Students

In the elementary grades, students explore a
variety of observable physical changes, includ-
ing dissolving and melting. Mixing sugar in
water and evaporating water to recover sugar
crystals is a common experience for elemen-
tary students. They see the sugar “disappear”
but may not understand where it goes. By
evaporating the water, they see that it is does
“come out” of the solution. This probe is useful
in eliciting early ideas about what happens to

substances that dissolve. However, a molecular

Uncovering Student Ideas in Science

explanation of what happens during dissolving

exceeds this grade level.

Middle School Students

In the middle grades, students begin to use
particulate ideas to explain phenomena such as
sugar dissolving or substances melting. They
should be able to differentiate between chemi-
cal changes of the same substance (e.g., burn-
ing sugar) versus a physical change (e.g., dis-
solving sugar). Mixtures and solutions are com-
monly investigated by students at this grade
level. However, students at this level may still
confuse dissolving with melting, particularly
when a liquid is involved as part of the system.
At this level the difference between dissolving
and melting can be explained by interactions.
Middle school students may begin to use the
idea of molecules or simple particulate models
to explain what happens when the sugar dis-
solves, although an explanation of the nature
of attraction between sugar and water mol-
ecules should wait until high school. At this
level, students should also be able to use the
idea of atoms and molecules to explain how
the mass (or weight) is conserved during the

dissolving process.

High School Students

Students at the high school level develop a
more sophisticated understanding of a par-
ticulate model of matter that can be used to
explain dissolving. They encounter formal
concepts and ideas in chemistry dealing with
the attraction among and between particles

and their arrangements and begin to develop
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an understanding of the hydrogen bonds and
the attraction between molecules of a solute
and solvent. This more sophisticated particulate
model can be developed to help overcome ideas
about dissolving and melting being the same
process. This probe is useful in finding out if
students have changed previously held ideas

or if they still hold on to their preconceptions

about dissolving, even after formal instruction.

Administering the Probe

Be sure students are familiar with the phenom-
enon described. It may be useful to demonstrate
by dissolving a teaspoon of sugar into a glass of
warm water so that they can see that the sugar
is no longer visible in the glass of water. For
younger students, consider eliminating choices
C, G, and H if they have not yet had an oppor-
tunity to develop ideas about the structure of

matter at the molecular level.

Related Ideas in National
Science Education Standards
(NRC 1996)

K-4 Properties of Objects and

Materials

* Objects have many observable properties,
including size, weight, shape, color, tem-
perature, and the ability to react with other

substances.

5-8 Properties and Changes of
Properties in Matter
A substance has characteristic properties,

such as solubility. A mixture of substances

often can be separated into the original
substances using one or more of the char-

acteristic properties.

9-12 Structure and Properties of Matter
The physical properties of compounds
reflect the nature of the interactions among
its molecules. These interactions are deter-
mined by the structure of the molecule,
including the constituent atoms and the

distances and angles between them.

Related Ideas in Benchmarks
for Science Literacy
(AAAS 1993 and 2008)

Note: Benchmarks revised in 2008 are indicated by
(R). New benchmarks added in 2008 are indicated
by (N).

3-5 Structure of Matter
Materials may be composed of parts that are
too small to be seen without magnification.
*  When a new material is made by combining
two or more materials, it has properties that

are different from the original materials. (R)

6-8 Structure of Matter

* All matter is made up of atoms, which are
far too small to be seen directly through a
microscope.
No matter how substances within a closed
system interact with one another, or how
they combine or break apart, the total

mass of the system remains the same. (R)

Indicates a strong match between the ideas elicited by the probe and a national standard’s learning goal.
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9-12 Structure of Matter

Atoms often join with one another in vari-
ous combinations in distinct molecules or
in repeating three-dimensional crystal pat-
terns. An enormous variety of biological,
chemical, and physical phenomena can be
explained by changes in the arrangement

and motion of atoms and molecules.

Related Research

From an early age through to adulthood,
conceptions about dissolving include the
following: the solute “disappears,” “melts
away,” “dissolves away,” or “turns into
water.” Older students imagine that as
sugar dissolves, it “goes into tiny little bits,”
“sugar molecules fill spaces between water
molecules,” or sugar “mixes with water
molecules” (Driver et al. 1994).

Students’ ideas about what happens to sugar
as it dissolves frequently fail to include the
conservation of mass. The gap between the
proportion of students who conserved sub-
stance but not mass widened between ages
9 and 11 but narrowed in later school years.
After age 12, many, but not all, students
begin to develop a conception of weight
and mass and begin to conserve mass of the
solute (Driver et al. 1994).

Students’ ideas about solutions include
thinking that sugar solutions are not a
single phase but rather that invisible gross
particles of sugar are suspended in the
solution. They may suggest that the par-
ticles can be filtered out or will settle out

from the solution. Others see the solute

Uncovering Student Ideas in Science

and solvent as a single substance rather
than as a homogeneous mixture (Driver et
al. 1994).

Cosgrove and Osborne (1980) sampled
children ages 8—17 and found they regarded
melting and dissolving as similar processes

because they were both gradual.

Suggestions for Instruction and
Assessment

This probe can be used to launch an
inquiry-based investigation related to what
happens to the mass of sugar during the
physical process of dissolving in water. Ask
students to predict and explain what will
happen to the combined mass of the sugar
and water before and after dissolving, then
test it.

Challenge students to come up with a way to
separate sugar once it is dissolved in water.
Ask older students to draw “particulate
pictures” to show and explain what hap-
pens to the sugar and where it goes when it
dissolves in water.

If students experience only colorless solu-
tions, such as sugar in water, the idea that
the solute “disappears” may be reinforced.
Provide colored solutes such as drink crys-
tals and use the presence of uniform color
throughout the solution to help students
understand that this is additional evidence
for the matter still existing, even though its
form has changed. However, it may still be
necessary to provide additional experiences
to confirm that the total mass (or weight)

does not change.

Indicates a strong match between the ideas elicited by the probe and a national standard’s learning goal.
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*  When teaching about physical changes,
have students come up with a “rule” that
can be used to identify a type of physical
change. For example, help students recog-
nize that dissolving involves two materials
whereas a phase change such as melting
involves one. This can explicitly be used
to help students develop a rule to decide if
something dissolves or melts.

*  With middle school students, use the “Sci-
entists’ Idea” strategy to compare their ini-
tial ideas about the probe and dissolving
with how a chemist would answer the probe.
You can use the explanation on pages 1213
as the chemist’s ideas or provide a reading
in their text or other resources that describe
dissolving. Several other formative assess-
ment strategies described in Science Forma-
tive Assessment: 75 Practical Strategies for
Linking Assessment, Instruction, and Learning
(Keeley 2008) can be used with this probe.
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Iron Bar

Nate measured an iron bar. He put the iron
bar in the hot sun. When he measured the
bar after it had been in the sun, it was slightly
longer. Which sentence best describes what

happened to the iron atoms after the bar

was left in the hot sun? \

The number of atoms increased.
The size of the atoms increased.

The space between each atom increased.

o 060 W »

The air in the spaces between the iron

atoms expanded.

Some of the atoms began to melt and spread out further in the bar.

-

The heat caused the atoms to flow around the bar and pushed it outward.

Explain your thinking about what happens to atoms when a metal is heated. You may

draw pictures to support your explanation.

Uncovering Student Ideas in Science
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iron Bar

Purpose

The purpose of this assessment probe is to elicit
students’ ideas about atoms. The probe is spe-
cifically designed to determine whether stu-
dents can use the idea of atoms to explain why
a metal expands when heated. Furthermore,
older students’ explanations may reveal
whether these students use the kinetic molec-
ular theory to explain how heating causes
the atoms to vibrate more, thus pushing the

atoms apart.

Related Concepts

atoms, thermal expansion

Explanation
The best answer is C: The space between each

atom increased. Thermal expansion of metals

N

involves the tendency of a metal to increase
in volume in response to an increase in tem-
perature. As a metal object is heated, its
atoms vibrate in place more vigorously and,
as a result, increase the separation between
individual atoms. This slight increase in the
empty space between atoms results in a cumu-
lative change in the measurable volume of the
object. The object expands. When the object
expands, no new atoms are added. Although
the length or width of the metal object may
increase, the size of the atoms it is made of
stays the same. It is the space between the
atoms that increases and contributes to an
increase in volume. As the atoms of a solid
gain energy, they vibrate more in place. Unlike
a gas, which is free to move about, the metal

atoms maintain their general positions.

National Science Teachers Association
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Curricular and Instructional
Considerations

Elementary Students

In the elementary grades, students observe
macroscopic properties of matter, including
changes caused by heating. Their observations
focus on objects and materials. Explanations of
phenomena that use the idea of atoms should

wait until middle school or when students are

ready to use this abstract idea.

Middle School Students

In the middle grades, students begin to use
atomic and molecular ideas to explain phe-
nomena. They begin to relate the expansion
and contraction associated with the heating
and cooling of substances to the position
and motion of particles. However, students
at this level may still confuse the properties
of the material or substance with the proper-
ties of the atoms or molecules of which they

are made.

High School Students

Students at the high school level should be able
to use ideas about atomic/molecular motion to
explain phenomena from a microscopic view.
They should be able to distinguish between
the observable properties of a substance and
the properties of the atoms making up the sub-
stance. However, many students at this stage
will attribute expansion of the solid material to
an increase in the amount of matter and/or an
increase in the size of the atoms rather than to

the space between them.

Administering the Probe

Make sure students understand the phenom-
enon. Consider providing real-life examples of
similar phenomena, such as the space between
the metal joints on a bridge expanding in the
summer or a metal door that sometimes scrapes
against the floor on a hot summer day. The ball
and ring apparatus sold in science supply stores
can also be used by demonstrating how the
metal ball can no longer pass through the ring

when it has been heated.

Related Ideas in National
Science Education Standards
(NRC 1996)

K—-4 Properties of Objects and

Materials

* Objects have many observable properties,
including size, weight, shape, color, tem-
perature, and the ability to react with other
substances.

*  Objects are made of one or more materials,
such as paper, wood, or metal. Objects can
be described by the properties of the mate-

rials from which they are made.

5-8 Transfer of Energy

* Energy is transferred in many ways.

9-12 Conservation of Energy and the
Increase in Disorder
Heat consists of random motion and the
vibrations of atoms, molecules, and ions.
The higher the temperature, the greater the

atomic or molecular motion.

Indicates a strong match between the ideas elicited by the probe and a national standard’s learning goal.

Uncovering Student Ideas in Science
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Related Ideas in Benchmarks
for Science Literacy (AAAS
1993 and 2008)

Note: Benchmarks revised in 2008 are indicated by
(R). New benchmarks added in 2008 are indicated
by (N).

K-2 Structure of Matter

3-

Objects can be described in terms of their
properties. Some properties, such as hard-
ness and flexibility, depend on what mate-
rial the object is made of, and some proper-
ties, such as size and shape, do not. (R)

Things can be done to materials to change
some of their properties, but not all materi-
als respond the same way to what is done

to them.

5 Structure of Matter

Heating and cooling can cause changes
in the properties of materials, but not all
materials respond the same way to being
heated and cooled. (R)

Materials may be composed of parts that are
too small to be seen without magnification.
All materials have certain physical proper-
ties, such as strength, hardness, flexibility,
durability, resistance to water and fire, and

ease of conducting heat. (N)

6-8 Structure of Matter

20

All matter is made up of atoms that are
far too small to be seen directly through a
microscope.

Atoms and molecules are perpetually in
Increased

motion. temperature  means

greater average energy of motion, so most
substances expand when heated. In solids,
the atoms are closely locked in position

and can only vibrate.

6-8 Energy Transformations

Thermal energy is transferred through a
material by the collision of atoms within
the material. Over time, the thermal energy
tends to spread out through a material and
from one material to another if they are in

contact. (R)

9-12 Structure of Matter

An enormous variety of biological, chemi-
cal, and physical phenomena can be
explained by changes in the arrangement

and motion of atoms and molecules.

Related Research

Students of all ages show a wide range
of beliefs about the nature and behavior
of particles. For example, they attribute
macroscopic properties to particles; do
not accept the idea there is empty space
between particles; and have difficulty
accepting the intrinsic motion of solids,
liquids, and gases (AAAS 1993).

Children frequently consider atoms of
a solid to have all or most of the macro-
properties they associate with the solid
(Driver et al. 1994).

Some older students (ages 11-16) who had
learned about the kinetic molecular theory
of matter attempted to explain conduc-

tivity phenomena in terms of particulate

Indicates a strong match between the ideas elicited by the probe and a national standard’s learning goal.
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ideas. However, these ideas were not used
spontaneously by most of the students
interviewed. When they did use particle
ideas, they had a tendency to attribute
expanding (getting bigger) to the proper-
ties of the atoms (Driver et al. 1994).

* Children’s naive view of particulate matter
is based on a “seeing is believing” principle
in which they tend to use sensory reason-
ing. Being able to accommodate a scientific
particle model involves overcoming cogni-
tive difficulties of both a conceptual and

perceptive nature (Kind 2004).

Suggestions for Instruction and

Assessment

* Demonstrate the phenomenon with the
ball and ring apparatus sold by most sci-
ence supply companies. Before heating, the
ball easily passes through the ring. After
the ball is heated, it expands and will no
longer pass through the ring when warm.
Ask students to describe what happened to
the ball itself. Then ask students to describe
what happened to the atoms that make up
the ball. Ask them to describe the differ-
ence between the phenomenon at the sub-
stance level versus the atomic level.

* Encourage students to draw “atomic pic-
tures” of what they think is happening to
the atoms as the metal is heated.

* Have students generate a list of other things
that expand when heated and describe what
is happening to the atoms or molecules.

* Ask students what happens to the metal

when it cools down. Have them explain

Uncovering Student Ideas in Science

what happens at both the substance and
atomic level.

* The PRISMS (Phenomena and Repre-
sentations for Instruction of Science in
Middle Schools) website at heep:/lprisms.
mmsa.org has a collection of web-based
phenomena and representations aligned
to the Benchmarks for Science Literacy
(AAAS 1993) and Curriculum Topic
Study Guides (Keeley 2005) that can be
used to help students understand why

metals expand when heated.

Related NSTA Science Store

Publications, NSTA Journal

Articles, NSTA SciGuides,

NSTA SciPacks, and NSTA

Science Objects

Association for the
(AAAS). 2001. Atlas of science literacy. Vol. 1.
(See “Atoms and Molecules” map, pp. 54-55.)
Washington, DC: AAAS.

Michaels, S., A. Shouse, and H. Schweingruber.

2008. Ready, set, science! Putting research to work

Advancement of Science

in K=8 science classrooms. Washington, DC: Na-
tional Academies Press.

Robertson, W. 2007. Chemistry basics: Stop faking it!
Finally understanding science so you can reach it.

Arlington, VA: NSTA Press.

Related Curriculum Topic Study
Guides

(Keeley 2005)

“Particulate Nature of Matter (Atoms and
Molecules)”

“Solids”
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Burning Paper

Carey crumpled a wad of paper and placed it in a large
glass jar. He recorded the total mass of the jar (including
the air in the jar), the paper, the lid, and a match.

Carey lit the match, quickly put it in the jar, and sealed
the lid. Most of the paper burned. He saw smoke in the jar
and black ashes left from the paper.

Which sentence best describes the total mass of the jar,
lid, paper, and match before burning compared with the

total mass after burning?
A The total mass after burning is greater.
B The total mass after burning is less.

C The total mass before and after burning is the same.

Explain your thinking. Describe what happens to the total mass before and after
burning the paper.

Uncovering Student Ideas in Science
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Burning Paper

Purpose

The purpose of this assessment probe is to elicit
students’ ideas about conservation of matter
during combustion. The probe is designed to
find out if students think the mass changes as

paper burns inside a closed system.

Related Concepts
chemical change, closed system, combustion,

conservation of matter

Explanation

The best answer is C: The total mass before
and after burning is the same. Burning is an
example of combustion—a chemical change
in which a substance containing hydrocar-
bons combines with oxygen to produce carbon

dioxide and water. It also releases energy in
the form of heat and light. When the carbon

and hydrogen of the hydrocarbon-containing
substance (i.e., the paper) chemically com-
bine with the oxygen, the remaining materials
may appear as ash, the solid remains of a fire.
Although the hydrocarbons appear to “vanish”
during the reaction with oxygen to form gas-
eous carbon dioxide and water vapor, the total
mass or weight of the reactants (hydrocarbon-
containing substance and oxygen in the air)
and products (carbon dioxide, water, and ash)
remain the same. In a closed system contain-
ing air, a piece of paper, and a match, no mass
or weight is added or lost as the paper burns.
Gases play a big part in the interaction
that occurs inside the jar. Many students have
observed wood burning in a fireplace or other
structure and they see that many pounds of
wood seem to “disappear” with only ash left.

What they do not see are the many pounds of

National Science Teachers Association
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gas given off that leave through the chimney.
It is important for students to think about the

interaction of all materials inside the jar.

Curricular and Instructional
Considerations

Elementary Students

In the elementary grades, students begin
developing ideas about changes in objects and
materials. They can recognize the formation of
soot or ash as a change in the appearance of
the paper. Upper-elementary students begin
to distinguish between physical and chemi-
cal changes on the basis of changes in observ-
able properties. Conservation of matter in the
elementary grades focuses on parts and wholes
of objects and changes of state. Although the
chemical details are too sophisticated to be
addressed at this age level, the probe can be
used to find out elementary students’ intui-
tive ideas about the conservation of matter in

a closed system.

Middle School Students

In the middle grades, students link ideas about
chemical change with formation of new sub-
stances. Burning (combustion) is commonly
used as an example of a chemical change
that results in a new substance with proper-
ties that differ from the original substance.
These basic ideas about chemical change are
included as grade-level expectations in the
national standards. However, the mechanism
of that change, explained by the interaction

among hydrogen, carbon, and oxygen atoms,

Uncovering Student Ideas in Science

is a more sophisticated idea developed in high
school. The probe is useful in determining stu-
dents’ initial ideas about what burning and the
combustion process are.

By the end of middle school, all students
should know that matter or mass is conserved
in a closed system as well as in chemical reac-
tions. Conservation ideas about objects begin
in elementary grades and increase in cognitive
sophistication as the ideas of atoms, interac-
tions, transformations, and closed systems
are considered. Transformation of matter is
addressed in middle school, although it remains
a difficult concept and one in which students
may have difficulty applying conservation
reasoning. The notion that gases are involved
in the interaction may be missing, and the
“disappearance” of the paper may influence
students’ thinking that the paper is breaking
down and losing mass. Knowing the ideas that
students hold prior to learning that oxygen
combines with substances in the paper during
a combustion reaction is useful in designing
learning experiences that challenge their intui-

tive notions influenced by observation.

High School Students

Students at the high school level make a tran-
sition from a basic understanding of types
of chemical changes, including composi-
tion, decomposition, and single and double
replacement reactions, to understanding the
mechanism for the reaction. Conservation of
matter or mass at the high school level is an
idea applied to other matter-related ideas in

biological, physical, and geological contexts.
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The probe is useful in determining whether
students recognize a closed system as justifica-
tion for matter or mass being conserved during
a chemical change. The probe is also useful in
determining whether students still hold on to
preconceived ideas about burning, even after
they have received middle school instruction
targeted toward the idea that in a combustion
reaction, oxygen combines with certain mate-

rials to form carbon dioxide and water.

Administering the Probe

Be sure students understand that the air,
paper, and match are contained in a sealed
jar and nothing can enter or escape from
the jar. It may help to have visual props for
this probe. Light a match and seal it in a jar
containing a crumpled wad of paper. Have
students observe the paper as it burns. Ask
students to consider what happened to the
total weight or mass of the system. Note: You
may wish to substitute the word mass with the
word weight if using this probe with elemen-
tary school students.

The probe “Nails in a Jar” (p. 31), along
with several probes in Volume 1 of this series
(Keeley, Eberle, and Farrin 2005), can be
used to further probe students’ ideas about
conservation of matter or chemical changes

involving oxygen.

Related Ideas in National
Science Education Standards
(NRC 1996)

K—-4 Properties of Objects and

Materials

* Objects have many observable properties,
including size, weight, shape, color, tem-
perature, and the ability to react with other

substances.

5-8 Properties and Changes in
Properties of Matter
Substances react chemically in character-
istic ways with other substances to form
new substances (compounds) with differ-
ent characteristic properties. In chemical

reactions, the total mass is conserved.

9-12 Structure of Atoms
* Matter is made up of minute particles

called atoms.

9-12 Chemical Reactions

¢ Chemical reactions occur all around us.

Related Ideas in Benchmarks
for Science Literacy
(AAAS 1993 and 2008)

Note: Benchmarks revised in 2008 are indicated by
(R). New benchmarks added in 2008 are indicated
by (N).

K-2 Structure of Matter
* Objects can be described in terms of the

materials they are made of (e.g., clay, cloth,

Indicates a strong match between the ideas elicited by the probe and a national standard’s learning goal.
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paper) and their physical properties (e.g.,
color, size, shape, weight, texture, flexibility).
Things can be done to materials to change
some of their properties, but not all materi-
als respond the same way to what is done

to them.

3-5 Structure of Matter

When a new material is made by combining
two or more materials, it has properties that
are different from the original materials.

No matter how parts of an object are
assembled, the weight of the whole object
made is always the same as the sum of the
parts, and when a thing is broken into
parts, the parts have the same total weight

as the original object. (R)

6-8 Structure of Matter

An especially important kind of reaction
among substances involves the combina-
tion of oxygen with something else, as in
burning or rusting.

No matter how substances within a closed
system interact with one another, or how
they combine or break apart, the total
mass of the system remains the same. (R)
Substances react chemically in character-
istic ways with other substances to form
new substances with different characteris-
tic properties.

The idea of atoms explains chemical reac-
tions: When substances interact to form
new substances, the atoms that make up
the molecules of the original substances

combine in new ways. (N)

Uncovering Student Ideas in Science

9-12 Structure of Matter

Atoms often join with one another in vari-
ous combinations in distinct molecules or
in repeating three-dimensional crystal pat-
terns. An enormous variety of biological,
chemical, and physical phenomena can be
explained by changes in the arrangement

and motion of atoms and molecules.

Related Research

Studies of 11- and 12-year-olds’ ideas about
the role of air in burning suggest that most
know that air is needed for burning, but
the function of air is not generally under-
stood (Driver et al. 1994).

Students may realize that oxygen is neces-
sary for combustion but may not under-
stand how it interacts with the mate-
rial. Some combustibles are said to have
“melted” or “evaporated,” or the combus-
tible substance is thought to be made up
of the substances that eventually appear as
products (Driver et al. 1994).

More than half of a group of 15-year-olds
considered to have “above average ability”
predicted loss of mass on the combustion of
a sample of iron wool (Driver et al. 1994).

Many students do not recognize the quan-
titative aspects of a chemical change and
the conservation of overall mass (Driver et
al. 1994).

Middle and high school students’ think-
ing about chemical change tends to be
dominated by the obvious features of the
change. Some students think that when

something is burned in a closed container,

Indicates a strong match between the ideas elicited by the probe and a national standard’s learning goal.
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it will weigh more because they see the
smoke that was produced (AAAS 1993).

For chemical reactions that evolve gas,
mass conservation is more difficult for stu-
dents to grasp (AAAS 1993). If a chemical
reaction results in the apparent disappear-
ance of some materials, students may not

know that mass is conserved (Driver et al.

1994).

Suggestions for Instruction and
Assessment

This probe can be followed up as an
inquiry-based demonstration. Ask the
question and encourage students to com-
mit to a prediction. Test it by finding the
total mass of a jar, lid, paper, and match
and then burning the paper in the jar
with the match inside and the lid tightly
sealed. Have students discuss the evidence
and connect the results to the scientific
principle of conservation of mass during
a chemical reaction: Mass is not created
or destroyed in a chemical reaction, but
atoms and molecules are rearranged to
form new products. However, be sure stu-
dents are finding the mass within the lim-
its of precision of the scale that is used.

Reinforce the idea of conservation of
mass during a chemical reaction in which
a gas is a reactant by exploring additional
reactions in closed systems. For example,
clean a Ping-Pong-ball-size piece of iron
wool (commonly called “steel wool”) by

dipping it in vinegar and then drying it.

Place it in a flask and stretch a deflated
balloon over the top of the flask. Record
the mass of this system before and after
the wool “rusts” and the balloon gets
“sucked in” to the flask. Discuss the
observations and connect the results to
the scientific principle of conservation of
mass during a chemical reaction, placing
particular emphasis on the phenomenon
of “disappearing gas.”

Reinforce the idea of conservation of
mass during a chemical reaction in which
a gas is produced by exploring reactions
of everyday substances in closed systems.
For example, record the mass of an effer-
vescent tablet in a balloon that is sealed
over a flask of water before and after the
tablet is dropped into the water. Discuss
the observations and connect the results
to the scientific principle of conservation
of mass during a chemical reaction, plac-
ing particular emphasis on the evidence
of gas production.

Help students draw parallels between the
types of chemical change that involve
combination with oxygen, such as oxida-
tion and combustion reactions.

With older students, connect this probe
to the history of science by sharing how
Antoine Lavoisier’s idea of conservation of
matter became the centerpiece of the mod-
ern science of chemistry. Recount Lavoisi-
er’s careful measurement of substances
involved in burning to show that there was

no net gain or loss of weight.

National Science Teachers Association
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Nails in a Jar

Jake put a handful of wet, iron nails in a glass jar. He tightly

closed the lid and set the jar aside. After a few weeks, he
noticed that the nails inside the jar were rusty. Which sentence
best describes what happened to the total mass of the sealed jar
after the nails rusted?

A The mass of the jar and its contents increased.

B The mass of the jar and its contents decreased.

C The mass of the jar and its contents stayed the same.

Select the answer that best matches your thinking. Explain what happened to the
mass before and after the nails rusted.

Uncovering Student Ideas in Science
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Nails in a Jar

Purpose

The purpose of this assessment probe is to elicit
students’ ideas about conservation of matter dur-
ing a chemical change (oxidation). The probe is
designed to find out if students think the mass

changes as rust forms inside a closed system.

Related Concepts
chemical change, closed system, conservation

of matter, oxidation

Explanation

The best answer is C: The mass of the jar and its
contents stayed the same. Rusting is an exam-
ple of oxidation—a chemical change in which
electrons from the iron atoms are transferred to
the oxygen atoms, resulting in the formation of

a new compound. The chemical equation for
this change is 4Fe + 30, 2> 2Fe,0,. Oxygen

chemically combines with iron atoms on the
surface of the nail. As a result, additional mass
is added to the nail as a new compound (iron
oxide) is formed. Although the appearance of
rust on the surface of the nail makes it look as if
itis “breaking down,” it is actually gaining mass
as it changes from iron to iron oxide. However,
because the source of the oxygen is from the air
that was inside the jar, any added mass to the
nail surface can be attributed to an equal loss
of mass from the air in this closed system. No

mass is added or lost in the total system.

Curricular and Instructional
Considerations

Elementary Students
In the elementary grades, students begin devel-

oping ideas about changes in objects and mate-

National Science Teachers Association
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rials. They can recognize rust as a change in the
appearance of the nail. Upper-elementary stu-
dents begin distinguishing between physical and
chemical changes on the basis of observation of
changes in properties. Rust is often used as an
example of a chemical change. This probe may
be useful in determining students’ early notions
of rusting, particularly whether they view rust-
ing as a “decomposing” process. Conservation
of matter in the elementary grades focuses on
parts and wholes of objects and changes of state.
Although the chemical change context of this
probe is rather sophisticated for elementary stu-
dents, it can be used to find out elementary stu-
dents’ intuitive ideas about the change from a

shiny nail to a rusted nail.

Middle School Students
In the middle grades, students link ideas
about chemical change with formation of
compounds, including basic ideas about oxi-
dation. Rust is commonly used as an example
of a chemical change that results in a new
compound with properties that differ from
the original substance. These basic ideas
about chemical change are included as grade-
level expectations in the national standards.
However, the mechanism of that change,
explained by the interaction between iron and
oxygen atoms, is a more sophisticated idea
developed in high school. The probe is useful
in determining students’ initial ideas about
what rust and the rusting process are.

By the end of middle school, all students
should know that matter or mass is conserved

in a closed system as well as in chemical reac-

Uncovering Student Ideas in Science

tions. Conservation ideas about objects begin
in elementary grades and increase in cogni-
tive sophistication as the ideas of atoms,
interactions, transformations, and closed sys-
tems are considered. Transformation of mat-
ter is addressed in middle school, although it
remains a difficult concept and one to which
students may have difficulty applying conser-
vation reasoning. The notion that gases are
involved in the transformation may be miss-
ing, and the appearance of the rusty nail may
influence students’ thinking that the nail is
breaking down and losing mass. Knowing the
ideas students hold prior to learning that oxy-
gen combines with iron during the rusting
process is useful in designing learning expe-
riences that challenge their intuitive notions

that have been influenced by observation.

High School Students

Students at the high school level make a tran-
sition from a basic understanding of types
of chemical changes, including oxidation, to
understanding the mechanism for oxidation.
Conservation of matter at the high school level
is implicit in other matter-related ideas in bio-
logical, physical, and geological contexts. The
probe is useful in determining whether stu-
dents recognize a closed system as justification
for matter being conserved during a chemical
change. The probe is also useful in determin-
ing whether students still hold on to precon-
ceived ideas about rusting, even after they have
received middle school instruction targeted
toward the idea that oxygen combines with the

iron to form rust.
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Administering the Probe

Be sure students understand that the nails are
contained in a sealed jar and nothing can enter
or escape from the jar. It may help to have
visual props for this probe. Seal five clean,
wet, iron nails (not galvanized) in a jar. Have
students observe the nails. After a few weeks,
observe the jar again and consider what hap-
pened to the mass.

The probe “Burning Paper” (p. 23) can be
used to further probe students’ ideas about con-
servation of matter during a chemical change
involving oxygen. “Nails in a Jar” can be com-
bined with “The Rusty Nails” in Volume 1 of
this series to further probe ideas about rusting
in an open system in which the mass increases
(Keeley, Eberle, and Farrin 2005).

Related Ideas in National
Science Education Standards
(NRC 1996)

K-4 Properties of Objects and

Materials

* Objects have many observable properties,
including size, weight, shape, color, tem-
perature, and the ability to react with other

substances.

5-8 Properties and Changes in
Properties of Matter
Substances react chemically in character-
istic ways with other substances to form
new substances (compounds) with differ-
ent characteristic properties. In chemical

reactions, the total mass is conserved.

9-12 Structure of Atoms
* Matter is made up of minute particles called

atoms.

9-12 Chemical Reactions

*  Chemical reactions occur all around us.
A large number of important reactions
involve the transfer of either electrons (oxi-
dation/reduction reactions) or hydrogen
ions (acid/base reactions) between reacting

ions, molecules, or atoms.

Related Ideas in Benchmarks
for Science Literacy
(AAAS 1993 and 2008)

Note: Benchmarks revised in 2008 are indicated by
(R). New benchmarks added in 2008 are indicated
by (N).

K-2 Structure of Matter

* Objects can be described in terms of the
materials they are made of (e.g., clay, cloth,
paper) and their physical properties (e.g.,
color, size, shape, weight, texture, flexibility).

* Things can be done to materials to change
some of their properties, but not all materi-
als respond the same way to what is done

to them.

3-5 Structure of Matter

*  When a new material is made by combining
two or more materials, it has properties that
are different from the original materials.

* No matter how parts of an object are
assembled, the weight of the whole object

made is always the same as the sum of the

Indicates a strong match between the ideas elicited by the probe and a national standard’s learning goal.
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parts, and when a thing is broken into
parts, the parts have the same total weight

as the original object. (R)

6-8 Structure of Matter

Because most elements tend to combine
with others, few elements are found in
their pure form.

An especially important kind of reaction
between substances involves the combina-
tion of oxygen with something else, as in
burning or rusting.

No matter how substances within a closed
system interact with one another, or how
they combine or break apart, the total
mass of the system remains the same. The
idea of atoms explains the conservation of
matter. If the number of atoms stays the
same no matter how they are rearranged,
then their total mass stays the same.

The idea of atoms explains chemical reac-
tions: When substances interact to form
new substances, the atoms that make up
the molecules of the original substances

combine in new ways. (N)

9-12 Structure of Matter

Uncovering Student Ideas in Science

Atoms often join with one another in vari-
ous combinations in distinct molecules or
in repeating three-dimensional crystal pat-
terns. An enormous variety of biological,
chemical, and physical phenomena can be
explained by changes in the arrangement

and motion of atoms and molecules.

Related Research

Middle and high school students’ ideas
about chemical change tend to be domi-
nated by the obvious features of the change
(AAAS 1993). For example, students are
likely to think that when something rusts
it weighs less because it looks as if parts
of the metal are being “eaten away” or the
powdery rust is less substantive than the
iron (Driver et al. 1994).

Some students describe rust as a type of
mold (Driver et al. 1994).

Some students think that rust comes from
the nail itself. Some students explain that
it is already under the surface of the nail
and is exposed during the rusting process
(Driver et al. 1994).

Students’ everyday experiences with rust-
ing often involve iron getting wet. Con-
sequently students are likely to think that
rusting happens as a result of the water eat-
ing away at the metal, rather than rusting
being an interaction with oxygen in the air
(Driver et al. 1994).

In a survey conducted of English 15-year-
old students, one-third said the rusty nail
would lose mass, one-third said it would
gain mass, and one-third said its mass
would stay the same. Of these students, just
over 10% of those studying chemistry said
the mass would increase because the mass
of the rust is added to the mass of the nail.
There was no indication from their response
that the iron in the nail was involved in the
formation of rust. Others who understood

the reaction explained that the mass would

Indicates a strong match between the ideas elicited by the probe and a national standard’s learning goal.
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not change because oxygen doesn’t weigh
anything (Driver et al. 1994).

Some students use the “taught” ideas about
oxidation but adapt them to their intuitive
notions of rusting using reasoning such
as “the oxygen dissolves some of the iron”
(Driver et al. 1994).

Studies show that the way students per-
ceive a change may influence their ideas
about conservation during that change.
For example, if their view is dominated by

the appearance of a new material, they may

think mass has been added (AAAS 1993).

Suggestions for Instruction and
Assessment

Using nongalvanized iron nails, have stu-
dents carry out an investigation to test their
ideas. Use their observations to resolve the
differences between their prediction and
results. Note: Rusty nails by themselves
do not present a safety hazard; however, if
students handle the nails, have them wash
their hands afterward.

Develop an understanding of open versus
closed systems and explicitly link conserva-
tion of matter during a chemical change to
changes within a closed system. Carry out
an investigation to compare the change in
mass as iron nails rust in a closed versus an
open system.

Help students understand the idea that
there is oxygen in the air that is also being
transformed in the jar. Explicitly develop
the idea that air is a substance and has mass;

revisit this idea throughout the grade levels.

Help students draw parallels between other
types of chemical change that involve com-
bination with oxygen, such as combustion
reactions, to rusting.

Extend the idea of conservation of matter in
a closed system by changing the context to
a physical change (see the probe “Ice Cubes
in a Bag” in Volume 1 of this series; Kee-
ley, Eberle, and Farrin 2005) or a chemi-
cal change in a living system (see the probe
“Seedlings in a Jar” in Volume 1 of this
series; Keeley, Ebertle, and Farrin 2005).

Related NSTA Science Store
Publications, NSTA Journal
Articles, NSTA SciGuides,
NSTA SciPacks, and NSTA
Science Objects

American Association for the Advancement of Sci-

ence (AAAS). 2001. Atlas of science literacy. Vol.
1. (See “Conservation of Matter,” pp. 56-57.)
Washington, DC: AAAS.

Cobb, C., and M. L. Fetterolf. 2005. 7he joy of

chemistry: The amazing science of familiar things.
Ambherst, NY: Prometheus Books.

Drigel, G. S., A. M. Sarquis, and M. D’Agostino.

2008. Corrosion in the classroom. 7he Science

Teacher (Apr./May): 50-56.

National Science Teachers Association (NSTA).

2005. Properties of objects and materials.
NSTA SciGuide. Online at htip://learningcen-
ter.nsta.orglproduct_derail. aspx?id=10.2505/5/
SG-01.

Robertson, W. 2007. Chemistry basics: Stop faking it!

Finally understanding science so you can reach it.

Arlington VA: NSTA Press.

National Science Teachers Association



Copyright © 2009 NSTA. All rights reserved. For more information, go to www.nsta.org/permissions.

Physical Science and Unifying Themes Assessment Probes

Related Curriculum Topic Study
Guides

(Keeley 2005)

“Chemical Properties and Change”

“Conservation of Matter”
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Salt Crystals

Boris and his friends were looking at tiny crystals of salt with a
magnifying glass. They wondered what they would see if they
had a magnifying device powerful enough to see the atoms.
This is what they thought they might see:

Boris: “The atoms would be packed tightly together. They
would look like a solid material without any empty

spaces between the atoms.”

Portia: “I think I would see vibrating atoms arranged in @

~
an orderly way with spaces between them. There w

would be nothing in the spaces, not even air.”

Vivi: “I think I would see atoms not moving and arranged in an orderly way

with spaces between them.”

Leif: “I think I would see vibrating atoms arranged in an orderly way. There

would be space between the atoms. The space would be filled with air.”

Whit: “I think I would see atoms in the shape of small cubes. Each of these

small cubes would join together to form a larger cube of salt.”

Guillermo: “I think I would see lots of vibrating atoms connected together by little

lines. The lines connecting each atom give them a definite cube shape.”

Shantidas: I think I would see individual atoms moving from place to place. They
would be moving all about the inside of the crystal shape.”

Which student do you most agree with and why? Draw a picture that best represents
how you think you would see the atoms in a salt crystal if you had a powerful mag-
nifying device. Explain your picture.

Uncovering Student Ideas in Science
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Salt Crystals

Purpose

The purpose of this assessment probe is to
elicit students’ ideas about crystalline solids.
The probe is specifically designed to determine
how students think atoms are arranged and

move in a crystalline lattice.

Related Concepts

atoms, crystal, crystalline lattice, ionic bond

Explanation

The best answer is Portia’s: “I think I would
see vibrating atoms arranged in an orderly
way with spaces between them. There would
be nothing in the spaces, not even air.” Salt
is an example of a crystalline ionic lattice. A
salt crystal is made up of an orderly repeating
array of sodium and chloride ions. This repeat-

ing array is caused by the electrostatic attrac-

tion between negatively and positively charged
atoms called ions and forms the salt crystal’s
distinct cuboidal shape. The tiny crystals are
made up of the atoms (in the form of ions).
They are in the form of a solid in which the
atoms are closely locked in position and can
only vibrate. They are not free to move around
as in a gas. There is empty space between the
atoms that make up the salt crystal. There is
no air in these spaces because the material is
salt (sodium chloride), not a mixture of salt
and air. The crystalline matter is sodium and
chlorine atoms only. Sometimes models, such
as ball and stick models, depict sodium chlo-
ride (table salt) as a repeating cuboidal three-
dimensional array of atoms connected by lines
representing the ionic bonds. These lines are
not actual physical structures but rather repre-

sent the attraction among the ions.

National Science Teachers Association
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Curricular and Instructional
Considerations

Elementary Students

In the elementary grades, students observe
macroscopic properties of matter and details
they can see using magnifiers. Their obser-
vations focus on the features of objects and
materials. Using magnifiers, they can see that
salt has a cuboidal shape. However, explaining
that microscopic structure in terms of atoms

exceeds expectations for this grade level.

Middle School Students

In the middle grades, students begin to use
atomic and molecular ideas to explain phe-
nomena and structural arrangements. They
distinguish between molecular substances
and crystalline lattices, although the details
of ionic and covalent bonding can wait until
high school. They should know that solids are
rigid structures made up of atoms and that the
atoms, with some empty space between them,

can only vibrate in place, not move about.

High School Students

Students at the high school level should be able
to use ideas about atomic/molecular motion
to explain phenomena and structural arrange-
ment from a microscopic view. They should
be able to explain the difference between ion-
ically bonded compounds and other types of
chemical bonds. They frequently use ball and
stick models to explain structure and behav-
ior. However, even though they may under-

stand what an ionic bond is, they may still

hold on to misconceptions about the space

between atoms.

Administering the Probe

This probe is most appropriate at the middle
and high school levels. Consider having stu-
dents examine grains of salt macroscopically

before answering the probe.

Related Ideas in National
Science Education Standards
(NRC 1996)

K—-4 Properties of Objects and

Materials

*  Objects have many observable properties,
including size, weight, shape, color, tem-
perature, and the ability to react with other

substances.

9-12 Structure of Atoms
* Matter is made up of minute particles
called atoms, and atoms are composed of

even smaller components.

9-12 Structure and Properties of Atoms

* Atoms interact with one another by trans-
ferring or sharing electrons that are farthest
from the nucleus. The outer electrons gov-
ern the chemical properties of the element.
Bonds between atoms are created when elec-
trons are paired up by being transferred or
shared. The atoms may be bonded together

into molecules or crystalline solids.

Indicates a strong match between the ideas elicited by the probe and a national standard’s learning goal.

Uncovering Student Ideas in Science
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Related Ideas in Benchmarks
for Science Literacy
(AAAS 1993 and 2008)

K-2 Structure of Matter

3-

Objects can be described in terms of the
materials they are made of and their physi-

cal properties.

5 Structure of Matter
Materials may be composed of parts thatare

too small to be seen without magnification.

6-8 Structure of Matter

All matter is made up of atoms that are
far too small to be seen directly through a
microscope.

Atoms may link together in well-defined
molecules or may be packed together in
crystal patterns. Different arrangements of
atoms into groups compose all substances
and determine the characteristic properties
of substances.

Atoms and molecules are perpetually in
motion. In solids, the atoms are closely

locked in position and can only vibrate.

9-12 Structure of Matter

An enormous variety of biological, chemi-
cal, and physical phenomena can be
explained by changes in the arrangement

and motion of atoms and molecules.

Related Research

Students of all ages show a wide range

of beliefs about the nature and behavior

of particles. For example, they attribute
macroscopic properties to particles; do not
accept the idea that there is empty space
between particles, and have difficulty
accepting the intrinsic motion of solids,
liquids, and gases (AAAS 1993).

Children frequently consider atoms of
a solid to have all or most of the macro-
properties they associate with the solid
(Driver et al. 1994).

Twenty-eight Australian 17-year-olds were
interviewed in an Australian study con-
ducted by Butts and Smith (1987) that
focused on the formation of sodium chlo-
ride and use of the ball and stick model.
The students referred to molecules of
sodium chloride and stated that there were

ionic bonds between the molecules.

Suggestions for Instruction and
Assessment

Use magnifiers to see the cuboidal shape of
salt crystals. Challenge students to think
what these cubes would look like at the
microscopic level of the atom. Help them
distinguish between the properties of the
material (salt crystal) and the properties
of the atoms. Just because a material has
a certain shape does not mean the atoms
have the same shape.

A variety of materials, including ball and
stick models, can be used to illustrate the
ionic arrangement of the sodium and chlo-
ride atoms in table salt. However, make
sure students do not think the sticks are

actual physical structures between atoms.

Indicates a strong match between the ideas elicited by the probe and a national standard’s learning goal.
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* Clarify the difference between an ion and
an atom.

* The PRISMS (Phenomena and Representa-
tions for Instruction of Science in Middle
Schools) website at heep:/lprisms.mmsa.org
has a collection of reviewed web representa-
tions to help students visualize the atoms in
a crystalline array. This website is part of the
National Science Digital Library and can

also be accessed through hzzp://nsdl.org.

Related NSTA Science Store
Publications, NSTA Journal
Articles, NSTA SciGuides,

NSTA SciPacks, and NSTA

Science Objects

American Association for the Advancement of Sci-
ence (AAAS). 2001. Atlas of science literacy. Vol.
1. (See “Atoms and Molecules” map, pp. 54—
55.) Washington, DC: AAAS.

Logerwell, M., and D. Sterling. 2007. Fun with
ionic compounds. 7he Science Teacher (Dec.):
27-33.

Robertson, W. 2007. Chemistry basics: Stop faking it!
Finally understanding science so you can teach it.

Arlington, VA: NSTA Press.

Uncovering Student Ideas in Science

Related Curriculum Topic Study
Guides

(Keeley 2005)

“Particulate Nature of Matter (Atoms
and Molecules)”

“Solids”
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Ice Water

Christine put five ice cubes in a glass. After 20 minutes,
most of the ice had melted to form “ice water.” There were
still some small pieces of ice floating in the water. Christine
measured the temperature of the ice water then added five
more ice cubes to the glass. She measured the temperature
three minutes later. What do you predict happened to the
temperature of the “ice water” three minutes after she added

more ice?

A The temperature of the “ice water” increased.

B The temperature of the “ice water” decreased.

C The temperature of the “ice water” stayed the same.

Circle the answer that best matches your thinking. Explain what happens to the tem-

perature of “ice water” when more ice is added.

Uncovering Student Ideas in Science
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Ice Water

Purpose

The purpose of this assessment probe is to elicit
students’ ideas about temperature in the con-
text of phases of matter. The probe is designed
to find out if students recognize that the tem-
perature of a substance does not change when

two phases are present.

Related Concepts
energy, phase change, phases of matter, tem-

perature, transfer of energy

Explanation

The best answer is C: The temperature of the
ice water stayed the same. When an ice cube
at —4°C is placed in a cup at room tempera-
ture (approximately 22°C), the surface of the
solid cube absorbs thermal energy (sometimes

called heat energy) from the surroundings. In

the solid phase, the molecules are being held
in a relatively fixed position, and the energy is
used to overcome the attractive forces between
the water molecules. When sufficient energy
is absorbed, the solid ice begins to melt. For
water, this phase change occurs at 0°C.

During a phase change, the temperature
of the system remains constant as long as two
phases are present. In this example, the tem-
perature will remain constant at 0°C while
ice and water are both present. When more
ice is added, the temperature will continue to
remain constant at 0°C. Because the phenom-
enon is taking place in a cup surrounded by
air at a temperature of 22°C, once all the ice
melts, the energy in the system will result in an
increased motion of the liquid molecules, and
the water temperature will gradually rise until
it reaches 22°C.

National Science Teachers Association



Copyright © 2009 NSTA. All rights reserved. For more information, go to www.nsta.org/permissions.

Physical Science and Unifying Themes Assessment Probes

Temperature, heat, and thermal energy are
related terms that are often confused. Tempera-
ture is the measure of the average kinetic energy
of the particles that make up objects or materi-
als. Heat is the amount of thermal energy that
is transferred between two objects or materials
due to a temperature difference. In other words,
heat is thermal energy in transition as opposed
to stored thermal energy. Thermal energy is the
amount of internal kinetic and potential energy

in an object or material.

Curricular and Instructional
Considerations

Elementary Students

In the elementary grades, students use simple
instruments to gather data. They learn to use
thermometers to measure temperature. At
this stage, their experience with temperature
is observational. This is a time when students
learn about phases of matter and changes from
one phase to another. They can observe how
temperature remains the same as a substance
such as ice melts, thereby building an experien-
tial foundation for explaining the relationship
among heat, temperature, and phase change

later on in middle school.

Middle School Students

In the middle grades, students begin to
explain what happens during a phase change
in terms of temperature patterns and begin to
use ideas about energy transfer. They typically
graph the change from ice to boiling water

and analyze their graphs to understand that

Uncovering Student Ideas in Science

the temperature remains the same as ice melts
or water boils when two phases are present.
Students in northern climates may draw on
their everyday experience to connect the idea
of the temperature of ice to weather-related
phenomena, knowing that icy conditions
happen when the temperature reaches 32°F
(0°C). However, it may be counterintuitive to
them that, after an extended period of time,
the temperature of a sample of ice water (ice
melting in water) sitting at room temperature

will still be 0°C.

High School Students

Students at the high school level should be able
to explain phase changes in terms of energy
transfer. They should be able to extend their
observations from ice to boiling water to pre-
dict what would happen if the steam continued
to be heated. They should be encouraged to
conceptually distinguish among heat, thermal
energy, and temperature. However, memoriz-
ing the definition of these terms may not result
in students being able to use them, such as in

the example given in this probe.

Administering the Probe

This probe can be visually demonstrated to stu-
dents by putting five ice cubes in a glass and
letting the ice melt until there are small pieces
of ice in the “ice water.” Then add five more
ice cubes and ask students to predict what will
happen to the temperature of the ice water after
a few minutes. With older students, you may
wish to change the probe to include quantitative

responses. Make sure students understand that
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there are always some unmelted ice cubes pres-
ent in the water. If the temperature were mea-
sured after all the ice had melted, the resulting
temperature would be different. Note: Make
sure students understand ice is not always 0°C.
Ice can be colder than 0°C. 0°C is the melting

point of ice.

Related Ideas in National
Science Education Standards
(NRC 1996)

K-4 Abilities Necessary to Do
Scientific Inquiry
*  Use simple equipment and tools to gather

data and extend the senses.

K-4 Properties of Objects and

Materials
Objects have many observable proper-
ties, including size, weight, shape, color,
temperature, and the ability to react with
other substances.

*  Materials can exist in different states—
solid, liquid, and gas. Some common mate-
rials, such as water, can be changed from

one state to another by heating or cooling.

5-8 Transfer of Energy

* Energy is transferred in many ways.

9-12 Conservation of Energy and the
Increase in Disorder
® Heat consists of random motion and the

vibration of atoms, molecules, and ions.

The higher the temperature, the greater the

atomic or molecular motion.

Related Ideas in Benchmarks
for Science Literacy (AAAS
1993 and 2008)

Note: Benchmarks revised in 2008 are indicated by
(R). New benchmarks added in 2008 are indicated
by (N).

K-2 Constancy and Change
Things change in some ways and stay the

same in some ways.

K-2 Scientific Inquiry

* Tools such as thermometers, magnifiers,
rulers, or balances often give more informa-
tion about things than can be obtained by

just observing things without their help.

3-5 Constancy and Change
Some features of things may stay the same

even when other features change.

3-5 Energy Transformation
*  When warmer things are put with cooler
ones, heat is transferred from the warmer

ones to the cooler ones. (R)

6-8 Energy Transformation

* Thermal energy is transferred through
a material by the collisions of atoms
within the material. Over time, the ther-
mal energy tends to spread out through a
material and from one material to another

if they are in contact. (R)

Indicates a strong match between the ideas elicited by the probe and a national standard’s learning goal.

National Science Teachers Association



Copyright © 2009 NSTA. All rights reserved. For more information, go to www.nsta.org/permissions.

Physical Science and Unifying Themes Assessment Probes

Related Research

Driver and Russell (1982) carried out a study
in which children were shown a beaker of
ice with a thermometer reading of 0°C. The
children were asked what would happen if
more ice was added. Most of the 8-year-
old children thought that the temperature
would go up when more ice was added.
Older children, up to age 14, thought that
the temperature would decrease when more
ice was added (Driver et al. 1994).

Up to the age of 12, students are familiar
with the term zemperature and are able to
use a thermometer to measure the tem-
perature of objects or materials, but they
have a fairly limited concept of the term.
They rarely use temperature to describe
the condition of an object (Erickson and
Tiberghien 1985).

Children do not recognize temperature
as a physical parameter that can describe
the condition of a material. They consider
other criteria more pertinent for describing
materials (Driver et al. 1994).

Many 8- to 17-year-old students regard
melting as a gradual process, unconnected
with a particular temperature (Driver
et al. 1994).

Clough and Driver (1985) reported that
students up to the age of 16 think of cold
as “an entity which, like heat, has the
properties of a material substance.” They
do not necessarily think of hot and cold
as part of the same continuum, but instead
they think of cold as the opposite of heat
(Driver et al. 1994).

Uncovering Student Ideas in Science

Students may use the intuitive rule “more
A, more B” to reason what happens when
you have more ice cubes (Stavy and Tirosh
2000). Using this rule, students may think
that when there is more ice, there will be

“more cold.”

Suggestions for Instruction and
Assessment

This probe can be used as a P-E-O-E
probe—Predict, Explain, Observe, Explain
(again). Have students predict what would
happen and explain the reasons for their
predictions. Then have students test their
ideas and observe what happens to the tem-
perature. If their observations do not match
their predictions, students are encouraged
to come up with revised explanations.

Use ABC—"“activity before concept” (Eisen-
kraft 2006)—to provide an opportunity for
students to experience the phenomenon and
collect and analyze temperature data before
presenting them with the concept of tem-
perature during a phase change. Having
students observe and construct their own
explanations first before being presented
with the formal scientific concepts is a more
powerful way for students to learn.

Use a real-life phenomenon to demonstrate
that temperature remains constant dur-
ing a phase change. Obtain an extremely
large sample of crushed ice or, in northern
climates during winter, fill a large bucket
with snow from the school yard. Record
the temperature of the snowy slush in the

bucket throughout the day.
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* Have students use phase-change graphs to
analyze patterns and notice that when two
phases are present (e.g., water in the liquid
and solid form), the temperature remains
the same.

* Be sure to explicitly develop the general-
ization that constant temperature during
a phase change (melting, freezing, boil-
ing, condensation) is true for all pure sub-
stances, not just water.

* Do not introduce the difference between
heat and temperature in the context of
this probe until students are ready to
understand this difference. Up through
late middle school, it may suffice to keep
this idea at an observational level and
hold off on explanations until students
are ready.

*  With older students, link the idea of energy
transfer to phase change. Ask students to
discuss why the temperature of the water
remains constant and then increases as
soon as all of the ice melts. What was hap-
pening to the energy while there was still

ice in the system?

Related NSTA Science Store

Publications, NSTA Journal

Articles, NSTA SciGuides,

NSTA SciPacks, and NSTA

Science Objects
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“Heat and Temperature”
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Warming Water

Two friends put a bowl of very cold water
outside on a hot sunny day. The Sun
warmed the water. They wondered about
the energy of the water. This is what they
thought:

Ted: “The very cold water had energy.
The Sun provided additional

energy to warm the water.”

Ambra: “The very cold water did not have
energy. The energy in the warm

water came from the Sun.”

Which friend has the best idea? Explain why you agree with one friend and not
the other.

Uncovering Student Ideas in Science
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Warming Water

N

Purpose

The purpose of this assessment probe is to
elicit students’ ideas about thermal energy. The
probe is designed to find out whether students

think cold things can have energy.

Related Concepts
energy, heat, temperature, thermal energy,

transfer of energy

Explanation

The best answer is Ted’s: “The very cold
water had energy. The Sun provided addi-
tional energy to warm the water.” Under
ordinary conditions, all objects, materials,
and substances “possess” an internal energy
called thermal energy. Even very cold objects
like ice cubes have thermal energy. The ther-

mal energy of the water is the total of all the

d

\
\

kinetic energy (due to molecular motion) and
potential energy (because of relative posi-
tion or shape of the molecules) in the bowl of
water. Molecules are in constant motion, even
in very cold water. The difference is that the
molecules in the cold water move slower than
the molecules in warm water. The cold water
has less thermal energy before it is warmed
by the Sun, but nevertheless it still has some
thermal energy even at a cold temperature.
The Sun warms the water by transferring
energy from the Sun to the cold water. The
gain in energy changes the amount of ther-
mal energy the water has. As the water mol-
ecules gain energy, they move faster and the
water temperature increases. Both the cold
and warm water have energy; however, the
bowl of water has more thermal energy when

it is warm than when it is cold.

National Science Teachers Association
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Temperature, heat, and thermal energy
(sometimes referred to with younger students
as heat energy) are related terms that are
often confused. Temperature is the measure
of the average kinetic energy of the particles
that make up objects or materials. Heat is the
amount of thermal energy that is transferred
between two objects or materials because of a
temperature difference. In other words, heat
is thermal energy in transition as opposed to
“stored” thermal energy. Thermal energy is
the amount of internal kinetic and potential
energy in an object or material. For example,
the thermal energy of a massive iceberg will
be much larger than that of a cup of boiling
water, despite its much lower temperature,

simply because it has more molecules.

Curricular and Instructional
Considerations

Elementary Students

In the elementary grades, energy is a complex
concept. Even though students have heard the
word energy, investing a lot of time and effort in
developing formal energy concepts should wait
until middle school (AAAS 1993). Young chil-
dren have intuitive notions about energy (e.g.,
energy gets things done) that teachers can build
on without getting into details of formal energy
concepts. At this level, students can talk about
energy but should not be expected to define it.
One aspect of energy that can be developed at
this age is the idea of heat. Students can observe
how heat spreads from one object or place to

another and can consider ways to increase or

Uncovering Student Ideas in Science

decrease the spreading of heat. They should
also be encouraged to wonder where the energy

comes from that makes things happen.

Middle School Students

In the middle grades, students are introduced
to energy through energy transformations and
transfer. At this level, they describe various
forms of energy including chemical, thermal,
electrical, mechanical, electromagnetic, gravi-
tational potential, elastic potential, and kinetic
energy. They trace where forms of energy come
from and where the energy goes. By grade 8,
they should transition from using the com-
monly used term hear energy to describe an
object’s internal energy to using the scientific
term thermal energy. However, students at this
level still have difficulty distinguishing among

heat, thermal energy, and temperature.

High School Students

Students at the high school level take the
variety of energy forms described in middle
school and begin to see that they fall into a few
basic types: kinetic energy, potential energy,
or energy contained by a field such as electro-
magnetic waves. An increased understanding
of temperature, atoms, and molecules helps
them relate the motion of molecules, as well
as the position and shape of molecules, to the
concept of thermal energy. They should have
a variety of opportunities to investigate how
energy interacts with matter either by losing
or by gaining energy. At this level, students are
now able to see how powerful energy ideas are

in explaining phenomena. Even though they
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are introduced to the theoretical idea of “abso-
lute zero” as the temperature at which molecu-
lar motion ceases, some high school students
may believe that cold water has energy but not

accept the idea that ice has energy.

Administering the Probe

As an assessment used to inform instruction,
this probe is best used with middle and high
school students to find out their ideas about
what they commonly refer to as hear energy
before formally encountering the term hermal
energy. You might consider including the tem-
perature of the water. For example, explain that
the cold water is 4°C and warms up to 30°C in
the sun. A variation of this probe that would
include phase change is to use an example of a
glass of ice cubes at 0°C and the same glass after
the ice cubes have melted in the sun. Although
some students may think the water has energy,
they may think that a frozen solid does not have
energy. Some students may also think a temper-

ature of 0°C may mean zero energy.

Related Ideas in National
Science Education Standards
(NRC 1996)

K-4 Properties of Objects and

Materials

* Objects have many observable properties,
including temperature. Temperature can

be measured using a thermometer.

5-8 Transfer of Energy
Energy is a property of many substances
and is associated with heat, light, electric-
ity, mechanical motion, sound nuclei, and
the nature of a chemical. Energy is trans-
ferred in many ways.

* 'The Sun is a major source of energy for
changes on the Earth’s surface. The Sun
loses energy by emitting light. A tiny frac-
tion of that light reaches Earth, transfer-

ring energy from the Sun to the Earth.

9-12 Conservation of Energy and the
Increase in Disorder
Heat consists of random motion and the
vibrations of atoms, molecules, and ions.
The higher the temperature, the greater the

atomic or molecular motion.

9-12 Interactions of Energy and Matter
*  Waves (including light waves) have energy
and can transfer energy when they interact

with matter.

Related Ideas in Benchmarks
for Science Literacy
(AAAS 1993 and 2008)

Note: Benchmarks revised in 2008 are indicated by
(R). New benchmarks added in 2008 are indicated
by (N).

K-2 Energy Transformation

¢ The Sun warms the land, air, and water.

Indicates a strong match between the ideas elicited by the probe and a national standard’s learning goal.
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3-

5 Energy Transformation

Things that give off light often also give
off heat.

When warmer things are put with cooler
ones, heat is transferred from the warmer

ones to the cooler ones. (R)

6-8 Energy Transformation

Uncovering Student Ideas in Science

Thermal energy is associated with the tem-
perature of an object. (R)

Energy can be transferred from one sys-
tem to another (or from a system to its
environment) in different ways: thermally,
when a warmer object is in contact with
a cooler one ... and by electromagnetic
waves. (R)

Thermal energy is transferred through a
material by the collisions of atoms within
the material. Over time, the thermal
energy tends to spread out through a
material and from one material to another
if they are in contact. Thermal energy can
also be transferred by means of currents
in air, water, or other fluids. In addi-
tion, some thermal energy in all materi-
als is transformed into light energy and
radiated into the environment by elec-
tromagnetic waves; that light energy can
be transformed back into thermal energy
when the electromagnetic waves strike
another material. As a result, a material
tends to cool down unless some other
form of energy is converted to thermal

energy in the material. (R)

9-12 Energy Transformation

Thermal energy is a system that is asso-
ciated with the disordered motions of its
atoms or molecules.

Many forms of energy can be considered to
be either kinetic energy, which is the energy
of motion, or potential energy, which
depends on the separation between mutu-

ally attracting or repelling objects. (N)

Related Research

Students’ meanings for energy, both before
and after traditional instruction, are con-
siderably different from the scientific
meaning of energy (AAAS 1993).

Several studies have found students to have
an anthropomorphic view of energy. Stu-
dents tend to associate energy with living
things—in particular, human beings—or
with objects that were treated as if they
had human characteristics. They suggest
that energy is needed to live or be active, or
they relate it to fitness and strength (Driver
et al. 1994).

Many students think of energy as a sub-
stance that is stored in some objects but
not in others (Driver et al. 1994).
Distinguishing between concepts of heat
and temperature is difficult for most chil-
dren. They tend to view temperature as the
mixture of hot and cold inside an object
or simply the measure of the amount of
thermal energy (often referred to as “heat
energy” with younger children) possessed
by an object with no distinction between

the temperature of an object and its ther-

Indicates a strong match between the ideas elicited by the probe and a national standard’s learning goal.
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mal energy. Studies show that students ages
10-16 tend to think there is no difference
between heat and temperature (Driver et
al. 1994).

Watts and Gilbert (1985) found that it was
common for 14- to 17-year-olds to associ-

ate heat only with warm and hot bodies.

Suggestions for Instruction and
Assessment

Although the word energy is familiar to stu-
dents, energy is far more difficult to teach
than is often recognized. In science, energy
is an abstract, mathematical idea. It is hard
to define energy or even to explain clearly
what is meant by the word. This means
that in order to communicate the scientific
idea of energy to students, teachers must
first simplify it—but still ensure that what
is taught is clear and useful and provides a
sound basis for developing a fuller under-
standing later (Millar 2005).

The word energy is widely used in every-
day contexts, including many that appear
“scientific.” However, energy is used in
a way that is less precise than its scien-
tific meaning and that differs from its
scientific meaning in certain respects.
This means that teachers have to be very
careful to disentangle the everyday use
of the word energy from its scientific use
in order to both keep teachers’ and stu-
dents’ own ideas clear and avoid teaching
a potentially confusing mixture of the two
(Millar 2005).

Ask students to write three to four sentences
showing how they would use the word
energy. Their responses often reveal what
types of things they associate energy with.
Be aware that teaching students to dis-
tinguish between heat and temperature is
not a “quick fix.” Researchers have found
that long-term teaching interventions are
required for upper middle school students
to start differentiating between the two
concepts (Linn and Songer 1991).

A suggested progression of ideas on under-
standing energy begins in elementary
grades with observable patterns of phe-
nomena involving heat transfer. In middle
school, teaching and learning move to
descriptions of various forms of energy and
examples of energy transfer and transfor-
mation. High school learning culminates
with an understanding of energy conser-
vation and dissipation as thermal energy
(AAAS 2007).

When teaching ideas that are related to
energy transfer, help students define the
system under consideration. Because sys-
tems often interact with their environ-
ment, students should practice keeping

track of what enters or leaves the system
(AAAS 2007).

National Science Teachers Association
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Standing on One Foot

Maria stood on her bathroom scale with two feet. She read
her weight on the scale. She then lifted one foot. Circle what
you think happened to the reading on the scale when she
stood on one foot.

A It showed an increase in weight.
B It showed a decrease in weight.

C Her weight stayed the same.

Explain your thinking. What “rule” or reasoning did you use

to select your answer?

@;

pt

Uncovering Student Ideas in Science
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Standing On One Foot

Purpose

The purpose of this assessment probe is to
elicit students’ ideas about weight and pres-
sure. The probe is designed to determine
whether students think their weight changes
when the force exerted per unit area (pressure)

on a scale changes.

Related Concepts

force, gravity, pressure, weight

Explanation

The best answer is C: Her weight stayed the
same. Weight is the force of gravity acting on an
object. Regardless of whether you stand on two
feet or one foot, the force of gravity acting on
your body as you stand on a bathroom scale is
the same. When you stand on two feet, the force

is distributed over a wider area (the total area

covered by the two soles of your feet). When you
lift one foot, the same force is distributed over a
smaller area (the area covered by the sole of one
of your feet). Pressure changes as the constant
weight of the body is distributed over different
areas. Because pressure is described as force per
unit area (P = F + A), as the area covered by the
body on the scale decreases by lifting one foort,
the pressure increases. Although the pressure

increases, the weight remains constant.

Curricular and Instructional
Considerations

Elementary Students

In the elementary grades, students use simple
instruments to gather data. They learn to mea-
sure weight and mass using various types of

scales and pan balances. At this stage, weight

National Science Teachers Association
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is an observational property that they use to
describe objects and materials. Elementary
students are not expected to know that weight
is caused by the force of gravity. However,
they should be able to observe that the weight
of an object stays the same in the same loca-

tion on Earth.

Middle School Students

At the middle school level, students should
begin to distinguish between weight and
mass. They develop an understanding that the
force of the Earth’s gravity affects the weight
of an object. They often confuse pressure with
weight. This is a time when their use of math-
ematics (area and proportionality) can be used
to explain why their weight doesn’t change
when different amounts of their body are in

contact with the scale.

High School Students

In high school, students develop more sophis-
ticated notions of weight, mass, and pressure.
However, they may still revert to naive ideas

about weight.

Administering the Probe

You can demonstrate the context for this
probe by bringing in a bathroom scale, stand-
ing on it with two feet, then lifting one foot.
Make sure students do not see the reading on

the scale as you demonstrate.

Related Ideas in National
Science Education Standards
(NRC 1996)

K-4 Abilities Necessary to Do
Scientific Inquiry
Use simple equipment and tools to gather

data and extend the senses.

K—-4 Properties of Objects and
Materials
Objects have many observable properties,
including size, weight, shape, color, and the
ability to react with other substances. Those
properties can be measured using tools,

such as rulers, balances, and thermometers.

5-8 Abilities Necessary to Do
Scientific Inquiry
Use appropriate tools and techniques to

gather, analyze, and interpret data.

9-12 Motions and Forces
¢ Gravitation is a universal force that each

mass exerts on any other mass.

Related Ideas in Benchmarks
for Science Literacy
(AAAS 1993 and 2008)

Note: Benchmarks revised in 2008 are indicated by
(R). New benchmarks added in 2008 are indicated
by (N).

K-2 Scientific Inquiry
* DPeople can often learn about things around

them by just observing those things care-

Indicates a strong match between the ideas elicited by the probe and a national standard’s learning goal.

Uncovering Student Ideas in Science
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fully, but sometimes they can learn more
by doing something to the things and not-
ing what happens.

Tools such as thermometers, magnifiers,
rulers, and balances often give more infor-
mation about things than can be obtained

by just observing things unaided.

K-2 Structure of Matter

Objects can be described in terms of their

properties.

3-5 Forces of Nature

The Earth’s gravity pulls any object on or
near the Earth toward it without touching

it. (R)

6-8 Forces of Nature

Every object exerts gravitational force on

every other object.

9-12 Forces of Nature

Gravitational force is an attraction between
masses. The strength of the force is propor-
tional to the masses and weakens rapidly

with increasing distance between them.

Related Research

64

The idea that the weight of an object is a
force—the force of gravity on that object—
does not appear to be a firmly held idea
among secondary students (Driver et al.
1994).

There is not a lot of research on students’
ability to distinguish between weight and

pressure in relation to the surface area

of an object in contact with a weighing
instrument, such as a bathroom scale. Our
field tests with elementary and middle
school students showed that many stu-
dents believed that the weight increases
when there is less surface area touching
the scale because “it presses down harder.”
Some students also believed the weight
would decrease because the amount of
force pushing down is less when one foot
is lifted. These ideas were less prevalent
with high school students, although some
students still believed standing on one foot
would press down harder and increase the

weight.

Suggestions for Instruction and
Assessment

This probe lends itself to an inquiry investi-
gation. Have students commit to a predic-
tion, explain their reasoning that supports
their prediction and then test it. When
students find their observation does not
match their prediction, encourage them to
discuss their ideas and seek information to
support a new explanation.

With younger children, have them weigh a
variety of objects by placing them on their
side, top, bottom, or in other configurations,
observing how the weight stays the same. Be
sure to place the object in the center of the
weighing pan or device each time.
Challenge students with other examples
illustrating the difference between weight
and pressure. For example, imagine that

you had two different pairs of shoes that

National Science Teachers Association
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weighed the same. One was a pair of high
spiked heels and the other was a pair with
flat soles. When you put the high spiked
heels on and stood on soft ground, the heel
sunk down into the ground. When you put
the flat sole on, you stayed on top of the
ground. What changed, your weight or the
shoes? Why did this change in the shoes
affect how you stood on the soft ground?

* After developing an operational definition
of pressure, have students compare the
pressure exerted by one foot on the scale
with two feet on the scale. Have students
trace their feet on square grid paper and
count up the number of square units cov-
ered by one versus two feet. Calculate the
pressure by dividing their weight by the

square units.

Related NSTA Science Store

Publications, NSTA Journal

Articles, NSTA SciGuides,

NSTA SciPacks, and NSTA

Science Objects

American Association for the Advancement of Sci-
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Robertson, W. 2002. Force and motion: Stop faking
it! Finally understanding science so you can teach

it. Arlington, VA: NSTA Press.
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Magnets in Water

Four friends were wondering if a magnet could @
pick up steel paper clips in water. This is what ===

they said:

Nate: “I think magnets and paper clips need to
be in air. If both the magnets and paper clips are in water, they won't attract.”

Amy: “I think magnets need to be in the air, but it doesn’t matter if the paper clip is.
Magnets can attract paper clips covered with water.”

Steve: “I don’t think air makes a difference. I think magnets will attract paper clips

when both are underwater.”

Leah: “I don’t think air makes a difference. However, when magnets are in water,

they work the opposite way. The paper clips will be repelled by the magnet.”

Which friend do you agree with and why? Explain your thinking about how mag-

nets work.

Uncovering Student Ideas in Science
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Magnets in Water

Purpose

The purpose of this assessment probe is to
elicit students’ ideas about magnetism. The
probe is specifically designed to determine
whether students believe air is necessary for

magnets to work.

Related Concept

magnetism

Explanation

The best answer is Steve’s: “I don’t think
air makes a difference. I think magnets will
attract paper clips when both are underwater.”
Magnetism is a force that can work through a
gas, a liquid, and even a solid (e.g., nonmag-
netic materials such as paper, wood, alumi-
num foil, tape, and plastic). Just as electricity

moves through some materials better than

others, magnetism moves with ease through
some materials and has more difficulty pass-
ing through other materials. Although most
peoples’ experiences with magnets happen in
an environment in which the magnet is sur-
rounded by air, magnets also work underwater
and in other gaseous environments, such as
in carbon dioxide and helium. Magnets also
work in environments without an atmosphere
or air. For example, a magnet on the Moon or
a magnet in a bell jar with all the air removed

will attract iron objects.

Curricular and Instructional
Considerations

Elementary Students
In the elementary grades, magnets provide stu-

dents with multiple opportunities to engage in

National Science Teachers Association
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inquiry while developing the idea that forces can
actwithout directly touching an object. Students’
experiences with magnets are mostly observa-
tional. Explaining the specifics of how magnets
work should wait until students develop a deeper

understanding of forces in middle school.

Middle School Students

In the middle grades, students combine their
knowledge of magnets with their understanding
of electric current. At this level, students have
developed ideas about gravity and electric charge

that may interfere with ideas about magnetism.

High School Students

At the high school level, students develop more
sophisticated ideas about electromagnetism.
However, early misconceptions related to mag-

nets and their effect in air may still persist.

Administering the Probe

This probe is appropriate at all grade levels. You
might consider using a prop by first showing
how magnets pick up paper clips when both
are in air and then putting a magnet in water
and asking students what they think would
happen if the paper clips were placed near the
magnet. This probe can lead to a lively discus-

sion of students’ ideas.

Related Ideas in National
Science Education Standards
(NRC 1996)

K-4 Properties of Objects and

Materials

* Objects have many observable properties,
including size, weight, shape, color, tem-
perature, and the ability to react with other

substances.

K-4 Light, Heat, Electricity, and
Magnetism
Magnets attract and repel each other and

certain kinds of materials.

9-12 Motions and Forces
* Electricity and magnetism are two aspects

of a single electromagnetic force.

Related Ideas in Benchmarks
for Science Literacy
(AAAS 1993 and 2008)

Note: Benchmarks revised in 2008 are indicated by
(R). New benchmarks added in 2008 are indicated
by (N).

K-2 Forces of Nature
* Magnets can be used to make some things

move without being touched.

3-5 Forces of Nature
Without touching them, a magnet pulls on
all things made of iron and either pushes

or pulls on other magnets.

6-8 Forces of Nature
* Electric currents and magnets can exert a

force on each other.

Indicates a strong match between the ideas elicited by the probe and a national standard’s learning goal.

Uncovering Student Ideas in Science
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9-12 Forces of Nature

Magnetic forces are very closely related to
electric forces and are thought of as differ-
ent aspects of a single electromagnetic force.
Moving electrically charged objects pro-
duces magnetic forces and moving magnets

produces electric forces. (R)

Related Research

Research has shown that some students are
inclined to link gravity with magnetism
(Driver et al. 1994). If they believe grav-
ity is necessary for magnets to work and
also believe that gravity has no or less of an
effect under water, they may believe mag-
nets will not attract objects in water.
Barrow (1987) investigated students” aware-
ness of magnets and magnetism across age
ranges and found that they were aware of
magnets through their everyday experiences
of sticking objects to refrigerators with
magnets. However, before instruction, few
students could offer explanations of magne-
tism, especially in terms of forces and how
magnets work (Driver et al. 1994).

Bar and Zinn (1989) sampled 98 students
ages 9-14 and found that 40% believed
that a medium (air) was necessary in order
for magnets to have an effect on objects.
Twenty percent of these students also
made a link between gravity and magne-
tism (Driver et al. 1994).

Suggestions for Instruction and
Assessment

This probe can be used with the P-E-O
(Predict, Explain, Observe) strategy (Kee-
ley 2008). Have students make a predic-
tion, explain the reasons for their predic-
tion, and test their ideas. If their observa-
tions do not match their predictions, chal-
lenge them to construct a new explanation
to fit their observations.

Consider probing students’ ideas about
magnets related to their ideas about grav-
ity. Do students believe gravity is necessary
in order for magnets to work? Do they link
the idea that air is necessary for gravity and
thus link magnetism to gravity as well?
Barrow’s (1987) study considered that teach-
ing about magnets might dissociate students
from their everyday awareness of magnetism.
Barrow suggested that teaching approaches
that draw on everyday experience and focus
on uses of magnets may be effective in help-
ing students understand magnetism.
Providing opportunities for students to
test and observe how magnetism passes
through solid materials such as paper,
plastic, and aluminum foil may help sup-
port the notion that magnetism also passes
through a liquid such as water.

Challenge students to think about whether
magnets work in the absence of air and
come up with a way to test it. One way is
to suspend a magnet attracted to a paper
clip in a bell jar. If students think air is

needed in order for the paper clip to remain

National Science Teachers Association



Copyright © 2009 NSTA. All rights reserved. For more information, go to www.nsta.org/permissions.

Physical Science and Unifying Themes Assessment Probes

attracted to the magnet, have them observe

whether the paper clip will drop.

Related NSTA Science Store
Publications, NSTA Journal
Articles, NSTA SciGuides,

NSTA SciPacks, and NSTA

Science Objects
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10

Is It a Model?
B

Below are listed things that students might do in a sci- /5 [.f' a
ence class. Check off the things that are examples of de
using a model. MLI -?

A

= O M m U O

J
K
L

N
o
P

Q

B making an analogy (for example, the heart

building a paper airplane

is like a pump)

observing a bird’s behavior at a bird feeder

developing a mathematical equation to solve a science problem
making a plant cell out of household materials

analyzing whale migration patterns with a computer program
building and testing a bridge made of toothpicks

drawing an electrical circuit

forming a mental image of molecules in the liquid state
demonstrating the day/night cycle with a globe and flashlight
dissecting a cow’s bone

watching a computer simulation of a hurricane

M going on a field trip to the Grand Canyon

graphing the speed of a car
watching a live video of an active volcano
making a replica of a human heart out of clay

looking at blood cells under a microscope

Explain your thinking. How did you decide whether something is a model?

Uncovering Student Ideas in Science
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Is It a Model?

IS it a
Mode| &

L

Purpose

The purpose of this assessment probe is to
elicit students’ ideas about models. The probe
is designed to find out whether students rec-
ognize that models can take a variety of forms

besides physical replicas.

Related Concepts

model

Explanation

The best answer is that all but C, K, M,
O, and Q are examples of using models.
Models are representations of objects, pro-
cesses, or phenomena that look like, func-
tion like, describe, or explain the real thing.
They are often simplified versions of the real

object and help us to understand how things
work. C, K, M, O, and Q all involve the real

object or process being studied and thus are
not models.

There are many types of models. Physical
models can be made from similar or different
materials and be smaller or larger in size with
the same proportional scale (paper airplane,
cell made from household materials, toothpick
bridge, globe and flashlight to show day/night
cycle, clay heart). Drawings and illustrations
are models that help us understand real objects,
places, or processes (electrical circuit drawing).
Conceptual models help us make sense of an
unfamiliar, complex, or abstract idea (mental
image, analogy). Drawings are also used to
represent conceptual models, such as draw-
ing how one thinks molecules are arranged in
water. Mathematical models use a relationship
that represents the behavior or properties of

an object or system (e.g., mathematical equa-
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tion to solve a problem, graph). Computers
can be used for simulating or mathematically
representing a system that may be difficult to
observe and analyze in real time (e.g., analyz-
ing migration patterns, hurricane simulation).
Models play a crucial role in science. Scientists
use models as thinking tools to develop expla-
nations for phenomena and to make predic-
tions about phenomena. Because models are
so important to scientists, they evaluate them
on an ongoing basis. They consider how well
models explain or predict past observations,
and they look at new observations that have
been collected. They evaluate models to make
sure they are consistent with what is under-
stood about nature. They look to determine
how well models make predictions, and they
test their accuracy. Scientists also are well
aware of the limitations of their models. They
may be appropriate only under certain con-
ditions. Scientists also frequently revise their

models if they fail to explain or predict well.

Curricular and Instructional
Considerations

Elementary Students

In the elementary grades, students talk about
how the things they play with relate to real-
world objects. As they progress, students begin
to talk about limitations and make changes
to their physical models (e.g., modify wheels,
use different materials). They discuss how
mathematical concepts can be used to repre-
sent natural phenomena and use analogies to

make sense of complex ideas. Students com-

Uncovering Student Ideas in Science

pare their models with the real thing, formu-
late their own models to explain things they
can not observe directly, and test their models
as more information is obtained, thus building

an understanding of how science works.

Middle School Students

In the middle grades, students have a greater
general knowledge of mathematics, objects,
and processes. Students become familiar with
phenomena and systems in the world around
them through a variety of direct experiences,
and models are used explicitly to build sci-
entific understanding. Computers are used
for graphing and simulations that calculate
and depict what happens when variables are
changed. Students use conceptual models to
pose hypothetical questions, and changes in
spatial or temporal scale of physical models
become increasingly sophisticated. Models that
reveal patterns or trends are used to develop
generalizations, and the process of evaluating

models strengthens justification skills.

High School Students

Students at the high school level learn how to
create and use models in a variety of contexts,
and much emphasis is placed on mathematical
modeling. Students continue to develop gen-
eralizations through discussion of models and
use the graphic capabilities of computers to
design and test models that simulate compli-
cated processes. Students encounter the ideas
that there is no one “true” model and that sci-
entists may not have the best model because

not enough information is available. Students
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test models by comparing predictions with

actual observations.

Administering the Probe

This probe is best used as is at the middle and
high school level, particularly if students have
been previously exposed to the word model or
its use. Remove any answer choices students
might not be familiar with. The probe can also
be modified as a simpler version for students in
grades 3—5 by reducing the number of choices,
specifically leaving out some of the more com-

plex and unfamiliar choices.

Related Ideas in National
Science Education Standards
(NRC 1996)

K-12 Unifying Concepts and

Processes—Evidence, Models, and

Explanation

*  Models are tentative schemes or structures
that correspond to real objects, events, or
classes of events and that have explanatory
power.

*  Models help scientists and engineers under-
stand how things work.
Models take many forms, including physical
objects, plans, mental constructs, mathemat-

ical equations, and computer simulations.

Related Ideas in Benchmarks
for Science Literacy
(AAAS 1993 and 2008)

Note: Benchmarks revised in 2008 are indicated by

(R). New benchmarks added in 2008 are indicated
by (N).

K-2 Models

* Many of the toys children play with are like
real things only in some ways. They are not
the same size, are missing many details, or
are not able to do all of the same things.

* A model of something is different from the
real thing but can be used to learn some-
thing about the real thing.

*  One way to describe something is to say

how it is like something else.

3-5 Models

* A model of something is similar to, but

not exactly like, the thing being mod-
eled. Some models are physically similar
to what they are representing, but others
are not. (N)
Geometric figures, number sequences,
graphs, diagrams, sketches, number lines,
maps, and stories can be used to represent
objects, events, and processes in the real
world, although such representations can
never be exact in every detail. (R)

*  Models are very useful for communicating
ideas about objects, events, and processes.
When using a model to communicate
about something, it is important to keep
in mind how it is different from the thing

being modeled. (N)

6-8 Models
*  Models are often used to think about pro-
cesses that happen too slowly, too quickly,

or on too small a scale to observe directly,

Indicates a strong match between the ideas elicited by the probe and a national standard’s learning goal.
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or that are too vast to be changed deliber-
ately, or that are potentially dangerous.
Mathematical models can be displayed on
a computer and then modified to see what
happens.

Different models can be used to represent
the same thing. What kind of a model to
use and how complex it should be depends
on its purpose. The usefulness of a model
may be limited if it is too simple or if it
is needlessly complicated. Choosing a use-
ful model is one of the instances in which
intuition and creativity come into play in

science, mathematics, and engineering.

9-12 Models

A mathematical model uses rules and rela-
tionships to describe and predict objects
and events in the real world. (R)
Computers have greatly improved the
power and use of mathematical models
by performing computations that are very
long, very complicated, or repetitive. There-
fore computers can show the consequences
of applying complex rules or of changing
the rules. The graphic capabilities of com-
puters make them useful in the design and
testing of devices and structures and in the
simulation of complicated processes.

The behavior of a physical model cannot
ever be expected to represent the full-scale
phenomenon with complete accuracy,
not even in the limited set of characteris-
tics being studied. The inappropriateness

of a model may be related to differences

Physical Science and Unifying Themes Assessment Probes

between the model and what is being mod-

eled. (N)

Related Research

Students may think that models are physi-
cal copies of the real thing, failing to rec-
ognize models as conceptual representa-
tions (AAAS 1993).

In the lower elementary grades, students
have some understanding of how models
are used, but when developing a model
or evaluating one, they tend to focus on
perceptual similarities between the actual
model and what it is designed to represent
(AAAS 2007).

Middle and high school students are more
apt to view visual representations such as
maps and diagrams as models than they are
ideas or abstract models (AAAS 2007).
Students may lack the notion of the use-
fulness of a model as being tested against
actual observations. They know models
can be changed, but at the high school
level they may be limited by thinking that
a change in a model means adding new
information or at the middle school level
by thinking that changing a model means
replacing a part that was wrong (AAAS
1993).

Many high school students recognize that
models can help them understand the nat-
ural world, but they don’t believe models
can duplicate reality (AAAS 1993).
Students are more apt to accept the explan-
atory role of models if many of the mate-

rial features of the model are similar to the

Indicates a strong match between the ideas elicited by the probe and a national standard’s learning goal.
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phenomenon. The more abstract a model
is, the less apt students are to recognize its
explanatory power (AAAS 1993).

Middle and high school students tend to
think that everything they learn in science
is factual. They have difficulty distinguish-
ing between observation and the use of a
model to explain a theory (AAAS 1993).
Students find the idea of multiple models
confusing. When multiple models exist,
they think that each one represents differ-
ent aspects of what is being modeled. When
multiple models are presented, they tend to
think there is one “right one” (AAAS 2007).

Suggestions for Instruction and
Assessment

78

For younger students, provide opportuni-
ties for them to play with toys. Talk about
how the toys are like real things only in
some ways. They are not the same size, are
missing many details, or are not able to do
all of the same things.

Elementary students may need many
cycles of reflection and evaluation to over-
come their focus on perceptual similarities
between the actual model and what it is
designed to represent. Have students build
a model of a familiar object such as an
elbow. If their model looks like but does
not act like the real thing, have them talk
about this limitation of their model and
redesign their model to better represent the
function of the item.

Provide students the opportunity to exam-

ine a variety of examples of two- and

three-dimensional physical models of the
same thing. Analyze and discuss what each
model represents and what it doesn’t repre-
sent. Compare strengths, weaknesses, and
limitations of the various models, paying
particular attention to scale (relative size,
distances), focusing on the proportional-
ity when they are much larger or smaller
rather than on the actual number. Propose
changes to these models and consider how
those changes may better reflect the real
thing.

Provide students the opportunity to exam-
ine examples of a physical, conceptual, and
mathematical model of the same thing.
Compare and contrast what each kind of
model can convey and discuss the value of
using a variety of kinds of models.

When models such as atomic/molecular
models are used to explain atomic theory,
be explicit that the model explains a the-
ory, not an actual observation of atoms and
molecules. Point out irrelevant aspects of
concrete physical models that can distract
from the abstract idea.

Integrate the unifying theme of models
into content domains in a variety of con-
texts. Use models to examine a variety
of real-world phenomena from the living
world, physical setting, and technological
world.

Use available online representations (draw-
ings, diagrams, graphs, simulations, and
analogies) to help clarify key ideas in sci-
ence. A collection of reviewed online rep-

resentations that can be used for science

National Science Teachers Association



Copyright © 2009 NSTA. All rights reserved. For more information, go to www.nsta.org/permissions.

Physical Science and Unifying Themes Assessment Probes

instruction are found at PRISMS (Phenom-
ena and Representations for Instruction of
Science in Middle Schools). To access this
collection, go to http:/lprisms.mmsa.org.

* Connect ideas about models to systems
thinking. Make models of large systems,
such as a watershed, and discuss the
boundaries, inputs, outputs, interactions,
and consequences as a drop of dye is used
to represent a pollutant leaking into a
stream.

* Models are important to instruction as a
means to make students’ thinking visible
(Michaels, Shouse, and Schweingruber
2008).

Related NSTA Science Store
Publications, NSTA Journal
Articles, NSTA SciGuides,
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Is It a System?

11

Various things are listed below. Put an X in front of the
things that can be thought of as a system.

___aquarium __digestion __cell phone

___ pile of sand ___ food web __A+B=C

___FEarth ___ hurricane __ electrical circuit

___ grasshopper ___graph __ water cycle

___volcano __seed ___human body

_ sail ___ bicycle ___ Density = Mass + Volume
____ocean ___Earth and its Moon ___ box of nails

Explain your thinking. How did you decide whether something is considered to be

a system?

Uncovering Student Ideas in Science
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Is It a System?

Purpose

The purpose of this assessment probe is to
elicit students” ideas about systems. The probe
is designed to find out whether students can
recognize that things with parts that interact

or influence each other are systems.

Related Concept

system

Explanation

The best answer is that everything except for
the pile of sand and box of nails can be consid-
ered to be a system. If you remove some of the
sand, it is still a pile of sand. Removing a sand
grain, a cup of sand, or a bucket of sand does
not influence whether the sand is still a sand-
pile, nor do the parts of the sand interact with

one another. The nails in the box do not inter-

act with or influence each other. They may be
part of a larger system but by themselves they
are not a system. You can remove some of the
nails and you still have a box of nails. However,
there are ways one could stretch this to justify
that the sandpile or box of nails is a system.
For example, the atoms that make up the sand
or nails interact with one another.

Systems range from the simple to the com-
plex. A system is a collection of things (includ-
ing processes) that have some influence on one
another and the whole (AAAS 1989). Systems
can be manufactured objects (thermometer,
bicycle, cell phone, electrical circuit), life-forms
(grasshopper, human body, seed, cell), combi-
nations of living and nonliving things (food
web, aquarium, ocean, soil, Earth), physical
bodies (volcano, Earth and its Moon), processes

(water cycle, hurricane, digestion), or quanti-

National Science Teachers Association
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tative relationships (Density = Mass/Volume,
A + B = C, graph). To be considered a system,
the components must interact with or influence
each other in some way. Systems are often con-
nected to other systems, may have subsystems,
and may be part of larger systems (e.g., human
body systems). Their inputs and outputs can

include matter, energy, or information.

Curricular and Instructional
Considerations

Elementary Students

In the elementary grades, systems begin with
parts-and-wholes relationships. Students begin
to identify parts of objects such as toy vehicles,
animals, dolls, and houses and observe how
one part connects to and affects another. This
sets the stage for taking apart and reassem-
bling more complicated mechanical systems,
emphasizing the importance of the arrange-

ment of parts, and recognizing interactions.

Middle School Students

In the middle grades, students begin think-
ing from a systems approach, analyzing parts
and interactions and identifying subsystems.
Disassembly of more complex objects such
as clocks or bicycles provides opportunities
to describe the interaction of parts, not sim-
ply label collections as systems. Projects in
which students design, assemble, analyze,
and troubleshoot manufactured systems (e.g.,
battery-powered electrical circuit) and exam-
ine biological systems (e.g., organisms in an

aquarium) are common at this grade span.

Uncovering Student Ideas in Science

Experiences are provided in which inputs to a
system that affect the output are changed (e.g.,
adding another battery to a circuit, adding
more fish to an aquarium). Empbhasis is placed
on the connections among systems; a battery
can be thought of as a system that is also part
of a larger system in a circuit, and a fish itself
can be considered to be a system that is part of

a larger system in an aquarium.

High School Students

Students at the high school level have oppor-
tunities to reflect on the value of thinking in
terms of systems and to apply the conceptin a
variety of contexts. Through projects, readings,
experiments, and discussion, students analyze
the boundaries and components of systems and
distinguish the properties of the system from
the properties of the parts. Students begin to
use the concept of feedback mechanisms (e.g.,
homeostasis) to explain why things happen

and predict changes that may occur.

Administering the Probe

This probe is best used at the upper-elementary,
middle, and high school levels. It can be used
as a paper and pencil assessment to gather stu-
dents’ ideas for later analysis as well as a stimulus
for provoking discussion about systems. It can
also be administered as a card sort with small
groups sorting examples into two groups—“Is a
System” or “Is Not a System”—justifying their
reasons as they place each card into a category.
Remove items that students may be unfamiliar
with and/or add items that connect to systems

ideas in your curriculum.
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Related Ideas in National
Science Education Standards
(NRC 1996)

K-12 Unifying Concepts and
Processes—Systems

The natural and designed world is too large
and complex to comprehend all at once.
Scientists define small portions for the
convenience of investigation. These por-
tions are referred to as systems.

A system is an organized group of related
objects or components that form a whole. Sys-
tems have boundaries, components, resources
flow (input and output), and feedback.
Within = systems, interactions between
components occur.

Systems at different levels of organiza-
tion can manifest different properties
and functions.

Thinking in terms of systems helps keep
track of mass, energy, objects, organisms,
and events referred to in the other content
standards.

The idea of simple systems encompasses
subsystems as well as identifying the struc-
ture and function of systems, feedback and
equilibrium, and identifying the distinc-
tion between open and closed systems.
Understanding the regularities in systems
can develop understanding of basic laws,

theories, and models that explain the world.

ifying Themes Assessment Probes

Related Ideas in Benchmarks
for Science Literacy
(AAAS 1993 and 2008)

Note: Benchmarks revised in 2008 are indicated by
(R). New benchmarks added in 2008 are indicated
by (N).

K-2 Systems

*  Most things are made of parts.

* Something may not work if some of its
parts are missing,.

*  When parts are put together, they can do
things that they couldn’t do by themselves.

3-5 Systems
* In something that consists of many parts,

the parts usually influence one another.

6-8 Systems
A system can include processes as well as
things.

* 'Thinking about things as systems means
looking for how every part relates to oth-
ers. The output from one part of a system
(which can include material, energy, or
information) can become the input to other
parts. Such feedback can serve to control
what goes on in the system as a whole.

* Any system is usually connected to other
systems, both internally and externally.
Thus a system may be thought of as con-
taining subsystems and as being a subsys-
tem of a larger system.

* Some portion of the output of a system may

be fed back to that system’s input. (N)

Indicates a strong match between the ideas elicited by the probe and a national standard’s learning goal.

National Science Teachers Association
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Systems are defined by placing boundaries
around collections of interrelated things to
make them easier to study. Regardless of
where the boundaries are placed, a system
still interacts with its surrounding environ-
ment. Therefore, when studying a system,
it is important to keep track of what enters

or leaves the system. (N)

9-12 Systems

A system usually has some properties that are
different from those of its parts but appear
because of the interaction of those parts.
Understanding  how things work and
designing solutions to problems of almost
any kind can be facilitated by systems anal-
ysis. In defining a system, it is important
to specify its boundaries and subsystems,
indicate its relation to other systems, and
identify what its input and its output are
expected to be.

Even in some very simple systems, it may
not always be possible to predict accu-
rately the result of changing some part
or connection.

The successful operation of a designed sys-
tem often involves feedback. Such feedback
can be used to encourage what is going on
in a system, discourage it, or reduce its
discrepancy from some desired value. The
stability of a system can be greater when
it includes appropriate feedback mecha-
nisms. (R)

Systems may be so closely related that there is
no way to draw boundaries that separate all

parts of one from all parts of the other. (N)

Uncovering Student Ideas in Science

Related Research

Elementary students may believe that a
system of objects must be doing something
in order to be a system or that a system
that loses a part of itself is still the same
system (AAAS 1993).

Students of all ages tend to interpret phe-
nomena by noting the qualities of separate
objects rather than by seeing the interac-
tions between the parts of a system (e.g.,
force is considered as a property of bodies
rather than as an interaction between bod-
ies; AAAS 1993).

Students explain changes as a directional
chain of cause and effect rather than as

two systems interacting (AAAS 1993).

Suggestions for Instruction and
Assessment

Provide students with opportunities to
examine a variety of examples of familiar
manufactured systems (bicycle, can opener,
pencil sharpener, flashlight). Ask questions
about what this example of a system does;
what the boundaries, inputs, and outputs
are; and how the components interact and
contribute to the system as a whole. Then
ask the same questions about a natural sys-
tem (e.g., a familiar ecosystem, a cell, the
solar system). Emphasize the interactions
and influences, not simply the names of
the components. A list of questions about
systems accompanies the American Asso-
ciation for the Advancement of Science
Project 2061 lesson “Seeing the Cell as a

System,” included in Resources for Science

11
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Literacy (AAAS 1997). This lesson can also
be accessed online at www.project2061.0rg/
publications/rsllonline/guide/ch2/hlpsysO.pdf
and  www.project2061.org/publications/rsl/
onlinelguidelch2/hqsystem.pdf.

Challenge students to come up with exam-
ples of systems that have the word system
in them (e.g., solar system, school system,
human body systems, ecosystem). Ask them
what all of these things have in common
that make them systems. Then challenge
them to come up with examples of systems
that do not include the word system.

Use a FACT (formative assessment class-
room technique) such as the Frayer Model,
Scientist’s Idea strategy, or First Word—
Last Word to determine students’ ideas
about systems before and after instruction
(Keeley 2008).

Integrate the unifying theme of systems
into content domains in a variety of con-
texts. Make explicit connections between
systems-thinking and life science (the
human body, cells, photosynthesis),
Earth/environmental science (ecosystems,
climate and weather, Earth system inter-
actions), and physical science (force and
motion, energy transfer and transforma-
tion) ideas.

Develop the ideas of input, output, and
interactions among components during
engineering design exploration and analysis.
Connect ideas about systems to the idea of
models, data collection, and graphing. The
purpose of studying systems is to develop

the ability to think and analyze in terms of

systems. Such thinking can strengthen the
skill of identifying regularities and patterns,
which supports an understanding of mod-
els that explain the world. Prediction from
a systems perspective involves using knowl-
edge about the world and an understand-
ing of trends in data to identify and explain
observations or changes in advance.

* Challenge students to come up with ideas
of things that are not systems. Ask them to
apply their lists of characteristics of a sys-
tem to decide whether the item is a system

or not.

Related NSTA Science Store
Publications, NSTA Journal
Articles, NSTA SciGuides,

NSTA SciPacks, and NSTA

Science Objects

American Association for the Advancement of Sci-
ence (AAAS). 2001. Atlas of science literacy.
Vol. 1. (See “Systems,” pp. 132-133.) Washing-
ton, DC: AAAS.

Breene, A., and D. Gilewski. 2008. Investigating
ecosystems in a biobottle. Science Scope (Feb.):
12-15.

Hmelo-Silver, C. E., R. Jordan, L. Liu, S. Gray, M.
Demeter, S. Rugaber, S. Vattam, and A. Goel.
2008. Focusing on function: Thinking below
the surface of complex natural systems. Science
Scope (July): 27-35.

Leager, C. R. 2007. Ecosystem in a jar. Science &
Children (Apr./May): 56-58.

Llewellyn, D., and S. Johnson. 2008. Teaching sci-
ence through a systems approach. Science Scope

(July): 21-26.
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Ludwig, C., and N. S. Baliga. 2008. Systems con-
cepts effectively taught: Using systems practices.
Science Scope (July): 16-20.

National Science Teachers Association (NSTA). 2006.
Coral ecosystems. NSTA SciGuide. Online at
hitp://learningcenter. nsta.orglsearch.aspx?action=
quicksearchestext=Coral%20Reef%20Ecosystems

Related Curriculum Topic Study
Guide
(Keeley 2005)

“Systems”
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Life, Earth, and
Space Science Life Science Earth Science Space Science

Assessment Probes
Concept Matrix

Core
Science
Concepts

Is It Food?
Biological Evolution
Chicken Eggs

Is It “Fitter”?
Catching a Cold
Digestive System
Camping Trip

Global Warming
Where Does Oil
Come From?

Where Would It Fall?
Moonlight

Lunar Eclipse

Solar Eclipse

A | Adaptation

AN

Adaptation

AN

Biological evolution
Cells v
Climate change v

Common cold v

Conservation of matter v

Digestive system v
Earth history v

Earth’s water distribution v

Embryo development v
Food v v v

Fossil fuel v

Germ theory v

Global warming v

Greenhouse gas v

Heat transfer v

Infectious disease v

Light reflection v

Lunar eclipse v
Moon v

Moon phases v

Natural resource v

Natural selection v v v

Nonrenewable resource v
Nutrients v v

Oceans v
Origin of life v

Solar eclipse v

Solar radiation v
Surface of the Earth v

System v

Temperature v

Transformation of matter v

Variation v
Weather v

90 National Science Teachers Association



Copyright © 2009 NSTA. All rights reserved. For more information, go to www.nsta.org/permissions.

Life, Earth, and Space Science Assessment Probes 12

Is It Food?

What kinds of things are considered food? Check off the

things on the list that are scientifically called food. & K
M \

\Y
__lettuce ___sugar _sale

___cookies ___ bread ____ butter

_ milk ___vitamins __ water

__ french fries  ___ candy bar __ turkey

____minerals ___ pancake syrup ____banana G

__ ketchup __ diet soda __ flour

Explain your thinking. What definition or “rule” did you use to decide if something can
scientifically be called food?

Uncovering Student Ideas in Science 91
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Is It Food?

A w P\

\Y

<

Purpose

The purpose of this assessment probe is to
elicit students’ ideas about food. The probe is
designed to find out if students use a scientific
definition of food to distinguish food items

from nonfood items.

Related Concepts

food, nutrients

Explanation

The best answers are the following: lettuce,
sugar, cookies, bread, butter, milk, french fries,
candy bar, turkey, pancake syrup, banana,
ketchup, and flour. All of these things are sci-
entifically categorized as food. The scientific
definition of food is an organic substance con-
taining carbohydrates, proteins, and/or fats

that serves as both fuel and building material

for an organism. This is often confused by our
everyday use of the word food to mean any-
thing that is ingested.

All foods are nutrients but not all nutri-
ents are food. Nutrients are substances that
organisms must take in to carry out their life
processes. Nutrients include inorganic and
organic materials. Although organisms require
inorganic nutrients such as water, vitamins,
and salt to grow and survive, they are not a
source of energy nor are they used as the build-
ing material that primarily makes up the body
of an organism. Thus, they are not food from a
scientific perspective. Food items contain calo-
ries, a measure of the chemical energy from
carbohydrate, fat, or protein molecules that
make up food. Even though some foods, like
lettuce, contain minimal calories, they are still

considered food.

National Science Teachers Association
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Although some foods are considered “good”
because they provide a rich source of carbohy-
drates, proteins, and fats (e.g., peanut butter) and
others “bad” because they are of limited nutri-
tional value (e.g., candy, cookies), their ability
to provide both energy and building material
qualifies them as food. Diet soda contains water
and inorganic chemicals and thus is not con-
sidered food. Furthermore, the label describes
diet soda as having zero calories; thus it does not
provide energy. Some materials like flour and
butter are not consumed directly as food but are
used to make food items. However, they are still

considered food in a biological sense.

Curricular and Instructional
Considerations

Elementary Students

In the elementary grades, students learn about
the needs of organisms, including humans.
Through a variety of instructional opportu-
nities, students learn that animals take their
food in from the environment by eating plants,
animals, or both. They know that all organ-
isms need energy, although energy is still a
mysterious concept. Elementary students also
learn about food groups and nutrients in the
context of human nutrition. They learn the
basics of what constitutes good nutrition and
how to keep healthy by eating the right foods.
This probe is useful in identifying ideas that
students have about what makes something
“food” before they encounter the more sophis-
ticated ideas about energy flow and matter

transformation associated with food.

Uncovering Student Ideas in Science

Middle School Students
In the middle grades, students develop a more
sophisticated understanding of food at both a
substance and molecular level. Students extend
their study of the healthy functioning of the
human body and the ways it can be main-
tained or harmed by diet. This is a time when
students can start reading the nutritional labels
on food products; paying attention to the car-
bohydrate, protein, and fat content of foods;
learning what a calorie means; and considering
what a healthful diet should include.

It is at this time that students can develop
a scientific conception of food different from
the common, everyday use of the word.
Students at this level need to understand that
food provides the energy that organisms need
to carry out their life processes. They also need
to understand that food is broken down into
molecules inside the body and that these mol-
ecules can be reassembled into the living mate-
rial of an organism. Students also begin to dis-
tinguish substances that are organic in origin
from those that are inorganic. This probe is
useful in revealing whether students are able to
discern the differences between food and other

nutrients necessary to carry out life processes.

High School Students

Students at the high school level expand their
understanding that food is a source of energy
that is released when chemical bonds from
carbon-containing molecules are broken dur-
ing chemical reactions. They are able to distin-
guish among carbohydrates, fats, and proteins

at the molecular level and understand their
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roles in metabolic processes. They can differen-
tiate between carbon-containing nutrients and
inorganic nutrients and can understand their
roles in essential cell functions. This probe is
useful at the high school level because it can
reveal whether students use a common defi-
nition of food and whether they understand

what food is from a scientific perspective.

Administering the Probe

Be sure students are familiar with the items on
the list. Ask them to cross out any words they
are unfamiliar with. Consider having samples
of each item to clarify any items students do
not recognize. This probe can also be used as
a card sort with words or pictures. In small
groups, students can sort cards, putting items
into three groups—those that represent food,
those that do not represent food, and those
that they are unsure of—and discussing their
reasons for deciding whether each item is con-
sidered food. Consider replacing items, or add-
ing additional items, that your students may

be more familiar with.

Related Ideas in National
Science Education Standards
(NRC 1996)

K-4 Characteristics of Organisms
*  Organisms have basic needs. For example,
animals need air, water, and food; plants

require air, water, nutrients, and light.

5-8 Structure and Function in Living
Systems
Cells carry on the many functions needed
to sustain life. This requires that cells take
in nutrients, which they use to provide
energy for the work they do and to make
the materials that a cell or an organism

needs.

5-8 Personal Health
Food provides energy and nutrients for

growth and development.

9-12 The Cell

*  Most cell functions involve chemical reac-
tions. Food molecules taken into cells react
to provide the chemical constituents needed
to synthesize other molecules. Both break-
down and synthesis are made possible by a
large set of protein catalysts, called enzymes.
The breakdown of some of the food mol-
ecules enables the cell to store energy in spe-
cific chemicals that are used to carry out the

many functions of the cell.

Related Ideas in Benchmarks
for Science Literacy
(AAAS 1993 and 2008)

Note: Benchmarks revised in 2008 are indicated by
(R). New benchmarks added in 2008 are indicated
by (N).

K-2 Flow of Matter and Energy
* Both plants and animals need to take in

water, and animals need to take in food.

Indicates a strong match between the ideas elicited by the probe and a national standard’s learning goal.

National Science Teachers Association
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K-2 Physical Health

3-

3-

3-

Eating a variety of healthful foods and get-
ting enough exercise and rest help people

to stay healthy.

5 Flow of Matter and Energy
Almost all kinds of animals’ food can be

traced back to plants.

5 Physical Health

Food provides fuel and materials for
growth and repair of body parts. (R)
Vitamins and minerals, present in small
amounts in foods, are essential to keep

everything working well.

5 Basic Functions

From food, people obtain fuel and materi-
als for body repair and growth. (R)

The indigestible parts of food are elimi-
nated. (R)

6-8 Flow of Matter and Energy

Food provides molecules that serve as fuel
and building material for all organisms.
Organisms that eat plants break down the
plant structures to produce the materials

and energy the organisms need to survive.

6-8 Basic Functions

Uncovering Student Ideas in Science

For the body to use food for energy and
building materials, the food must first be
digested into molecules that are absorbed

and transported to cells.

Related Research

Students consider food as anything useful
taken into an organism’s body, including
water and minerals (Driver et al. 1994).
Elementary students generally know that
there are different foods, that there are good
foods and bad foods, and that there are dif-
ferent nutritional outcomes such as varia-
tions in size and health. In addition, they are
aware of certain limits (drinking just water
leads to death; eating only one thing—even
one good food—is insufficient for good
health). They still may believe, however, that
food and water have equivalent nutritional
consequences, that the height and weight
are similarly influenced by amount of food
eaten, and that energy and strength result
from exercise but not nutrition. These mis-
conceptions tend to fade by middle school
(AAAS 1993).

Students often give a nonfunctional expla-
nation of the importance of food as some-
thing needed to keep animals alive, with-
out noting the role of food in metabolism
(Driver et al. 1994).

Elementary students may know that food
is related to growing and being strong
and healthy but might not be aware of
the physiological mechanisms. By middle
school, students know that food undergoes
a process of transformation in the body
(AAAS 1993).

Some students may think that food “turns
into” energy or that it vanishes after it is
caten. Few elementary students know that

food is changed in the stomach and, after

Indicates a strong match between the ideas elicited by the probe and a national standard’s learning goal.
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being broken down into other substances,
is carried to tissues throughout the body
(Driver et al. 1994).

After 14-year-old students received instruc-
tion about the role of food in metabolism,
many reverted to their earlier ideas (Driver
et al. 1994).

High school students regard the term food
to mean essential building materials or an
energy source but do not always see that both
requirements must be met for a substance to
be considered food (Driver et al. 1994).
Most adults are familiar with the names of
dietary components such as protein but not
with their functions. Many think vitamins
provide most of the energy needs, and food
is frequently associated with growth rather

than energy (Driver et al. 1994).

Suggestions for Instruction and
Assessment

Take the time to elicit students’ definitions
of the word food and use this as the start-
ing point to build an understanding of the
word from a biological perspective. Have
students identify the difference between
the everyday use of the word and the sci-
entific use. Contrasting the two and pro-
viding examples may help them see the
difference and begin to use the scientific
definition, which restricts the term to sub-
stances that serve as building materials and
a source of fuel for the organism.

Expand the concept of food to include
examples for all kinds of living organisms,

including plants. Plants use sugar just as

animals do. Unlike animals, plants are able
to use the energy from sunlight to trans-
form inorganic carbon dioxide and water,
which they take in from their environment,
into sugars. These simple carbohydrates
serve as building materials and a source of
fuel for the plants and so are considered to
be their food.

As middle or high school students’” concep-
tion of food develops, introduce, compare,
and contrast other commonly used termi-
nology such as nutrient, carbohydrate, fat,
protein, vitamin, and mineral. High school
students who have a foundation in organic
chemistry can consider these terms from a
molecular perspective.

Have students bring in a variety of “good”
and “bad” foods. Use the nutrition labels
to discuss their value, paying particular
attention to their caloric, carbohydrate, fat,
and protein content. High school students
can examine the kinds of carbohydrates
(simple versus complex), fats (saturated,
trans), and protein found in the foods.
Combine this probe with the probe “Is It
Food for Plants?” in Volume 2 of this series
(Keeley, Eberle, and Tugel 2007).

Related NSTA Science Store
Publications, NSTA Journal
Articles, NSTA SciGuides,
NSTA SciPacks, and NSTA
Science Objects

American Association for the Advancement of Sci-
ence (AAAS). 2001. Azlas of science literacy. Vol.

1. (See “Flow of Energy in Ecosystems” map,
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pp.- 78-79.) New York: Oxford University
Press.

Crowley, J. 2004. Nutritional chemistry. 7he Sci-
ence Teacher (Apr.): 49-51.

Farenga, S. J., and D. Ness. 2006. Calories, ener-
gy, and the food you eat. Science Scope (Feb.):
50-52.

Robertson, W. 2006. Science 101: How does the
human body turn food into useful energy? Sci-

ence ¢ Children (Mar.): 60-G1.

Related Curriculum Topic Study
Guide
(Keeley 2005)

“Food and Nutrition”

References

American Association for the Advancement of Sci-
ence (AAAS). 1993. Benchmarks for science lit-
eracy. New York: Oxford University Press.

Uncovering Student Ideas in Science

American Association for the Advancement of Sci-
ence (AAAS). 2007. Atlas of science literacy.
Vol. 2. (See “Basic Functions,” pp. 40-41.)
Washington, DC: AAAS.

American Association for the Advancement of Sci-
ence (AAAS). 2008. Benchmarks for science lit-
eracy online. www project2061.org/publications/
bsllonline

Driver, R., A. Squires, P. Rushworth, and V. Wood-
Robinson. 1994. Making sense of secondary
science: Research into children’s ideas. London:
RoutledgeFalmer.

Keeley, D 2005. Science curriculum topic study:
Bridging the gap between standards and practice.
Thousand Oaks, CA: Corwin Press.

Keeley, P, E Eberle, and J. Tugel. 2007. Uncovering
student ideas in science: 25 more formative assess-
ment probes. Vol. 2. Arlington, VA: NSTA Press.

National Research Council (NRC). 1996. National
science education standards. Washington, DC:

National Academy Press.

12

97



Copyright © 2009 NSTA. All rights reserved. For more information, go to www.nsta.org/permissions.



Copyright © 2009 NSTA. All rights reserved. For more information, go to www.nsta.org/permissions.

Life, Earth, and Space Science Assessment Probes 13

Biological Evolution

Four friends were discussing the meaning of the
term biological evolution. This is what they said:

Mario: “T think it is another term for natu-

ral selection.”

Sally: “I think it mainly explains how
life started.”

Cameron: “I think it mainly explains how life changed after it started.”

Paz: “I think it includes both how life started and how it changed after it
started.”

Who do you most agree with? Explain what you think biological evolution is.

Uncovering Student Ideas in Science 99
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Biological Evolution

Purpose

The purpose of this assessment probe is to elicit
students’ ideas about biological evolution. The
probe is designed to find out if students distin-
guish the theory of biological evolution from
ideas about the origin of life and the mecha-

nism for biological evolution.

Related Concepts
biological evolution, natural selection, origin

of life

Explanation

The best answer is Cameron’s: “I think it
mainly explains how life changed after it
started.” It explains that living things share
common ancestors. Scientists seek to under-
stand how life started, but this aspect of biol-

ogy is not the central focus of the theory of

biological evolution. The origin of life is asso-
ciated with chemical evolution. The study
of chemical evolution yields insight into the
processes that lead to the generation of the
chemical materials essential for the devel-
opment of life. Regardless of how scientists
think life on Earth started, we do know that
after life originated it branched and diversi-
fied. Natural selection is part of the theory
of biological evolution. It is a mechanism
that drives evolutionary change in organisms.
The theory of biological evolution focuses on
explaining life’s diversity, and scientists con-
tinue to study the relatedness among organ-

isms and how life diversified.

National Science Teachers Association
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Curricular and Instructional
Considerations

Elementary Students

In the elementary grades, the focus is on
building a knowledge base about biological
diversity to build a foundation for later under-
standing of the concept of biological evolu-
tion. Students learn about life-forms that no
longer exist and compare their similarities to
present-day organisms. They also examine
features of organisms that help the organisms
survive in their environments. They examine
visible anatomical similarities that help them
begin to build evidence for similarities within

the diversity of life.

Middle School Students

In middle school, students expand the idea of
similarity among seemingly diverse organisms
by examining similarities in cells, tissues, and
organsaswell assimilarities in patterns of devel-
opment and chemical processes such as photo-
synthesis. This contributes further to building
an evidence base for relatedness within the vast
diversity of organisms on Earth.

Furthermore, students build a deeper
understanding of fossil evidence and Earth’s
geologic history, solidifying the notion of evo-
lutionary change. They develop an understand-
ing of how successful traits allow individuals
to survive and reproduce as well as the effect of
environmental changes on organisms and spe-
cies. Understanding these ideas lays a founda-
tion for understanding the formal concepts of

adaptation and natural selection. The formal

Uncovering Student Ideas in Science

terminology, biological evolution and natural
selection, is introduced in middle school after
students have developed a beginning concep-

tual understanding of these concepts.

High School Students

Biological evolution is the central theme of
modern biology. The foundational ideas and
evidence base developed in K-8 can now con-
verge into developing a formal understanding
of biological evolution and its mechanism,
natural selection. Because of students’ readi-
ness to examine molecular evidence and other
complexities, combined with their increased
skills in examining arguments, high school
is the time to develop a clear understand-
ing of biological evolution. In middle school,
the emphasis was on selection of individu-
als with advantageous traits. In high school,
the emphasis shifts to include the changing
proportions of traits that can result in spe-
cies changes. Historical perspectives, includ-
ing Charles Darwin’s contribution, provide
an opportunity to understand how careful
observations lead to solving some of the great

puzzles of science.

Administering the Probe

This probe is most appropriate for use at the
high school level, although it can be used at
the middle school level to ascertain students’
preexisting ideas about biological evolution
that they may have encountered through the
media or other means. Make sure students
understand that the probe is focused on bio-

logical evolution, not evolution in general.
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Related Ideas in National
Science Education Standards
(NRC 1996)

K-4 The Characteristics of Organisms

* Organisms can survive only in environ-
ments in which their needs can be met.

* Each plant or animal has different struc-
tures that serve different functions in

growth, survival, and reproduction.

K-4 Organisms and Their Environments
* When the environment changes, some
plants and animals survive and reproduce,

and others die or move to new locations.

K-4 Properties of Earth Materials
* Fossils provide evidence about the plants
and animals that lived long ago and the

nature of the environment at that time.

5-8 Diversity and Adaptations of

Organisms
Biological evolution accounts for the diver-
sity of species developed through gradual
processes over many generations. Species
acquire many of their unique characteris-
tics through biological adaptation, which
involves the selection of naturally occur-
ring variations in populations.

* Millions of species of animals, plants,
and microorganisms are alive today.
Although different species might look
dissimilar, the unity among organisms
becomes apparent from an analysis of

internal structures, the similarity of their

chemical processes, and the evidence of

common ancestry.

9-12 Biological Evolution

Species evolve over time. Evolution is the
consequence of the interactions of (1) the
potential for a species to increase its num-
bers, (2) the genetic variability of offspring
due to mutation and recombination of
genes, (3) a finite supply of the resources
required for life, and (4) the ensuing selec-
tion by the environment of those offspring
better able to survive and leave offspring.

The great diversity of organisms is the
result of more than 3.5 billion years of evo-
lution that has filled every available niche

with life-forms.

Related Ideas in Benchmarks
for Science Literacy (AAAS
1993 and 2008)

Note: Benchmarks revised in 2008 are indicated by
(R). New benchmarks added in 2008 are indicated
by (N).

K-2 Evolution of Life

* Some kinds of organisms that once lived
on Earth have completely disappeared,
although they were something like other

organisms that are alive today.

3-5 Evolution of Life

* Individuals of the same kind differ in their
characteristics, and sometimes the differ-
ences give individuals an advantage in sur-

viving and reproducing,.

Indicates a strong match between the ideas elicited by the probe and a national standard’s learning goal.
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Fossils can be compared with one another
and with living organisms according to their
similarities and differences. Some organisms
that lived long ago are similar to existing

organisms, but some are quite different.

6-8 Evolution of Life

Small differences between parents and off-
spring can accumulate (through selective
breeding) in successive generations so that
descendants are very different from their
ancestors.

Individual organisms with certain traits
are more likely than others to survive and
have offspring.

Changes in environmental conditions can
affect the survival of individual organisms

and entire species.

9-12 Evolution of Life

The basic idea of biological evolution is
that the Earth’s present-day species are
descended from earlier, distinctly different
species. (R)

Natural selection provides the following
mechanism for evolution: Some variation
in heritable characteristics exists within
every species; some of these characteristics
give individuals an advantage over oth-
ers in surviving and reproducing; and the
advantaged offspring, in turn, are more
likely than others to survive and reproduce.
As a result, the proportion of individuals
that have advantageous characteristics will

increase. (R)

Uncovering Student Ideas in Science

Life on Earth is thought to have begun as
simple, one-celled organisms about four
billion years ago. Once cells with nuclei
developed about one billion years ago,
increasingly complex multicellular organ-
isms evolved.

Modern ideas about evolution and hered-
ity provide a scientific explanation for the
history of life on Earth as depicted in the
fossil record and in the similarities evident

within the diversity of existing organisms.

Related Research

Many people believe that evolution is a
theory about the origin of life (University of
California Museum of Paleontology 2006).
Research suggests that students’ understand-
ing of evolution is related to their under-
standing of the nature of science and their
general reasoning abilities (AAAS 1993).

Suggestions for Instruction and
Assessment

The word evolution is used in many ways
in science, including in the terms biologi-
cal evolution, chemical evolution, stellar
evolution, evolution of the Earth system, and
evolution of the universe. Explicitly develop
the precise meaning of biological evolution
so that students distinguish it from other
types of change.

Be aware that some students confuse nat-
ural selection with biological evolution.
Explicitly develop the notion that natural
selection is the mechanism for biological

evolution.

Indicates a strong match between the ideas elicited by the probe and a national standard’s learning goal.
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* If students confuse the origin of life with
biological evolution, use Charles Darwin’s
On the Origin of Species to compare and
contrast the “two origins” by pointing out
that “origin of life” deals with the chemi-
cal circumstances that produced the first
self-replicating molecules that led to the
beginning of life, whereas On the Origin
of Species was a pivotal work that explained
species change over time (biological evolu-
tion) through natural selection.

* NSTA maintains an extensive website for
teaching resources associated with evolu-
tion. Go to: www.nsta.orglpublications/

evolution.aspx.

Related NSTA Science Store
Publications, NSTA Journal
Articles, NSTA SciGuides,

NSTA SciPacks, and NSTA

Science Objects

American Association for the Advancement of Sci-
ence (AAAS). 2001. Atlas of science literacy. Vol.
1. (See “Biological Evolution” map, pp. 80-81.)
Washington, DC: AAAS.

Biological Sciences Curriculum Study (BSCS). 2005.
The nature of science and the study of biological
evolution. Colorado Springs, CO: BSCS.

Bybee, R., ed. 2004. Evolution in perspective: The
science teacher’s compendium. Arlington, VA:
NSTA Press.

Diamond, J., C. Zimmer, E. M. Evans, L. Allison,
and S. Disbrow, eds. 2006. Virus and the whale:
Exploring evolution in creatures large and small.

Arlington, VA: NSTA Press.

Kampourakis, K. 2006. The finche’s beak: Intro-
ducing evolutionary concepts. Science Scope
(Mar.): 14-17.

McComas, W. 2008. Investigating evolutionary biology
in the laboratory. Dubuque, 10: Kendall Hunt.

National Academy of Sciences. 2008. Science, evo-
lution, and creationism. Washington, DC: Na-
tional Academies Press.

Scotchmoor, J., and A. Janulaw. 2005. Understanding
evolution. 7he Science Teacher (Dec.): 28-29.

Related Curriculum Topic Study
Guides

(Keeley 2005)

“Biological Evolution”

“Origin of Life”
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Chicken Eggs

The students in Mrs. Bartoli’s class were study-
ing how chickens develop from an egg. The stu-
dents put a dozen freshly laid, fertilized chicken l
eggs in an incubator. They wondered what would \ ‘
happen to the mass of an egg as the chick inside

developed. This is what the students thought: ,

Group A: “We think an egg will gain mass. An

egg’s mass is more just before hatching than when the egg was laid.”

Group B: “We think an egg will lose mass. An egg’s mass is less just before hatching
than when the egg was laid.”

Group C: “We think the mass of an egg stays the same as the chick develops
inside.”

Which group do you most agree with? Explain your thinking.

Uncovering Student Ideas in Science 105
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Chicken Eggs

Purpose

The purpose of this assessment probe is to elicit
students’ ideas about food, transformation of
matter, growth and development, conservation
of mass, and systems. The concepts underly-
ing this probe are complex. It is not important
that students know exactly what happens to
the mass of an egg and why. Rather, this probe
is used as an interesting context to draw out
their ideas about several interrelated concepts

in science.

Related Concepts
conservation of matter, embryo development,

food, system, transformation of matter

Explanation
The best answer is Group B’s: “We think an

egg will lose mass. An egg’s mass is less just

g
2

before hatching than when the egg was laid.”
During normal incubation, chicken eggs lose
approximately 16%—18% of their original mass
(Snyder and Birchard 2005). On an average,
bird eggs from small hummingbirds to large
ostriches lose 15% of their original weight.
This weight loss is primarily the result of water
vapor passing through the permeable eggshell.
Water vapor is a waste product of metabolism.
The egg yolk serves as food for the devel-
oping embryo inside. This food is used for the
energy the embryo needs to carry out life pro-
cesses, such as respiration. During respiration,
carbon dioxide and water vapor are released
as waste products. Molecules from the food
are converted into the building material the
embryo needs for growth and development.
Intuitively it would seem that the egg

would weigh more after the chick has devel-

National Science Teachers Association
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oped inside. The liquid matter (yolk and “white
part”) inside the freshly laid egg is transformed
into the body tissues of the embryo, which con-
tinues to grow and develop as cells divide. The
yolk provides the energy and source of build-
ing material the chick needs for its develop-
ment. Although oxygen does diffuse through
the porous cell and is used during respira-
tion, most of the material the embryo needs
for development is packaged inside the cell
at the time it is laid. Because the eggshell is
permeable to gases, oxygen enters into the egg
through the shell and some water vapor dif-
fuses through the eggshell to the outside envi-
ronment. If the eggshell were a perfect closed
system, there would be no change in mass.

It is not important that students know
that an egg can lose a significant percentage
of its original mass. What is significant is that
they recognize that matter is conserved dur-
ing the transformation of the egg material and
development of the chick but that some of this
matter may escape through the egg because it

is not a closed system.

Curricular and Instructional
Considerations

Elementary Students

In the elementary grades, students study the
life cycles of different organisms. Incubating
chicken eggs is a common activity in some
classrooms. Students at this level can exam-
ine eggs, learning that developing embryos,
like all animals, need food and that the yolk

is the source of the embryo’s food. However,

Uncovering Student Ideas in Science

the more complex notion of food being trans-
formed into the body material of the embryo

should wait until middle school.

Middle School Students

In the middle grades, students develop a sci-
entific conception of what food is and how
it provides energy as well as building mate-
rial for organisms. At this level, students can
begin to understand the transformation of the
yolk into the body material of the developing
chick as a result of chemical reactions and cell
division. They also develop the idea of open
versus closed systems and can use this idea to
consider whether some materials can diffuse in
and out of living and nonliving membranes or

other porous materials.

High School Students

At this level, students investigate more com-
plex ideas about embryology, chemical pro-
cesses of metabolism, and passage of materi-
als in and out of an open system. They should
know about the breakdown and recombina-
tion of molecules during biochemical changes
and how matter is conserved in each of these
changes. They should recognize the semiper-
meable nature of membranes and porosity of
other seemingly impermeable materials and
explain how and why materials pass from an

internal to external environment or vice versa.

Administering the Probe
This probe can be accompanied by a visual
representation that shows the changes inside a

chicken egg at different stages of development.
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However, be aware that the representation
may reinforce the misconception that the egg
would weigh more because it looks like there is
more “stuff” inside the egg with the late stage
embryo compared with the freshly laid egg
that contains mostly liquid-like matter. When
used as a discussion prompt, this probe can
lead to a very lively discussion and argument
among students that elicits ideas about food,
conservation of matter, transformations, role

of gases, and open and closed systems.

Related Ideas in National
Science Education Standards
(NRC 1996)

K-4 The Characteristics of Organisms
*  Organisms have basic needs—for example,

animals need air, water, and food.

K-4 Life Cycles of Organisms
* DPlants and animals have life cycles that
include being born, developing into adults,

reproducing, and eventually dying.

5-8 Structure and Function in Living

Systems

* Cells carry on the many functions needed
to sustain life. They grow and divide,

thereby producing more cells.

5-8 Properties and Changes of
Properties in Matter
¢ In chemical reactions, the total mass is

conserved.

5-8 Regulation and Behavior

* All organisms must be able to obtain and
use resources, grow, reproduce, and main-
tain stable internal conditions while living

in a constantly changing environment.

9-12 Cells

* Every cell is surrounded by a membrane
that separates it from the outside world.
Most cell functions involve chemical reac-
tions. Food molecules taken into cells
react to provide the chemical constituents
needed to synthesize other molecules.

* In the development of multicellular organ-
isms, the progeny from a single cell form
an embryo in which the cells multiply and
differentiate to form the many specialized
cells, tissues, and organs that make up the

final organism.

9-12 Matter, Energy, and Organization

in Living Systems
As matter and energy flow through dif-
ferent levels of organization of living sys-
tems—cells, organs, organisms, and com-
munities—and between living systems
and the physical environment, chemical
elements are recombined in different ways.
Each recombination results in storage and
dissipation of energy into the environment
as heat. Matter and energy are conserved

in each change.

Indicates a strong match between the ideas elicited by the probe and a national standard’s learning goal.
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Related Ideas in Benchmarks Related Research

for Science Literacy
(AAAS 1993 and 2008)

K-2 Flow of Matter and Energy

Plants and animals both need to take in

water, and animals need to take in food.

3-5 Flow of Matter and Energy

Some source of “energy” is needed for all

organisms to stay alive and grow.

6-8 Structure of Matter

No matter how substances within a closed
system interact with one another or how
they combine or break apart, the total mass
of the system remains the same. The idea of
atoms explains the conservation of matter:
If the number of atoms stays the same no
matter how the same atoms are rearranged,

then their total mass stays the same.

6-8 Cells

Cells repeatedly divide to make more cells
for growth and repair.

About two-thirds of the weight of cells is
accounted for by water, which gives cells

many of their properties.

6-8 Flow of Matter and Energy

Food provides molecules that serve as fuel

and building material for all organisms.

9-12 Cells

Uncovering Student Ideas in Science

Every cell is covered by a membrane that

controls what can enter and leave the cell.

Field tests of this probe with middle and
high school students reveal that most
students think the mass will be greater
because the chick inside the egg is getting
bigger. Some students use conservation
reasoning to say the mass stays the same.
Although their ideas about conservation of
mass during the transformation of matter
are correct, they fail to consider whether
the egg is a closed system.

Some students use an intuitive rule of
“more A, more B” (Stavy and Tirosh 2000).
They reason that if the chick gets bigger
inside the egg, then the mass or weight of
the egg increases.

Children often do not recognize that food
is the material basis for growth—that is,
that the food becomes transformed and
incorporated into the body, thus making
the body bigger (Driver et al. 1994).

In a study conducted by Russell and Watt
(1989), children

that the growth inside an egg is associ-

elementary assumed
ated with an increase in mass within what
they assumed was a closed system. They
described the process of growth as creat-
ing new material rather than transforming
material (yolk) that was in the egg. Only a
very small minority considered some type
of transformation of the contents inside
the egg into a complete chick.

Some ideas about embryonic development
contribute to students’ notions about what
is happening inside the egg. Some children

believe that the chick had always been there

Indicates a strong match between the ideas elicited by the probe and a national standard’s learning goal.
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inside the egg waiting until it was time to
hatch. Others thought all the parts of the
chick were there when the egg was laid and
that they came together in the egg (Driver
et al. 1994).

Suggestions for Instruction and
Assessment

This probe can be used as a P-E-O probe
(Predict, Explain, Observe) with activities
that involve egg incubation. Have students
predict what would happen to the mass of
the eggs as the eggs develop over the course
of their incubation. Have students explain
the reasons for their predictions. Then
have students test their ideas and observe
the decrease in mass. Encourage students

to come up with alternative explanations

Find the mass of a raw egg and leave it in
a warm, dry area for two to three weeks.
Find the mass of the egg again, noticing
a decrease in mass. Encourage students to
propose ideas about where the loss in mass
came from. Did anything leave the egg?
Safety caution: Always have students wash
their hands after handling eggs.

Use a graphic of a chick embryological devel-
opment such as the one at hzep://msucares.com/
poultry/reproductions/poultry_chicks_embryo.
html (Mississippi State University Extension
Service 2004). Have students propose ideas
about (a) where the material is coming from
that leads to the growth of the chick inside
the egg and (b) the chemical life processes

that are occurring,

Related NSTA Science Store

Publications, NSTA Journal

Articles, NSTA SciPacks,

SciGuides, and NSTA Science

Objects

American Association for the Advancement of Sci-
ence (AAAS). 2001. Atlas of science literacy. Vol.
1. (See “Flow of Matter in Ecosystems” map,
pp. 76-78.) Washington, DC: AAAS.

to account for the discrepancy between
their predictions and their observations.

* Probe further to find out students’ concep-
tions of an open versus closed system in
relation to the egg. One way to show that
water can pass through an egg shell is to
place a raw egg in corn syrup. The mass of
the egg in corn syrup will decrease because
water from inside the egg flows through
the membrane and shell into the syrup. It
moves from a higher concentration inside
the egg to a lower concentration in the
corn syrup. The corn syrup molecules are
too large to pass into the egg. You can also
try this with molasses. Careful observa-
tions will reveal a thin layer of water rest-

ing on top of the molasses.
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Related Curriculum Topic Study
Guides

(Keeley 2005)

“Reproduction, Growth, and Development
(Life Cycles)”

“Food and Nutrition”

“Conservation of Matter”

“Systems”

References

American Association for the Advancement of Sci-
ence (AAAS). 1993. Benchmarks for science lit-
eracy. New York: Oxford University Press.

American Association for the Advancement of Sci-
ence (AAAS). 2008. Benchmarks for science lit-
eracy online. www. project2061.org/publications/
bsllonline

Driver, R., A. Squires, P. Rushworth, and V. Wood-
Robinson. 1994. Making sense of secondary

Uncovering Student Ideas in Science

science: Research into children’s ideas. London:
RoutledgeFalmer.

Keeley, P. 2005. Science curriculum topic study:
Bridging the gap between standards and practice.
Thousand Oaks, CA: Corwin Press.

Mississippi  State University Extension Service.
2004. Poultry: Stages in chick embryo develop-
ment. hitp://msucares.com/poultry/reproductions/
poultry_chicks_embryo.html

National Research Council (NRC). 1996. National
science education standards. Washington, DC:
National Academy Press.

Russell, T., and D. Watt, eds. 1990. Growth. Prima-
ry SPACE Project Research Report. Liverpool,
UK: Liverpool University Press.

Snyder, G., and G. Birchard. 1982. Water loss and
survival in embryos of the domestic chicken. Jour-
nal of Experimental Zoology 219(1): 115-117.

Stavy, R., and D. Tirosh. 2000. How students (mis-)
understand science and mathematics: Intuitive

rules. New York: Teachers College Press.

14

111



Copyright © 2009 NSTA. All rights reserved. For more information, go to www.nsta.org/permissions.



Copyright © 2009 NSTA. All rights reserved. For more information, go to www.nsta.org/permissions.

Life, Earth, and Space Science Assessment Probes 15

Adaptation

Three friends were arguing about what
would happen if a population of rabbits
from a warm, southern climate were
moved to a cold, northern climate. This
is what they said:

Bernie: I think all of the rabbits
will try to adapt to the change.”

Leo: “I think most of the rabbits will try to adapt to the change.”

Phoebe:  “I think few or none of the rabbits will try to adapt to the change.”

Which person do you most agree with and why? Explain your ideas about adaptation.

Uncovering Student Ideas in Science 113
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Adaptation

Purpose

The purpose of this assessment probe is to
elicit students’ ideas about biological adapta-
tion. The probe is designed to find out if stu-
dents think animals intentionally adapt to a

change in their environment.

Related Concepts

adaptation, natural selection, variation

Explanation

The best answer is Phoebe’s: “I think few or none
of the rabbits will try to adapt to the change.”
The key word here is #ry. Biological adaptation
involves genetic variation that allows some indi-
viduals to survive a particular change, such as
a change in the environment, better than oth-
ers. These individuals are then able to survive

and reproduce, passing on their genes to succes-

sive generations of offspring that will be better
adapted for the particular environment. This
process is called natural selection, and it leads to
adaptation. If the genetic variation that allows
an individual to survive the change is not pres-
ent, the individual cannot intentionally change
its structure, physiology, or behavior in an
attempt to “try” to adapt to the change and pass
on its genes so that its offspring will be adapted.
Either the genes are there that allow the rab-
bit to survive and pass on its traits that enhance
survival to its offspring (natural selection) or
they are not there. If they are not there, the rab-
bits can’t intentionally adapt or change their
genes by “trying.” Adaptation is not intentional.
The rabbits may try to survive by acclimating to
the change, but trying to survive is different in
a biological sense from trying to adapt. Another

problem is the common use of the verb adapz,
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which implies that an action is being taken by

an individual.

Curricular and Instructional
Considerations

Elementary Students

In the elementary grades, students build under-
standings of biological concepts through direct
experience with living things and their habi-
tats. They observe and learn about structures,
functions, and behaviors that help organisms
survive in their environments. They develop an
understanding that some organisms are better
suited than others to survive in certain envi-
ronments. They develop beginning ideas about
heredity—that is, that some characteristics are
inherited and passed on to offspring. These
basic ideas establish a foundation that will lead

to a later understanding of natural selection.

Middle School Students

Understanding adaptation is still particularly
troublesome at this level. Many students think
adaptation means that individuals change in
deliberate ways in response to changes in the
environment (NRC 1996). At this level, it is
important to develop the idea of variations in
populations of organisms that may give some
individuals an advantage in surviving, repro-
ducing, and passing on those traits to their off-
spring. Teaching students about the selection
of individuals is the first step in helping them
understand natural selection as a mechanism

for species’ change.

Uncovering Student Ideas in Science

High School Students

Biological evolution and its mechanism, natural
selection, are major focuses of high school biol-
ogy. At the high school level, students shift from
a focus on selection of individuals with certain
traits that help them survive to a focus on the
changing proportion of such traits in a popula-
tion of organisms. Their growing understanding
of genetics builds on middle school ideas about
variation. However, students at this level may
still hold on to the misconception that adapta-

tions can be controlled by an individual.

Administering the Probe

Make sure students understand the probe is a
hypothetical situation and that there is a dras-
tic change in the environment when the rabbits
move from the southern climate to the north-
ern climate. This change also involves more
than just temperature. There may be changes in
food, shelter, and predators as well. You might
consider having students describe each of the
environments first. Feel free to change the con-
text of the probe to an animal and two differ-
ent environments with which your students are

most familiar.

Related Ideas in National
Science Education Standards
(NRC 1996)

K-4 The Characteristics of Organisms
*  Organisms have basic needs. Organisms
can survive only in environments in which

their needs can be met.
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* Each plant or animal has different struc-
tures that serve different functions in

growth, survival, and reproduction.

K-4 Organisms and Their Environments
An organism’s patterns of behavior are
related to the nature of that organism’s
environment, including the kinds and
numbers of other organisms present, the
availability of food and resources, and the
physical characteristics of the environment.
When the environment changes, some
plants and animals survive and reproduce,

and others die or move to new locations.

5-8 Regulation and Behavior

* All organisms must be able to obtain and
use resources, to grow, to reproduce, and
to maintain stable internal conditions
while living in a constantly changing

environment.

5-8 Diversity and Adaptations of

Organisms
Species acquire many of their unique char-
acteristics through biological adaptation,
which involves the selection of naturally
occurring variations in populations. Bio-
logical adaptations include changes in
structures, behaviors, or physiology that
enhance survival and reproductive success

in a particular environment.

9-12 Biological Evolution
* Species evolve over time. Evolution is the

consequence of the interactions of (1) the

potential for a species to increase its num-
bers, (2) the genetic variability of offspring
due to mutation and recombination of
genes, (3) a finite supply of the resources
required for life, and (4) the ensuing selec-
tion by the environment of those offspring

better able to survive and leave offspring.

9-12 The Behavior of Organisms
Like other aspects of an organism’s biology,
behaviors have evolved through natural
selection. Behaviors often have an adaptive
logic when viewed in terms of evolutionary

principles.

Related Ideas in Benchmarks
for Science Literacy
(AAAS 1993 and 2008)

Note: Benchmarks revised in 2008 are indicated by
(R). New benchmarks added in 2008 are indicated
by (N).

K-2 Heredity
* There is variation among individuals of

one kind within a population.

K-2 Evolution of Life
* Different plants and animals have external
features that help them thrive in different

kinds of places.

3-5 Interdependence of Life
* For any particular environment, some
kinds of plants and animals thrive, some

do not live as well, and some do not survive

atall. (R)

Indicates a strong match between the ideas elicited by the probe and a national standard’s learning goal.

National Science Teachers Association
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3-5 Evolution of Life

Individuals of the same kind differ in their
characteristics, and sometimes the differ-
ences give individuals an advantage in sur-

viving and reproducing.

6-8 Evolution of Life

Individual organisms with certain traits
are more likely than others to survive and
have offspring.

Changes in environmental conditions can
affect the survival of individual organisms

and entire species.

9-12 Heredity

Some new gene combinations make little
difference, some can produce organisms
with new and perhaps enhanced capabili-

ties, and some can be harmful.

9-12 Evolution of Life

Uncovering Student Ideas in Science

Natural selection provides the following
mechanism for evolution: Some variation
in heritable characteristics exists within
every species; some of these characteristics
give individuals an advantage over oth-
ers in surviving and reproducing; and the
advantaged offspring, in turn, are more
likely than others to survive and reproduce.
As a result, the proportion of individuals
that have advantageous characteristics will
increase. (R)

Heritable characteristics can be observed
at molecular and whole-organism levels—

in structure, chemistry, or behavior.

Related Research

Many students tend to see adaptation as an
intention by the organism to satisfy a desire
or need for survival (Driver et al. 1994).
Middle and high school students may
believe that organisms are able to intention-
ally change their bodily structure to be able
to live in a particular habitat or that organ-
isms respond to a changed environment by
seeking a more favorable environment. It
has been suggested that the language about
adaptation used by teachers or textbooks
may cause or reinforce these beliefs (AAAS
1993, p. 342).

Many students ages 12-16 display Lamarck-
ian beliefs about inheritance of acquired
characteristics. This belief has been demon-
strated both before and after instruction in

genetics and evolution (Driver et al. 1994).

Suggestions for Instruction and
Assessment

Refrain from using the words adapt (par-
ticularly as an action verb that implies
intentionality) or adaptation in elementary
grades. Instead talk about characteristics
and features that help organisms live in
their environments. Teachers’ early use
of the words adapr or adaptation, before
students understand the genetic basis for
passing on traits that enable an organism
to adapt, may imply that plants and ani-
mals intentionally adapt. This idea is par-
ticularly resistant to change at the middle
level, perhaps because the idea of inten-

tional adaptation was developed early on.

Indicates a strong match between the ideas elicited by the probe and a national standard’s learning goal.
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* Some individual organisms, such as
humans, do control changes in their struc-
ture or behavior in response to an envi-
ronmental change and are said to “adapt.”
Acclimatize would be a better word to use
for these noninheritable changes made by
an individual during its lifetime.

* A common activity used in elementary and
middle school is to have students design an
imaginary organism that is “adapted” to a
particular habitat. Be aware, though, that
this activity may reinforce the idea that an
individual intentionally adapts during its
lifetime, rather than species adaptation.

* Compare and contrast with students the
everyday common use of the word adap-
tation with the scientific meaning of the
word. Add this to students’ growing num-
ber of examples of the way we use words in
our society that are not always the same as
the way they are used in science.

* Help students develop the notion that
natural selection leads to adaptation and
not the other way around (that adaptation
leads to natural selection). It is the genetic
variation that leads to natural selection and

thus to adaptation of a population.

Related NSTA Science Store

Publications, NSTA Journal

Articles, NSTA SciGuides,

NSTA SciPacks, and NSTA

Science Objects

American Association for the Advancement of Sci-
ence (AAAS). 2001. Atlas of science literacy.
Vol. 1. (See “Natural Selection” map, pp. 82—
83). Washington, DC: AAAS.

Biological Sciences Curriculum Study (BSCS). 2005.

The nature of science and the study of biological
evolution. Colorado Springs, CO: BSCS.

Kampourakis, K. 2006. The finches beak: Introduc-
ing evolutionary concepts. Science Scope (Mar.):
14-17.

Scotchmoor, J., and A. Janulaw. 2005. Understanding
evolution. 7he Science Teacher (Dec.): 28-29.
Stebbins, R., D. Ipsen, G. Gillfillan, J. Diamond,
and J. Scotchmoor. Rev. ed. 2008. Animal col-
oration: Activities on the evolution of concealment

Rev. ed. Arlington, VA: NSTA Press.

Related Curriculum Topic Study
Guides

(Keeley 2005)

“Adaptation”

“Natural and Artificial Selection”

“Variation”
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Is It “Fitter”?

Natural selection is sometimes described as “survival of the
fitctest.” Four friends were arguing about what the phrase

“survival of the fittest” means. This is what they said:

Dora: “I think ‘it means bigger and stronger.”
()P
Lance: “I think ‘it means more apt to reproduce.”
Felix: “I think ‘i’ means able to run faster.”
Hap: “I think it means more intelligent.”

Which person do you most agree with? Explain what you think “survival of the fit-

test” means.

Uncovering Student Ideas in Science 119
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Is It “Fitter”?

Purpose

The purpose of this assessment probe is to
elicit students’ ideas about natural selection.
The probe is designed to find out how students
interpret the commonly used phrase “survival

of the fittest.”

Related Concepts

adaptation, natural selection, variation

Explanation

The best answer is Lance’s: “I think ‘fit
means more apt to reproduce.” Size, swiftness,
strength, and intelligence are key factors often
related to survival, but they do not always
determine whether an organism is most “fit”
to reproduce and pass its genes on to offspring.
The key idea portrayed in the phrase survival
of the fittest is that fittest means best suited to

() P

survive and reproduce. In some instances, size
is an advantage. For example, a large male
sea lion is more apt to be the dominant male
who breeds with a harem of female sea lions.
Because of his impressive size, the females are
more attracted to him and the other males
are intimidated. Because the other males fear
him, he has less competition for food as well.
Therefore, he is more apt to survive and repro-
duce because he can outcompete the other
males for food and mates. On the other hand,
imagine breeding two dogs. One dog is a very
large, muscular, big-boned, fiz male. This male
is bred to the same type of dog, a petite female.
However, the puppies are too large and can-
not be delivered without a caesarean section.
In this case, the bigger male wasn’t necessarily
the fiztest. If this had happened in nature, the
female dog probably would have died in birth

National Science Teachers Association
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and the male would have lost his chance to pass
his genes on to offspring. Examples also exist
in the plant world. Flower breeders have devel-
oped large dahlias that are prized for their huge
flowers. However, these large dahlias must be
supported with wires and stakes as they grow
because they would fall to the ground and
possibly die without support (BSCS 2005).
Intelligence, swiftness in escaping danger, and
strength are also factors that can contribute to
survival, yet they do not always equate with

reproductive success.

Curricular and Instructional
Considerations

Elementary Students

In the elementary grades, students build under-
standings of biological concepts through direct
experience with living things and their habi-
tats. They observe and learn about structures,
functions, and behaviors that help organisms
survive in their environments. They develop an
understanding that some organisms are better
suited than others to survive in certain envi-
ronments. They develop precursor ideas to the
concept of natural selection, such as the idea
that some characteristics are inherited and
passed on to offspring. They may have heard
the phrase survival of the fittest and equate fir

with strength and size.

Middle School Students
Students at the middle level formally develop
an understanding of the concept of natural

selection. Often the phrase survival of the fittest

Uncovering Student Ideas in Science

is used without defining what is meant by fiz,
thus leading to students’ erroneous misinter-
pretation of the intent of this phrase. At this
level, it is important to develop the idea of vari-
ations in populations of organisms that may
give some individuals an advantage in surviv-
ing, reproducing, and passing on those traits
to their offspring. Teaching students about
the selection of individuals is the first step in
helping them understand natural selection as a

mechanism for species’ change.

High School Students

Biological evolution and its mechanism, natu-
ral selection, are major focuses of high school
biology. At the high school level, students shift
from a focus on selection of individuals with
certain traits that help them survive to a focus
on the changing proportion of such traits in a
population of organisms. Their growing under-
standing of genetics builds on middle school
ideas about variation. However, students at this
level may still hold on to a misconception that
“survival of the fittest” means that “physically

fit” species are more it than smaller ones.

Administering the Probe

This probe is best used at the middle or
high school level. Make sure students have
encountered the concept of natural selection
before using this probe as is. If they have not
encountered this term, consider removing the
first sentence from the prompt. This probe is
best used to engage students in argumenta-
tion about the phrase survival of the fittest and

what it means.
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Related Ideas in National
Science Education Standards
(NRC 1996)

K-4 The Characteristics of Organisms
* Each plant or animal has different struc-
tures that serve different functions in

growth, survival, and reproduction.

5-8 Regulation and Behavior
All organisms must be able to obtain and
use resources, to grow, to reproduce, and to
maintain stable internal conditions while liv-

ing in a constantly changing environment.

5-8 Diversity and Adaptations of

Organisms
Species acquire many of their unique char-
acteristics through biological adaptation,
which involves the selection of naturally
occurring variations in populations. Bio-
logical adaptations include changes in
structures, behaviors, or physiology that
enhance survival and reproductive success

in a particular environment.

9-12 Biological Evolution

*  Species evolve over time. Evolution is the
consequence of the interactions of (1) the
potential for a species to increase its num-
bers, (2) the genetic variability of offspring
due to mutation and recombination of
genes, (3) a finite supply of the resources
required for life, and (4) the ensuing selec-
tion by the environment of those offspring

better able to survive and leave offspring.

Related Ideas in Benchmarks
for Science Literacy
(AAAS 1993 and 2008)

Note: Benchmarks revised in 2008 are indicated by
(R). New benchmarks added in 2008 are indicated
by (N).

K-2 Heredity
* 'There is variation among individuals of

one kind within a population.

3-5 Evolution of Life
Individuals of the same kind differ in their
characteristics, and sometimes the differ-
ences give individuals an advantage in sur-

viving and reproducing,.

6-8 Evolution of Life
Individual organisms with certain traits
are more likely than others to survive and

have offspring.

9-12 Heredity

* Some new gene combinations make little
difference, some can produce organisms
with new and perhaps enhanced capabili-

ties, and some can be deleterious.

9-12 Evolution of Life
Natural selection provides the following
mechanism for evolution: Some variation
in heritable characteristics exists within
every species; some of these characteristics
give individuals an advantage over oth-
ers in surviving and reproducing; and the

advantaged offspring, in turn, are more

Indicates a strong match between the ideas elicited by the probe and a national standard’s learning goal.
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likely than others to survive and reproduce.
As a result, the proportion of individuals
that have advantageous characteristics will

increase. (R)

Related Research

*  Field-test results of this probe showed that
many middle school students are more apt
to think of “fit” as big and strong. They
relate “fittest” to physical fitness, rather than
a species’ ability to survive and reproduce.

* Many people mistakenly think that the big-
gest individual is the fittest (BSCS 2005).

Suggestions for Instruction and

Assessment

* Have students generate examples of when
“bigger is better” in relation to an organ-
ism’s ability to survive and reproduce. Then
generate examples in which it may be a det-
riment. Try this with other characteristics
to show that there is not one characteristic
that always determines fizness for survival.

* Compare and contrast with students the
common use of the word fiz (as in physi-
cal fitness) with the scientific meaning of
the word in relation to natural selection.
Add this to students’ growing number of
examples of the way we use words in our
society that are not always the same as the

way they are used in science.

Uncovering Student Ideas in Science

Related NSTA Science Store
Publications, NSTA Journal
Articles, NSTA SciGuides,

NSTA SciPacks, and NSTA

Science Objects

American Association for the Advancement of Sci-
ence (AAAS). 2001. Atlas of science literacy. Vol.
1. (See “Natural Selection” map, pp. 82-83.)
Washington, DC: AAAS.

Benz, R. 2000. Ecology and evolution: Islands of
change. Arlington, VA: NSTA Press.

Biological Sciences Curriculum Study (BSCS). 2005.
The nature of science and the study of biological
evolution. Colorado Springs, CO: BSCS.

Diamond, J., C. Zimmer, E. M. Evans, L. Allison,
and S. Disbrow, eds. 2006. Virus and the whale:
Exploring evolution in creatures large and small.
Arlington, VA: NSTA Press.

Kampourakis, K. 2006. The finches’ beaks: Intro-
ducing evolutionary concepts. Science Scope
(Mar.): 14-17.

Scotchmoor, J., and A. Janulaw. 2005. Under-
standing evolution. 7he Science Teacher (Dec.):

28-29.

Related Curriculum Topic Study
Guide
(Keeley 2005)

“Natural and Artificial Selection”
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Catching a Cold

Have you ever been sick with a cold?
People have different ideas about what
causes a cold. Check off the things that

cause you to “catch a cold.”

having a fever
being wet

__ being wet and cold

___germs

___spoiled food

___not getting enough sleep
_ lack of exercise

___cold weather

__dryair

___ imbalance of body fluids

Explain your thinking. Describe how people “catch a cold.”

Uncovering Student Ideas in Science 125
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Catching a Cold

Purpose

The purpose of this assessment probe is to elicit
students’ ideas about infectious disease. The
probe is designed to find out whether students
use the germ theory to explain what causes an

infectious disease like the common cold.

Related Concepts

common cold, germ theory, infectious disease

Explanation

The best answer is “germs.” The common cold
is an infectious disease caused by a virus and
transmitted between two people—one who
is contagious and one who picks up the con-
tagion (virus). The cause is the virus (germs),
transmission is how it is spread, and other fac-
tors contribute to a weakened immune system

that is less effective in fighting off the virus

in the human body. The virus is transmitted
through respiratory secretions. The virus can
be picked up by breathing in the virus when
it is spread in an aerosol form generated by the
sick person’s coughing or sneezing. It can also
be picked up from direct contact with saliva
or nasal secretions containing the virus as
well as indirectly from surfaces that have been
contaminated by a person’s saliva, respiratory
aerosols, or nasal secretions. This is why hand
washing is so important. Most cold germs are
picked up by touching contaminated surfaces
and transferring the virus from an object to
the mouth. In all of these cases of transmis-
sion, what causes the cold is the virus.

A fever is a physiological response to the
virus, not a cause. Feeling cold and chilled,
being wet, being wet and cold, and not getting

enough sleep or exercise are all factors that can

National Science Teachers Association
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contribute to a weakened immune system that
is less effective in fighting off the virus as it
multiplies inside the body’s cells. These factors
that lower resistance are not the actual cause of
a cold. For example, one does not catch a cold
merely by being wet and cold. A virus must
enter the body in order to cause a cold. Food
spoils as a result of bacterial growth and results
in a bacterial infection that causes gastrointes-
tinal problems, not a common cold.

Although colds occur more often in the
winter months, the cold weather itself does not
cause the common cold. During cold weather
months, people spend more time inside in
close proximity to each other, thus spreading
the virus more easily. Also the hot, dry air that
results from heating during the wintertime
dries out the mucus membranes of the throat
and nose and makes them less effective barriers

against infection by the common cold virus.

Curricular and Instructional
Considerations

Elementary Students

In the elementary grades, students should
have a variety of experiences that provide ini-
tial understandings of various science-related
personal and societal health challenges (NRC
1996). Children at this age use the word germs
for all microbes, as they may not yet be ready
to distinguish between bacteria and viruses.
They develop an understanding of good health
factors, such as nutrition, exercise, keeping
warm and dry, and sleep, but they have dif-

ficulty distinguishing between the factors that

Uncovering Student Ideas in Science

promote good health in general and the causes
of infectious diseases. At this stage they should
be taught how communicable diseases such as
colds are transmitted, and the reason for hand
washing should be explained, reinforced, and
practiced in school and at home. Later in the
elementary grades, students begin to learn
about some of the body’s defense mechanisms
that prevent or overcome infectious diseases

such as colds.

Middle School Students

In the middle grades, students build upon their
K—4 understandings of health and disease to
recognize the role of microorganisms in caus-
ing illness. This is a good time to introduce
the germ theory of diseases from the historical
perspective of Louis Pasteur’s discovery and
to discuss how technology (microscopes) has

made germs visible.

High School Students

By high school, students have a fairly solid
foundation in understanding human body
systems such as the digestive, circulatory, and
respiratory systems and recognize viruses as
agents of infection. However, they may not
have as clear an understanding of the immune
system and thus have difficulty with under-
standing mechanisms and processes associated

with infectious diseases.

Administering the Probe
This probe is appropriate at all grade levels. The
last distracter on the list—"“imbalance of body

fluids”—comes from a predominant historical
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belief that subsequently led people to treat ill-
ness by inducing vomiting, bleeding, or purg-
ing in order to adjust body fluids. As this phrase
may be unfamiliar to younger students, con-
sider eliminating it from the list when used with
younger children. For older students who can
distinguish between different types of microbes,
you might consider deleting “germs” and add-

. ({3 » « . »
ing two responses— “viruses” and “bacteria.

Related Ideas in National
Science Education Standards
(NRC 1996)

K-4 Personal Health
Individuals have some responsibility for
their own health. Students should engage
in personal habits—dental hygiene, clean-
liness, and exercise—that will maintain
and improve their health. At this level,
children should come to understand how
communicable diseases, such as colds, are
transmitted and that some of the body’s
defense mechanisms prevent or overcome

transmission.

5-8 Structure and Function in Living
Systems
Disease is a breakdown in structures or
functions of an organism. Some diseases
are the result of intrinsic failures of the sys-
tem. Others are the result of damage by

infection by other organisms.

9-12 Personal and Community Health

* 'The severity of disease symptoms is depen-
dent on many factors, such as human
resistance and the virulence of disease-
producing organisms. Many diseases can

be prevented, controlled, or cured.

Related Ideas in Benchmarks
for Science Literacy (AAAS
1993 and 2008)

Note: Benchmarks revised in 2008 are indicated by
(R). New benchmarks added in 2008 are indicated
by (N).

K-2 Physical Health

* Eating a variety of healthful foods and get-
ting enough exercise and rest help people
to stay healthy.
Some diseases are caused by germs, and
some are not. Diseases caused by germs
may be spread by people who have them.
Washing one’s hands with soap and water
reduces the number of germs that can get
into the body or that can be passed on to

other people.

3-5 Physical Health

*  Some germs may keep the body from work-
ing properly. For defense against germs,
the human body has tears, saliva, and skin
to prevent many germs from getting into
the body and special cells to fight germs
that do get into the body.

Indicates a strong match between the ideas elicited by the probe and a national standard’s learning goal.
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6-8 Physical Health of “lifestyle diseases” with no mention of

Viruses, bacteria, fungi, and parasites may
infect the human body and interfere with
normal body functions. A person can catch
a cold many times because there are many
varieties of cold viruses that cause similar
symptoms.

Specific kinds of germs cause specific dis-
eases. (N)

6-8 Discovering Germs

Throughout history, people have created
explanations for disease. Some have held
that disease has spiritual causes, but the
most persistent biological theory over the
centuries was that illness resulted from an
imbalance in the body fluids. The introduc-
tion of germ theory by Louis Pasteur and
others in the 19th century led to the mod-
ern belief that many diseases are caused by
microorganisms—bacteria, viruses, yeasts,

and parasites.

Related Research

The folklore about how an individual
“catches” a common cold is very tenacious.
The condition is not regarded as a disease,
and the word cold reinforces the connec-
tion with environmental causes (Driver et
al. 1994, p. 50).

Inastudy by Brumby, Garrard, and Auman
(1985), some students saw health and ill-
ness as two different concepts with dif-
ferent causes rather than as a continuum.
Another sample of students saw illness as

the negative end of a health continuum

infectious diseases (Driver et al. 1994).
Exposure to TV and publicity on AIDS
might influence modern children’s ideas
about infectious disease and predispose
them more toward the germ theory of dis-
ease (Driver et al. 1994).

Students have been known to hold conflict-
ing ideas concurrently—at the same time,
for example, believing that “all diseases are
caused by germs” and that you can “catch
a cold by getting cold and wet” (Driver et
al. 1994).

Research suggests that children often
think of disease and decay as properties of
the objects affected. They do not appear
to hold a concept of microbes as agents of

change (Driver et al. 1994, p. 55).

Suggestions for Instruction and
Assessment

When teaching about infectious diseases,
distinguish among cause, transmission, and
factors that lower resistance to disease.
Engage older students in a debate regard-
ing the many myths of the common cold.
Encourage students to use their knowl-
edge of cells, the immune system, and
personal health to back up their claims
with evidence.

Use the story of Louis Pasteur and his con-
tribution to the development of the germ
theory. This historical episode is particu-
larly relevant at the middle school level.
In addition to tracing the development of

ideas related to infectious diseases, it pro-

Indicates a strong match between the ideas elicited by the probe and a national standard’s learning goal.
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vides an excellent opportunity to highlight

the nature of science.

Related NSTA Science Store
Publications, NSTA Journal
Articles, NSTA SciGuides,

NSTA SciPacks, and NSTA

Science Objects

American Association for the Advancement of Sci-
ence (AAAS). 2001. Atlas of science literacy. Vol.
1. (See “Diseases,” pp. 86-87.) Washington,
DC: AAAS.

American Association for the Advancement of Sci-
ence (AAAS). 2007. Atlas of science literacy.
Vol. 2. (See “Discovering Germs,” pp. 86-87.)
Washington, DC: AAAS.

Pea, C., and D. Sterling. 2002. Cold facts about
viruses. Science Scope (Nov./Dec.): 12-17.

Roy, K. 2003. Handwashing: A powerful preventa-
tive practice. Science Scope (Oct.): 12-14.

Sullivan, M. 2004. Career of the month: An inter-
view with microbiologist Dale B. Emeagwali.

The Science Teacher (Mar.): 76.

Related Curriculum Topic Study
Guides

(Keeley 2005)

“Infectious Disease”

“Health and Disease”

“Personal and Community Health”
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eracy online. www project2061.org/publications/
bsllonline
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dents’ perceptions of the concept of health.
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Robinson. 1994. Making sense of secondary
science: Research into childrens ideas. London:
RoutledgeFalmer.
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Thousand Oaks, CA: Corwin Press.
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Digestive System

Six friends were talking about the function of the digestive
system. This is what they said:

Mina: “I think the main function is to release energy from
food.”
Manny:  “I think the main function is to help us breathe.”

into molecules that can be absorbed by cells.”

A NA
Sasha: “T think the main function is to break food down * — ‘
(— ‘

Harriet:  “I think the main function is to break food down A )
in the stomach into small pieces of food that can <> ,)
be used by the body.”

Todd: “I think the main function is to carry bits of food
and nutrients to all the different parts of our body.”

Curtis:  “I think the main function is to store food so that we can get energy when

we need it.”

Which student do you most agree with? Explain your thinking. Describe your ideas

about the main function of the digestive system.
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Digestive System

Purpose

The purpose of this assessment probe is to elicit
students’ ideas about the digestive system. The
probe is designed to find out whether students
realize a main function of the digestive system
is to break food down into molecules that can

be used by cells.

Related Concepts

cells, digestive system, food, nutrients

Explanation

The best answer is Sasha’s: “I think the main
function is to break food down into molecules
that can be absorbed by cells.” There is no
single purpose of the digestive system; rather,
it has two major purposes: (1) to break down
food and (2) to prepare nutrients for absorp-

tion by cells. The digestive system carries out

Z
six basic functions: taking food in (ingestion),
secretion, movement of food and wastes, break-
down of food, absorption from gastrointestinal
tract to cells, and removal of wastes. In regard
to Mina’s response, the digestive system does
not release energy from food. Instead it breaks
food down into molecules that are absorbed by
cells and that can then be used to release energy
within the cell. Harriet’s response is partially
correct. The stomach does break ingested food
down into smaller pieces of food. However,
there is more to digestion than what happens
in the stomach. These small pieces of food are
not used directly by the body but are further
broken down into small particles (molecules)
absorbed by cells as they pass through the
intestines. The difference between Sasha’s and
Harriet’s responses is that the broken down

food must be small enough to be taken in by

National Science Teachers Association
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and used by cells. Even though the mouth and
stomach break food down into small pieces of
food, it is not until the food is broken down
into the molecular units that make up the food
that it can be used by the body to carry out the
life processes that happen within cells. Todd
is partially correct in that the digestive sys-
tem does move food and nutrients; however, it
moves these things through the digestive tract
and not through different parts of the body. It
is the circulatory system that moves nutrients

throughout the body to cells.

Curricular and Instructional
Considerations

Elementary Students

In the elementary grades, students learn basic
ideas about the human body and body struc-
tures that help us take in and digest food, such
as the mouth, teeth, and stomach. Young chil-
dren primarily equate the stomach as the organ
responsible for digesting food as they haven’t
yet learned how all the parts work together. By
third grade, students begin to view the body
as a system that works together and they can
further explore what happens to food when it
is taken into the body. At the upper-elemen-
tary level, it is important for students to know
that food is broken down to obtain energy and
materials for growth and repair, but the molec-

ular aspect can wait until middle school.

Middle School Students
In the middle grades, students develop a more

sophisticated understanding of the human

Uncovering Student Ideas in Science

body and the organs and systems that work
together to enable humans and other organ-
isms to carry out their life processes. This is the
time for them to understand that when food
is broken down, it must be digested into mol-
ecules that can be absorbed and transported to
different parts of the body. At this level, they
are ready to understand the link between the
digestive system and the circulatory system for
breaking down food into molecules and trans-
porting nutrients and to understand the role of
the digestive and excretory system in eliminat-

ing the parts of food that are not used.

High School Students

Students at the high school level expand
their understanding to encompass molecular
energy release and the biochemical details
related to metabolism. Their growing knowl-
edge of cells helps them understand how mol-
ecules are taken into cells and used to carry

out life processes.

Administering the Probe
If this probe is used with elementary students,
consider substituting the word molecules with

tiny particles.

Related Ideas in National
Science Education Standards
(NRC 1996)

K-4 Characteristics of Organisms
*  Organisms have basic needs. For example,
animals need air, water, and food; plants

require air, water, nutrients, and light.
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5-8 Structure and Function in Living

Systems

* Cells carry on the many functions needed
to sustain life. This requires that they take
in nutrients, which they use to provide
energy for the work that cells do and to
make the materials that a cell or an organ-
ism needs.

* The human organism has systems for diges-
tion, respiration, reproduction, circulation,
excretion, movement, control and coor-
dination, and protection from diseases.

These systems interact with one another.

9-12 The Cell

*  Most cell functions involve chemical reac-
tions. Food molecules taken into cells react
to provide the chemical constituents needed
to synthesize other molecules. Both break-
down and synthesis are made possible by a
large set of protein catalysts, called enzymes.
The breakdown of some of the food mol-
ecules enables the cell to store energy in
specific chemicals that are used to carry out

the many functions of the cell.

Related Ideas in Benchmarks
for Science Literacy
(AAAS 1993 and 2008)

Note: Benchmarks revised in 2008 are indicated by
(R). New benchmarks added in 2008 are indicated
by (N).

K-2 Basic Functions
* 'The human body has parts that help it

seek, find, and take in food when it feels

hunger—eyes and noses for detecting
food, legs to get to it, arms to carry it away,

and a mouth to eat it.

3-5 Basic Functions

From food, people obtain fuel and materi-
als for body repair and growth. The indi-

gestible parts of food are eliminated. (R)

6-8 Basic Functions

Organs and organ systems are composed
of cells and help to provide all cells with
basic needs.

For the body to use food for energy and
building materials, the food must first be
digested into molecules that are absorbed

and transported to cells.

Related Research

Some upper-elementary students have a
primitive notion of the digestive system as
the place where “lumps of food” are bro-
ken down, juices or acids dissolve the food,
and “goodness” is somehow extracted from
it. Few children ages 9-12 know that after
food is changed in the stomach it is then
broken down into even simpler substances
that are carried to tissues throughout the
body (Driver et al. 1994).
Lower-elementary students know food is
related to growing and being strong and
healthy, but they are not aware of the phys-
iological mechanisms (AAAS 1993).

In a study conducted by Mintzes (1984),
the youngest children up to age seven

related the stomach to breathing, blood,

Indicates a strong match between the ideas elicited by the probe and a national standard’s learning goal.
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strength, and energy. When they are about
seven years old, children begin to under-
stand that the stomach helps to break
down or digest food and that later the food
is transferred somewhere else after being in
the stomach (Driver et al. 1994).

Suggestions for Instruction and

Assessment

* Students know that humans need food for
energy and that the digestive system breaks
down food so it can be used, but students
often think that the food is just broken into
smaller pieces. At the middle level, students
should be explicitly taught the idea that
food must be broken down into molecules
in order for the body to use it.

* Show the connections among the diges-
tive, circulatory, and respiratory systems
in terms of breaking down food into mol-
ecules, transporting the molecules to cells,
and releasing energy in the cells.

* Help students understand that the energy
we get from food is released inside a cell.
To get into the cell, the food must be bro-
ken down into molecules in order to pass
through the cell membrane. Teaching stu-
dents that food must eventually get into
the cell in a form the cell can use will help
them understand that food must be bro-
ken down into molecules.

* Use models and diagrams so that younger
students can see that food continues to
pass through the digestive system after
the stomach. Some students think food is

broken down in the stomach and the rest

Uncovering Student Ideas in Science

passes out as waste. Few students com-
prehend the role of the intestines in terms

of absorption.

Related NSTA Science Store
Publications, NSTA Journal
Articles, NSTA SciGuides,
NSTA SciPacks, and NSTA
Science Objects

Crowley, ]J. 2004. Nutritional chemistry. 7he Sci-
ence Teacher (Apr.): 49-51.

Robertson, W. 2006. Science 101: How does the
human body turn food into useful energy? Sci-
ence & Children (Mar.): 60-61.

Schroeder, C. 2007. Inquiring into the digestive
system. Science Scope (Nov.): 30-34.

Texley, J. 2001. Anatomy by logic. Science Scope
(Sept.): 56-59.

Related Curriculum Topic Study
Guides

(Keeley 2005)

“Human Body Systems”

“Food and Nutrition”
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Robinson. 1994. Making sense of secondary
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Camping Trip

Five friends were camping in the north woods.
It was a clear night with mild weather condi-
tions. Sunset was at 9:14 p.m. Sunrise was at
5:22 a.m. The five friends wondered when it
would be coldest as they slept under the stars.
This is what they said:

Colin: “I think it will be coldest right after

the Sun sets.”

Bono: “I think it will be coldest at midnight.”

Jeri: “I think it will be coldest around 3:00 a.m.”

Emma:  “I think it will be coldest at the beginning of sunrise.”
Kit: “I think it will be coldest a few hours after sunrise.”

Which person do you agree most with and why? Explain your answer.
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Camping Trip

Purpose

The purpose of this assessment probe is to
elicit students’ ideas about the effect of solar
radiation on Earth’s temperature. The probe is
designed to find out whether students realize
the Earth continues to cool after sundown and
up to sunrise until there is sufficient radiation

to begin warming the Earth.

Related Concepts
heat transfer, solar radiation, temperature,

weather

Explanation

The best answer is Emma’s: “I think it will be
coldest at the beginning of sunrise.” The cold-
est part of the day is generally right around the
dawn, actually right after the sunrise while the

Sun is still very low on the horizon. During

the night, the Earth’s surface radiates the heat
it has absorbed back out into space, allowing
the temperature to drop. It does this during
the day as well, but at night it has had the most
time to radiate heat back to space without the
incoming Sun’s warmth to offset or compen-
sate for the heat loss. Generally during the day
more radiant energy is gained than lost and
the Earth warms up. Between sunset and sun-
rise on a clear night, the Earth’s surface gener-
ally receives no solar heat and steadily radiates
heat back into space and thus cools. The tem-
perature of the Earth’s surface and the air in
contact with it drops. Because the Sun is so
low to the horizon at the beginning of sunrise,
the solar radiation is very weak and is not yet
strong enough to offset or compensate for all
the heat escaping from the Earth. Clear skies

prevent the heat rising from the Earth’s sur-
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face to be radiated back to Earth. As a result,
the Earth’s surface continues to lose heat for a
short time following sunrise, and the air tem-
perature continues to fall. Eventually, as the
Sun rises, its rays hit the Earth’s surface under
a larger angle and become more concentrated.
Eventually the concentration of the Sun’s rays
becomes large enough to compensate for the
heat loss. The heat gain—loss balance is shifted,

and the air finally begins to warm up.

Curricular and Instructional
Considerations

Elementary Students

In the elementary grades, students learn about
the heating and cooling of materials. They
observe that warm materials gradually lose heat
when they are no longer in contact with a heat
source. They learn that the Sun heats the Earth
and that during the night the Sun is not shin-
ing on the Earth. They can observe and analyze
daily temperature fluctuations, including how
the temperature in their area is usually lower in

the evening and rises again in the daytime.

Middle School Students

In the middle grades, students learn about the
various ways heat travels. They develop a more
sophisticated understanding of solar radiation
and how different materials absorb energy. They
can devise models to observe how an object
cools down when a source of light and heat is
no longer in contact with an object or material
and how different materials lose heat at different

rates. They can collect and use temperature data

Uncovering Student Ideas in Science

to analyze heating and cooling patterns in their

local area during a 24-hour photoperiod.

High School Students

Students at the high school level expand their
experiences in observing daily heating and
cooling of a local area to understanding the
Earth’s radiant energy balance. They then
apply this understanding to climate. They
should recognize greenhouse gases and explain
how they trap energy and reduce the cooling
of the Earth. They should also recognize the
effects of clouds, oceans, snow and ice cover,
and position of mountain ranges on heating

and cooling.

Administering the Probe

This probe can be adapted to fit the geographic
locale of the students it is used with. For exam-
ple, use sunset and sunrise times for a local

area during a specific date.

Related Ideas in National
Science Education Standards
(NRC 1996)

K-4 Objects in the Sky
* The Sun provides the light and heat necessary

to maintain the temperature of the Earth.

5-8 Transfer of Energy

* The Sun is a major source of energy for
changes on the Earth’s surface. The Sun
loses energy by emitting light. A tiny
fraction of that light reaches the Earth,

transferring energy from the Sun to the
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Earth. The Sun’s energy arrives as light
with a range of wavelengths consisting
of visible light, infrared radiation, and

ultraviolet radiation.

5-8 Earth in the Solar System
* 'The Sun is the major source of energy for

phenomena on the Earth’s surface.

9-12 Energy in the Earth System

* Earth systems have internal and external
sources of energy, both of which create
heat. The Sun is the major external source
of energy.
Global climate is determined by energy
transfer from the Sun at and near the
Earth’s surface. This energy transfer is
influenced by dynamic processes, such as
cloud cover and the Earth’s rotation, and
static conditions, such as the position of

mountain ranges and oceans.

Related Ideas in Benchmarks
for Science Literacy
(AAAS 1993 and 2008)

Note: Benchmarks revised in 2008 are indicated by
(R). New benchmarks added in 2008 are indicated
by (N).

K-2 Energy Transformation

¢ The Sun warms the land, air, and water.

3-5 The Earth
* 'The weather is always changing and can

be described by measurable quantities such

as temperature, wind direction and speed,

and precipitation. (N)

6-8 The Earth
The temperature of a place on the Earth’s
surface tends to rise and fall in a somewhat
predictable pattern every day and over the

course of a year. (N)

6-8 Energy Transformation
* Heat can be transferred through materials
by the collisions of atoms or across space

by radiation.

9-12 The Earth
Weather (in the short run) and climate (in
the long run) involve the transfer of energy
in and out of the atmosphere. Solar radia-

tion heats the land masses, oceans, and air.

9-12 Energy Transformation

*  Whenever the amount of energy in one
place diminishes, the amount of energy
in other places or forms increases by the

same amount. (R)

Related Research

*  Our preliminary use of this probe revealed
that many students from all grade levels think
midnight is the coldest time of the night and
that it slowly warms up after midnight.

* When we probed further with students
who chose 3:00 a.m., they explained that
it wouldn’t be coldest at the beginning of
sunrise because as soon as sunlight strikes

the Earth, it starts warming up again.

Indicates a strong match between the ideas elicited by the probe and a national standard’s learning goal.
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Suggestions for Instruction and

Assessment

* 'This probe lends itself to an inquiry inves-
tigation. Have students collect daily and
nightly temperature data at hourly intervals
during normal weather conditions, noting
the time of sunrise and sundown to observe
temperature patterns. Internet sites also pro-
vide hourly temperature data at specific loca-
tions on given dates as well as sunrise and
sunset times. Use the P-E-O-E technique
(Keeley 2008) to ask students to commit to
a prediction that matches a response on the
probe. Ask them to explain their thinking,
make observations by collecting data, and
then revise their explanations if their data
do not support their predictions.

* Consider modeling this scenario using
a material that absorbs heat from a heat
lamp. Move the position and angle of the
lamp to simulate the absorption of heat
during the day and the slow loss of heat
as the Sun sets over the horizon due to the
rotation of the Earth. Turn off the lamp
to simulate night. Simulate sunrise with a
narrow angle between the material and the
heat lamp, beginning with only part of the
heat lamp shining on the material to simu-
late the Sun gradually rising over the hori-
zon at dawn. Gradually widen the angle to
simulate sunrise. Observe the cooling dur-
ing the night and gradual rise in tempera-

ture right after sunrise.

Related NSTA Science Store
Publications, NSTA Journal

Uncovering Student Ideas in Science

Articles, NSTA SciGuides,

NSTA SciPacks, and NSTA

Science Objects

Childs, G. 2007. A solar energy cycle. Science &
Children (Mar.): 26-29.
Damonte, K. 2005. Science shorts: Heating up, cool-
ing down. Science & Children. (Jul.): 47—48.
Gilbert, S. W., and S. W. Ireton. 2003. Understand-
ing models in earth and space science. Arlington,
VA: NSTA Press.

Oates-Bockenstedt, C., and M. Oates. 2008. Earth
science success: 50 lesson plans for grades 6-9. Ar-
lington, VA: NSTA Press.

Related Curriculum Topic Study
Guide

(Keeley 2005)

“Weather and Climate”
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Global Warming

Seven students argued about what they thought were
major human causes of global warming. This is what
they thought were causes that could be attributed

to humans:

Maria: acid rain

Natalie:  burning coal

Tessa: the fuel we use in our cars

Blaine: using leaded gasoline instead of unleaded
Anita: toxic chemicals in air pollution

Raul: the thinning of the Earth’s ozone layer
Van: water pollution

Circle the name(s) of the student or students you agree with. Explain why you agree.
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Global Warming

Purpose

The purpose of this assessment probe is to elicit
students’ ideas about global warming. The
probe is designed to find out what students

think contributes to global warming.

Related Concepts

climate change, global warming, greenhouse gas

Explanation

The best answers are from Natalie and Tessa.
The major cause of human-induced global
warming comes from our use of fossil fuels
that produce greenhouse gases. As solar radia-
tion reaches Earth, clouds and dust reflect
some of this back toward space, while some
solar radiation warms the surface of the Earth.
As a result, the Earth emits infrared radia-

tion into the atmosphere, where some of the

atmospheric gases, including water vapor, car-
bon dioxide, methane, and nitrous oxide, are
capable of absorbing the longer wavelength
radiant energy. These gases are collectively
called greenhouse gases, which warm the
atmosphere, resulting in a climate that keeps
our planet warm and livable.

This greenhouse effect is natural and nec-
essary for life as we know it. In recent years,
however, there has been an increase in the
anthropogenic (produced by humans) produc-
tion of greenhouse gases. Global atmospheric
concentrations of carbon dioxide, methane, and
nitrous oxide have increased markedly as a result
of human activities since 1750 and now far
exceed preindustrial values (IPCC 2007). Car-
bon dioxide is the most significant anthropo-
genic greenhouse gas. The primary source of the

increased atmospheric concentration of carbon

National Science Teachers Association



Copyright © 2009 NSTA. All rights reserved. For more information, go to www.nsta.org/permissions.

Life, Earth, and Space Science Assessment Probes

dioxide is a result of the use of fossil fuels, such
as coal and gasoline, because burning of fossil
fuels (hydrocarbons found in the top layer of the
Earth’s crust) produces carbon dioxide gas.

The increased concentration of greenhouse
gases has resulted in an increased absorption
of radiant energy in the atmosphere, result-
ing in a warming of the global climate sys-
tem as evident from observations of increases
in global average air and ocean temperatures,
widespread melting of snow and ice, and rising
global mean sea level (IPCC 2007).

There are a number of human-caused
phenomena that are of significant environ-
mental concern but are not major causes of
global warming. Acid rain, caused by emis-
sions of sulfur and nitrogen compounds that
react in the atmosphere to produce acids, can
affect a region’s atmosphere, hydrosphere, geo-
sphere, and biosphere. Air pollution and toxic
chemicals can have similar impacts. Ozone
depletion in the stratosphere may have some
bearing on the chemistry of the atmosphere,
but more important, it is linked to biologi-
cal concerns—for example, skin cancer and
cataracts, damage to plants, and reduction of
plankton populations in the ocean—due to
allowing more ultraviolet radiation to pen-

etrate our atmosphere.

Curricular and Instructional
Considerations

Elementary Students

In the elementary grades, students become

familiar with energy sources and have oppor-
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tunities to learn about the Sun’s energy and
how it heats the Earth. Students keep daily
records of temperature, looking for patterns,
before they develop an understanding of cli-
mate. Because the issue of global warming is
common in the media, students at this age
begin developing early conceptions of what it

is and what causes it.

Middle School Students

In the middle grades, students may confuse
the concepts of energy and energy sources and
benefit from experiences that focus on energy
transformation with design challenges and
energy conversion systems. They trace where
energy comes from and goes, using examples
that involve different forms of energy such
as heat and light. They begin to understand
the laws of nature and to become aware that
although energy can be transformed, it is not
destroyed. Students connect their prior knowl-
edge of the Earth and its weather to an under-
standing of climate. Their geometric reasoning
and experiences with scale help them to shift
their frame of reference away from the Earth’s
surface and to examine the effects of radiation
at different angles to explain the seasons. They
examine issues related to the impact of technol-
ogy, such as burning fossil fuels. They analyze

the causes and formulate ideas for solutions.

High School Students

Students at the high school level compare
industrial and nonindustrial societies by their
standards of living and energy consump-

tion. They examine the consequences of the
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world’s dependence on fossil fuels, explore a
wide range of alternative energy resources and
technologies, consider trade-offs in each, and
propose policies for conserving and managing
limited energy resources. Principles of radia-
tion, energy, and conservation are integrated
into their views of Earth systems science. Their
growing knowledge of chemistry helps them
understand what greenhouse gases are and
their impact on the atmosphere. A conscious-
ness is developed that important decisions we
make about our daily lives sometimes require
us to make compromises; societal impacts are
studied as well as those that affect human

health and the environment.

Administering the Probe

This probe is best used at the middle and high
school levels, particularly if students have been
previously exposed to the terms climate change
and global warming. You may want to encour-
age students to explain not only why they agree
with the choice(s) they selected but also why

they did not select the other choices.

Related Ideas in National
Science Education Standards
(NRC 1996)

K-4 Changes in Environments

* Changes in environments can be natural
or influenced by humans. Some changes
are good, some are bad, and some are nei-

ther good nor bad.

5-8 Structure of the Earth System

* The atmosphere is a mixture of nitrogen,
oxygen, and trace gases that include water
vapor. The atmosphere has different prop-

erties at different elevations.

5-8 Earth in the Solar System
* The Sun is the major source of energy for

phenomena on the Earth’s surface.

5-8 Understandings About Science and

Technology

* Technological solutions have intended
benefits and unintended consequences.
Some consequences can be predicted, oth-

€rs cannot.

9-12 Energy in the Earth System

* Farth systems have internal and external
sources of energy, both of which create
heat. The Sun is the major external source
of energy.

* Global climate is determined by energy
transfer from the Sun at and near the
Earth’s surface. This energy transfer is
influenced by dynamic processes, such as
cloud cover and the Earth’s rotation, and
static conditions. such as the position of

mountain ranges and oceans.

9-12 Science in Personal and Social
Perspectives
*  Materials from human societies affect both

physical and chemical cycles of the Earth.

National Science Teachers Association
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Related Ideas in Benchmarks
for Science Literacy
(AAAS 1993 and 2008)

Note: Benchmarks revised in 2008 are indicated by
(R). New benchmarks added in 2008 are indicated
by (N).

K-2 Energy Sources and Use
* People burn fuels such as wood, oil, coal,
or natural gas, or use electricity to cook

their food and warm their houses.

K-2 Energy Transformations

¢ The Sun warms the land, air, and water.

3-5 The Earth
e Air is a substance that surrounds us and
takes up space. It is also a substance whose

movement we feel as wind.

6-8 Energy Sources and Use

* Different ways of obtaining, transform-
ing, and distributing energy have different
environmental consequences.
By burning fuels, people are releasing
large amounts of carbon dioxide into the
atmosphere and transforming chemical
energy into thermal energy, which spreads

throughout the environment.

6-8 Processes That Shape the Earth

* Human activities such as reducing the
amount of forest cover, increasing the
amount and variety of chemicals released

into the atmosphere, and intensive farm-

ing have changed the Earth’s land, oceans,

and atmosphere.

9-12 Energy Sources and Use

* At present, all fuels have advantages and
disadvantages so society must consider the
trade-offs among them.

* Industrialization brings an increased
demand for and use of energy. Such usage
contributes to the high standard of living
in the industrially developing nations but
also leads to more rapid depletion of the
Earth’s energy resources and to environ-
mental risks associated with the use of fos-

sil and nuclear fuels.

9-12 The Earth

*  Weather (in the short run) and climate (in
the long run) involve the transfer of energy
in and out of the atmosphere. Solar radia-
tion heats the land masses, oceans, and air.
Transfer of heat energy at the boundaries
between the atmosphere, the land masses,
and the oceans results in layers of differ-
ent temperatures and densities in both the
ocean and atmosphere.
Greenhouse gases in the atmosphere, such
as carbon dioxide and water vapor, are
transparent to much of the incoming sun-
light but not to the infrared light from the
warmed surface of the Earth. When green-
house gases increase, more thermal energy is
trapped in the atmosphere, and the temper-
ature of the Earth increases the light energy
radiated into space until it again equals the

light energy absorbed from the Sun. (N)

Indicates a strong match between the ideas elicited by the probe and a national standard’s learning goal.
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The Earth’s climates have changed in
the past, are currently changing, and are
expected to change in the future, primar-
ily due to changes in the amount of light
reaching places on the Earth and the com-
position of the atmosphere. The burn-
ing of fossil fuels in the last century has
increased the amount of greenhouse gases
in the atmosphere, which has contributed

to Earth’s warming.

Related Research

Students of all ages may confuse the ozone
layer with the greenhouse effect and may
have a tendency to imagine that all envi-
ronmentally friendly actions help to solve
all environmental problems (e.g., that the
use of unleaded gas reduces the risk of
global warming [AAAS 2007]).

Students have difhiculty linking relevant
elements of knowledge when explaining
the greenhouse effect and may confuse the
natural greenhouse effect with the enhance-
ments of that effect (AAAS 2007).
Students may identify the transfer of
energy to the environment with pollution
or waste materials being thrown into the
environment (AAAS 1993).

Some students confuse lead and other
types of pollution with the greenhouse
effect (Driver et al. 1994).

Suggestions for Instruction and
Assessment

Discuss the distinction between the natu-

ral greenhouse effect and global warming,

highlighting the ability of greenhouse gases
to trap infrared radiation as natural and
necessary for life as we know it. It is the
increase in concentration of greenhouse
gases that is producing the global warm-
ing effect, resulting in an increase in global
average air and ocean temperatures.

Hold a climate-change town hall meet-
ing. Have students assume a variety of
citizen and government agency roles and
discuss the factors contributing to global
warming. Encourage the group to make
decisions that would reduce the anthro-
pogenic production of greenhouse gases,
considering the personal, national, and
global impacts and the economic, soci-
etal, and scientific costs and benefits.
Their goal should be to reach a consen-
sus on how to reduce the consumption in
a realistic way, not to debate and have a
“loser” and a “winner.”

Encourage students to consider ways they
can “think globally, act locally.” Identify
steps they can take to reduce their carbon
footprint. Use a carbon dioxide emissions
calculator. These and other global climate
change education resources can be found at
the American Association for the Advance-
ment of Science website: www.aaas.org/
climate.

Include understandings of the nature
of science as you explore complex issues
of global warming and climate change.
The Intergovernmental Panel on Climate
Change (IPCC) was established to bring

an international group of scientists together

Indicates a strong match between the ideas elicited by the probe and a national standard’s learning goal.
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in order to evaluate the risk of climate change
caused by human activity. For more infor-
mation, go to www.ipce.ch. Examine, ana-
lyze, and interpret the data that have been
summarized in the Climate Change 2007:
Synthesis Report (IPCC 2007).

Related NSTA Science Store

Publications, NSTA Journal

Articles, NSTA SciGuides,

NSTA SciPacks, and NSTA

Science Objects

Constible, J., L. Sandro, and R. E. Lee, Jr. 2007. A
cooperative classroom investigation of climate
change. 7he Science Teacher (Sept.): 56-63.

Environmental Literacy Council and National
Science Teachers Association (NSTA). 2007.
Global climate change: Resources for environmen-
tal literacy. Arlington, VA: NSTA Press.

Environmental Literacy Council and National Sci-
ence Teachers Association (NSTA). 2007. Re-
sources for environmental literacy: Five teaching
modules for middle and high school teachers. Ar-
lington, VA: NSTA Press.

Miller, R. G. 2006. Issues in depth: Inside global
warming. Science Scope (Oct.): 56-60.

National Science Teachers Association (NSTA).
2007. The ocean’s effect on weather and climate.
NSTA SciPack. Online at htzp://learningcenter.
nsta.org/product_detail.aspx?id=10.2505/6/SCP-
OCW.

Smith, Z. 2007. A record of climate change. 7he
Science Teacher (Sept.): 48-53.

Space, W. 2007. Climate physics: Using basic phys-
ics concepts to teach about climate change. 7he

Science Teacher (Sept.): 44—47.

Uncovering Student Ideas in Science

Related Curriculum Topic Study
Guide

(Keeley 2005)

“Weather and Climate”
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Julie:

Ross:

Delores:

Edie:

Nathan:

Seth:

Justine:

Malia:

Cecelia:

Oil is an important energy resource used by w
humans. Several friends were arguing about @
where this energy resource came from. This is oﬁ%&o
L =
T

what they said:

Where Does Oil
Come From?

“It came mostly from fossil remains of giant ferns and trees that lived mil-

lions of years ago.”

“It came mostly from inside ancient rocks that melted inside the Earth

millions of years ago.”

“It came mostly from shallow ocean water that changed into oil after mil-

lions of years.”

“It came mostly from a gooey liquid that was inside ancient volcanoes

millions of years ago.”

“It came mostly from the remains of dinosaurs that decayed millions of

years ago.”

“It came mostly from microscopic and other ocean organisms millions of

years ago.”

“It came mostly from ancient mud, sand, and soil that eventually turned

to liquid inside the Earth millions of years ago.”

“It came mostly from gasoline that was trapped inside the Earth’s crust

for millions of years.”

“It came mostly from the rotting blubber of ancient whales that lived mil-

lions of years ago.”

Circle the name of the person you most agree with. Explain your thinking. Describe

where you think oil came from and how it was formed.

Uncovering Student Ideas in Science
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Where Does Oil
Come From?

—m
| Fetroveum] (-
sn%zr-

Purpose

The purpose of this assessment probe is to
elicit students’ ideas about an important fossil
fuel used by humans. The probe is designed to
reveal how students trace oil back to its origi-

nal source of material.

Related Concepts
fossil fuel, natural resource, nonrenewable

resource

Explanation

The best answer is Seth’s: “It came mostly
from microscopic and other ocean organisms
millions of years ago.” The majority of petro-
leum oil is generally thought to come from
the fossil remains of tiny animal and plant-
like marine organisms. The majority of these

organisms were phytoplankton and zooplank-

ton. Larger plants and animals may have also
contributed to the formation of oil, but their
contribution is fairly insignificant compared
with the tiny marine organisms; therefore,
Nathan’s response would not be correct. As
these tiny sea organisms died, their bodies col-
lected on the seafloor and were gradually bur-
ied under layers of sediment and subsequent
rock layers. Justine’s response mentions the
sediments but not the organisms contained
in those sediments. As the accumulating sedi-
ments exerted pressure and heat, the remains
of the organisms were gradually chemically
transformed over millions of years into oil.
Julie’s response applies to coal, another type
of fossil fuel. Coal is formed through a simi-
lar process involving accumulation of dead
organisms and conditions of high heat and

pressure, but coal comes primarily from land

National Science Teachers Association
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vegetation—trees and giant ferns that lived
long ago, died, and accumulated faster than
they could decompose. The word petroleum
means ‘rock oil,” which may imply to some
people that oil comes primarily from rocks
rather than once living organisms, hence
Ross’s response. Malia’s response refers to a
product of oil—gasoline. Oil is refined and
processed to make gasoline. Gasoline is not

found naturally within the Earth like oil.

Curricular and Instructional
Considerations

Elementary Students

In the elementary grades, students learn
about different Earth materials that provide
resources for human use. They learn that
some materials are renewable and others
cannot be renewed and are limited. As they
learn about fossils, they can connect the idea
of fossils to fossil fuels, simply understand-
ing that some fuels, like oil, coal, and natural
gas, come from the remains of ancient plants

and animals.

Middle School Students

In the middle grades, students develop a
more sophisticated understanding of fossil
fuels by learning about the geologic processes
that formed them and the differences among
fossil fuels. Their increased comprehension
of prehistoric conditions and the magnitudes
of geologic time helps them understand why
fossil fuels are considered to be nonrenew-

able resources.

Uncovering Student Ideas in Science

High School Students

Students at the high school level build upon
their K-8 knowledge of fossil fuels by recog-
nizing why these fuels are such rich sources of
energy. Their knowledge of chemistry helps
them understand how the energy released from
breaking the chemical bonds of oil and coal’s
hydrocarbon molecules came originally from
the solar energy captured by phytoplankton
and plants and is released through the combus-

tion process.

Administering the Probe

Make sure students know that the probe is
referring to petroleum oil, not other forms of
oil they may be thinking of; such as vegetable
oil, olive oil, or mineral oil. For younger stu-
dents, consider reducing the choices to four or

five answers to select from.

Related Ideas in National
Science Education Standards
(NRC 1996)

K-4 Properties of Earth Materials
* Earth materials provide many of the

resources that humans use.

K-4 Types of Resources

* Resources are things we get from the liv-
ing and nonliving environment to meet
the needs and wants of a population.

* Some resources are basic materials, such
as air, water, and soil; some are produced
from basic resources such as food, fuel, and

building materials.
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* 'The supply of many resources is limited.

5-8 Structure of the Earth System
* Living organisms have played many roles
in the Earth system, including producing

some types of rocks.

5-8 Earth’s History
* Fossils provide important evidence of how
life and environmental conditions have

changed.

9-12 Geochemical Cycles

* 'The Earth is a system containing essentially
a fixed amount of each stable chemical
atom or element. Each element can exist in
several different chemical reservoirs. Each
element on Earth moves among reservoirs
in the solid Earth, oceans, atmosphere, and

organisms as part of geochemical cycles.

9-12 Natural Resources

* Human populations use resources in the
environment in order to maintain and
improve their existence.

e The Earth does not have infinite resources.
Increasing human consumption places
severe stress on the natural processes that
renew some resources, and it depletes those

resources that cannot be renewed.

Related Ideas in Benchmarks
for Science Literacy
(AAAS 1993 and 2008)

Note: Benchmarks revised in 2008 are indicated by

(R). New benchmarks added in 2008 are indicated
by (N).

K-2 Energy Sources and Use
* People burn fuels such as wood, oil, coal,
or natural gas or use electricity to cook

their food and warm their houses.

3-5 Flow of Matter and Energy
*  Over the whole Earth, organisms are grow-
ing, dying, and decaying, and new organ-

isms are being produced by the old ones.

6-8 Energy Sources and Use

*  Some resources are not renewable or renew
very slowly. Fuels already accumulated
in the Earth, for instance, will become
more difficult to obtain as the most read-
ily available resources run out. How long
the resources will last, however, is difficult
to predict. The ultimate limit may be the

prohibitive cost of obtaining them. (N)

9-12 Flow of Matter and Energy
At times, environmental conditions are
such that land and marine organisms
reproduce and grow faster than they die
and decompose to simple carbon-con-
taining molecules that are returned to the
environment. Over time, layers of energy-
rich organic material inside the Earth have

been chemically changed into great coal

beds and oil pools. (R)

9-12 Energy Sources and Use
Sunlight is the ultimate source of most

of the energy we use. The energy in fos-

Indicates a strong match between the ideas elicited by the probe and a national standard’s learning goal.
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sil fuels such as oil and coal comes from
energy that plants captured from the Sun

long ago. (N)

9-12 The Earth

The Earth has many natural resources of
great importance to human life. Some are
readily renewable, some are renewable only

at great cost, and some are not renewable at

all. (N)

Related Research

Uncovering Student Ideas in Science

Some middle school students think dead
organisms simply rot away. They do not
realize that the matter from the dead
organism is converted into other materials
in the environment (AAAS 1993, p. 343).
Also, some middle school students think
organisms and materials in the environ-
ment are very different types of matter
(AAAS 1993, p. 342). Because of these
notions, some students may have difhculty
believing that oil and coal were once the
remains of living organisms.

Misconceptions about fossil fuels may arise
for a variety of reasons. Students sometimes
misinterpret the word fossi/ to mean dino-
saur, and sometimes animals like dinosaurs
are used in cartoons that depict the forma-
tion of fossil fuels (also note the logo used
on Sinclair gas stations). Some students
think fossil fuel comes from whale blub-
ber because they know that, historically,
whale oil was used to heat and light homes

before petroleum oil was discovered in the

ground (Rule 2005).

In a study comparing gifted with average
students, both sets of students had simi-
lar misconceptions, with little difference
between numbers of students who held mis-

conceptions in both groups (Rule 2005).

Suggestions for Instruction and
Assessment

Help students understand what environmen-
tal conditions and the types of life-forms that
existed hundreds of millions of years ago
were like at that time. Some students think
the Earth today is the same as it has always
been. Learning about the changes that hap-
pen over long periods of time, including
changes that happen on the seafloor, will
help them understand the long geologic pro-
cess that contributes to the formation of oil.
When teaching about how one type of
rock can be transformed metamorphically
into a different type of rock under condi-
tions of intense heat and pressure over long
periods of time, include information about
how fossil fuels were also formed by heat
and pressure over long periods of time,
transforming material from living organ-
isms into coal or oil.

Challenge students with the question, “If
time, heat, and pressure are what it takes to
create oil from dead microscopic plants and
animals, why can’t we just manufacture oil
to replenish the supply inside the Earth?”

A Java simulation showing how oil is
formed can be found at www.sciencelearn.
org.nz/contexts/future_fuels/sci_media/

animations/oil_formation.
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* The persistence of fossil fuel misconcep-
tions into adulthood indicates the critical
need to help younger students understand
the scientific concepts involved. Students
need to understand how fossil fuels origi-
nated in order to understand their nonre-
newable nature, their uneven distribution
worldwide, and the ensuing political con-
sequences (Rule 2005).

Related NSTA Science Store

Publications, NSTA Journal

Articles, NSTA SciGuides,

NSTA SciPacks, and NSTA

Science Objects

Energy Resources. NSTA SciGuide. Online at
http://learningcenter.nsta.org/product_detail.
aspx?id=10.2505/5/SG-08

Hudson, T., and G. Camphire. 2005. Petroleum
and the environment. 7he Science Teacher

(Dec.): 34-35.

Related Curriculum Topic
Study Guides

(Keeley 2005)

“Energy Resources and Use”

“Earth’s Natural Resources”
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Where Would It Fall?

Six friends were talking about asteroids and meteorites that
could fall to the Earth. The friends wondered where an object
from space would most likely fall. This is what they said:

Maya: “I think it has the greatest chance of landing in
a desert.”
Elsa: “I think it is most apt to land where humans are living.”

Walter:  “I think it will most likely land in an ocean.”
Mac: “I think it will probably land on an ice-covered area.”
Amber:  “Chances are it will land on the largest continent.”

Evan: “Most likely it will land in a body of freshwater.”

Which person do you most agree with? Explain your reasons for where you think a

large object from space would most likely fall.

Uncovering Student Ideas in Science 157



22

158

Copyright © 2009 NSTA. All rights reserved. For more information, go to www.nsta.org/permissions.

Life, Earth, and Space Science Assessment Probes

Where Would It Fall?

Purpose

The purpose of this assessment probe is to
elicit students’ ideas about the distribution of
land, oceans, freshwater, and ice. The probe is
designed to find out whether students realize

that most of the Earth is covered by oceans.

Related Concepts
Earth history, Earth’s water distribution,

oceans, surface of the Earth

Explanation

The best answer is Walter’s: “I think it will
most likely land in an ocean.” Water covers
about 71% of the Earth’s surface. Of this 71%,
97% of the water is in the oceans. The prob-
ability of the object landing in the ocean is
about 69%. Freshwater from glaciers and ice

caps covers about 2% of Earth’s total water,

with the rest coming from groundwater, rivers,
lakes, and other fresh surface waters. About
29% of the Earth’s surface is covered by land.
The largest continent is Asia, which makes up
about 30% of the Earth’s total land surface.
Deserts cover about 20% of the Earth’s land
area. About 12% of Earth’s total land area is

inhabited by humans.

Curricular and Instructional
Considerations

Elementary Students

At the elementary level, students develop an
appreciation of Earth’s limited resources. With
a developing geographic perspective, they
begin to see how much of the Earth is covered
by water, although the scale of coverage is not

well recognized until middle school.

National Science Teachers Association
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Middle School Students

At the middle school level, students develop an
increased understanding of the distribution of
Earth’sland and water resources. Their increased
sense of geography and views of the Earth from
space help them recognize the oceans as the pre-

dominant feature on Earth’s surface.

High School Students

Students at this level have a greater understand-
ing of the global importance of oceans and
their distribution worldwide. As they investi-
gate ocean currents and the oceans’ effects on
climate, they frequently encounter visualiza-
tions that help reinforce their knowledge of
the distribution of land and water. However,
because students live in a terrestrial environ-
ment, they may intuitively think most of the

Earth is covered by land.

Administering the Probe

Make sure students understand the context—
an object the size of a large rock, falling from
the sky and landing somewhere on Earth.
Don’t show them a map of the Earth. The
purpose of the probe is to examine whether
they conceptually understand that most of
the Earth is covered by ocean. Showing them
a map of the world would clue them to the
answer before you have a chance to probe for

their ideas about land, ice, and water.

Related Ideas in National
Science Education Standards
(NRC 1996)

K—-4 Properties of Earth Materials
e Earth materials are solid rocks and soils,

water, and the gases of the atmosphere.

5-8 Structure of the Earth System
Water, which covers the majority of the
Earth’s surface, circulates through the
crust, oceans, and atmosphere in what is

known as the water cycle.

Related Ideas in Benchmarks
for Science Literacy
(AAAS 1993 and 2008)

Note: Benchmarks revised in 2008 are indicated by
(R). New benchmarks added in 2008 are indicated
by (N).

6-8 The Earth
The Earth is mostly rock. Three-fourths of
the Earth’s surface is covered by a relatively
thin layer of water (some of it frozen), and
the entire planet is surrounded by a rela-

tively thin layer of air. (R)

Related Research

* Although we could find no formal research
in this area, preliminary field-test results
indicated that elementary students believe
most of the Earth is covered by land inhab-
ited by people. The notion that the oceans

cover most of Earth’s surface begins to

Indicates a strong match between the ideas elicited by the probe and a national standard’s learning goal.
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be more common in middle school and

increases through high school.

Suggestions for Instruction and

Assessment

* Have students examine a globe or map
of the world to see that oceans cover the
majority of our planet.

* An inflatable Earth “beach ball” can be
used as a model to test this problem. Throw
the beach ball 25 times or more. Have each
student catch the ball with two hands, look-
ing at what part of the globe the tip of their
right index finger is touching. The tip of
their index finger will indicate where the
object lands on Earth. Have them call out
“land” or “water” (include “ice” or “des-
ert” if the ball shows Earth’s features) each
time the ball is caught, depending on what
their finger is touching. Tally the students’
responses. Probability indicates that most

catches will land on water, primarily ocean.

Related NSTA Science Store

Publications, NSTA Journal

Articles, NSTA SciGuides,

NSTA SciPacks, and NSTA

Science Objects

Kelly, C. 2002. The diminishing apple. Science ¢
Children (Feb.): 26-30.

Ford, B., and P. Smith. 2000. Project Earth Sci-
ence:  Physical oceanography. Arlington, VA:
NSTA Press.

Related Curriculum Topic Study
Guides

(Keeley 2005)

“Water in the Earth System”

“Structure of the Solid Earth”
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Moonlight

Five friends noticed they could see better at night
when there was a full Moon. They wondered where
the moonlight came from. This is what they said:

Curtis: “The Moon reflects the light from the
Earth.”

Chet: “The light from the Sun bounces off
the Moon.”

Clarence: “The Moon gets its light from distant stars.”
Fallon: ~ “The Moon absorbs light from the Sun during the day.”

Deirdre:  “There is light inside of the Moon that makes it shine.”

Which person do you most agree with? Explain your thinking about moonlight.
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Moonlight

Purpose

The purpose of this assessment probe is to elicit
students’ ideas about light and the Moon. The
probe is designed to find out what students

think is the source of a full Moon’s light.

Related Concepts
light reflection, Moon, Moon phases

Explanation

The best answer is Chet’s: “The light from the
Sun bounces off the Moon.” In other words,
the Moon reflects sunlight. Even though you
do not see the Sun in the evening, it does shine
on the surface of the Moon. The light from the
Sun reflects off the Moon and travels to Earth.
Therefore, during a full Moon, the moonlight
that helps us see better during the evening after

the Sun has set is actually sunlight that is bounc-

ing off the Moon, striking the Earth, reflecting
off objects, and entering our eyes, which allows
us to see things at night. When there is no full
Moon, there is less light reaching and reflect-
ing off the Earth; therefore, we see better when
there is a full Moon. In contrast, stars emit their
own light. They are sources of light rather than
objects that reflect light.

Curricular and Instructional
Considerations

Elementary Students

In the elementary grades, students observe
different phases of the Moon over time and
describe the monthly pattern. They should also
be challenged to think about why we can see
the Moon, developing the idea that light from
the Sun is reflected by the Moon toward Earth.

National Science Teachers Association
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Reflection of light is a prerequisite understand-
ing that should be developed before students
learn that the Moon reflects light.

Middle School Students

In the middle grades, students develop a more
sophisticated understanding of light reflec-
tion and the phases of the Moon. Now is the
time when they can begin putting together
ideas about the Earth, Moon, and Sun system
to construct an understanding of what causes
the phases of the Moon. By middle school, they
should be able to distinguish between stars that
give off their own light versus Moons and plan-

ets that can be seen by the Sun’s reflected light.

High School Students

By high school, students should understand
that the light from the Moon comes from
reflected sunlight. However, there may be
some students who still hold on to early mis-

conceptions that were never challenged.

Administering the Probe

Make sure students understand the context of
this probe. Students in urban areas may have
never experienced the difference in nighttime

darkness during the light of a full Moon.

Related Ideas in National
Science Education Standards
(NRC 1996)

K-4 Objects in the Sky
The Sun, Moon, stars, clouds, birds, and

airplanes all have properties, locations,

and movements that can be observed

and described.

K-4 Light, Heat, Electricity, and

Magnetism

* Light travels in a straight line undil it
strikes an object. Light can be reflected by
a mirror, refracted by a lens, or absorbed

by the object.

5-8 Transfer of Energy
Light interacts with matter by transmis-
sion (including refraction), absorption, or

scattering (including reflection).

5-8 Earth in the Solar System

* Most objects in the solar system are in
regular and predictable motion. Those
motions explain such phenomena as the

phases of the Moon.

Related Ideas in Benchmarks
for Science Literacy
(AAAS 1993 and 2008)

Note: Benchmarks revised in 2008 are indicated by
(R). New benchmarks added in 2008 are indicated
by (N).

K-2 The Universe
* The Moon looks a little different every
day but looks the same again about every

four weeks.

Indicates a strong match between the ideas elicited by the probe and a national standard’s learning goal.
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3-5 Motion

* Light travels and tends to maintain its
direction of motion until it interacts
with an object or material. Light can be
absorbed, redirected, bounced back, or

allowed to pass through. (N)

6-8 The Earth
The Moon’s orbit around the Earth once
in about 28 days changes what part of the
Moon is lighted by the Sun and how much
of that part can be seen from the Earth—

the phases of the Moon.

Related Research

* Understanding the phases of the Moon is
very challenging for students. To under-
stand the phases of the Moon they must
first master the idea of a spherical Earth
and understand the concept of light reflec-

tion and how the Moon gets its light from
the Sun (AAAS 1993).

Suggestions for Instruction and

Assessment

* Compare and contrast objects that emit
their own light and objects that reflect light,
and connect this to how we see the Moon.

* For students who believe the Moon cre-
ates its own light, use a model to confront
them with their ideas. Shine a light on
a white Styrofoam ball in a dark room.
Have students describe what they see.
Ask them to examine the ball to decide
if there is something in it that caused it

to light up. Give students time to revise

their explanation after experiencing the
model.

* Model the relationship between the
Moon and the Sun at night. Using a
model, show how the Sun shines on the
Moon, even though we do not see the

Sun during the night.

Related NSTA Science Store
Publications, NSTA Journal
Articles, NSTA SciGuides,

NSTA SciPacks, and NSTA

Science Objects

Ansberry, K., and E. Morgan. 2008. Teaching
through trade books: Moon phases and models.
Science & Children (Sept.): 20-22.

Gilbert, S., and S. Ireton. 2003. Understanding
models in Earth and space science. Atlington,
VA: NSTA Press.

Young, T., and M. Guy. 2008. The Moon’s phases
and the self shadow. Science ¢ Children (Sept.):
30-35.

Related Curriculum Topic Study
Guides

(Keeley 2005)

“Earth, Moon, Sun System”
“Visible Light, Color, and Vision”

References

American Association for the Advancement of Sci-
ence (AAAS). 1993. Benchmarks for science lit-
eracy. New York: Oxford University Press.

American Association for the Advancement of Sci-

ence (AAAS). 2008. Benchmarks for science lit-

Indicates a strong match between the ideas elicited by the probe and a national standard’s learning goal.
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People have been fascinated by lunar (Moon)
eclipses for ages. For a time, the full Moon seems

to disappear as it changes color, darkens, and What
then reappears. Throughout time, people have causes a
had different ideas about what causes a lunar lunar
eclipse. Here are some of their ideas: eclipse?

A

= O© M m U O

Circle the idea you think best explains what causes a lunar (Moon) eclipse. Explain

Lunar Eclipse

A nearby planet passes between the Earth
and the Moon.

The Sun passes between the Earth and
the Moon.

The Moon passes between the Sun and the Earth.
The Earth passes between the Sun and the Moon.
The clouds block out the Moon.

A nearby planet’s shadow falls on the Moon.

The Moon’s shadow falls on the Earth.

The Moon turns to the dark side and then back to the light side.

your thinking about lunar eclipses.

Uncovering Student Ideas in Science
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Lunar Eclipse

What
causes a
lunar
eclipse?

Purpose

The purpose of this assessment probe is to
elicit students’ ideas about eclipses. The probe
is designed to find out what students think

causes a lunar eclipse.

Related Concept

lunar eclipse

Explanation

The best answer is D: The Earth passes
between the Sun and the Moon. A lunar
eclipse occurs whenever the Moon passes
through some portion of the Earth’s shadow.
This occurs when the Sun, Earth, and Moon
are in very close alignment, with the Earth in
the middle. There is always a full Moon the
night of a lunar eclipse. You will usually see

a bright lunar disk gradually turn dark as it

passes through Earth’s shadow—sometimes
a coppery red color—for as long as an hour
or more during a total eclipse. The Earth’s
shadow has two parts, called the penumbra
and the wmbra. The umbra is much darker
than the penumbra. When the entire Moon
passes through the umbra, it is called a total
lunar eclipse. When only part of the Moon
passes through the umbra, it is called a par-
tial lunar eclipse. And when the Moon goes
through the penumbra, it is called a penum-
bral eclipse. In each of these types of eclipses,
the Earth is always between the Sun and
the Moon. Lunar eclipses (as well as solar
eclipses) happen roughly every six months. A
lunar eclipse is visible to anyone on Earth who

would have otherwise seen the full Moon.

National Science Teachers Association
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Curricular and Instructional
Considerations

Elementary Students

In the elementary grades, students learn basic
ideas about the Moon, including the fact that
the Moon can be seen in the daytime and that
it changes each day in a pattern that lasts about
a month. Explanations for Earth, Moon, and
Sun phenomena, such as phases of the Moon
and eclipses, should be observational at this

age, not explanatory.

Middle School Students

In the middle grades, students develop a more
sophisticated understanding of the Earth,
Moon, and Sun system, including explanations
for the phases of the Moon and eclipses. At this
grade level, they should be able to compare and
contrast the difference between a lunar and
solar eclipse as well as the difference between
what causes a lunar eclipse versus the phases of
the Moon. The use of models at this grade level
is very important for developing an understand-

ing of Earth-Moon-Sun phenomena.

High School Students

Students at the high school level expand their
understanding of lunar eclipses to explain the
different types of lunar eclipses, depending on
where the Moon is in relation to the Earth’s
shadow. Their increased understanding of spa-
tial geometry helps them visualize the condi-
tions that must be in place in order for an eclipse

to occur. However, many high school students

are still confused by Earth-Moon-Sun phenom-

ena like eclipses and phases of the Moon.

Administering the Probe

Ask students if they have ever experienced a
lunar eclipse. Consider showing a photograph
of a lunar eclipse from the internet or other
source when using this probe, as long as it

doesn’t clue students as to the correct answer.

Related Ideas in National
Science Education Standards
(NRC 1996)

K-4 Changes in the Earth and Sky

* Objects in the sky have patterns of move-
ment. The Moon moves across the sky on a
daily basis much like the Sun. The observ-
able shape of the Moon changes from day

to day in a cycle that lasts about a month.

5-8 Earth in the Solar System
Most objects in the solar system are in
regular and predictable motion. Those
motions explain such phenomena as the

phases of the Moon and eclipses.

Related Ideas in Benchmarks
for Science Literacy (AAAS
1993 and 2008)

Note: Benchmarks revised in 2008 are indicated by
(R). New benchmarks added in 2008 are indicated
by (N).

Indicates a strong match between the ideas elicited by the probe and a national standard’s learning goal.
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K-2 The Universe
* The Moon looks a little different every
day but looks the same again about every

four weeks.

3-5 Motion

* Light travels and tends to maintain its
direction of motion until it interacts
with an object or material. Light can be
absorbed, redirected, bounced back, or

allowed to pass through. (N)

6-8 The Earth

* The Moon’s orbit around the Earth once
in about 28 days changes what part of the
Moon is lighted by the Sun and how much of
that part can be seen from the Earth. These

changes constitute the phases of the Moon.

Related Research

* Phases of the Moon are often explained
using the idea of a shadow of the Earth
cast on the Moon, thus confusing eclipse
phenomena with Moon phases (Driver et
al. 1994).

* Astronomical phenomena are very chal-
lenging for students. To understand these
phenomena, students must first understand
how the Moon gets its light from the Sun as

well as understand motion and position in

the Earth-Moon-Sun system (AAAS 1993).

Suggestions for Instruction and

Assessment

* A lunar eclipse is a phenomenon that is
best explained and understood using phys-

ical models. However, merely observing a

model demonstrated by the teacher is less
effective in building understanding than
having students manipulate their own
models. It is important that students have
opportunities to make and use their own
models to understand eclipse phenomena.

* Have students use their models to compare
and contrast a lunar eclipse with a new
Moon. Comparing the two phenomena
can be helpful in challenging their precon-
ceptions about both events.

*  Google NASA websites to find data on and
activities related to lunar eclipses. There
are many websites developed for education
that target eclipse ideas.

* The PRISMS (Phenomena and Representa-
tions for Instruction of Science in Middle
Schools) website, an NSDL (National Sci-
ence Digital Library) resource, maintains
a collection of reviewed lunar eclipse phe-
nomena and representations teachers can
use for instructional purposes. To access

this collection, go to http:/lprisms.mmsa.org.

Related NSTA Science Store

Publications, NSTA Journal

Articles, NSTA SciGuides,

NSTA SciPacks, and NSTA

Science Objects

Association for the Advancement of Science
(AAAS). 2001. Atlas of science literacy. Vol. 1.
(See “The Solar System,” pp. 44—45.) Washing-
ton, DC: AAAS.

Gilbert, S., and S. Ireton. 2003. Understanding
models in Earth and space science. Arlington,

VA: NSTA Press.
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National Science Teachers Association (NSTA).
2008. Earth, Sun, and Moon. NSTA SciGuide.
Online: http:/learningcenter.nsta.org/product_de-
tail.aspx?id=10.2505/6/SCP-ESM.0. 1

Related Curriculum Topic Study
Guide

(Keeley 2005)

“Earth, Moon, Sun System”
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People have always been fascinated by solar
eclipses. During a solar eclipse, parts of the Earth

experience darkness for a brief time during the

Solar Eclipse

day. Throughout time, people have had different ca::;: a
ideas about what happens during a solar eclipse. eclipse?

Here are some of their ideas:

A

T 6 M m U O W

{

One of the nearby planets passes between the
Sun and the Earth.

The Sun passes between the Earth and the Moon.
The Earth passes between the Sun and the Moon.
The clouds block out the Sun.

The Earth’s shadow falls on the Sun.

The Moon’s shadow falls on the Earth.

The Sun shuts off light for a few minutes.

The Sun moves behind the Earth for a few minutes then comes back again.

Circle the letter of the idea that you think best explains what happens during a solar

eclipse. Explain your thinking about solar eclipses.

Uncovering Student Ideas in Science
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Solar Eclipse

causes a

solar
eclipse?

Purpose

The purpose of this assessment probe is to elicit
students’ ideas about eclipses. The probe is
designed to find out what students think hap-

pens during a solar eclipse.

Related Concepts

solar eclipse

Explanation

The best answer is F: The Moon’s shadow falls
on the Earth. A solar eclipse occurs during a
new Moon when the Moon is directly aligned
with the Earth and the Sun. A bright halo of
the Sun’s light (the solar corona) surround-
ing the disk of the Moon can be seen with
the naked or unaided eye. Only during this
brief time— when the Moon covers the Sun

completely (for four to six minutes)—can the

Sun be viewed without special eye protection.
Leading up to and after these brief moments of
totality, special protective eclipse glasses must
be worn or the Sun should be viewed through
projection.

Because the Moon is blocking the light
from the Sun, it causes a shadow to fall on the
Earth, which results in the eerie change from
daylight to darkness. To see a total eclipse, one
must be in the path of totality. This path can
be up to 200 miles wide and is the path that
the Moon’s shadow makes on the Earth during
the eclipse. Observers within a certain distance
away from totality can see a partial eclipse, in
which the Moon does not completely obscure

the Sun.

National Science Teachers Association
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Curricular and Instructional
Considerations

Elementary Students

In the elementary grades, students learn
basic ideas about the Moon and the Sun.
Explanations for Earth, Moon, and Sun phe-
nomena such as phases of the Moon and lunar
and solar eclipses should be observational, not

explanatory, at this age.
Y; g

Middle School Students

In the middle grades, students develop a more
sophisticated understanding of the Earth-
Moon-Sun system, including explanations for
the phases of the Moon and eclipses. At this
grade level, they should be able to compare and
contrast the difference between a lunar and
solar eclipse and be able to state what causes
a solar eclipse. The use of models at this grade
level is very important for developing an under-

standing of Earth-Moon-Sun phenomena.

High School Students

Students at the high school level develop a
more sophisticated understanding of eclipses
by using their increased understanding of
spatial geometry and understanding of light
and shadows. Students can also use databases
to look for patterns and to predict when and
where an eclipse will occur. However, students
at this level may still harbor commonly held

misconceptions about eclipses.

Administering the Probe

Ask students if they or anyone they know
has ever experienced a solar eclipse. Consider
showing a photograph of a solar eclipse from
the internet or other source when using this
probe, being careful not to clue the students as

to the cause of the eclipse.

Related Ideas in National
Science Education Standards
(NRC 1996)

K-4 Changes in the Earth and Sky
* Objects in the sky have patterns of move-
ment. The Moon moves across the sky on a

daily basis much like the Sun.

5-8 Earth in the Solar System
Most objects in the solar system are in
regular and predictable motion. Those
motions explain phenomena such as the

phases of the Moon and eclipses.

Related Ideas in Benchmarks
for Science Literacy
(AAAS 1993 and 2008)

Note: Benchmarks revised in 2008 are indicated by
(R). New benchmarks added in 2008 are indicated
by (N).

K-2 The Universe

* The Sun can be seen only in the daytime,
but the Moon can be seen sometimes at
night and sometimes during the day. The
Sun, Moon, and stars all appear to move

slowly across the sky.

Indicates a strong match between the ideas elicited by the probe and a national standard’s learning goal.
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3-5 The Universe

The Earth is one of several planets that
orbit the Sun, and the Moon orbits around
the Earth.

3-5 Motion

Light travels and tends to maintain its
direction of motion until it interacts
with an object or material. Light can be
absorbed, redirected, bounced back, or

allowed to pass through. (N)

6-8 The Earth

The Moon’s orbit around the Earth once
in about 28 days changes what part of the
Moon is lighted by the Sun and how much
of that part can be seen from the Earth—

the phases of the Moon.

9-12 The Universe

Mathematical models and computer simu-
lations are used in studying evidence from
many sources in order to form a scientific

account of the universe.

Related Research

Students’ understanding of eclipse phe-
nomena may be related to their lack of
understanding of the relative sizes and dis-
tances apart of the Sun, Earth, and Moon.
Many students draw these objects so they
are the same size or between half and dou-
ble each other’s size. They also draw the
Sun and Moon within one to four Earth
diameters away from the Earth (Driver et

al. 1994).

Astronomical phenomena are very chal-
lenging for students. To understand these
phenomena, students must first understand
the motion and position in the Earth-

Moon-Sun system (AAAS 1993).

Suggestions for Instruction and
Assessment

A solar eclipse is a phenomenon that is best
explained and understood using physical
models. However, having students merely
observe a model demonstrated by the
teacher is less effective in building under-
standing than having students manipulate
their own models. It is important that stu-
dents have opportunities to make and use
their own models to understand eclipse
phenomena.

Have students use their models to compare
and contrast a lunar and a solar eclipse.
Google NASA websites to find data on and
activities related to solar eclipses. There are
many websites developed for education
that target eclipse ideas.

The PRISMS (Phenomena and Representa-
tions for Instruction of Science in Middle
Schools) website, an NSDL (National Sci-
ence Digital Library) resource, maintains
a collection of reviewed lunar and solar
eclipse phenomena and representations
teachers can use for instructional purposes.
To access this collection, go to http:/lprisms.

mmsa.org.
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Related NSTA Science Store
Publications, NSTA Journal
Articles, NSTA SciGuides,

NSTA SciPacks, and NSTA

Science Objects

Gilbert, S., and S. Ireton. 2003. Understanding
models in earth and space science. Arlington, VA:
NSTA Press.

National Science Teachers Association (NSTA).
2008. Earth, Sun, and Moon. NSTA SciPack.
Online at hetp://learningcenter. nsta.orglproduct_
detail.aspx?id=10.2505/6/SCP-ESM.0. 1

Riddle, B. 2005. Science scope on the skies: You're
blocking the light. Science Scape (Oct.): 70-72.

Riddle, B. 2007. Scope on the skies: Total lunar
eclipse. Science Scope (Mar.): 76-78.

Related Curriculum Topic Study
Guide
(Keeley 2005)

“Earth, Moon, Sun System”

Uncovering Student Ideas in Science

References

American Association for the Advancement of Sci-
ence (AAAS). 1993. Benchmarks for science lit-
eracy. New York: Oxford University Press.

American Association for the Advancement of Sci-
ence (AAAS). 2008. Benchmarks for science lit-
eracy online. www project2061.org/publications/
bsllonline

Driver, R., A. Squires, P. Rushworth, and V. Wood-
Robinson. 1994. Making sense of secondary
science: Research into children’s ideas. London:
RoutledgeFalmer.

Keeley, D 2005. Science curriculum ropic study:
Bridging the gap between standards and practice.
Thousand Oaks, CA: Corwin Press.

National Research Council (NRC). 1996. National
science education standards. Washington, DC:

National Academy Press.

25

177



Copyright © 2009 NSTA. All rights reserved. For more information, go to www.nsta.org/permissions.



Copyright © 2009 NSTA. All rights reserved. For more information, go to www.nsta.org/permissions.

IndeXx

ABC (“activity before concept”), 49
absolute zero, 56
acclimatization, 118
accountability, and formative assessment, 4
acid rain, 145
adaptation. See also evolution
“Adaptation” probe, 113-18
“Biological Evolution” probe
“Is It Fitter?” probe, 120, 122
“Adaptation” probe, 90, 113-18
AIDS, and infectious disease, 129
air pollution, 145, 148
alternative conceptions, and students’ ideas about
science, 4
alternative energy, 146
American Association for the Advancement of Science
(AAAS), 85, 148
assessment. See assessment for learning; formative
assessment; paper and pencil assessment; diagnostic
assessment; summative assessment
assessment for learning, 1-2
asteroids, 157, 159
astronomy. See space science
Atlas of Science Literacy, Volume 2 (AAAS 2007), xiii
atoms
“Burning Paper” probe, 26, 27
“Iron Bar” probe, 18
models of, 78
“Nails in a Jar” probe, 34
“Salt Crystals” probe, 40, 41
Auman, J., 129
Australia, and student survey, 42

ball and ring apparatus, 21
ball and stick models, 42
Bar, V., 70
Barrow, L., 70
beach ball, as model of Earth, 160
behavior
“Adaptation” probe, 116
“Chicken Eggs” probe, 108
“Is It Fitter?” probe, 122
Benchmarks for Science Literacy (AAAS 1993), xii
“Biological Evolution” probe, 90, 99-104
biology. See life science
body, basic functions of. See also health
“Digestive System” probe, 134
“Is It Food?” probe, 95
Brumby, M., 129
“Burning Paper” probe, 10, 23-29, 34
Butts, B., 42
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“Camping Trip” probe, 90, 137-42
carbohydrates, 96
carbon dioxide, 144—45
carbon footprint, 148
card sort, and “Is It a System?” probe, 83
“Catching a Cold” probe, 90, 125-30
cells
“Chicken Eggs” probe, 108, 109
“Digestive System” probe, 132, 134
“Is It Food?” probe, 94
characteristic properties. See properties of matter
characteristics of organisms
“Adaptation” probe, 115-16
“Biological Evolution” probe, 102
“Chicken Eggs” probe, 108
“Digestive System” probe, 133
“Is It Fitter?” probe, 122
“Is It Food?” probe, 94
chemical change, 24, 32
chemical evolution, 100, 103
chemical reactions, 26, 27, 34
chemistry. See physical science
“Chicken Eggs” probe, 90, 105-11
Climate Change 2007: Synthesis Report (IPCC 2007),
149
climate and climate change, and “Global Warming”
probe, 144, 146. See also temperature; weather
closed system, 24, 32, 110
coal, 152-53
cold, 129. See also temperature
Collaborative Inquiry into Examining Student Thinking
(CIEST), 3
combustion, 24
common cold, 126, 129
computers, and mathematical models, 75, 77. See also
websites
concept matrices, for probes. See also scientific principles
Earth science, 90
life science, 90
physical science, 10
space science, 90
conceptual models, 74, 78
conservation of energy, 19, 48, 56
conservation of mass, 13, 109
conservation of matter, 24, 32, 106
Cosgrove, M., 15
crystal, 40
crystalline lattice, 40
culture, and influences on students’ thinking, xiii
Curriculum Topic Study (CTYS), xiii, xiv

Darwin, Charles, 101, 104
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diagnostic assessment, 6-7

“Digestive System” probe, 90, 131-36

dipole forces, 12

disease, and “Catching a Cold” probe, 126, 128, 129

dissolving, and “Sugar Water” probe, 12

diversity, of organisms
“Adaptation” probe, 116
“Biological Evolution” probe, 102
“Is It Fitter?” probe, 122

drawings, as models, 74

Driver, R., 49

DuFour, R., 7

Eaker, R., 7
Earth. See Earth history; Earth science; geography;

properties of Earth’s materials; structure of Earth system

Earth history, 158
Earth science
“Camping Trip” probe, 137-42
concept matrix, 90
“Global warming” probe, 143-49
“Where Does Oil Come From?” probe, 151-56
“Where Would It Fall?” probe, 157-60
electricity
“Magnets in Water” probe, 69
“Moonlight” probe, 163
electromagnetism, 69
elementary school students. See grade levels; specific
probes
embryo development, 106
energy. See also energy transfer; energy transformations;
flow of matter and energy; fossil fuels; heat energy;
potential energy; thermal energy
“Camping Trip” probe, 140
“Chicken Eggs” probe, 108
“Digestive System” probe, 135
“Global Warming” probe, 146, 147
“Ice Water” probe, 46
scientific use of term, 58
“Warming Water” probe, 54, 55
“Where Does Oil Come From?” probe, 151-56
energy transfer
“Camping Trip” probe, 139-40
“Ice Water” probe, 46, 48
“Iron Bar” probe, 19
“Moonlight” probe, 163
“Warming Water” probe, 54, 56
energy transformations
“Camping Trip” probe, 140
“Global Warming” probe, 147
“Ice Water” probe, 48
“Iron Bar” probe, 20

“Warming Water” probe, 56-57
environment
“Adaptation” probe, 116
“Biological Evolution” probe, 102
“Global Warming” probe, 146
enzymes, 134
evolution. See also adaptation; heredity; natural
selection; stellar evolution; variation
“Adaptation” probe, 115, 116, 117
“Biological Evolution” probe, 99-104
“Is It Fitter?” probe, 120, 121, 122
use of term, 103
explanation. See concept matrices; P-E-O and P-E-O-E
strategies; scientific principlcs

facets of understanding, and students’ ideas about
science, 4
fat, and food, 96
feedback mechanisms, and “Is It a System?” probe, 83
fever, 126
field tests
“Chicken Eggs” probe, 109
“Is It Fitter?” probe, 123
“Where Would It Fall?” probe, 159
First Word-Last Word strategy, 86
fit and fitness, use of terms, 120, 121, 123
flow of matter and energy
“Chicken Eggs” probe, 108, 109
“Is It Food?” probe, 94, 95
“Where Does Oil Come From?” probe, 154
folklore, and common cold, 129
food
“Chicken Eggs” probe, 106
“Digestive System” probe. 132
“Is It Food?” probe, 92, 96
forces
“Magnets in Water” probe, 69-70
“Standing on One Foot” probe, 62, 63, 64
formative assessment. See also formative assessment
classroom techniques; probes
approach to in Uncovering Student Ideas in Science
series, 1-4
definition of, 5-6
diagnostic assessment, 7
grading of, 5
standardized testing and, x
summative assessment, X, 5, 7
formative assessment classroom techniques (FACTs), 1,
2, 86
fossil fuels, 145, 146, 148, 152, 155
fossils, 102, 103, 154, 155
Frayer Model, 86
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Garrard, J., 129

gases, and “Burning Paper” probe, 24-25. See also
greenhouse effect

genetics. See heredity; variation

geochemical cycles, 154

geography

“Camping Trip” probe, 139

influences on students’ thinking, xiii

“Where Would It Fall?” probe, 157-60

geology. See Earth science

germs and germ theory, 126, 127, 129

Gilbert, J., 58

“Global Warming” probe, 90, 143-49

grade levels, and use of probes, xi—xii. See also
elementary students; high school students; middle
school students

grading, of formative assessment, 5

gravity, 62, 70

greenhouse effect, 144, 147, 148

health
“Catching a Cold” probe, 125-30
“Is It Food?” probe, 94, 95
heat. See also heat energy; heat transfer; temperature
“Magnets in Water” probe, 69
“Moonlight” probe, 163
use of term, 47
“Warming Water” probe, 54
heat energy, 55, 56, 57
heat transfer, 138
heredity. See also evolution
“Adaptation” probe, 116, 117
“Is It Fitter?” probe, 122
high school students. See grade levels; specific probes
House (television program), 6
hydroxyl groups, 12

“Ice Cubes in a Bag” (Volume 1), 36
“Ice Water” probe, 10, 45-51
illustrations, as models, 74
immune system, 126
infectious disease, and “Catching a Cold” probe, 126,
128, 129
inquiry-based investigation
“Burning Paper” probe, 28
“Camping Trip” probe, 141
“Standing on One Foot” probe, 64
“Sugar Water” probe, 15
intent, and adaptation, 114
interdependence of life, 116
Intergovernmental Panel on Climate Change (IPCC),
148—49
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ionic bond, 40

“Iron Bar” probe, 10, 17-22

“Is It Fitter?” probe, 90, 119-24

“Is It Food for Plants” (Volume 2), 96
“Is It Food?” probe, 90, 91-97

“Is It a Model?” probe, 10, 73-80

“Is It a System?” probe, 10, 81-87

journal articles, and NSTA publications, xiii—xiv

Keeley, Page, xiv
kinetic energy, 47, 54, 57
kinetic molecular theory, 18, 20

Lamarckian interpretations, 117
Lavoisier, Antoine, 28
Leader’s Guide to Science Curriculum Topic Study: Designs,
1o0ls, and Resources for Professional Learning, A
(Mundry, Keeley, and Landel 2009), xiv
life. See origin of life
life cycles of organisms, and “Chicken Eggs” probe, 108
life science
“Biological Evolution” probe, 99-104
“Catching a Cold” probe, 125-30
“Chicken Eggs” probe, 105-11
concept matrix, 90
“Digestive System” probe, 131-36
“Is It Fitter?” probe, 119-24
“Is It Food?” probe, 91-97
light
“Magnets in Water” probe, 69
“Moonlight” probe, 163
reflection, 162
“Lunar Eclipse” probe, 90, 167-71

“Magnets in Water” probe, 10, 67-71

magnifiers, 42

magnetism, 68, 163

Maine Mathematics and Science Alliance, ix—x

Matking Sense of Secondary Science: Research Into
Children’s Ideas (Driver et al. 1994), xii—xiii

mass, use of term, 26. See also conservation of mass

mathematical models, 74-75, 77, 78

matter. See conservation of matter; low of matter and
energy; phases of matter; properties of matter;
structure of matter; transformation of matter

meteorites, 157

methane, 144

middle school students. See grade levels; PRISMS
(Phenomena and Representations for Instruction of
Science in Middle School); specific probes

minerals, 96
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Mintzes, J., 134-35
misconceptions
eclipses, 175
fossil fuels, 155, 156
students’ ideas about science, 4
mixtures, 12, 13
models and modeling
“Camping Trip” probe, 141
“Is It a Model?” probe, 74
“Lunar Eclipse” probe, 170
“Moonlight” probe, 164
“Solar Eclipse” probe, 175, 176
“Where Would It Fall?” probe, 160
molecules
“Digestive System” probe, 133
models of, 78
“Sugar Water” probe, 12
“Warming Water” probe, 54
Moon
“Lunar Eclipse” probe, 167-71
“Moonlight” probe, 161-65
phases of, 162, 170
solar eclipse, 174
“Moonlight” probe, 90, 161-65
motion
“Lunar Eclipse” probe, 170
“Magnets in Water” probe, 69
“Moonlight” probe, 164
“Solar Eclipse” probe, 176
“Standing on One Foot” probe, 63
myths, about common cold, 129

“Nails in a Jar” probe, 10, 26, 31-37
naive ideas, and students’” preconceptions about science, 4
NASA, and websites, 170, 176
National Science Digital Library (NSDL), 43, 170, 176
National Science Education Standards NRC 1996). See
Benchmarks for Science Literacy (AAAS 1993)
National Science Teachers Association (NTSA), and
resources for probes, xiii—xiv
natural resources, 152, 154
natural selection. See a/so evolution
“Adaptation” probe, 114, 115, 117, 118
“Biological Evolution” probe, 100, 101, 103
“Is It Fitter?” probe, 120, 121
nitrous oxide, 144
nonrenewable resource, 152
nutrients
“Digestive System” probe, 132
“Is It Food?” probe, 92, 96

objects in sky, and “Moonlight” probe, 163. See also

asteroids; meteorites

observation. See P-E-O and P-E-O-E strategies

oceans, 158

On the Origin of Species (Darwin), 104

organic chemistry, 96

organisms. See characteristics of organisms; diversity;
environments; life cycles

origin of life, and “Biological Evolution” probe, 100,
103

Osborne, R., 15

oxidation, 32

ozone depletion, 145

paper and pencil assessment, and “Is It a System?”
probe, 83
partially formed ideas, of students about science, 4
parts—and-whole relationships, and systems, 83
Pasteur, Louis, 127, 129
penumbra, and lunar eclipse, 168
P-E-O (Predict, Explain, Observe) and P-E-O-E
strategies (Predict, Explain, Observe, Explain)
“Camping Trip” probe, 141
“Chicken Eggs” probe, 110
“Ice Water” probe, 49
“Magnets in Water” probe, 70
petroleum, 153
phase change, 46
phase—change graphs, 50
phases of matter, 46
phases of Moon, 162, 170
physical change, 12
physical models, and “Is It a Model?” probe, 74, 77, 78.
See also models and modeling
physical science
“Burning Paper” probe, 23-29
concept matrix, 10
“Ice Water” probe, 45-51
“Iron Bar” probe, 17-22
“Is It a Model?” probe, 73-80
“Is It a System?” probe, 81-87
“Magnets in Water” probe, 67-71
“Nails in a Jar” probe, 31-37
“Salt Crystals” probe, 39-43
“Standing on One Foot” probe, 61-65
“Sugar Water” probe, 11-16
“Warming Water” probe, 53-59
plants, and concept of food, 96
pollution, and greenhouse effect, 148. See also air
pollution
potential energy, 54, 57
preconceptions, and students’ ideas about science, 4
prediction. See P-E-O and P-E-O-E strategies
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pressure, and “Standing on One Foot” probe, 62, 65
PRISMS (Phenomena and Representations for
Instruction of Science in Middle School), 21, 43, 79,
170, 176
probability, and “Where Would It Fall?” probe, 160
probes. See also concept matrices; Earth science;
formative assessment; life science; physical science;
space science; specific probes
administering, xii
concept matrices, 10
curricular and instructional considerations, xi—xii
definition of, 4
purpose of, x—xi
related concepts, xi
related research, xii—xiii
response of teachers to, ix
scientific content and explanations, xi
suggestions for instruction and assessment, xiii
properties of Earth materials
“Biological Evolution” probe, 102
“Where Does Oil Come From?” probe, 153
“Where Would It Fall?” probe, 159
properties of matter
“Burning Paper” probe, 26
“Chicken Eggs” probe, 108
“Nails in a Jar” probe, 34
“Sugar Water” probe, 14
properties of objects and materials
“Burning Paper” probe, 26
“Ice Water” probe, 48
“Iron Bar” probe, 19
“Magnets in Water” probe, 69
“Nails in a Jar” probe, 34
“Salt Crystals” probe, 41
“Standing on One Foot” probe, 63
“Warming Water” probe, 56
protein, 96

real-life examples
“Ice Water” probe, 49
“Iron Bar” probe, 19
regulation
“Adaptation” probe, 116
“Chicken Eggs” probe, 108
“Is It Fitter?” probe, 122
resources, types of, 153—54. See also natural resources
Resources for Science Literacy (AAAS 1997), 85-86
Robertson, Bill, xiii
Russell, T., 49, 109
rusting, and oxidation, 32

“Rusty Nails, The” (Volume 1), 34

Uncovering Student Ideas in Science

safety
“Chicken Eggs” probe, 110
“Nails in a Jar” probe, 36
solar eclipse, 174
“Salt Crystals” probe, 10, 39-43
science. See also Earth science; life science; physical
science; scientific inquiry; scientific principles; space
science
role of models in, 75
students’ preconceptions about, ix, 4
understanding nature of, 148
Science Curriculum Topic Study: Bridging the Gap
Berween Standards and Practice (Keeley 2005), xiv
Science Formative Assessment: 75 Practical Strategies for
Linking Assessment, Instruction, and Learning (Keeley
2008), xii, 16
scientific inquiry
“Ice Water” probe, 48
“Standing on One Foot” probe, 63-64
scientific principles, and explanations in probes, xi. See
also concept matrices; science
“Scientists’ Idea” strategy, 16, 86
“Seedlings in a Jar” (Volume 1), 36
“seeing is believing” principle, 21
“Seeing the Cell as a System” (AAAS Project 2061
lesson), 85-86
Smith, R., 42
societal contexts, and influences on students’ thinking,
xiii
sodium chloride, 40
solar corona, 174
“Solar Eclipse” probe, 90, 173-77
solar radiation, 138
solar system. See also Moon; Sun; universe
“Camping Trip” probe, 140
“Global Warming” probe, 146
“Lunar Eclipse” probe, 169
“Moonlight” probe, 163
“Solar Eclipse” probe, 175
solutions, 12
space science
concept matrix, 90
“Lunar Eclipse” probe, 167-71
“Moonlight” probe, 161-65
“Solar Eclipse” probe, 173-77
species, 102
standardized tests and testing, and formative
assessments, X
“Standing on One Foot” probe, xii, 10, 61-65
stellar evolution, 103
Stop Faking It! Understanding Science So You Can Teach It

series, xi, xiii

183



184

Copyright © 2009 NSTA. All rights reserved. For more information, go to www.nsta.org/permissions.

structure of Earth system, and “Where Would It Fall?”
probe, 159
structure of matter
“Burning Paper” probe, 26-27
“Chicken Eggs” probe, 109
“Iron Bar” probe, 20
“Nails in a Jar” probe, 34-35
“Salt Crystals” probe, 42
“Standing on One Foot” probe, 64
“Sugar Water” probe, 14-15
students. See also grade levels; misconceptions; safety;
teachers and teaching
cultural, societal, and geographic influences on
thinking, xiii
preconceptions about science, ix, 4
subsystems, 83
“Sugar Water” probe, 10, 11-16
summative assessment, X, 5, 6, 7
Sun. See also solar system
“Camping Trip” probe, 138, 139
“Solar Eclipse” probe, 173-77
“Warming Water” probe, 56
surface of the Earth, 158
“survival of the fittest,” 120, 121
systems. See also solar system; structure of Earth system
“Chicken Eggs” probe, 106
“Is It a Model?” probe, 79
“Is It a System?” probe, 82

Teacher Notes, x, xi. See also specific probes
teachers and teaching, and responses to use of probes,
ix. See also field tests; inquiry-based investigation;
P-E-O and P-E-O-E strategies; real-life examples;
students; Teacher Notes
temperature. See also cold; heat
“Camping Trip” probe, 138
“Ice Water” probe, 46, 49
“Warming Water” probe, 54
terminology, and use of words
cold, 129
energy, 58
evolution, 101, 103
fit and fitness, 120, 121, 123
food, 96
fossils and fossil fuels, 155
heat, 47
molecules, 133
natural selection, 101
thermal energy
“Ice Water” probe, 46
“Warming Water” probe, 54, 56

thermal expansion, 18

toys, and models, 78

transformation of matter, 106
transmission, of infectious disease, 126

umbra, and lunar eclipse, 168
Uncovering Student Ideas in Science series, ix, xiv, 1-4
unifying themes
“Is It a Model?” probe, 76, 78
“Is It a System?” probe, 84, 86
physical science probes, 10
universe. See also Moon; solar system; Sun
“Lunar Eclipse” probe, 170
“Moonlight” probe, 163
“Solar Eclipse” probe, 175-76

variation. See also evolution
“Adaptation” probe, 114
“Is It Fitter?” probe, 120

virus, 126

vitamin, 96

vocabulary. See terminology

“Warming Water” probe, 10, 53-59
water distribution, on Earth, 158
Watt, D., 58, 109
waves, 56
weather, 138, 147. See also climate and climate change
websites. See also computers
American Association for the Advancement of
Science, 86, 148
Curriculum Topic Study, xiii
embryological development of chick, 110
Intergovernmental Panel on Climate Change, 149
Java simulation on formation of oil, 155
NASA, 170, 176
NSDL (National Science Digital Library), 43, 170,
176
NTSA on evolution, 104
PRISMS (Phenomena and Representations for
Instruction of Science in Middle School), 21,
43,79,170, 176
Uncovering Student Ideas, xiv
weight
mass, 26
pressure, 62
“Where Does Oil Come From?” probe, 90, 151-56
“Where Would It Fall?” probe, 90, 157-60

Zinn, B., 70
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