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Preface

fblmatwe

Overview

Assessment is one of the most pervasive and
complex issues dominating today’s education
landscape. Assessments that document and
measure the extent of student achievement are
summative in nature. Formative assessments
are used to gather information about student
learning throughout the teaching and learn-
ing process. This information is used to ad-
just instruction as well as to provide feedback
to students. Too often the term assessment is
used synonymously with the end products of
instruction and student learning such as quiz-
zes, tests, performance tasks, and standardized
tests. This misconception about the use and
types of assessment minimizes its complex na-
ture, stages, and purposes (Atkin and Coftey
2003, p. xi).

Uncovering Student Ideas in Science

/maux

In the recent urgency to meet federal, state,
and district mandates for greater accountabil-
ity, the amount of time, resources, and empha-
sis on assessment has tilted considerably toward
the summative side. This “weighted” shift to-
ward summative assessment has led to more
standardized testing of students, often with
only marginal gains in achievement. When
student test scores fail to rise significantly, the
usual response has been to repeat the cycle of
more testing and test preparation. This cycle
reduces the time teachers spend on identifying
problematic areas of student learning at the
beginning of instruction and monitoring for
conceptual change.

On the other side of the assessment scale,
formative assessment, when used deliberately

and effectively, helps teachers find out what

Vii
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their students think and know at the beginning
and throughout an instructional sequence. One
way teachers use this assessment information is
to adjust and monitor learning and to determine
when students are ready to demonstrate their
learning. This type of formative assessment,
which is the form of assessment addressed in
this book, is inextricably linked to instruction.

Recent studies and reports validate the
need to place more emphasis on formative as-
sessment in order to create a balanced system
of assessment in science classrooms (Black
and Harrison 2004; Black and Wiliam 1998;
Bransford, Brown, and Cocking 1999). The
need to balance the assessment scale by trans-
ferring some of the weight to the formative
assessment side is as urgent and may be more
effective in improving achievement in the long
run than the short-term demand to raise test
scores. Results from national and international
studies provide compelling evidence that the
purposeful use of formative assessment im-
proves student learning in science, particularly
with low-performing groups. These results in-
clude evidence that when formative assessment
is used well, it can actually help to raise stu-
dents’ test scores (Black et al. 2003).

In addition, a recent report on educational
assessment from the National Research Coun-
cil included the recommendation that “the
balance of mandates and resources should be
shifted from an emphasis on external forms of
assessment to an increased emphasis on class-
room formative assessment designed to assist
learning” (Pelligrino, Chudowsky, and Glaser
2001, p. 14).

This book reflects efforts by the authors to
provide support and resources to teachers for
just one of the purposes of formative assess-
ment. The formative assessment emphasized in
this book is for learning about students’ ideas
in order to inform teaching. This type of as-
sessment for learning is grounded in research
and is based on one of the foundational ideas
in How People Learn: Brain, Mind, Experience,
and School: “Students come to the classroom
with preconceptions about how the world
works. If their initial understanding is not en-
gaged, they may fail to grasp the new concepts
and information that are taught, or they may
learn for purposes of a test, but revert to their
preconceptions outside the classroom” (Brans-
ford, Brown, and Cocking 1999, p. 14).

Assessment, whether it is formative or
summative, is not value free as there is no
perfect educational practice and hence no per-
fect educational assessment (Hein and Price
1994). The best we may be able to accomplish,
which is an underlying premise of this book,
is to achieve balance in assessment. Our hope
is that the use and examples of one strategy
for formative assessment—the formative as-
sessment probes in this book—contribute to
bringing balance into assessment by helping
teachers discover the power of knowing what
their own students think about core ideas in
science and using the information to improve
conceptual learning through effective teach-
ing. As Malcolm Gladwell (2000) describes in
his book 7he Tipping Point: How Little Things
Can Make a Big Difference, the “tipping point”

is that magical moment when an idea crosses

National Science Teachers Association
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a threshold, “tips,” and spreads like wildfire.
It is our hope that the use of these probes will
spread among educators, bring a new vitality
to assessment and instruction, and tip the scale
back in order to balance assessment for learning

with assessment of learning.

Need for Formative
Assessment Tools in Science
Formative assessment has been used routinely
over the years by science teachers to find out
what their students know and can do. Teach-
ers continue to seek out effective, ready-made,
well-designed questions and strategies that will
help them to uncover what their students are
actually thinking and to build a bridge be-
tween those ideas and the scientific ideas artic-
ulated in national and state science standards.
Once teachers realize the untapped potential of
teacher- and student-friendly formative assess-
ment to significantly improve teaching prac-
tice, student learning, and even standardized
test results, it may eventually become the most
pervasive form of assessment in the classroom.
Developing any type of quality assessment
or lesson is a challenging and time-intensive
process for teachers, who already have full
teaching schedules and other responsibilities.
To design probing questions that reveal stu-
dents’ preconceptions, teachers need to have
good subject matter knowledge, but not neces-
sarily the kind of content knowledge that is de-
veloped through an advanced study of science
(Black et al. 2003). Effective teachers need
to thoroughly understand the basic ideas ap-

propriate for their students, the students’ pre-
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conceptions, and ways to respond to student
thinking. Teachers also need to develop their
pedagogical content knowledge (Shulman
1986), knowing the aspects of subject matter
that cause students particular difficulties and
knowing how to design learning paths to over-
come these difficulties.

A wide range of summative assessments
and instructional materials is available to sci-
ence teachers, but few resources provide ready-
made science formative assessments that can
also enhance and support teachers’ pedagogi-
cal content knowledge. We call the type of
formative assessments provided in this book
probes and we describe them in more detail in
the Introduction. Teachers urgently need this
type of field-tested, content-aligned, easy-to-
administer, and quick-to-analyze formative
assessment.

These probes can be used with different
state standards and instructional materials be-
cause they are based on core science concepts,
most of which cut across multiple grade levels.
This book provides 25 assessment probes with
supporting background material for teachers
that connects the purpose for which the assess-
ment was designed with key concepts, content
explanations, developmental considerations,
national standards, research on learning, sug-
gested instructional strategies, and additional
resources so that they may be used by any

teacher in any instructional context.

Development and Use of the
Probes

The assessment probes included in this book
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were purposely developed to elicit students’
thinking about specific ideas in science. Several
of these ideas have been identified as difficule
for students to learn due to their abstract or
counterintuitive nature. The probes were not
designed to be used for summative purposes,
but rather as a sort of “temperature taking” to
inform instruction. Each probe has been field
tested with several teachers and classes of di-
verse student backgrounds and revised in or-
der to effectively target the specific idea(s) the
probe is designed to uncover. The field tests
included hundreds of students across multiple
grade levels, allowing the field testers to iden-
tify grade levels at which students’ ideas are
beginning to develop as well as grade levels at
which certain ideas, though taught previously,
have not been learned.

We do not claim that the assessment
probes in this book are reliable and valid as-
sessment items in the technical sense that is
needed for summative assessment purposes.
They are designed to find out what students
think about particular foundational con-
cepts identified in the national standards
and cognitive research literature. (Note: By
“national standards,” we are referring here
and throughout the book to National Sci-
ence Education Standards [NRC 1996] and
to Benchmarks for Science Literacy [AAAS
1993].) In many cases, there is no one “right”
answer. It is the students’ explanations that
reveal the students’ thinking about the ideas
and provide insight to the teachers as to next
steps for instruction. The specific ideas tar-

geted by a probe may or may not be includ-

ed in a particular teacher’s or grade level’s
curriculum; however, they can still be used
to gather data that will inform instruction
of related ideas, trace the development of
thinking across multiple grade levels, or de-
termine whether instruction in prior grade
levels helped students develop scientific
ideas. Although some of the probes target a
specific grade-level standard, we would cau-
tion against using these probes as a summa-
tive assessment of students. Rather, the as-
sessment probes included in this volume can

provide information about

*  How students’ ideas may differ from one
grade level to the next

* How ready individual students are for
instruction

* Ideas students have before instruction

*  Whether conceptual change is occurring

*  Whether students retain the accepted
scientific ideas years after instruction or
revert back to their prior knowledge

*  Gaps that exist in a school’s or district’s

curriculum

The probes included in this book were
not designed for use in a traditional research
context with control groups or in compari-
sons before and after instruction. While our
focus is on helping teachers learn more about
their students’ ideas for the purpose of im-
proving instruction, the probes could be used
for practitioner research into student think-
ing. The probes can serve as a bridge between
formal research findings about students’ ideas

and their practical application in the science

classroom.

National Science Teachers Association
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Next Steps

This book is planned as a series of assessment
probe books, each volume describing a new ap-
plication as well as including new probes. In
the next volume of Uncovering Student Ideas
in Science, we will describe strategies for us-
ing the probes during instruction to help your
students experience conceptual change. In the
third volume, we will address ways to use the

probes for professional development.
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Introduction

The most important

single factor influencing

learning is what the learner

knows. Ascertain this and

teach accordingly.
—David Ausubel, Educational
Psychology: A Cognitive View

Classroom Assessment

In the broadest sense of the word, assessment is

something we do all the time. We encounter a

new situation, make a judgment about what

is happening, and decide what to do next. The
evidence of our encounters continually shapes
and reshapes our actions. Our actions may
be more effective if we are flexible—that is,
if we are prepared to modify our intentions
in light of events. They might also be more
effective if we probe the situation carefully
in order to ensure that we understand what
is going on before jumping to conclusions.

(Black et al. 2003, p. 6)

Classroom assessment occurs every day,
most often as formative assessment. “The first
thing that comes to mind for many people
when they think of ‘classroom assessment’

is a midterm or end of course exam, used by

Uncovering Student Ideas in Science

the teacher for summative grading purposes.
But such practices represent only a fraction
of the kinds of assessments that occur on an
ongoing basis in an effective classroom” (Pel-
ligrino, Chudowsky, and Glaser 2001, p. 225).
Everyday classroom assessment is unique to
your classroom context. It depends more on
the skills, knowledge, and priorities you and
your students have than on any particular
protocol or strategy (Atkin and Coffey 2003,
p. xi). Throughout the course of a unit or les-
son, you assess students using various formats,
including individual, small-group, or whole-
class elicitation questions; student interviews;
observations; informal conversations; journal-
ing; performance tasks; even traditional as-
sessments such as quizzes or tests during or
after a lesson.

Classroom assessment is continuous and
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provides you with a rich set of data about stu-
dent learning. However, for the assessment to
be considered “formative,” you must use the
data to modify your curriculum, alter your
teaching, or provide feedback to your students.
Classroom assessment serves multiple purpos-
es, including diagnosing, monitoring, provid-
ing feedback, and measuring. Each of these
assessment purposes links to various stages
in your instructional sequence as described in
Figure 1.

A key stage in the instructional sequence
is elicitation. Elicitation gives students the op-
portunity to make their ideas and reasons ex-
plicit as they begin the study of a unit topic.
It engages them and also alerts them to what
they will be thinking and learning about in
the upcoming instruction. “By providing the
opportunity to articulate their initial concep-
tions and to clarify these ideas, the elicitation

questions and subsequent discussions help stu-

dents begin building new, more powerful con-
ceptions” (Minstrell and van Zee 2003, p. 62).
In a similar vein, another group of researchers
put it this way:

Knowledge of children’s learning and the de-

velopment of expertise clearly indicates that

assessment practices should focus on making
students’ thinking visible to themselves and
to others by drawing out their current under-
standings so that instructional strategies can
be selected to support an appropriate course
for future learning. In particular, assessment
practices should focus on identifying the pre-
conceptions children bring to learning set-
tings. (Pelligrino, Chudowsky, and Glaser

2001, p. 91)

Using the probes provided in this book
at the elicitation and exploration and concept
development stages of instruction is consis-
tent with the current research on how stu-

dents learn and with recommendations for

Figure 1 Purposes and Stages of Classroom Assessment

(pre-instruction) existing ideas

Type of Classroom Purpose Link to Stage in an Instructional Sequence
Assessment
Formative Diagnostic—to find out students’ Elicitation Stage—Used prior to developing

instruction or during the instructional sequence
when new ideas are encountered.

goal

Formative To monitor student learning and/or | Exploration and Concept Development Stage—
to provide feedback to students on | Used continuously throughout the instructional
their learning sequence.

Summative To measure the extent to which Application Stage—Used primarily at the end of

students have achieved a learning

an instructional sequence.

Note: The assessment probes provided in this book are formative in nature and are designed to be used
during the elicitation and exploration and concept development stages of an instructional sequence.

National Science Teachers Association
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using assessment for learning and informing

instruction.

What Is a Formative
Assessment Probe?
The assessment examples in this book, which
we call probes, are formative in nature. They are
used primarily for diagnostic and monitoring
purposes. They are assessments for learning, not
assessments of learning. While several of these
probes could indeed serve to summatively as-
sess your students’ learning, their primary pur-
pose is not to measure the extent to which your
students achieved proficiency in science subject
matter knowledge, but rather to reveal the types
of conceptions your students have about com-
mon science concepts before and throughout
instruction. “Students enter the study of sci-
ence with a vast array of such preconceptions
based on their everyday experiences. Teachers
will need to engage those ideas if students are to
understand science” (Donovan and Bransford
2005, p. 399). The probes in this book shift the
focus from measuring and documenting student
learning to examining student thinking for the
purpose of informing teaching and learning,
This book focuses on formative assess-
ments that will enable you to probe for and
quickly and efhiciently examine a multitude
of possible ideas your students hold, including
misconceptions, naive thoughts, and incom-
plete ideas. (Many educators and researchers
prefer to collectively call these ideas alternative
[frameworks rather than misconceptions—mean-
ing that students’ ideas are not always wrong,

even though they may differ from those of a
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scientist [Sneider 2003].) The probes also un-
cover the correct ideas your students hold and
the critical-thinking and reasoning strategies
they use to support their ideas. These strate-
gies can be based on intuition, logic, everyday
experiences, or scientific knowledge.

Why is it important for you to take the time
to uncover the preconceptions your students
have? Research has shown that preconceived
ideas in science develop early in a student’s K—
12 experience and can be tenacious (Donovan
and Bransford 2005; Bransford, Brown, and
Cocking 1999). Through their daily, informal
experiences with objects and phenomena, stu-
dents develop ideas and schema for organizing
and explaining scientific concepts even before
they are formally taught scientific ideas in
school. Sometimes these ideas are congruent
with scientific knowledge. Other times they
conflict with the scientific view. This forma-
tion of students” own conceptions, which may
be correct, partially correct, or incorrect, con-
tinues throughout their K—12 school years re-
gardless of whether or not the ideas are taught
in science class. If these ideas are ignored, they
may get in the way when new ideas are intro-
duced. They simply do not go away, even as
students progress from elementary grades to
middle school and even into high school and
adulthood. Surprisingly, many of the probes in
this book reveal that high school students have
partially understood ideas and misconceptions
that are not much different from those of their
elementary school counterparts.

Thus, a major challenge for science teach-

ers is to build conceptual bridges from stu-
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dents’ own ideas to scientifically accepted
views. To do this, you must know what your
students’ starting points are so that you can
provide experiences that support the develop-
ment of correct conceptual understanding,.

The science assessment probes in this book
are field-tested formative assessments that
are based on core concepts and ideas in sci-
ence, many of which cut across multiple grade
spans at increasing levels of sophistication.
The probes are designed to help you identify
students’ ideas at various stages during their
K-12 experiences. For example, elementary
students may have basic notions about atoms,
molecules, or “tiny bits,” but it is not until later
in middle school that students are expected to
use the idea of atoms and molecules to explain
phenomena. Knowing the ideas students have
at different grade levels can give you a clear
picture of conceptual change over time.

These probes are intended to be used before
and during instruction. Finding out students’
ideas, examining them carefully, and using the
information obtained from the probes are in-
tegral aspects of formative assessment. It is this
latter aspect of using the assessment data that is
most overlooked in classroom assessment. It is
not sufficient to know the misconceptions your
students may have. Information from the assess-
ment probes will have little impact unless you
make changes in curriculum and instruction

based on where students are in their thinking.

Assessment Probe Design and
Features

The formative assessment probes included in

this book are designed to address several of the
student learning difficulties identified in the
research literature. In areas where there is little
or no research, they have been designed to ad-
dress problematic areas identified by teachers.
Each probe consists of two parts to be com-
pleted by the student: a selected response and a
justification for selecting the response.

The first part is introduced by an engag-
ing prompt about a familiar phenomenon or
objects. The prompt is followed by a question
that asks students to select from a set of likely
student-held responses. These responses include
research-identified ideas, including misconcep-
tions, or common ideas that emerged through
the probe field testing. Students™ selected re-
sponses provide a quick snapshot for you to see
what individual students think about an idea.
This data can be quickly tallied to get a picture
of where your class stands as far as the variety
of ideas students have.

The second part of each probe asks stu-
dents to describe their thinking or provide
an explanation or “rule” they used to se-
lect their answer. Rule is a general term used
with younger students (though not limited to
younger students) that usually involves a set
of basic criteria students use to categorize or
make sense of an object or phenomena. For ex-
ample, in deciding whether certain materials
are considered matter or not matter, a student
might explain how she used the rule that “it
had to be something she could feel and see” to
sort objects and materials.

Asking students to describe a rule often

leads to uncovering intuitive rules, such as

National Science Teachers Association
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“more A, more B” (Stavy and Tirosh 2000).
This rule simply means if you have more of
something (such as mass or volume), then
other characteristics increase (such as density
and boiling point). This rule may be applied
in a variety of physical, Earth, and biological
contexts and seems to be a core conception
that contributes to several common miscon-
ceptions. Older students may provide more
sophisticated scientific explanations that link
a claim with evidence and reasoning strate-
gies to support their answers. In both types of
justification, involving either rules or expla-
nations, students provide a rationale for their
ideas, giving teachers a detailed glimpse into
their thinking.

To develop the probes we used a process
and formats described in Science Curriculum
Topic Study: Bridging the Gap Between Stan-
dards and Practice (Keeley 2005). The process
begins with identifying the concepts and re-
lated ideas in a topic, based on a study of the
national standards and research. The concepts
and ideas in the standards are then linked to
the concepts and ideas addressed in the cogni-
tive research literature and to their associated
learning difficulties and misconceptions.

The national standards used to identify the
concepts and specific ideas were from Bench-
marks for Science Literacy (AAAS 1993) and
National Science Education Standards (NRC
1996). The sources of research summaries
were Benchmarks for Science Literacy (Chapter
15, “The Research Base”) and Making Sense
of Secondary Science: Research into Children’s
Ideas (Driver et al. 1994). (Note: The latter
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resource does not address only high school sci-
ence. Secondary science is a term used in the
United Kingdom to describe grade levels be-
yond early primary grades. The book addresses
ideas from grade 1 through adulthood and
includes preK-2 ideas in several examples.)
Figure 2 shows an example of how the process
was used to “unpack” the topic “conservation
of matter” in order to match the concepts and
ideas in that topic to the research findings.
This information was then used to develop a
set of assessment probes that target standards
and research-based ideas related to conserva-
tion of matter.

In Figure 2, the shaded areas designate
the specific Benchmarks idea and the related
research finding that were used to develop the
probe “Ice Cubes in a Bag” (p. 49). Even though
the idea in the national standards is a K-2 idea,
the probe can be used with higher grade levels
to determine if students use the more sophis-
ticated ideas of closed systems or numbers of
atoms. Other matches between the research
ideas and the standards led to the development
of three additional probes in the conservation of
matter set (“Lemonade,” “Cookie Crumbles,”
and “Seedlings in a Jar”).

The probes are designed to provide you
with quick and targeted feedback on students’
ideas and learning. The data from the first part
of the probe are easy to collect and organize.
Individuals or teams of teachers can quanti-
fy the data by making charts or graphs that
show student results that can be shared with
colleagues across grade levels. As you read the

students’ explanations, you will notice similar
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Figure 2 Mapping Grades 3-8 Conservation of Matter Related
Concepts and Ideas to Research Findings for Probe Development?

Science Concepts and Ideas

Research Findings

Properties

+ Objects have many observable properties,
including size, weight, and shape. Those
properties can be measured using tools such
as rulers and balances. (NSES K-4, p. 127)

» Materials can exist in different states—solid,
liquid, and gas. (NSES K-4, p. 127)

« Air is a substance that surrounds us, takes up
space, and whose movements we feel as wind.
(BSL 3-5, p. 68)

Physical and Chemical Change

* Water can be a liquid or solid and can go back
and forth from one form to another. If water is
turned into ice and then ice is allowed to melt,
the amount of water is the same as it was
before freezing. (BSL K-2, p. 67)

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 thing. (BSL 3-5, p. 77)

Substances react chemically in characteristic
ways with other substances to form new
substances with different characteristic
properties. In chemical reactions, the total
mass is conserved. (NSES 5-8, p. 154)

Intractions in a Closed System

* 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. (BSL 6-8, p. 79)

Particulate Matter

» 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. (BSL 6-8, p. 79)

Matter and Its Properties

+ Students need to have a concept of matter in order to understand
conservation of matter. (BSL, p. 336)

Students need to accept weight as an intrinsic property of matter to
use weight conservation reasoning. (BSL, p. 336)

Confusion between weight and density contributes to difficulty
understanding conservation of matter. (BSL, p. 336)

The concept of mass develops slowly. Mass is often associated with
the phonetically similar word massive and thus may be equated with
an increase in size or volume. (Driver et al., p. 78)

The idea that gases possess material character is difficult. Students
may not regard gases as having weight or mass. Until they accept gas
as a substance, they are unlikely to conserve mass in changes that
involve gases. (Driver et al., p. 80)

Physical and Chemical Change

» There is often a discrepancy between weight and matter conservation
with dissolving. Some students accept the idea that the substance

is still there but the weight is negligible, is “up in the water,” or it no
longer weighs anything. (Driver et al., p. 84)

Some students believe one state of matter of the same substance has
more or less weight than a different state. (Driver et al., p. 80)

In changes that involve a gas, students are more apt to understand
matter is conserved if the gas is visible (BSL, p. 337)

Weight conservation during chemical reactions is more difficult for
students to understand, particularly if a gas is involved. (BSL, p. 337)
Many students do not view chemical changes as interactions. They
have difficulty understanding the idea that substances can form from
a recombination of the original atoms. (BSL, p. 337)

Students have more difficulty with the quantitative aspect of chemical
change and conservation. (Driver et al., p. 88)

The way a student perceives a chemical or physical change may
determine whether he or she understands matter is conserved. For
example, if it looks as if something has disappeared or spread out
more, then students may think the mass changes. (Driver et al., p. 77)

Particle Ideas

» Newly constructed ideas of atoms may undermine conservation
reasoning. For example, if a material is seen as being dispersed in
very small particles, then it may be regarded as having negligible
weight or being more spread out and less heavy. (Driver et al., p. 77)

Note: NSES = National Research Council. 1996. National science education standards. Washington, DC: National
Academy Press. BSL = American Association for the Advancement of Science. 1993. Benchmarks for science literacy.
New York: Oxford University Press. Driver et al. = Driver, R., A. Squires, P. Rushworth, and V. Wood-Robinson. 1994.
Making sense of secondary science: Research into children’s ideas. London and New York: RoutledgeFalmer.

2The shaded items are the specific Benchmark idea and the related research finding that were used to develop the probe

“Ice Cubes in a Bag.”
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ideas held by a number of students as well as
idiosyncratic ones held by individual students.
Overall, the quick and easy snapshot you can
glean from the probe results can inform adjust-
ments to curriculum and instruction in order
to improve student learning. Sometimes these
adjustments can be made in your classroom.
Other times the results can provide valuable
information to teachers who have had some of
the same students before you or will have them

after you.

Formative Assessment Probes
in This Book

The probes in this book are “enhanced selected-
response” items. In other words, students must
choose from a predetermined list of responses
that may match their thinking and then jus-
tify their reasons for choosing that response.
The probes begin with the selected-choice
option. The distracters are particularly useful
in determining if your own students’ “miscon-
ceptions” match those found in the research.
The two types of selected-response items are
(1) muldiple-choice questions with one best
answer (Note: We don’t use the term correct
answer as it often depends on students’ inter-
pretation and reasoning), such as in the probe
“Ice Cubes in a Bag” (p. 49), and (2) justified
lists, such as used in “Is It Matter?” (p. 79).
The multiple-choice questions include a stem
that provides students with a familiar phe-
nomenon or object to explain an idea, con-
trasts opposing views, or provides a situation
where students commit to a prediction. Justi-

fied lists begin with a statement about objects,
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materials, or phenomena, followed by multiple
examples students select from that match their
ideas related to the statement. Justified lists are
particularly helpful in determining if students
can transfer their learning from one context to
another and what rules or explanations they
use to base their selected choices on. For ex-
ample, in “Making Sound” (p. 43), if students
learned about sound and vibration in the con-
text of making musical instruments, they may
select mostly items on the list that are similar
to musical instruments rather than generaliz-
ing their knowledge across contexts.

The probes are also designed not to cue
students too much, so that you can gain the
most information from their original think-
ing. For example, in “Making Sound,” the task
refers to objects that make sound but does not
mention the air or other material contacting or
surrounding the objects that also vibrates. Evi-
dence of recognizing and using this knowledge
in their explanation or rule may not be evident
if the students were cued to this idea. A ma-
jor challenge in developing these probes was
to provide just enough detail and appropriate
language without putting ideas into students’
heads or perpetuating their misconceptions.

The probes in this book are paper-and-pen-
cil tasks. However, they also lend themselves
to oral questioning prompts for small- or large-
group discussion, card sorts, and individual
interviews. Alternative ways to administer the
probes to students are explained in the teacher
notes accompanying each probe. Probes can
easily be adapted to include language and ex-

amples that may be more appropriate at a given
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grade level. You are encouraged to modify the

probes to best fit your students.

Using the Probes

“Students bring conceptions of everyday phe-
nomena to the classroom that are quite sen-
sible, but scientifically limited or incorrect”
(Donovan and Bransford 2005, p. 399). Many
of these preconceptions are based on students’
everyday experiences outside the classroom,
things they hear or see in the media, and ideas
that go unchallenged in school settings. Teach-
ers need to engage students in sharing these
ideas if students are to understand science. One
way to begin this engagement is to provide a
probe and ask students to write down their
ideas in response to the prompt. Writing a re-
sponse to the prompt is one method of making
students’ thinking visible and engaging them
in the ideas they will be learning about. At the
same time it encourages your students to pay
careful attention to the reasoning they use to
support their ideas.

The probes can also be used orally to engage
small or large groups of students in discussion.
Using a probe to elicit individual ideas and then
asking students to share and discuss their ideas
with others provides you with valuable assessment
information and at the same time enhances stu-
dent learning. The process of making students’
thinking explicit through discourse serves a dual
purpose. First, it allows teachers to see what types
of ideas students have so they can provide inter-
ventions that address misconceptions or provide
for further learning opportunities. Second, en-

couraging students to make their ideas explicit

to others actually promotes learning for both the
thinker and those with whom he or she shares the
ideas (Black et al. 2003).

Questioning is a key component of sci-
ence teaching and formative assessment. “In
many science classrooms, questioning typical-
ly involves a three-turn exchange in which the
teacher asks a question, a student answers, and
the teacher evaluates the answer” (Minstrell
and van Zee 2003, p. 61). In too many other
science classrooms, teachers try to get students
to accept “the right answer” rather than en-
gaging them in a conversation that elicits their
ideas and uses those ideas as the starting point
for activities, investigations, demonstrations,
and readings. You can avoid the “right answer”
approach by using the probes to uncover your
students’ conceptions at any time during an
instructional sequence and holding back on
giving students an answer so they can discover
it for themselves.

Probes also “turn the spotlight from ex-
amining students’ work to examining teachers’
work” (Sneider 2003, p. 39). In other words,
they help you understand student thinking
so that you can develop more effective ways
of teaching. While it is clearly important for
you to understand the concepts and skills you
teach, “without a way of stepping inside our
students’ shoes it is impossible for us to com-
municate those concepts and skills in a deep
and meaningful way” (Sneider 2003, p. 39).

The use of assessment probes and their re-
sults as a means for determining how to alter cur-
riculum and instruction can be stimulating both

personally and professionally. Jim Minstrell, a
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teacher and researcher well known for his devel-

opment and use of diagnostic assessment, sums

up these rewards in the following quote:

When in the classroom I now wear two hats,

one as a teacher and another as a researcher

studying my students’ thinking and how to
effect better learning. I can no longer teach
without learning about my students’ thinking.

The more I learn about my students’ thinking,

the more I can tune my instruction to help

students bridge from their initial ideas to
more formal, scientific thinking. Rather than
merely serving students the activities from the
book, we are first using questions to diagnose
their thinking. Then, we choose activities to
address their thinking. Thinking in this way
about our work in the interest of improving
our practice is part of what it means to be
professional. Teaching never becomes boring—
quite the contrary. As teachers, we can expect
to be lifelong learners about our profession.

(Minstrell and van Zee 2003, p. 72)

The best way to learn how to use a probe
is to test one out by giving it to your students
and then deciding what to do with the infor-
mation you have gathered. Try one with your
colleagues, too, and together discuss the im-
plications for teaching and learning. Modify
the ways you use the probes. In other words,
do not always administer the probe as an in-
dividual written task. Use the probes during
small-group and whole-class discussions and
listen carefully to students as they share their
ideas. You can use a probe to interview an indi-
vidual student or have informal conversations

with students during nonstructured times.
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Feel free to adapt the probes as needed. Some
language is problematic for certain students or
grade levels. Modify the probe so that it best
fits your individual circumstances but, at the
same time, do not change it so much that it no
longer probes what it was intended for.

Use the teacher notes provided with each
probe to consider implications for curriculum
and instruction. The format and suggested ideas
in the teacher notes provide a framework for
summarizing, evaluating, and using the student
learning data you collect. Above all, remember
that for the probes to be formative you must do

something with the data you collect.

Teacher Notes That
Accompany the Probes

Each of the probes in this book contains de-
tailed teacher notes to help you to (a) decide
how, when, and with whom to use the assess-
ment probe; (b) link the ideas addressed by
the probe to related standards; (c) examine
research that informed the development of
the probe and that provides additional insight
into students’ thinking; (d) consider new in-
structional strategies; and (e) access additional
information to learn more about the topic ad-
dressed by the probe. We describe the compo-

nents of the teacher notes below.

Purpose

“Deciding what to assess is not as simple as
it might appear. Existing guidelines for as-
sessment design emphasize that the process
should begin with a statement of the purpose

for the assessment and a definition of the con-
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tent domain to be measured” (Pelligrino, Chu-
dowsky, and Glaser 2001, p. 178). This section
describes the concept or general topic for the
specific idea the probe is intended to elicit and
it describes that idea. It is important that you
be clear about what the probe is going to reveal
so that you can decide if the probe fits your

intended target.

Related Concepts

A concept is a one-, two-, or three-word men-
tal construct used to organize ideas in a topic
(Keeley 2005). Each probe is designed to tar-
get one or more related concepts that cut across
grade spans. Conversely, multiple probes may
address a single concept. 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 four probes that target the concept
of conservation of matter. The concept matri-
ces on pages 24 and 116 can help you identify

related probes.

Explanation

A brief scientific explanation accompanies
each probe to provide clarification of the sci-
entific content that underlies the probe. The
explanations are designed to help you identify
what the most scientifically acceptable answers
are (sometimes there is not a “right” answer)
as well as to clarify any misunderstandings
you might have about the content. The expla-
nations are not intended to provide detailed
background knowledge on the concept, but
enough to connect the idea in the probe with

the scientific knowledge it is primarily based

on. If you have a need for further explanation
of the content, the teacher notes list National
Science Teachers Association (NSTA) resourc-
es, such as the Stop Faking It! Finally Under-
standing Science So You Can Teach It series, that
will enhance and extend your understanding

of the content.

Curricular and Instructional
Considerations

The probes in this book are not limited to one
grade level in the way that summative assess-
ments are. Instead, they provide insights into
the knowledge and thinking that students in
your school may have as they progress from
one grade level to the next. Ideas are included
that students may not encounter until later in
their education (e.g., high school), but teach-
ers in the later grades will come to understand
where and how ideas originate. Some of the
probes can be used in grades K-12; others
may cross over just a few grade levels. Teach-
ers in two different grade spans (e.g., middle
and high school) might decide to use the
same probe and come together and discuss
their findings.

The curricular and instructional considera-
tions also describe how the information gleaned
from the probe is useful at a given grade span.
For example, the information 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 stu-
dents have sufficient prior knowledge to move
on to the next level of sophistication. Some-

times the knowledge gained through use of the
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probe indicates that you might have to back up
several grade levels to teach ideas that have not
been fully understood in previous grades.

We deliberately chose not to suggest a
grade level for each probe. If the probes had
been intended to be used for summative pur-
poses, a grade level, aligned with a standard,
would have been suggested. However, the
probes have a different purpose. Do you want
to know about the ideas your students are ex-
pected to learn according to your grade-level
standards? Are you interested in how precon-
ceived ideas develop and change across multiple
grade levels in your school even when they are
not yet formally taught? Are you interested in
whether students achieved a scientific under-
standing of previous grade-level ideas before
you introduce higher-level concepts? The de-
scriptions 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

Suggestions are provided for administering
the probe to students, including a variety of
modifications that may make the probe more
useful at certain grade spans. For example, the
notes might recommend eliminating certain
examples from a list for younger students who
may not be familiar with particular words or
examples, or using the word weight instead of
mass with elementary students. This section
may also include suggestions for demonstrat-

ing the probe context with artifacts or ways to
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elicit the probe responses while students inter-

act within a group.

Related Ideas in National Science
Education Standards (NRC 1996) and
Benchmarks for Science Literacy (AAAS
1993)

This section lists the learning goals stated in
the two national documents generally consid-
ered the “national standards”™ National Science
Education Standards (NRC 1996) and Bench-
marks for Science Literacy (AAAS 1993). Since
the probes are not designed as summative as-
sessments, the learning goals listed are not in-
tended to be considered as alignments to the
probe, but rather as related ideas. Some target-
ed ideas, such as a student’s conception of mat-
ter in “Is It Matter?” (p. 79), are not explicitly
stated as learning goals in the standards but are
clearly related to national standards concepts
such as properties of matter, states of matter,
and conservation of matter. When the ideas
elicited by a probe appear to be a strong match
with a national standard’s learning goal, these
matches are indicated by a star * symbol.
You may find this information useful in using
probes with lessons and instructional materials
that are aligned to national standards and used

at a specific grade level.

Related Research

Each probe is informed by related research
where available. Since the probes were not de-
signed primarily for research purposes, an ex-
haustive literature search was not conducted as

part of the development process. The authors
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drew on two comprehensive research summaries

commonly available to educators: Chapter 15,

“The Research Base,” in Benchmarks for Science
Literacy (AAAS 1993) and Rosalind Driver et
al’s Making Sense of Secondary Science: Research
Into Children’s Ideas (1994). Although both of
these resources describe studies that have been
conducted in past decades, and studied chil-
dren not only in the United States but in other
countries as well, many of the studies’ results are
considered timeless and universal. (At the same
time, however, it is important to recognize that
cultural and societal contexts can also influence
students’ thinking.)

As you use the probes, you are encouraged
to seek new and additional research findings.
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 top-

ics to additional research articles and resources.

Suggestions for Instruction and
Assessment

After analyzing your students’ responses, it is
up to you to decide on the student interventions
and instructional planning that would work best
in your particular curricular and instructional
context. We have included suggestions gathered
from the wisdom of teachers, from the knowl-
edge base on effective science teaching, and from
our own collective experience as former teachers
and specialists involved in science education.
These are not exhaustive or prescribed lists but
rather a listing of possible suggestions that may

help you modify your curriculum or instruc-

tion, based on the results of your probe, in order
to help students learn ideas that they may be
struggling with. It may be as simple as realizing
that you need to provide a variety of contexts or
that there may be a specific strategy or activity
you could use with your students. Learning is a
very complex process, and it is unlikely that any
single suggestion will help all students learn the
science ideas. But that is part of what forma-
tive assessment encourages—thinking carefully
about a variety of instructional strategies and
experiences. As you become more familiar with
the ideas your students have and the multifac-
eted factors that may have contributed to their
misunderstandings, you will identify additional
strategies that you can use to teach for concep-

tual change.

Related NSTA Science Store
Publications and NSTA Journal Articles
The National Science Teachers Association’s
(NSTA) journals and books are increasing-
ly targeting the ideas that students bring to
their learning. For example, Bill Robertson’s
Stop Faking It! series of books may be help-
ful in clarifying content for students (as well
as for teachers!). A journal article from one 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. To
access the Science Store and journal articles,
go to www.nsta.org and click on the appropri-

ate site.

National Science Teachers Association
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Related Curriculum Topic Study Guides
NSTA isaco-publisher 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’s Teacher
Professional Continuum Program. It provides
a set of 147 Curriculum Topic Study (CTYS)
guides that can be used to learn more about a
science topic’s content, examine instructional
implications, identify specific learning goals
and scientific ideas, examine the research on
student learning, consider connections to oth-
er 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 probes in this book were developed
using the CTS guides and the assessment

tools and processes described in Chapter 4

Elementary Vignette: Using the
Probe “Is It an Animal?”

Before we began teaching our forest unit
this year, the other third-grade teacher in
my building and I decided to work on up-
dating and revising the unit together. Both
of us had taught this unit for several years
and had gathered an enormous number of
resources and teaching activities on the topic
of “forests.” Our elementary curriculum has

a theme each year that draws on ideas from
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of the CTS book. The CTS guides that were
used to inform the development of each of
the probes are listed in the teacher notes that
follow each probe and can be used by teach-

ers to extend those notes.

References
References are provided for the standards and

research findings cited in the teacher notes.

Vignettes

The following three vignettes illustrate how a
probe can be used in a variety of ways by teach-
ers in elementary, middle, and high school.
They show how teachers used the probes to
elicit students’ ideas before, during, and even
after instruction for the purpose of informing
their immediate teaching plans, adjusting in-
struction the next time they teach a unit, mak-
ing curricular changes, or sharing their learn-
ing about students’ ideas with their colleagues.
The teachers in the vignettes are composites of

teachers with whom the authors have worked.

the state science standards about the diver-
sity of life, ecology, structure and function,
and how living things change over time. In
first grade, students use butterflies as the
context in which to learn ideas. In second
grade, dinosaurs are the theme. Fourth
graders use the theme of oceans to develop
life science ideas.

We started by identifying goals for our
students. We focused our first meeting on

the goal of developing an understanding of

13
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what distinguished animals from other organ-
isms. This goal includes three performance in-
dicators from our state (Maine Department of
Education 1997):

* Design and describe a classification
system for organisms.

* Describe the different living things
within a given habitat.

* Compare and contrast the life cycles,
behavior, and structure of different
organisms.

Because we wanted to determine our
students’ level of knowledge and the kinds
of prior experiences they would bring to the
unit, we introduced the unit using the K-W-
L strategy. This formative assessment strategy
included asking what students knew about the
topic, what they wanted to learn, and then,
at the end of the unit, describing what they
learned. Through this exercise we learned that
students could name and describe a number
of forest animals, but would certainly benefit
from the activities we had designed in the up-
coming weeks. We kept notes on our lessons as
we worked through the unit and got together
regularly to discuss the progress students were
making. We found students sorted organisms
in a variety of ways, including grouping organ-
isms into plant and animal categories and for-
est and nonforest categories and by body cov-
erings and motility strategies.

As a culminating activity, each student
selected a forest animal to write a report on
using information text and created a three-di-
mensional papier-miché model of his or her

chosen animal to put in the classroom “for-

est.” Through these engaging experiences, our
students learned a great deal about the forest
and about the characteristics of the animals
that live there. We had student “experts” on
a variety of animals, including bears, deer,
squirrels, owls, chipmunks, skunks, bobcats,
wolves, raccoons, and even a lynx!

Later that year, my colleague and I at-
tended a formative assessment conference
where we learned about science assessment
probes. We were encouraged to select a probe
that we could try in our own classrooms. We
were excited to discover the “Is It an Ani-
mal?” probe (Figure 3) because it fit so nicely
with our forest unit. We took the probe back
to school and immediately administered it
to our third-grade students. Even though
we had already taught the unit, we wanted
to see if our instruction had made an impact
on students’ ability to retain the ideas they
learned. Because some students in our class
are English as a second language learners, we
asked students to complete the first part of
the probe independently after giving the di-
rections and examples verbally and using pic-
tures along with the examples. We then used
an interview protocol for the second part,
designed to capture students’ thinking about
why the pictures they circled were animals.
We engaged the entire class in a discussion of
the choices they made about animals and the
reasons for their choices.

As we looked through the student papers
and recalled the students’ list of “rules” that
emerged from the class discussion, we noted

similarities in student thinking. The major-
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ity of students identified the cow, tiger, frog,
snake, and monkey as animals. A little less
than a quarter of the students identified the
beetle, shark, snail, chicken, worm, and spider
as animals, and an even fewer number of stu- .
dents recognized the boy or starfish as an ani-
mal. As a matter of fact, out of the 84 students ¢
we gave the probe to, only 9 identified the boy ¢

as an animal and 12 identified the worm! Even

Figure 3 Is It an Animal?

Introduction

more revealing were the rules students gave
in deciding whether or not something was an

animal. These included the following:

Animals have tails.

Animals have fur and bones.

Animals cannot walk on two feet.

Animals have four or more legs.

Animals can move by themselves.

Clearly our students had alimited view

Life, Earth, and Space Science Assessment Probes

Is It an Animal?

Which of the organisms listed are ani-
mals? Put an X next to each organism

that is considered to be an animal. / o= e
___cow __ spider f o o
,
__ tree __ snail :.
___mushroom _ flower \Q
__ human ___ monkey >
____worm __ beetle 5
___tiger _ whale
___shark __ frog ___mold
___starfish __ chicken ___ snake

Explain your thinking. Describe the “rule” or reasoning you used to decide if some-

thing is an animal.

Uncovering Student lIdeas in Science
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of animals. We reflected on
what we could do differently
in the future to better address
and more fully develop the
concept of “animal” with
our third-grade students.
We realized how helpful it
would have been to have
known the concepts our
held
before we developed the

students of animals
forest unit. We now know
it is important to make
certain that as students
group organisms as animals
they carefully examine the
characteristics to see if they
are truly exclusive. Which
features do all animals
in common? Which
different?

characteristics  of

have
features  are
Which
organisms are important to
consider? Animals are more
four-

than warm, furry,

legged creatures! Because

so many students seemed
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to have a very narrow definition of animal, we
need to diversify the organisms students come
in contact with in our unit. We also realize we
should give students real inquiry opportunities
to observe and investigate real animals—not
the papier-maché variety.

Perhaps the most powerful learning from
the experience of using a probe was the in-
credible depth of insight it provided to us as
teachers. Using a probe that had been carefully
designed to pull out some of the finer points
and trouble spots based on cognitive research
allowed us to “see” what was in the heads of
our third graders, enabling us, in the future,
to meet students where they were. The teacher
notes that accompanied the assessment probe
clearly indicated that we had overemphasized
vertebrates, particularly mammals. We learned
that the research shows that people have a lim-
ited understanding of the term animal.

Our intention in using the K-W-L strategy
was to get information about the present think-
ing and understanding of third graders with re-
spect to forests and animals. While this method
did inform us of how students initially viewed
the forest, it did not tell us all we needed to
know about what students considered to be an
animal. The forest was just a context for learn-
ing. A conception of “animal” was one of the
ideas. We decided to have our students revisit
their forest unit projects in the spring when we
could go outside and visit a local woodland. We
would design the experience to build on their
prior learning, challenge their current ideas
about what an animal is, and expand their clas-

sification of animals to include a variety of other

animals found in the forest, such as salaman-
ders, millipedes, worms, birds, beetles, moths,
toads, spiders, snakes, and even people.

The notion of using formative assessment
probes to regularly “check in” on students’
ideas has spurred us to use additional probes
to gather information that will help us provide
a more flexible and suitable pathway for stu-
dents” learning. From now on our unit plan-
ning will always be informed by results from
probes. In addition, we have shared our student
data with the grade 4 teachers. As a result of
seeing what our students struggled with, next
year they are going to use a modified version
of the same probe using ocean animals as part
of their ocean unit, to see if the same students
revert back to their preconceived ideas. As a
result of what we found out, we will all be sure
to develop the idea of what an animal is, using

a variety of contexts and examples.

Middle School Vignette: Using the
Probe “Wet Jeans”
In sixth grade we study the water cycle. Our
unit builds on experiences students had in el-
ementary grades learning about change in state
and developing an academic vocabulary to de-
scribe water when it changes state. When stu-
dents come to sixth grade, they still remember
the water cycle song they learned in third grade
and don’t hesitate to use words like evaporation
and condensation.

This year I decided to use the “Wet Jeans”
probe (Figure 4) before planning instruction
that would include a review of concepts like

evaporation and condensation. These seemed
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like fairly simple concepts that most of my
students would probably remember and un-
derstand. Nevertheless, it would be helpful to
find out if there were any students who still
didn’t understand evaporation so that I could
design special instruction for them before
moving on to the next set of ideas.

Wow! I wasn’t prepared for the results! In-
stead of just a few students not understanding

where water goes after it evaporates, most of

Introduction

gas (vapor) in the air and can reappear as a lig-
uid when cooled, or as a solid if cooled below
the freezing point of water. Clouds and fog are
made of tiny droplets of water” (AAAS 1993,
p. 68). The research notes said students could
understand this by fifth grade if they had re-
ceived targeted instruction.

When I checked with the grades 3—5 teach-
ers, they agreed that the idea of water existing

in the air as water vapor was never explicitly

the students in my class Figure 4 Wet Jeans

had major misconcep-
tions! Even though they
could comfortably use

the

over 75% of my students

word  evaporation,

thought the water went

immediately up to the

jeans an hour later.

Sun or the clouds. A few
thought it no longer ex-
isted.

As I read through

the teacher notes that

substance.

came with the probe and

examined my students’

and oxygen.

responses, it was clear

to me that they used the

Life, Earth, and Space Science Assessment Probes

Wet Jeans

Sam washed his favorite pair of jeans. He hung the wet jeans on a clothesline outside.
An hour later the jeans were dry.

Circle the answer that best describes what happened to the water that was in the wet

A Tt soaked into the ground.

B It disappeared and no longer exists.

C Itis in the air in an invisible form. |
D It moved up to the clouds. |

E It chemically changed into a new

F It went up to the Sun.

G It broke down into atoms of hydrogen

Describe your thinking. Provide an explanation for your answer.

21

{

word  evaporation with-

out understanding. Fur-

thermore, it seems that

they missed the grades

3-5 idea described in the

related standards from

Benchmarks that states,
“When liquid water dis-

appears, it turns into a

Uncovering Student Ideas in Science 155
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addressed. Students did know the water disap-
peared, but they didn’t know where it actually
went or what form it was in. This indicated to
me that I needed to provide an opportunity
for students to understand that the water is in
the air around us. Then I could move on to the
more complex idea of the global water cycle.

I decided to present my students with sev-
eral everyday phenomena such as water droplets
on the outside of a cold beverage glass, mois-
ture on the bathroom window, and dew on the
morning grass. | asked them to explain how the
water got there, and they all answered “con-
densation and evaporation.” However, when I
pressed them to explain to me how the water
actually got there, they had all sorts of inter-
esting explanations. Only a few mentioned the
water was in the air that came in contact with
the object in question. I challenged students to
think of a way they could prove where the water
came from, and this led to a variety of inter-
esting investigations. Eventually most students
began to accept the idea that the water was in
the air in a form they could not see. I also found
this was an opportune time to tie the idea to
conservation of matter so that students would
understand that the water did not disappear in
the sense that it no longer existed but rather it
was just in a different form and different place.

Once my students could understand the
meaning behind the terms evaporation and
condensation, 1 would use these terms to dis-
cuss the processes that contribute to the wa-
ter cycle. The teacher notes that came with
the probe pointed out the flaws in water cycle

diagrams. To see if my students continued to

accept the idea that water goes into the air ini-
tially before some of it travels upward to form
clouds, I showed them a picture of the water
cycle with an upward arrow pointing from a
lake to a cloud. I asked them if that was a cor-
rect representation of evaporation. Most of my
students pointed out that the diagram makes it
look like water goes immediately up to a cloud,
rather than existing in the surrounding air. I
thought it was a good idea to have students
discover this potential misrepresentation for
themselves, as this is often the way the water
cycle is illustrated in their textbooks.

I don’t think I would have realized my stu-
dents had this idea if I hadn’t used the probe
and combined my students’ results with the
readings that were in the probe teacher notes.
It is quite possible that we would have covered
the water cycle and my students would still be-
lieve that the water goes immediately up to the
Sun or clouds. They would have passed a stan-
dardized assessment item asking them to label
the process indicated by the upward arrow on
a water cycle illustration and they would know
the term, answer the test item correctly, yet
still have misconceptions. Knowing the ideas
they had about evaporation beforehand gave
me an opportunity to design instruction to
challenge their ideas and help my students de-
velop a correct conception of where water goes

after it evaporates and the form it takes.

High School Vignette: Using the
Probe “Is It Matter?”
This year, I have worked very hard to shift the

focus of my chemistry strand in my ninth-
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grade, heterogeneously grouped integrated sci-
ence class. One of my goals was to teach the
concept of conservation of matter during chem-
ical and physical changes. Understanding this
concept will help students when they encounter
stoichiometry as juniors in chemistry.

To start off my unit, I asked students to
think about what might happen to the mass of
solid or liquid matter as it underwent some sort
of interaction (a physical or chemical change).
After my students suggested a

number of scenarios using sol-

Introduction

present understandings to gases as well. I pre-
sented students with another scenario. I put
an Alka-Seltzer tablet, flask of water, and an
empty balloon on a scale. I asked students to
predict what would happen to the total mass
when the Alka-Seltzer tablet was placed in the
flask of water and covered with a balloon. In
the scenario it was explicitly stated that noth-
ing could get in or out of the system. Surpris-

ingly, when asked if matter would be con-

Figure 5 Is It Matter?

ids and liquids, they developed
and carried out a variety of in-
vestigations to test their ideas.
Teams of students investigated

materials that changed state,

Physical Science Assessment Probes 10

Is It Matter?

Changed Shape, diSSOlVCd, broke Listed below is a list of things that are considered matter and things that are not con-

sidered matter. Put an X next to each of the things that you consider to be matter.

into separate pieces, or changed C rocks ok
chemically. In general, students — babypowder _ Mars

3 _ milk ____ Jupiter
could accurately explain what _

___ar ______ Steam

happened to the mass ln the _ light ____ rotten apples
experiments they carried out. e — e = Ay

« » ____ love __ sound waves /
Students developed a “rule” to o e / ?(
explain their observations: “No — atoms —— bacteria
T What you dO to thC e __ fire ____ oxygen __ gravity __ dissolved sugar

smoke ___ stars ____ magnetic force electricity

rial, if nothing new is added or

taken away, the mass will stay

Explain your thinking. Describe the “rule” or reason you used to decide whether

something is or is not matter.

the same.” This rule led to a for-

mal definition of the conserva-

tion of matter.

After students had explored

conservation of matter ideas in

various contexts using solids

and liquids, I decided to assess

Uncovering Student Ideas In Science 79

whether they would apply their
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served, a number of students said no because
there was a gas in the balloon and gases don’t
weigh anything. Other students stated that the
mass was not conserved because the tablet had
dissolved into a powder that was weightless. I
wondered where these ideas came from. Could
my students be lacking a scientific conception
of matter?

I decided to use a formative assessment
probe to find out what my students’ concep-
tion of matter was. I specifically wanted to find
out what things they thought were matter and
what things were not and what their “rule” was
for defining matter. I gave them the probe in
Figure 5.

I was quite surprised when I looked
through the student work. Several students
identified gravity, light, magnetic force, fire,
and heat as matter while not marking air,
cells, stars, dust, and dissolved sugar as mat-
ter. A number of students did not mark atoms
as matter! What was going on here? Students
listed several interesting reasons as their basis
for classifying materials as matter or not mat-
ter, including that it has to be felt, it needs to
be visible, it has to have weight, and the defini-
tion “mactter is anything that has mass and oc-
cupies space.” Yet they failed to recognize sev-
eral forms of matter, such as air having mass,
or they mistakenly identified forms of energy
as having mass and volume. What was getting
in the way of my students’ understanding?
Several students recalled a definition of maz-
ter but had difficulty applying it. If they didn’t
have a correct conception of matter, how could

they apply conservation of matter ideas?

After reviewing the student work from the
probe “Is It Matter?,” I decided to investigate
student thinking even further by observing
students as they talked about their ideas with
each other. The teacher notes that came with
the probe described a method of card sorting
that could give me additional information. I
presented small groups of students with the
items from the task on cards and asked them
to sort them into two piles—a “matter” pile
and “not matter” pile. This method allowed
me to watch the faces of students as they
worked through the exercise and discussed
their ideas with their peers. Students hesitat-
ed when they were unclear or struggling with
an example such as air, dissolved sugar, or
sunlight. Occasionally, students would move
cards as they reconsidered earlier choices, in-
dicating uncertainty on their part.

Periodically, I asked students to explain
why they had placed an item in a particular
category and asked for elaboration when I
wanted to explore a particular student’s idea
further. These observations and additional
probing provided further evidence that my
students were lacking a correct conception of
matter. Furthermore, the research summaries
described in the teacher notes confirmed what
I was hearing from my students—in particu-
lar, the idea that gases do not have material
character and thus are not considered matter.

I examined the suggestions for instruction
and assessment provided in the teacher notes.
I began to consider the contexts in which stu-
dents had explored matter thus far and how

these experiences might have influenced the pat-
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terns that were emerging in this set of student
work. Had most of their experiences been with
matter that they could see? How much experi-
ence had they had with gases? What kinds of
experiences had they had in earlier grades with
weighing and finding volumes? Were some of
the items on the list more difficult for them to
think about? Did they know what 7ass and vol-
ume mean? In which grade had they developed
an operational definition of matter? It seemed as
if the definition they were using was memorized
without any understanding.

Despite the fact that I had revised my unit
to more deliberately target conservation of mat-
ter ideas in a variety of contexts, | had missed a
critical piece in my planning. Even though my
students could express conservation of matter

ideas and conserve matter in a number of situ-

Concept Matrices

and Probe Set

The remainder of this book contains a set of
25 probes that you can use with your students
along with accompanying teacher notes for
each probe. The concept matrices (p. 24 and
116) indicate the concepts most related to each
probe and can be used to select probes that
match your instructional context. In this vol-
ume we focus on the following topics: forms
of matter; changes in matter; light, heat, and
sound energy; living things and life processes;
cells; weathering and erosion; phases of the
moon; and gravity. Later volumes will include
additional topics in life, Earth, space, and

physical science.

Uncovering Student Ideas in Science
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ations, they would not be able to fully compre-
hend the idea of conservation of matter with-
out a clear understanding of what matter is.
I had been using the term matter throughout
the unit assuming that students had this pre-
requisite knowledge. The word matter is every-
where! In prior grades we refer to “properties
of matter,” “changes in matter,” and “states of
matter,” but we fail to first help students de-
velop a conception of what constitutes matter.
Even though we were investigating forms of
matter and conserving matter, I found it was
worth taking the time to make sure that my
students have a conception of what matter is.
I will change my activities to explicitly address
and challenge my students’ conception of mat-
ter, particularly regarding gases and dissolved

substances.
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Making Sound
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The Mitten Problem
Objects and Temperature

Conservation of
Matter

AN

AN

Mass or Weight

Atoms or
Molecules

Dissolving

States of Matter

Change in State

Physical Change

Chemical
Change

Oxidation
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Can It Reflect Light?

What types of objects or materials can
reflect light? Put an X next to the things =
you think can reflect light.

____ water \
_gray rock

__leaf

____ mirror _ dull metal

__glass __red apple

__sand ___rough cardboard

___potato skin ___the Moon _milk

____wax paper ___ rusty nail ___ bedsheet

____tomato soup __ clouds ___ brand new penny
__crumpled paper  ___ soil ___old tarnished penny

___shiny metal ___wood ____smooth sheet of aluminum foil

Explain your thinking. Describe the “rule” or the reasoning you used to decide if

something can reflect light.

Uncovering Student Ideas in Science
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Can It Reflect Light?

Purpose

The purpose of this assessment probe is to
elicit students’ ideas about light reflection off
ordinary objects and materials. The probe is
designed to find out if students recognize that
all non-light-emitting objects that we can see
reflect some light or if they believe that only

certain types of objects reflect light.

Related Concepts

light, reflection

Explanation

Assuming all of the objects on the list are vis-
ible to an observer, the best response is “All of
the objects on the list can reflect light.” The
objects and materials on this list can be seen
when light is reflected from the object or ma-

terial and enters the eye. When we can see a

nonluminous object, we know that some or all
of the light striking the object is reflected to
our eye. Otherwise we would not be able to
see it. Most materials will absorb some wave-
lengths of light and reflect the rest. This ac-
counts for why we see different colors. When
we see white, all colors have been reflected
back. Materials that absorb all light and reflect
no light appear black. Black is the absence of
light. Black objects whose features you can ac-
tually see do not absorb all the light that falls
on them. With these objects, some reflection
at the surface allows you to see their features.
Some materials clearly reflect light better than
others. Ordinary mirrors and light, shiny,
smooth objects reflect light to the observer
because the light bounces off the surface at a
definite angle. When light hits rough surfaces,

such as paper or rock, it is scattered and bounc-
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es back in many different directions. This scat-

tering makes some objects appear dull.

Curricular and Instructional
Considerations

Elementary Students

Knowing that light can be reflected, refracted,
or absorbed when it comes in contact with an
object or material is a grade-level expectation
in the national standards. Students at this age
engage in learning opportunities that involve
examining the properties of a variety of objects
and materials. The probe is useful at this grade
level for examining how students connect their
ideas about certain observable properties of
objects and materials to ideas about reflection
of light. It is important for students to develop
the generalization that all visible objects reflect
some amount of light, an important prerequi-
site to understanding how vision works (a topic

that is traditionally studied in middle school).

Middle School Students

Students develop an understanding that non-
luminous objects are seen as a result of light
being reflected off the object and entering the
eye. This idea is a grade-level expectation in
the national standards. However, they often
fail to recognize the closely linked idea that
if you can see something, then it must be re-
flecting light. This notion explains why each
of the visible objects on the list reflect some
light. Middle school students typically engage
in learning activities that examine the direc-

tionality and angle of light as it passes through

Uncovering Student Ideas in Science

or reflects off objects. They frequently engage
in activities that use mirrors. They use ideas
about reflection and absorption to explain how
colors are seen. At this level the probe is useful
in determining whether students are “context-
bound” in their thinking or if they are making
the generalization that an object, regardless of
the type of material or color, is reflecting some

light if it is seen by the eye.

High School Students

Students develop more sophisticated ideas
about light reflection and optics. They may,
however, still be context-bound or persist in
their intuitive notions that certain characteris-
tics of objects, such as dull or bumpy surfaces,
inhibit light reflection. The notion of light re-
flection by ordinary objects is fundamental to
optics instruction and is used to understand

image processes such as photography.

Administering the Probe
Be sure students are familiar with the objects
on the list. Ask them to cross out any word
or object they are unfamiliar with. You might
consider explaining, or showing an example
of, an object if students are not sure what it
is. This probe can also be used as a card sort.
In small groups, students can sort cards list-
ing each item into two groups—those that
reflect light and those that do not .
reflect light. Listening carefully SC

to students’ discussions with each
other as they sort can lend insight ropic: Lightv
into their thinking. This probe

Code: USIS27
can be combined with “Apple in

INKS.

THE WORLD’S A CLICK AWAY

Go to: www.scilinks.org
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the Dark” to further examine students’ ideas

about the role of light.

Related Ideas in National
Science Education Standards
(NRC 1996)

K—4 Properties of Objects and Materials

®  Objects have many observable properties.

K-4 Light, Heat, Electricity, and
Magnetism
*  Light can be reflected by a mirror, refract-

ed by a lens, or absorbed by an object.

5-8 Transfer of Energy

* Light interacts with matter by transmis-
sion (including refraction), absorption,
or scattering (including reflection). For
a person to see an object, light from that
object—emitted by or scattered from it—

must enter the eye.

Related Ideas in Benchmarks
for Science Literacy (AAAS
1993)

K-2 Structure of Matter

® Objects can be described in terms of their

physical properties (color, texture, etc.)

3-5 Motion (New benchmark from
“Waves” map in Atlas of Science
Literacy [AAAS 2001])

*  Light travels and tends to maintain its direc-

tion of motion until it interacts with an object

or material. Light can be absorbed, redirected,

bounced back, or allowed to pass through.

6-8 Motion

¢ Light from the Sun is made up of a mix-
ture of many different colors of light, even
though to the eye the light looks almost
white. Other things that give off or reflect
light have a different mix of colors.

* Something can be “seen” when light waves

emitted or reflected by it enter the eye.

Related Research

¢ Studies by Guesne (1985) and Ramadas and
Driver (1989) revealed that middle school
students will accept the idea that mirrors re-
flect light but may not accept the idea that
ordinary objects reflect light (AAAS 1993).

® Students’ ideas about reflection may be con-
text-bound. Many students questioned in a
study conducted by Anderson and Smith
(1983) could describe light as bouncing
off mirrors but not off other objects. A few
students even lacked a conception of light
bouncing or reflecting off any objects. The
researchers also found that 61% of the chil-
dren they sampled thought color to be a
property of an object rather than reflected
light off an object (Driver et al. 1994).

Suggestions for Instruction and

Assessment

* By experimenting with light, K-4 students
begin to understand that phenomena can

be observed, measured, and controlled in
various ways (NRC 1996).

s Indicates a strong match between the ideas elicited by the probe and a national standard’s learning goal.
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“Light can be reflected by a mirror, re-
fracted by a lens, or absorbed by an object”
is a learning goal in the National Science
Education Standards (NRC 1996). How-
ever, use caution when addressing this
standard as it may imply to some students
and teachers that only mirrors reflect light
if other examples are not included. Provide
students with a variety of materials to in-
vestigate reflection. There is a danger of
students becoming context-bound if their
experiences only include mirrors or shiny
and smooth objects. Emphasize the gener-
alization rather than focusing exclusively
on one type of object.

Explicitly link the idea that if we can see an
object, regardless of its observable physical
properties, it is reflecting or emitting some
light in order for us to be able to see it.
Have students use a flashlight to observe
light reflecting off smooth aluminum foil
and rough aluminum foil. Connect this
experience with an analogy of a ball (rep-
resenting the light) bouncing on a smooth
floor versus a bumpy surface. Take stu-
dents outside to bounce a ball on a
smooth pavement and then compare how
the ball bounces on gravel or some other
rough surface. Connect the idea to what
happens to light on smooth and rough
surfaces (see Matkins and McDonnough
[2004] under “Related NSTA Science
Store Publications and NSTA Journal Ar-
ticles,” below).

Use real-life applications, such as remote-

sensing images, to develop the idea that

Uncovering Student Ideas in Science

Earth materials such as water, vegetation,
rocks, soil, sand, and clouds reflect light
that is detected by satellites.

Ask students to draw and explain ray dia-
grams that compare light reflecting off
smooth versus rough objects.

Identify various physical properties of
materials and their associated vocabulary,
such as rexture, luster, color, transparency,
translucence, and opaqueness and compare
and contrast what happens when light in-
teracts with these materials.

Alert students to the ways our English lan-
guage refers to reflection, such as reflection
pools and seeing our reflection in a mirror
or shiny object. Reflection is almost always
spoken of in the context of mirrors, shiny
objects, and water. Objects and materials
like paper, wood, soil, and rocks are sel-
dom referred to as reflective materials.
Modify the assessment probe by having
students come up with their own list of
things they think reflect light and things
that do not reflect light. Have them use
their own list to explain their reasons for
deciding whether an object or material re-

flects light.

Related NSTA Science Store
Publications and NSTA Journal
Articles

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). 2001. Atlas of science literacy. (See
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“Waves,” pp. 64—65.) New York: Oxford Uni-
versity Press.

Driver, R., A. Squires, 2. Rushworth, and V. Wood-
Robinson. 1994. Making sense of secondary sci-
ence: Research into children’s ideas. London and
New York: RoutledgeFalmer.

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

Magnusson, S., and S. Palincsar. 2005. Teaching to
promote the development of scientific knowl-
edge and reasoning about light at the elemen-
tary school level. In How students learn: Science
in the classroom, eds. M. S. Donovan and ]J.
Bransford. Washington, DC: National Acad-
emy Press.

Matkins, J., and J. McDonnough. 2004. Circus of
light. Science and Children (Feb.): 50-54.

Robertson, W. 2003. Light: Stop faking it! Finally
understanding science so you can teach it. Arling-
ton, VA: NSTA Press.

Stepans, J. 2003. Targeting students’ science miscon-
ceptions: Physical science concepts using the con-
ceptual change model. (See section on light and
color.) Tampa, FL: Showboard.

Related Curriculum Topic Study Guides
(Keeley 2005)
“Visible Light, Color, and Vision”

“Senses”
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Imagine you are sitting at a table with a red apple in front of
you. Your friend closes the door and turns off all the lights.
It is totally dark in the room. There are no windows in
the room or cracks around the door. No light can enter

the room.

Circle the statement you believe best describes how

you would see the apple in the dark:

A

Apple in the Dark

You will not see the red apple, regardless of how long

you are in the room.

You will see the red apple after your eyes have had time to
adjust to the darkness.

You will see the apple after your eyes have had time to adjust to the darkness, but

you will not see the red color.

You will see only the shadow of the apple after your eyes have had time to adjust
to the darkness.

You will see only a faint outline of the apple after your eyes have had time to adjust
to the darkness.

Describe your thinking. Provide an explanation for your answer.

Uncovering Student Ideas in Science
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Apple in the Dark

Purpose
The purpose of this as-
sessment probe is to elicit

students’ ideas about how we see objects. The
probe is designed to find out if students know
that light must be reflected off an object and
enter the eye in order for a non-light-emitting
object to be visible. The probe helps teachers
identify various conceptual models students

use to link the role of light to vision.

Related Concepts
light, light reflection, light transmission, color,

vision

Explanation

The best response is A. In order to see an ob-
ject, light must be emitted from or reflected
off an object so that it reaches the eye. The
path of light is from the object to the eye. It

is impossible to see an object in the absence

of light (total darkness).
However, it is important to be
aware that choosing the correct response

and explaining that light is needed is not suf-
ficient evidence that students understand that
emitted or reflected light must enter the eye in
order to see an object. They may simply think
that an object is illuminated by light in the
room or the eye is the activator of vision when

light is present.

Curricular and Instructional
Considerations

Elementary Students

Students are beginning to develop ideas about
light as something that travels from its source
and strikes objects. They begin to recognize
that some objects, like a lightbulb, give off their
own light and others reflect light. While they
may begin to develop an understanding that

light travels and is reflected off objects, they

National Science Teachers Association
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have difficulty connecting this idea to how we
see. They use various conceptual models that
include or do not include light reflection to ex-
plain how objects are seen. This probe is useful
for finding out elementary students’ beginning
ideas about light and color and about dark-
ness as the absence of light. It also determines
whether students are starting to make a con-

nection between light and how we see.

Middle School Students

Students begin to connect the idea that light
reflects off an object to their understanding
of how vision works. Knowing that objects
become visible when the light emitted or re-
flected by them enters the eye is a grade-level
expectation in the national standards. This
probe is useful for identifying middle school
students’ prior conceptions before designing
instruction explicitly aimed at the connection

between light and vision.

High School Students

At this level the probe is useful for identifying
the middle school prerequisite ideas prior to
more sophisticated light and optics instruction
in high school. Examining students’ respons-
es to this probe can help physics or physical
science teachers determine whether students
retain alternative ideas about “seeing in the
dark” even years after formal concept develop-

ment in middle school.

Administering the Probe
Make sure students understand there is no

light in the room. Although this is explicitly

INKS.

THE WORLD’S A CLICK AWAY

stated in the probe, some SC

students may assume there

is some light present because

Topic: Properties of Light

the experience of total dark- .
Go to: www.scilinks.org

ness is unfamiliar to many.  Code: USIS33
Related Ideas in

National Science Education
Standards (NRC 1996)

K-4 Light, Heat, Electricity, and
Magnetism

e Lighttravelsin astraight line until it strikes

an object.

5-8 Transfer of Energy

* Light interacts with matter by transmis-
sion. To see an object, light from that ob-
ject—emitted or scattered from it—must

enter the eye.

Related Ideas in Benchmarks

for Science Literacy (AAAS

1993)

3-5 Motion (New benchmark from

“Waves” map in Atlas of Science

Literacy [AAAS 2001])

® Light travels and tends to maintain its di-
rection of motion until it interacts with an
object or material. Light can be absorbed,
redirected, bounced back, or allowed to

pass through.

6-8 Motion

*  Something can be “seen” when light waves

% 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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emitted or reflected by it enter the eye.

Related Research

Several studies have shown that students of
all ages have difficulty understanding that
light must enter the eye in order to see an
object. Elementary and middle school stu-
dents who do not understand that light is
something that travels away from its source
to another place have difficulty explaining
reflection of light off objects (AAAS 1993).
A variety of alternative conceptual mod-
els used by students have been identified
to explain the role or absence of light in
explaining vision (Driver et al. 1994).
Ramadas and Driver (1989) asked 456
high school students to explain what hap-
pens between a book and the eyes of a
girl who is reading the book. Only 31%
of the students were able to describe a cor-
rect model of light reflection and vision.
This was combined with a similar study
conducted by Andersson and Karrqvist
(1983) of 12- to 15-year-olds who revealed
various alternative ideas, including simply
that light helps us see better, the eye is the
activator of vision rather than the receiver,
something goes from the eye to the book,
something goes back and forth between
the eye and the book, light illuminates an
object so we can see it, and a contrast with
dark helps us to see.

Ramadas and Driver (1989; see Driver et
al. 1994) reported that “many children
did not recognize the necessity of light for

vision and thought it was possible to see

when it was dark. Having not experienced
total darkness, they did not appreciate that
light must be present in a room if they
could see objects, however faintly” (p. 42).
The idea that the eye can see without any-
thing linking it to an object is a persis-
tent notion that exists even after students
have had traditional instruction in optics
(Guesne 1985).

Fetherstonhaugh and Treagust (1990) in-
vestigated students’ ideas about seeing in
the dark. They found a significant number
of children believe that people can see in
the dark and that this was more prevalent
among city dwellers than children who live
in rural areas. However, in both groups of
children, over 40% believe that cats can
see in total darkness.

The Annenberg/CPB Private Universe
Project (1995) conducted interviews with
students in the dark to find out if they
believed they would see an object and its
color in total darkness. The students inter-
viewed held persistently to the idea that if
they waited long enough, they would even-

tually see the object.

Suggestions for Instruction and
Assessment

The National Science Education Stan-
dards (NRC 1996) encourage investi-
gation by elementary students so that
they may begin to understand that phe-
nomena can be observed, measured, and
controlled in various ways. Phenomena

that provide observational evidence for
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light traveling from a source and reflec-
tion should begin to be investigated in
elementary grades.

®  Most students have never experienced total
darkness. Even in a dark room or outside,
there is some light diffusing or reflected
from a source that allows students to see
faint images. Having students experience
total darkness in a sealed-off room, pho-
tographic darkroom, or dark box may be
helpful. Also, ask students to think of areas
where there would be total darkness (e.g.,
in a mine shaft or deep within a cave).

® The ideas in this task can be tested by
students in school or at home. After stu-
dents commit to an outcome, have them
test it with an apple in a darkened, win-
dowless room, closet, or dark box. En-
courage students to think about their
observations, and discuss reasons that
could explain why their experience did
not match their prediction. Students may
come up with the correct explanation on
their own through a dissonance-resolv-
ing discussion.

¢ Combine learning about the nature of
light with the nature of vision. Explicitly
link how light travels from an emitting
source or reflection off an object with how
we see objects. Students may understand
how light reflects in straight lines, refracts,
and scatters but may still fail to link these
concepts to how we see objects unless it is
addressed in instruction.

® Use a variety of contexts. Students may un-

derstand the idea of direction of reflection of

Uncovering Student Ideas in Science

light and how it enters the eye when work-
ing with mirrors or shiny surfaces but may
fail to apply ideas to light sources, ordinary
objects like an apple, or dull surfaces.

® Be aware that activities such as observing
pupils of the eye getting larger in the dark
and learning about nocturnal animals
with large eyes may contribute to the idea
that it is the eye alone that is responsible
for seeing. Emphasize that these biologi-
cal features are intended to maximize the
amount of light that can enter the eye.

® Encourage students to draw directional
diagrams that include a light source, an
object, and the eye to show how the eye
sees an object. Ask students to explain
their diagrams.

® Modify the assessment to contrast ideas
about black, white, and different-colored

objects.

Related NSTA Science Store
Publications and NSTA Journal
Articles

American Association for the Advancement of Sci-
ence (AAAS). 2001. Atlas of science literacy. (See
“Waves,” p. 65.) New York: Oxford University
Press.

Driver, R., A. Squires, P. Rushworth, and V. Wood-
Robinson. 1994. Making sense of secondary sci-
ence: Research into childrens ideas. London and
New York: RoutledgeFalmer.

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

Matkins, J., and J. McDonnough. 2004. Circus of
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light. Science and Children (Feb.): 50-54.
Robertson, W. 2003. Light: Stop faking it! Finally
understanding science so you can teach it. Arling-
ton, VA: NSTA Press.
Stepans, J. 2003. Targeting students’ science miscon-
ceptions: Physical science concepts using the con-

ceptual change model. (See section on light and

color.) Tampa, FL: Showboard.

Related Curriculum Topic Study Guides
(Keeley 2005)
“Visible Light, Color, and Vision”

“Senses”
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Birthday Candles

Imagine you are at a birthday party. A birthday cake with candles is put on a table in
the middle of a room. The room is very large. You are standing at the end of the room,
10 meters away from the cake. You can see the candles. Circle the reponse that best de-

scribes how far the light from the candles traveled in order for you to see the flames.
A The light stays on the candle flames.

B 'The light travels a few centimeters from the

candle flames.
The light travels about 1 meter.

The light travels about halfway to

where you are standing.

E The light travels all the way to

where you are standing.

Describe your thinking. Provide an explanation for your answer.

Uncovering Student Ideas in Science
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Birthday Candles

Teacher Notes

Purpose

The purpose of this assessment probe is to elicit
students’ ideas about how light travels outward
from its source. The probe is designed to find
out if students recognize that light will travel
outward from its source, generally in a straight
line regardless of distance, until it comes in
contact with matter that may change its direc-
tion. It also helps determine if students rec-
ognize there is light in the space between the
visible part of an object that they can clearly

detect (the flame) and their eyes.

Related Concepts

light, light source, light transmission, vision

Explanation
The best response is E. The light from the

candles will travel away from its source (the

flame) to you as long as it is unobstructed by
an object or material. Since you can see the
candlelight, it has traveled outward from its
source—the candle flame—through the room
and to your eyes. For you to see the flame, the
light emitted from the flame must reach your
eye. The eyes are the object, or matter, that
the light comes in contact with. Even though
it may appear to the student in a lit room that
there is only light around the candle, since
that is what they can detect with their senses,
light is radiating outward in all directions be-
yond the visible part of the flame, including
the space between the light source and the eye

of the observer.

Curricular and Instructional
Considerations

National Science Teachers Association
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INKS.

THE WORLD’S A CLICK AWAY

Elementary Students more sophisticated than the el- SC

Students are beginning to develop early ideas  ementary notion that light travels

about light as “straight lines or rays” that travel ~ outward until it strikes an object.

Topic: Using Light

from their source until they contact an object  This probe is useful in determin-

Go to: www.scilinks.org

or material. Knowing that light keeps moving
in a straight line until it strikes an object is
a grade-level expectation in the national stan-
dards. Students at this level begin to recognize
that some objects, like a candle flame, give off
their own light that radiates outward in all di-
rections. While they may start to understand
that light travels outward from its source, they
may have difficulty conceptualizing that the
light travels further than the actual light effect
they can see. They may have various concep-
tual models that include light illuminating a
limited space around its source. Their observa-
tions of the light surrounding a candle flame
may limit their thinking about how far the
light travels. This probe is useful in eliciting

preconceptions that develop early on.

Middle School Students

When students begin middle school they
should know that light keeps traveling in a
given direction until it interacts with a mate-
rial or object. Knowing that in order to see a
luminous object, light emitted from a source
(in this case the candle) must enter the eye is
a grade-level expectation in the national stan-
dards. This probe is useful in determining
whether students recognize that light exists
between the source and the observer and con-
tinues to travel beyond the visible light seen
around the candle flames to the eye of the ob-

server. Combining these two ideas is slightly

ing whether early preconceptions Code: USIS39
still persist after elementary grades

instruction.

High School Students

At the high school level this probe is useful for
identifying prerequisite ideas prior to light and
optics instruction. It can be used to determine
whether students still revert to their early pre-
conceptions about light transmission held in
earlier grades, even after formal concept devel-

opment in middle school.

Administering the Probe

This probe scenario may be modeled with stu-
dents. Have students stand around the outside
of a room. Place a candle in the center of the
room where all students can see it, have students
observe the flame, and then pose the question.
(Safety note: Use a candle wider than it is tall
and have an ABC fire extinguisher at hand.)

Related Ideas in National
Science Education Standards
(NRC 1996)

K-4 Light, Heat, Electricity, and Magnetism
*  Light travels in a straight line until it strikes

an object.

5-8 Transfer of Energy

*  Light interacts with matter by transmission.

s 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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To see an object, light from that object—emit-

ted or scattered from it—must enter the eye.

Related Ideas in Benchmarks
for Science Literacy (AAAS
1993)

3-5 Motion (New benchmark from
“Waves” map in Atlas of Scientific
Literacy [AAAS 2001])

*  Light travels and tends to maintain its di-

rection of motion until it interacts with an

object or material.

6-8 Motion

*  Something can be “seen” when light waves

emitted or reflected by it enter the eye.

Related Research

Studies of 10- and 1l-year-old students
show that they fail to recognize light as an
entity that exists between its source and
its effect. They fail to recognize light as
something that travels. Two different con-
ceptions of light exist among students that
age: (1) light equated with a source and (2)
light as an entity located in the space be-
tween its source and effect (Guesne 1985).
The fact that the path that light takes is
not directly visible results in comprehen-
sion difficulties for students (Ramadas and
Driver 1989).

* A study conducted by Stead and Osborne

(1980) used the context of a candle in the
daytime and found that students did not

think light traveled very far from its source.

Students’ reasoning about how far light
travels may be related to intuitive rules de-
scribed by Stavy and Tirosh (1995) in which
more A equals more B. In other words, a
more intense light (than a candle flame) re-

sults in a greater distance traveled.

Suggestions for Instruction and
Assessment

By experimenting with light, K—4 students
begin to understand that phenomena can
be observed, measured, and controlled in
various ways (NRC 1996).

Explicitly address the idea that light exists
in the space between where we see its effect
and its source, even though we may not be
able to see it directly.

Middle and high school students can use
examples of sources that are very far away,
such as the Sun, to explore the idea that
light is in the space between its source and
where we receive it.

Project light from a flashlight or other pro-
jection device in a lit room. Have students
think about ways to test whether there is
light between the source and its projection
on the wall. Students cannot see the light
in between, but, when they hold their hand
or a piece of paper in the path of the light,
they see that the light projects on it. This
phenomenon can help develop the idea
that light is traveling in the space between
the source and its observable effect.

Use additional assessments with other ex-
amples besides the candle. Children may

use a variety of prior ideas depending on

% Indicates a strong match between the ideas elicited by the probe and a national standard’s learning goal.
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what the situation is, so it is difficult to
ascertain their conceptual model based on
one instance. Consider changing the con-
text to a campfire, a lightbulb, a Halloween
light stick, etc., and vary the conditions to

include both night and day.

Related NSTA Science Store
Publications and NSTA Journal
Articles

American Association for the Advancement of Sci-
ence (AAAS). 2001. Atlas of science literacy. (See
“Waves,” pp. 64—65.) New York: Oxford Uni-
versity Press.

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

Robertson, W. 2003. Light: Stop faking it! Finally
understanding science so you can teach ir. Arling-
ton, VA: NSTA Press.

Stavy, R., and D. Tirosh. 1995. How students (mis-)
understand science and mathematics: Intuitive
rules. New York: Teachers College Press.

Stepans, J. 2003. Targeting students science miscon-
ceptions: Physical science concepts using the con-

ceptual change model. (See section on light and
color.) Tampa, FL: Showboard.

Related Curriculum Topic Study Guide
(Keeley 2005)
“Visible Light, Color, and Vision”

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). 2001. Atlas of science literacy. New
York: Oxford University Press

Guesne, E. 1985. Light. In Childrens ideas in science,
eds. R. Driver, E. Guesne, and A. Tiberghien,
10-22. Milton Keynes, UK: Open University
Press.

Keeley, P. 2005. Science curriculum topic 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.

Ramadas, J., and R. Driver. 1989. Aspects of second-
ary students’ ideas about light. Leeds, UK: Uni-
versity of Leeds Centre for Studies in Science
and Mathematics Education.

Stavy, R., and D. Tirosh. 1995. How students (mis-)
understand science and mathematics: Intuitive
rules. New York: Teachers College Press.

Stead, B., and R. Osborne. 1980. Exploring stu-
dents’ concepts of light. 7he Australian Science
Teachers Journal 26 (3): 84-90.



Copyright © 2005 NSTA. All rights reserved. For more information, go to www.nsta.org/permissions.



Copyright © 2005 NSTA. All rights reserved. For more information, go to www.nsta.org/permissions.

Physical Science Assessment Probes

Making Sound

All of the objects listed below make sounds. Put an X next to the objects you think

involve vibrations in producing sound.

___guitar strings
___drum

__ dripping faucet
__ barking dog
___piano

screeching brakes

__ radio speaker __ drum \

__crumpled paper __ wind __ hammer

___carengine _ wood saw _ flute

__ chirping cricket __ clapped hands __thunderstorm

___singer ___ bubbling water ___two stones rubbed together
___popped balloon __rustling leaves __snapped fingers

Explain your thinking. What “rule” or reasoning did you use to decide which objects

involve vibrations in producing sound?

Uncovering Student Ideas in Science
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Making Sound

Purpose
The purpose of this assessment probe is to elic-
it students’ ideas about sound production. The
task specifically probes to determine whether
students recognize that sounds result from vi-
brations produced by an object or by objects

or materials in contact with the object listed.

Related Concepts

sound, vibration

Explanation

Sound is a form of energy caused by back-and-
forth vibrations. All the objects on the list in-
volve the production of sound as a result of
vibration of the object itself or the material it
comes in contact with, such as air. Some vibra-

tions are obvious, such as watching the strings

plucked on a guitar. Other vibrations are so
small that you can’t see them. Some vibrations
that cannot be seen can be felt. For example,
when you put your fingers over your vocal
cords, you can feel the vibrations created when
you speak. The loudness of a sound depends on
the size of vibrations. The size of vibrations is
called their amplitude. Increasing or decreasing
the amplitude changes the loudness of a sound.
Leaves rustling in a gentle wind create sound
with a low amplitude of vibrations, whereas a
blaring radio speaker creates sound with a high
amplitude. Vibrations also affect the pitch of
a sound. Pitch describes how high or low the
notes are that are produced by the vibrations
of the object. Pitch is affected by changing the
frequency of the vibrations—how quickly or

slowly the object vibrates. The more vibrations

National Science Teachers Association
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that occur per second, the higher the frequen-

cy and the higher the pitch of the sound.

Curricular and Instructional
Considerations

Elementary Students

By the end of the elementary grades, most stu-
dents have had opportunities to learn about
sound and how sound is made. Early ideas
about sound are connected to position and
motion of objects. Teaching and learning
about sound is primarily observational and in-
cludes having students identify different types
of sound and their sources, observe vibration
of sound-making objects, and relate loudness
and pitch to different types of sound produc-
tion. The emphasis at this developmental stage
is on the objects, even though in some cases it
is the air that is in contact with the object that
is the source of vibration. Because the notion
of vibrating air is a more abstract idea at the el-
ementary level and not directly observable, the
national standards focus on vibrating objects at
the elementary level. Ideas about vibration and
pitch are grade-level expectations described in
the national standards. Students at this level
often learn about sound through the context of
musical instruments. As a result students may
become context-bound in their understanding
of how sound is produced and may fail to gen-

eralize across different examples.

Middle School Students
In middle school, students build on their el-

ementary grade observations to develop expla-

Uncovering Student Ideas in Science
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how it travels. Students

derstand the abstract no-

vibration resulting from

contact with an object.

Students begin to develop ideas about waves
and transmission through different types of
materials. The probe is useful at this level to
determine whether through prior instruc-
tion students developed generalizations about
sounds resulting from vibrations or if the con-
text they learned ideas in limited their under-

standing about sound production.

High School Students

In high school, students continue to build more
sophisticated understandings about sound and
sound waves. The probe is useful at this level
to determine whether students may still have
a limited context in understanding basic ideas

about how sound is produced.

Administering the Probe

Make sure students are familiar with the items
on the list. You may wish to remove items that
elementary students have little or no familiar-
ity with. This probe can also be used as a card
sort. In small groups, students can sort cards
listing each item into two groups—those that
make sound by vibration and those that do
not. Listening carefully to students’ discus-
sions with each other as they sort can lend in-

sight into their thinking.
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Related Ideas in National
Science Education Standards
(NRC 1996)

K-4 Position and Motion of Objects
* Sound is produced by vibrating objects.

The pitch of the sound can be varied by

changing the rate of vibration.

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.

Related Ideas in Benchmarks
for Science Literacy (AAAS
1993)

K-2 Motion
* Things that make sound vibrate.

3-5 Motion

How fast things move differs greatly.

6-8 Motion

Vibrations in materials set up wavelike
disturbances that spread away from the
source. Sound and earthquake waves are
examples. These and other waves move at

different speeds in different materials.

Related Research

¢ Children’s explanations of how sound is

produced can be sorted into three gro

that involve (1) physical properties of
sound-producing materials, such as thick-
ness, hardness, and elasticity, (2) the size
of the force needed to produce the sound,
and (3) vibrations (Driver et al. 1994).
Reference to movement or vibration in-
creases with age (Driver et al. 1994).

A study by Asoko, Leach, and Scott (1991)
used different contexts to have students ex-
plain how sound is produced. They used
examples such as a guitar string, a horn,
cymbals, and two stones clashed together.
The results of their study suggest that stu-
dents do not have a generalized theory of
sound being produced by vibration that
can be transferred across different con-
texts. The researchers suggest that “teachers
should plan to give children experience of
sound production in less obvious contexts
as well as in contexts where the vibrations
are more clear. It may be useful to allow
the children to experiment with applying
vibration ideas developed in obvious con-
texts to less obvious contexts with a view
to developing a generalized theory.”
Failure to recognize the role of vibration in
sound may be linked to the failure to recog-
nize the involvement of air as a medium in
which vibrations are transferred. The role of
the ear does not appear to be problematic and
may serve as a useful context to develop the

idea of vibrations in air (Driver et al. 1994).

Suggestions for Instruction and

ups °

Assessment

Explicitly develop the generalization that

¢ Indicates a strong match between the ideas elicited by the probe and a national standard’s learning goal.
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all objects and materials that produce
sound vibrate or cause surrounding objects
or materials to vibrate, regardless of the ex-
amples used to investigate sound produc-
tion. Be aware that a specific context may
limit students” thinking,

® Provide opportunities to experience vibra-
tions in objects where the vibration is not
obvious. For example, putting your hand on
a hard surface and feeling the vibration as
someone pounds on the hard surface is one
way of confirming that rigid objects vibrate.

e Connect the idea about how we hear sound
to vibrations from the source to the medi-
um that carries the vibrations to our ears.

® Have students investigate objects like tuning

forks to observe differences in the vibrations.

Related NSTA Science Store
Publications and NSTA Journal
Articles

American Association for the Advancement of Sci-
ence (AAAS). 2001. Atlas of science literacy. (See
“Waves,” pp. 64—65.) New York: Oxford Uni-
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Driver, R., A. Squires, P. Rushworth, and V. Wood-
Robinson. 1994. Making sense of secondary sci-
ence: Research into childrens ideas. London and
New York: RoutledgeFalmer.

Galus, P 2004. Sensations of sound. Science Scope
(Nov./Dec.): 44—47.
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Keeley, D 2005. Science curriculum topic study:
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Ice Cubes in a Bag

You are having an argument with your friend about what happens to the mass when
matter changes from one form to another. To prove your idea, you

put three ice cubes in a sealed bag and record the mass of the

ice in the bag. You let the ice cubes melt com-

pletely. Ten minutes later you record the mass

of the water in the bag. Which of the follow-
ing best describes the result? Circle your pre-

diction.

A The mass of the water in the bag will be
less than the mass of the ice in the bag.

B The mass of the water in the bag will be

more than the mass of the ice in the bag.

C 'The mass of the water in the bag will be the

same as the mass of the ice cubes in the bag,.

Describe your thinking. Provide an explanation for your answer.

Uncovering Student Ideas in Science
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Ice Cubes in a Bag

Purpose

The purpose of this as-

sessment probe is to elicit students’ ideas
about conservation of matter in the context
of substances and change in state. The probe
is designed to find out whether students be-
lieve there will be a change in mass when ice
changes to liquid water and what their rea-
soning is to support their prediction. It can
also be used to determine whether students
connect the idea of a closed system or particle

ideas to conservation of mass.

Related Concepts
conservation of matter, mass, volume, change

in state, closed system, atoms, molecules

Explanation

The best response is C—the mass would be

the same. Mass is a measure

of the amount of matter in a sub-

stance. When water changes from one state
to another, the number of molecules of wa-
ter does not change; therefore, the amount of
matter or mass does not change. This rule ap-
plies to changes between liquids and gases as
well as solids and liquids. A change in state is
a change in the average motion and arrange-
ment of the molecules, not the number of
molecules or their mass. Also, the sealed bag
implies a closed system (even though plastic
bags are semipermeable). If a system is closed,
then no new matter can get into the bag and
nothing can get out. Therefore, the total mass
remains the same since nothing is added or
subtracted. Conservation of matter is a physi-
cal principle, applied to ordinary physical and

chemical changes, that states that matter can-
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not be created or destroyed. This principle is
used to explain a variety of chemical, biologi-

cal, and geologic changes.

Curricular and Instructional
Considerations

Elementary Students

Conservation of matter ideas begin in the el-
ementary grades with investigations of objects
or familiar materials. Knowing that the sum
of the parts weighs the same as the whole is
a grade-level expectation in the national stan-
dards. While students are not ready at this lev-
el to use particle ideas or terms such as mass,
they may use parts and wholes reasoning—for
example, the water “parts” came from the ice,
so nothing new was added. Students at this age
are familiar with the idea that ice can change
to water and vice versa. Mass is a concept that
is usually not developed until middle school.
If this probe is used with elementary students,

consider using the familiar term weighs.

Middle School Students

In middle school, students progress from ideas
about conservation of matter using objects and
materials to substances, like water. They begin
to use particle ideas and closed systems to sup-
port their explanations. They develop the con-
cept of mass linked to a conception of matter.
They use their ideas to explain conservation
of matter with physical or chemical changes
in substances as the context. Knowing that
matter is conserved during ordinary chemical

and physical interactions is a grade-level ex-
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High School Students

Grade-level expectations for achieving con-
servation of matter ideas culminate in middle
school. By high school, students are expected
to know that matter is conserved in ordinary
interactions and changes. Since conservation
of matter explains several phenomena encoun-
tered in high school, this probe is useful in
finding out if students have a basic concep-
tion of matter conservation so it can be used
to explain biological, chemical, and geologic
phenomena. Chemistry students may be able
to recite the law of conservation of matter and
use conservation reasoning to balance chemi-
cal equations; yet, when confronted with an
ordinary change like ice melting, they may re-

vert back to their misconceptions.

Administering the Probe

This probe is one of several conservation of
matter probes set in different contexts and at
various levels of sophistication. At any grade
level you might consider using props with this
probe. Show students the ice cubes in a ziplock
plastic bag before and after they have melted or
use before-and-after digital photographs. Use
the term weight instead of mass if younger stu-

dents are not familiar with the latter term. You
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might encourage older students to use particle
ideas in their explanations. This probe can be
combined with or follow a less sophisticated
context such as the probe “Cookie Crumbles”
(p- 61). It can also be used in comparison to a
different physical change such as dissolving in
“Lemonade” (p. 55) or a change to a biological

context such as “Seedlings in a Jar” (p. 67).

Related Ideas in National

Science Education Standards

(NRC 1996)

K-4 Properties of Objects and

Materials

® Objects have many observable properties,
including size, weight, and shape. Those
properties can be measured using tools,
such as rulers, balances, and thermometers.

® Materials can exist in different states—sol-

id, liquid, and gas.

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

conserved.

9-12 Structure and Properties of
Matter
® Matter is made up of minute particles

called atoms.

Related Ideas in Benchmarks
for Science Literacy (AAAS
1993)

K-2 The Earth

* Water can be a liquid or a solid and can go
back and forth from one form to another.
If water is turned into ice and then the ice
is allowed to melt, the amount of water is

the same as it was before freezing.

3-5 Structure of Matter

® No matter how parts of an object are as-
sembled, 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 thing.

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

even when other features change.

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
weight of the system remains the same.
The idea of atoms explains the conserva-
tion of matter. If the number of atoms
stays the same no matter how they are re-
arranged, then their total mass stays the

same.

Related Research

¢ Student understanding of conservation of
matter begins with qualitative notions. In
a study conducted by Stavy (1990), by fifth
grade, students qualitatively understood

matter was conserved when it changed

% Indicates a strong match between the ideas elicited by the probe and a national standard’s learning goal.
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from a solid to a liquid but they were just
beginning to understand the change quan-
titatively (AAAS 1993).

Children will have difficulty with con-
servation of matter if they cannot distin-
guish between weight and density (AAAS
1993).

A study by Holding (1987) investigated
students’ conceptions of mass. Some stu-
dents confuse the word mass with the word
massive and hence their conception of
change in mass was dominated by the bulk
appearance of the material.

A study by Osborne and Cosgrove (1983)
found that some children regard the liquid
form of a material as differing in weight
from the same amount of mass as its solid
form.

This probe is based on a study similar to
one conducted by Stavy (1987). Students
were shown two samples of ice that had the
same weight. One sample was melted and
then students were asked to compare the
melted sample with the unmelted ice. The
percentage of students who used conser-
vation reasoning increased with age: 5%
ages 5 and 6, 50% age 7, and 75% age 10
(Driver et al. 1994).

Stavy and Tirosh (1995) identified intui-
tive rules students use to reason conser-
vation problems. If students think of the
water as being more spread out, they may
use the rule “more A equals more B” to ac-
count for increased mass since it appears
the water is more spread out or taking up

more space than the ice.

Uncovering Student Ideas in Science

Physical Science Assessment Probes

Suggestions for Instruction and
Assessment

This probe can be followed up with an
inquiry-based investigation. Ask the ques-
tion, encourage students to commit to a
prediction, and then test it. The dissonance
involved in discovering that the mass re-
mains the same should be followed with
opportunities for students to discuss their
ideas and resolve the dissonance.

In elementary grades the study of changes
in state between liquids and solids should
be combined with developing the idea that
the weight of the changed matter remains
the same. Nothing new is added and noth-
ing is taken away.

Help students recognize other logical rules
to explain mass conservation, such as the
idea of a closed system: If nothing can get
in or out, then the mass of the system must
remain the same regardless of the change.
Compare and contrast the change in an
open versus a closed system where some of
the water is allowed to evaporate over time.
When students are ready, later in middle
school, teach the idea of atoms along with
ideas such as conservation of matter.
Modify the probe to present students with
the opposite change—an amount of liquid
in a bag that is placed in a freezer to form
a solid.

Elicit students’ ideas about multiple back-
and-forth changes in state—melting, then
freezing, repeated two or three times. Will
their ideas change if there are multiple

transitions between states?
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Lemonade

A glass of unsweetened lemonade weighs 255 grams. A spoonful of sugar is weighed
before stirring it into the lemonade. The sugar weighs 25 grams. Predict how much

you think the sweetened lemonade will weigh after you stir in the sugar.
Please circle the best answer.

A It will weigh slightly less than 255

grams but more than 230 grams.

B It will weigh slightly more than 255
grams but less than 280 grams.

C It will weigh 230 grams.
D It will weigh 280 grams.

It will weigh the same: 255 grams.

Describe your thinking. Provide an ex-

planation for your answer.

Uncovering Student Ideas in Science
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Lemonade

Purpose

The purpose of this assessment probe is to elicit
students’ ideas about conservation of matter in
the context of dissolving. The probe is designed
to find out what students think about the total
weight or mass of a solution when a solute, such

as sugar, seemingly “disappears” in a solvent.

Related Concepts
conservation of matter, physical change, mass,

weight, dissolving

Explanation

The best response is D. The sweetened lemon-
ade contains the 25 grams of sugar, added to
the 255 grams of unsweetened lemonade. Even

though you cannot see the sugar because it is

dissolved, it is there. The visible sugar substance
breaks down into sugar molecules, which can-
not be seen, that are attracted to the water
molecules. A basic application of the principle
of the conservation of matter explains what
happened to the total weight or mass—the
sum of the parts, in this case the unsweetened
lemonade and the sugar, is equal to the whole

(the sweetened lemonade).

Curricular and Instructional
Considerations

Elementary Students

Weight conservation ideas are developed in
the elementary grades using objects or familiar

substances. Mixing sugar in water or observ-
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ing other water-based solutions is a common
experience for elementary students. They see
the sugar “disappear” but may not understand
where it goes. “Parts and wholes” ideas are used
to help students develop beginning ideas about
conservation of matter. This probe is useful in
eliciting early ideas about what happens to

substances that dissolve.

Middle School Students

In middle school, students develop the con-
cept of mass and use the idea of conservation
of matter in the context of familiar physical or
chemical changes with substances. Mixtures
and solutions are commonly investigated by
students at this grade level. While the Nation-
al Science Education Standards (NRC 1996)
explicitly mention conservation of matter in
the context of chemical reactions, it is still im-
portant to find out if students understand that
mass is conserved in ordinary physical chang-
es. At this level they may begin to use the idea
of molecules or simple particulate models to
explain what happens when the sugar dis-
solves, although nature of attraction between
sugar and water molecules is too complex at
this level. The probe is useful in determining
if misconceptions still exist even after elemen-

tary grades instruction.

High School Students

Students at this grade level develop a more so-
phisticated picture of a particulate model of
matter and dissolving. They begin to develop
an understanding of hydrogen bonds and the

attraction between molecules of a solute and

Uncovering Student Ideas in Science
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solvent. Their conser-

vation reasoning about

sophisticated as they
combine their under-
standing of a particulate
model of matter with conservation of dissolved
substances. This probe is useful in determining
if students at this level use their sophisticated
ideas to reason through the problem situation or

if they revert back to their prior conceptions.

Administering the Probe

Be sure students understand that the sugar
and the unsweetened lemonade are weighed
individually before the sugar is added to the
lemonade. You may demonstrate what hap-
pens when you mix sugar with water so that
students see that the sugar is no longer visible.
Listen for students who accept the idea that
the sugar exists in the sweetened lemonade but
may believe it no longer has weight. In other
words, they may believe that matter is con-
served but weight is not. The word mass may
be substituted for weight at the middle level

and above.

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



Copyright © 2005 NSTA. All rights reserved. For more information, go to www.nsta.org/permissions.

Physical Science Assessment Probes

substances. Those properties can be mea-
sured using tools such as rulers, balances,
and thermometers.

®  Objects are made of one or more materials.

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

such as solubility.

Related Ideas in Benchmarks

for Science Literacy (AAAS 1993)

3-5 Structure of Matter

* No matter how parts of an object are as-
sembled, 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 thing.

* Materials may be composed of parts that are

too small to be seen without magnification.

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
weight 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.

9-12 Structure of Matter
* An enormous variety of biological, chemi-

cal, and physical phenomena can be ex-

plained by changes in the arrangement

and motion of atoms and molecules.

Related Research

® Students’ ideas may be affected by their
conception of dissolving and solutions.
Some students believe that sugar just mixes
with water to become the same substance
(Driver et al. 1994).

e Several researchers have investigated stu-
dents’ conservation ideas in the context of
dissolving. Discrepancies have been found
between students who conserve a substance
but fail to conserve weight. Holding (1987)
found a high percentage of eight-year-olds
believed that a solute was somehow present
in some form when it was dissolved. When
he probed students about the weight of the
solution, however, only 50% of those who
thought the sugar was still there felt it had
weight. One reason for this appears to be
that students thought the dissolved sugar
was in a “suspended” state; thus it was not
pressing down on the container as “weight”
(Driver et al. 1994).

e Driver (1985) described three different
types of reasoning students use in this
type of problem: (1) sugar disappears into
“nothing” when dissolved, (2) mass and
volume are confused, and (3) sugar is still

present in the solution but is lighter.

Suggestions for Instruction and
Assessment
e 'This probe can be followed up as an in-

quiry-based investigation. Ask the ques-

s 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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tion, encourage students to commit to a
prediction, and then test it. The dissonance
involved in discovering that the weight or
mass remains the same should be followed
with opportunities for students to discuss
their ideas and resolve the dissonance.

e  With older students, link the idea of mat-
ter to mass. Help students understand that
conservation of matter and conservation of
mass are the same principle. If they accept
the idea that the sugar is present in the so-
lution, then because the matter is present it
must have the same mass as it did before it
was dissolved.

®  Askstudents to draw “particulate pictures” to
show and explain what happens to the sugar
and where it goes when it dissolves in water.

* If student experiences involve only colorless
solutions, such as salt or sugar in water, it
may reinforce the notion that the substance
“disappears.” Provide colored solutes such as
coffee or drink crystals and use the presence
of color to help students understand that
this is additional evidence for the matter
existing, even though its form has changed.
However, accepting the evidence that the
matter is there does not always mean stu-
dents will accept the idea that the total mass

or weight does not change.

Related NSTA Science Store

Publications and NSTA Journal

Articles

American Association for the Advancement of Sci-
ence (AAAS). 2001. Atlas of science literacy. (See
“Conservation of Matter,” pp. 54-55.) New
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York: Oxford University Press.

American Chemical Society. 2005. Inquiry in ac-
tion: Investigating matter through inquiry. 2nd ed.
Washington, DC: American Chemical Society.

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

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

Keeley, P, E Eberle, and L. Farrin. 2005. Formative
assessment probes: Uncovering students’ ideas

in science. Science Scope (Jan.): 18-21.

Related Curriculum Topic Study Guides
(Keeley 2005)

“Conservation of Matter”

“Mixtures and Solutions”

“Physical Properties and Change”
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Cookie Crumbles

Imagine you have a whole cookie. You break the cookie into tiny pieces and crumbs. You

weigh all of the pieces and crumbs. How do you think

the weight of the whole cookie compares to the total Vo A\“‘\n\
weight of all the cookie crumbs? Circle the best “
answer. \’\\
™
A The whole cookie weighs more than all of ™
the cookie crumbs. y. '
B All of the cookie crumbs weigh more / ‘
than the whole cookie. // @
C The whole cookie and all of the ‘/
cookie crumbs weigh the same. { o <p C :
Describe your thinking. Provide an ) ' -

explanation for your answer.

Uncovering Student Ideas in Science
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Cookie Crumbles

. o <

Purpose

The purpose of this assessment probe is to find
out students’ ideas about conservation of mat-
ter using ordinary objects such as a cookie.
The probe is specifically designed to find out
whether students believe there will be a change
in weight when a whole object is broken up

into many small pieces.

Related Concepts
conservation of matter, weight, physical

change

Explanation

The best response is C—the weight would be
the same. The total weight of the parts, in this
case the cookie crumbs, is equal to the weight
of the unbroken cookie. The only thing that

changed was the shape or arrangement of the

<

cookie; no new matter was added or taken
away. Conservation of matter is a physical
principle that applies to ordinary changes in
objects as well as to physical and chemical
changes in substances. In both cases, matter
cannot be created or destroyed in an ordinary

physical or chemical change.

Curricular and Instructional
Considerations

Elementary Students

Conservation ideas about changes in objects or
materials are developed in the upper elemen-

tary grades. Knowing that the sum of the parts

National Science Teachers Association
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of an object is the same as the whole object
is a grade-level expectation in the national
standards. The term weight, instead of mass, is
used here as students below grade 5 may not
be familiar with the term 7ass. Using the word
mass before students are ready to comprehend
its meaning may cause students to confuse the
word with massive, thus equating mass with
size. This probe is useful in determining stu-
dents’ preconceptions about conservation of

parts and wholes before formal instruction.

Middle School Students

At this level, students progress from conserva-
tion of matter ideas about objects to conser-
vation of matter ideas involving changes in
substances. Although this probe targets an el-
ementary level of sophistication, it can be used
with middle school students to see if they are
ready to use conservation reasoning to explain
changes in substances, by first accepting the
idea of conservation of matter with ordinary

objects.

High School Students

This probe is designed for lower grades. How-
ever, if high school students have difficulty with
the other conservation of matter probes (“Ice
Cubes in a Bag,” “Lemonade,” and “Seedings
in a Jar”), teachers may consider going all the
way back to eliciting their ideas about conserva-
tion of matter with this less sophisticated probe.
Student work from this task is useful in hav-
ing K12 grade-level conversations about con-
servation-related ideas and how they develop

over time. Although the sophistication of the

G INKS.

THE WORLD’S A CLICK AWAY

context changes, teachers can see

the progression of development

in students’ thinking by compar-
Topic: Conservation of
Matter

Go to: www.scilinks.org

Code: USIS63

ing “Cookie Crumbles” with “Ice

Cubes in a Bag” (p. 49).

Administering the Probe

The conservation of matter probes are set in
different contexts and at various levels of so-
phistication. Teachers may want to combine
reasoning about objects, such as in this task,
with reasoning about substances such as in
“Ice Cubes in a Bag” (p. 49). For younger stu-
dents it may be helpful to use props with this
probe. Show students a whole cookie and then
break the cookie into crumbs so that they have
a visual context. Make sure students know that

all of the crumbs are weighed.

Related ldeas in National

Science Education Standards

(NRC 1996)

K-4 Properties of Objects and

Materials

® Objects have many observable properties,
including size, weight, and shape. Those
properties can be measured using tools such

as rulers, balances, and thermometers.

Related Ideas in Benchmarks
for Science Literacy (AAAS
1993)

3-5 Structure of Matter

* No matter how parts of an object are as-

% 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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sembled, 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 thing.

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

even when other features change.

Related Research

® Several studies have shown that the way a
physical change is perceived may influence
whether students regard material as being
conserved during the change (Driver et al.
1994).

* Although the cookie is broken into crumbs,
not powdered, students” ideas about pow-
dered forms of objects may be related to
students’ ideas in this task. It has been
found that children view the change of a
bulk solid to a powdered solid as likely to
result in a decrease in mass (Driver et al.
1994).

® Stavy and Tirosh (1995) investigated intui-
tive rules used by students of all ages to ex-
plain conservation problems. Because the
broken cookie looks like there is less ma-
terial present than the intact cookie, they

may reason that the weight would be less.

Suggestions for Instruction and

Assessment

¢ This probe can be followed up with as an
inquiry investigation after asking students

to commit to a prediction. Students can

test their ideas with a cookie.

® Provide elementary students with a variety
of opportunities to weigh whole objects
and then take them apart, weigh their
pieces, and compare the weights.

® In addition to comparing weights, have
students compare numbers of parts that
make up an object. For example, have stu-
dents put together Legos, blocks, or Unifix
Cubes in one shape, count the number of
pieces, take it apart and rebuild it differ-
ently. Ask them if any pieces (a precursor
analogy to matter) were lost or gained.
Have them prove their ideas by counting
the number of pieces before and after. This
helps students develop an early conception
that the same amount of “matter” is there,
a precursor idea to developing a concept of

mass based on particles.

Related NSTA Science Store
Publications and NSTA Journal
Articles

American Association for the Advancement of Sci-
ence (AAAS). 2001. Atlas of science literacy. (See
“Conservation of Matter,” pp. 56-57). New
York: Oxford University Press.

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

Keeley, P, E Eberle, and L. Farrin. 2005. Formative
assessment probes: Uncovering students’ ideas
in science. Science Scope (Jan.): 18-21.

Stavy, R., and D. Tirosh. 1995. How students (mis-)
understand science and mathematics: Intuitive

rules. New York: Teachers College Press.

s Indicates a strong match between the ideas elicited by the probe and a national standard’s learning goal.
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Related Curriculum Topic Study Guides
(Keeley 2005)

“Conservation of Matter”

“Physical Properties and Change”

References

American Association for the Advancement of Sci-
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Thousand Oaks, CA: Corwin Press.
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science education standards. Washington, DC:
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Stavy, R., and D. Tirosh. 1995. How students (mis-)
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Seedlings in a Jar

Imagine you have a sealed jar containing five bean seeds, air, and a moist paper towel.
Nothing can get in or out of the jar. The total mass of the jar and its contents is 500

grams. A/“7

Imagine the same jar with its

contents 12 days later. Dur- /
ing that time the jar remained |
sealed. Nothing could get in or \‘
out of the jar. The seeds have |
germinated to form 6-centime- “ ’

ter seedlings. The total mass of | [
the jar and its contents after the | v

12 days is recorded.

Circle the statement that is L
the best comparison of the to- -

tal mass of the jar and its con-
tents before and after the seeds
sprouted to form seedlings:

A The total mass of the original jar with seeds will be more than the total mass of

the jar with the seedlings.

B The total mass of the original jar with seeds will be less than the total mass of the

jar with the seedlings.

C There will be no change in the total mass of the jar with seedlings after 12 days.

Describe your thinking. Provide an explanation for your answer.

Uncovering Student Ideas in Science
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Seedlings in a Jar

Explanation

The best response is C. The probe explicitly
states that nothing can get in or out of the
jar—it is a closed system. An interaction oc-

Purpose

The purpose of this assessment probe is to elic-
it students” ideas about conservation of mat-
ter in a closed system. The probe is designed

to find out if students can transfer ideas about
curs as food contained in the seed is trans-

formed chemically into new matter that makes
up the plant structures of the seedling. An in-

conservation of matter in a closed system to a
teraction also occurs between water, oxygen,

life science context. Even though transforma-
and carbon dioxide in a cycle of photosynthe-

tion of matter ideas related to food, growth,
sis and respiration that results in the building

photosynthesis, and respiration are embedded
within the task, students do not need to use

this knowledge if they grasp the fundamen-

tal idea that no new atoms are added or taken  of additional plant material. All of this occurs

away within the closed system. inside a closed system. The atoms that made
up the original matter in the seed, air, and

water are rearranged and found in new plant
structures, but no mass is added or lost in the

Related Concepts
total system.

conservation of matter, mass, atoms or mol-

ecules, chemical change, closed system
National Science Teachers Association
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is implicit in other matter-related

Curricular and Instructional

Considerations ideas in biological, physical, and

.................................. geological contexts. The probe is

Topic: Chemical Changes

Elementary Students useful in determining whether

Go to: www.scilinks.org

Conservation of matter in the elementary
grades focuses on parts and wholes of objects
and change of state during freezing and melt-
ing. While the context for this probe is rather
sophisticated for elementary students, it can be
used to find out elementary students’ intuitive
ideas about the change from seed to seedling

in a closed system.

Middle School Students

According to the national standards, by the
end of middle school all students should know
that matter or mass is conserved in a closed sys-
tem as well as in chemical reactions (including
biological chemical reactions). Conservation
ideas about objects begin in elementary grades
and increase in cognitive sophistication as the
ideas of atoms, interactions, transformations,
and closed systems are considered. Transfor-
mation of matter is addressed in middle school,
although it remains a difficult concept and one
in which students may have difficulty apply-
ing conservation reasoning. Students are apt to
use intuitive reasoning of more A (more size)
means more B (more mass) for this probe since
there is a very dramatic visual difference be-
tween the size of the seeds versus the size of the
seedlings. The notion that gases are involved in

the transformation may be missing.

High School Students

Conservation of matter at the high school level

Uncovering Student Ideas in Science

students can transfer conservation ~Code: USIS69
of matter ideas in contexts other

than physical science, where they are most apt
to encounter the concept through prior instruc-
tion. It is also useful in determining whether
students recognize a closed system as justifica-
tion for matter being conserved. Students do
not have to use complex ideas about respiration,
photosynthesis, and transformation of matter if

they recognize that matter cannot enter or leave

a closed system.

Administering the Probe

Make sure students understand that the jar is
sealed and nothing can enter or escape from
the jar. It may help to have visual props for this
probe. Seal five bean seeds in a jar containing
a wet paper towel. Put in a dark place for a few
days and allow the seeds to sprout. After the
first leaves emerge, place in sunlight for sev-
eral days until the seedlings fill the jar. Have
students observe the seeds before and after and

consider what happens to the mass.

Related Ideas in National
Science Education Standards
(NRC 1996)

K-4 Properties of Objects and
Materials

® Objects have many observable proper-

ties, including size, weight, and shape.
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Those properties can be measured using
tools such as rulers, balances, and ther-

mometers.

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

conserved.

9-12 Structure and Properties of
Matter
® Matter is made up of minute particles

called atoms.

Related Ideas in Benchmarks

for Science Literacy (AAAS

1993)

3-5 Structure of Matter

* No matter how parts of an object are as-
sembled, 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 thing.

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
weight of the system remains the same.
The idea of atoms explains the conserva-
tion of matter. If the number of atoms
stays the same no matter how they are re-
arranged, then their total mass stays the

same.

6-8 Flow of Matter and Energy
* Food provides molecules that serve as fuel

and building material for all organisms.

Related Research

® 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 new material, such
as the seedling structures, then they may
think mass has been added (AAAS 1993).

® Research indicates that few students view
conservation of matter in different contexts
such as photosynthesis, assimilation of
food, and respiration. This may also be re-
lated to difficulties students have in attrib-
uting growth, such as the seedling growing
from the seed, to food being transformed
to make up the new material (Driver et al.
1994).

® Stavy and Tirosh (1995) identified an in-
tuitive rule, “more A equals more B,” that
helps explain why students believe the mass
will increase. Since the seedling obviously
looks like it has more mass than the mere
seeds, students intuitively reason that the

mass would be more.

Suggestions for Instruction and

Assessment

® Have students carry out an investigation to
test the idea they committed to in the probe
and use their findings to resolve the differ-

ences between their prediction and results.

s 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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* Help students understand that seeds con-
tain food for the seedling and that this
food is used for energy and transformed
into new structures, until the plants’ leaves
can make food for the plant. Food mak-
ing and growth of plants can be tied to
conservation of matter so students can see
how the ideas apply to a life science context
as well. If conservation of matter is taught
only in a physical science context, students
may fail to make the transfer.

® Develop an understanding of open versus
closed systems and explicitly link conser-
vation of matter to changes within a closed
system.

® Help students understand the idea that
there is air in the jar that is also being
transformed. In the early grades, explicitly
develop the idea that air is a substance and
has mass; revisit this idea throughout the
grade levels.

* Help students understand that transfor-
mation of food in a biological system is a
type of chemical reaction. Tie the idea of
conservation in chemical reactions to bio-
logical processes such as photosynthesis,
respiration, and transformation of sugars

into new substances.

Related NSTA Science Store

Publications and NSTA Journal

Articles

American Association for the Advancement of Sci-
ence (AAAS). 2001. Atlas of science literacy. (See
‘Flow of Matter in Ecosystems,” pp. 76-77,
and “Conservation of Matter,” pp. 56-57.)

Uncovering Student Ideas in Science

New York: Oxford University Press.

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

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

Keeley, P, E Eberle, and L. Farrin. 2005. Formative
assessment probes: Uncovering students’ ideas
in science. Science Scope 28 (4): 18-21.

Stavy, R, and D. Tirosh. 1995. How students (mis-)
understand science and mathematics: Intuitive

rules. New York: Teachers College Press.

Related Curriculum Topic Study Guides
(Keeley 2005)

“Conservation of Matter”

“Cycling of Matter in Ecosystems”

“Photosynthesis and Respiration”
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Is It Melting?

The list below involves situations that cause changes in materials. The materials are 7za/i-

cized. Put an X next to the situations in which the izm/icized materials undergo melting,

A Putting a bowl of frozen ice

cream in the sun.
B Sawing wood to make sawdust. /

|
C Dissolving salr in water. |

__ D Adding a LifeSaver candy \

to a glass of warm water. \
E Water evaporating from a pan.

F Dissolving a sugar cube in a cup
of hot tea.

G Pouring vinegar on baking soda.
H Sucking on a lollipop or other hard candy.

I Holding an ice cube in your hand.

Explain your thinking. Describe the “rule” or reasoning you used to decide if some-

thing melts.

Uncovering Student lIdeas in Science 73
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Is It Melting?

Purpose

The purpose of this assessment probe is to
elicit students’ ideas about the physical process
of melting. The probe is designed to find out
if students recognize melting as a change in
state from solid to liquid that involves one sub-
stance or if they confuse it with other physical
changes, such as dissolving, that involve two

substances.

Related Concepts
melting, dissolving, change in state, physical

change, heat

Explanation

There are two examples of melting—A and I.

Melting is a process in which a solid undergoes
changes in the arrangement and average mo-
tion of particles to become a liquid. In order to
melt, a substance needs to absorb heat energy.
This heat energy increases the average motion
of the particles, resulting in a change in state.
Dissolving is not a change in state. When solid
materials dissolve they involve intermolecular
forces that help break down substances into
smaller particles (such as molecules or ions).

Dissolving requires two materials to be mixed

National Science Teachers Association
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idea that particles change state v
Topic: Changes in State

together—a solute and solvent. This differs ideas about dissolving and melt-

from melting, which is the result of one mate-  ing being the same process. The

rial gaining energy.

(e.g., melting) as they absorb heat

Go to: www.scilinks.org

Curricular and Instructional
Considerations

Elementary Students

At this level students are exploring a variety of
physical changes, including melting and dis-
solving. The distinction between the two is a
sophisticated idea for this level. However, the
probe is useful in determining early ideas about
various phenomena that appear to “melt” and
whether young children confuse the idea of

melting with dissolving.

Middle School Students

At this level students begin to use particulate
ideas to explain both change in state and dis-
solving. The idea of addition of heat energy
and the motion of particles is used to explain
physical changes such as melting and boil-
ing. However, students at this level may still
confuse dissolving with melting, particularly
when a liquid is involved in some way. This
probe is useful in determining students’ ideas
prior to developing formal concepts and ideas

related to these physical processes.

High School Students

As students encounter formal concepts and
ideas in chemistry dealing with the attraction
among and between particles and their arrange-
ments, and develop a more sophisticated par-

ticulate model, they may overcome their earlier

Uncovering Student Ideas in Science

and increase their average motion ~Code: USIS51
is a grade-level expectation in the

national standards. This probe is useful in find-
ing out if students have changed previously held
ideas or if they still hold on to their preconcep-

tions, even after formal instruction.

Administering the Probe

Be sure students are familiar with the phe-
nomena described in the various examples.
Eliminate phenomena that are unfamiliar.
This probe may be used as a card sort, having
students discuss in small groups whether the
example is one of melting or something else,
while the teacher observes and listens to stu-

dents’ reasoning,.

Related Ideas in National

Science Education Standards

(NRC 1996)

K—-4 Properties of Objects and

Materials

e Materials can exist in different states: solid,
liquid, and gas. Some common materials,
such as water, can be changed from one

state to another by heating or cooling.

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

such as density, boiling point, and solu-



76

Copyright © 2005 NSTA. All rights reserved. For more information, go to www.nsta.org/permissions.

Physical Science Assessment Probes

bility, all of which are independent of the

amount of the sample.

9-12 Structure and Properties of

Matter

*  Solids, liquids, and gases differ in the dis-
tances and angles between molecules or
atoms and therefore the energy that binds
them together.

® The physical properties of compounds re-
flect the nature of the interactions among

their molecules.

Related Ideas in Benchmarks
for Science Literacy (AAAS
1993)

3-5 Structure of Matter

® Heating and cooling cause changes in the

properties of materials.

6-8 Structure of Matter

* Atoms and molecules are perpetually in
motion. In liquids, the atoms or molecules
have higher energy, are more loosely con-

nected, and can slide past one another.

9-12 Structure of Matter

* An enormous variety of biological, chemi-
cal, and physical phenomena can be ex-
plained by changes in the arrangement
and motion of atoms and molecules.

¢ The configuration of atoms in a molecule
determines the molecule’s properties.
Shapes are particularly important in how

large molecules interact with others.

Related Research

* Young children have difficulty distin-
guishing between melting and dissolving.
“Although two materials are required for
the dissolving process, children tend to fo-
cus only on the solid and they regard the
process as melting” (Driver et al. 1994, p.
80). When things dissolve they frequently
describe them as “melting away.”

® When children are probed after using
the term melts, many describe it as being
similar to ice “going runny” (Driver et al.
1994).

* Cosgrove and Osborne (1980) sampled
8- to 17-year-old children and found that
they regarded melting and dissolving as
similar processes since they were both
gradual. They also found that melting was
unconnected to the concept of a particular

melting point.

Suggestions for Instruction and

Assessment

® 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 materi-
als whereas a phase change involves one.
This can explicitly be used to help students
develop a rule to decide if something dis-
solves or melts.

* Have students come up with familiar phras-
es that use words like melz. For example,
“melts in your mouth” might be scientifi-

cally true of ice but not of hard candy.

s 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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* Help students understand that not only
materials that initially appear “cold” melt.
For example, butter at room temperature
may begin to melt.

* Connect the idea of melting to absorbing
heat energy. However, be sure students do
not confuse heating a liquid in order to
dissolve a solid with melting.

® Ask older students to draw a “particle pic-
ture” that shows what is happening to the
particles in each of the examples. Look
for evidence of ideas about the motion of
the particles versus the substance breaking
down into individual particles.

® DPay careful attention to the words students
use in activities that involve melting or dis-
solving. The way in which a student uses a
word like melting is indicative of the mean-

ing it holds for him or her.

Related NSTA Science Store

Publications and NSTA Journal

Articles

Driver, R., A. Squires, P. Rushworth, and V. Wood-
Robinson. 1994. Making sense of secondary sci-
ence: Research into childrens ideas. London and
New York: RoutledgeFalmer.

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

Uncovering Student Ideas in Science

Ontario Science Centre. 1995. Solids, liquids, and
gases. Tonawanda, NY: Kids Can Press.

Related Curriculum Topic Study Guides
(Keeley 2005)

“States of Matter”

“Mixtures and Solutions”

“Physical Properties and Change”

“Liquids”
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Is It Matter?

10

Listed below is a list of things that are considered matter and things that are not con-

sidered matter. Put an X next to each of the things that you consider to be matter.

_ rocks _ sale

_ babypowder ____ Mars

_ milk _ Jupiter
_air _____ steam

_ light __ rotten apples

dust heat

_cells _ water

_____ atoms __ bacteria

__ fire ___ oxygen __ gravity
smoke stars

love sound waves /

magnetic force

./
s

dissolved sugar

electricity

Explain your thinking. Describe the “rule” or reason you used to decide whether

something is or is not matter.

Uncovering Student Ideas in Science
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Is It Matter?

Purpose

The purpose of this assessment probe is to elicit
students’ ideas of what matter is. The probe is
designed to determine whether students recog-
nize forms of matter and can distinguish be-
tween things that are considered to be matter
and things that are not (such as energy, forces,
and emotions). The probe helps reveal what
characteristics students use to decide if some-

thing is considered to be matter.

Related Concepts
matter, energy, solids, liquids, gases, mass or

weight

Explanation

Items on the list considered to be matter are
rocks, baby powder, milk, air, dust, cells, at-
oms, smoke, salt, Mars, Jupiter, steam, rot-
ten apples, water, bacteria, oxygen, stars, and
dissolved sugar. Responses to fire may vary
depending on how the student thinks of fire.
Fire may be considered matter or energy—the
vaporized gases in the flame are matter but the
light and heat emitted are energy. All matter is
made up of particles (e.g., atoms or molecules);
has weight and mass; takes up space (has vol-
ume); and exists in the forms of solid, liquid,
gas, or plasma. In order to be considered mat-
ter, an object, material, or substance must meet

these characteristics.

National Science Teachers Association
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Curricular and Instructional
Considerations

Elementary Students

By the end of the elementary grades, students
frequently encounter the word matter in vari-
ous topics such as states of matter, properties
of matter, and changes in matter. National
standards specifically target elementary grades
as the time when students develop an under-
standing that matter exists as a solid, liquid,
or gas and has properties that can be observed
and measured, even with matter they cannot
see, such as gases. The idea that air is a sub-
stance that we can feel and takes up space is
a grade-level expectation in the national stan-
dards. Students develop a beginning notion of
“stuff” as matter by examining the materials
that make up objects. Energy is a more ab-
stract idea at this stage. The probe is useful in
determining what elementary students’ initial
ideas are about what constitutes matter and
what criteria they use. It is especially helpful to
determine if they recognize gases as something

that fits with their conception of matter.

Middle School Students

In middle school, students move from exam-
ining objects and materials to investigating
substances. They start to develop a particu-
late model of matter that includes a beginning
conception of atoms and molecules. The probe
is useful in determining whether students link
the ideas of observable and measurable proper-
ties (such as weight or mass, volume, size, and

shape); existence in different states (solids, lig-

Uncovering Student Ideas in Science

uids, gases); and tangible material or particles
(substances, atoms, or molecules) to an expla-
nation of whether something is considered to
be matter. It can also be used to determine
whether students are context-bound in their
thinking about matter. This can happen if
their prior experiences in learning about mat-
ter involved primarily solids and liquids or oc-
curred primarily in a physical science context.
The probe can alert teachers to the need to pro-
vide experiences with a variety of types of mat-
ter, including gases and living matter. It can
also be used to provide feedback to the teacher
on whether students distinguish between mat-
ter and forms of energy, informing instruction

in energy-related concepts as well.

High School Students

As the particulate notion of matter becomes
more sophisticated in high school, students
may still lack a complete idea of what consti-
tutes matter. Although being able to define
macter is not explicitly stated in the standards,
developing a conception of matter is prerequi-
site to understanding several standards-based
high school ideas, including flow of matter
through ecosystems, states of matter, nature
of energy, relationship between matter and en-
ergy, and behavior and characteristics of gases.
This probe is useful in finding out if students
retain their preconceptions about matter even

after instruction.

Administering the Probe
Make sure students are familiar with the items

on the list. You may wish to remove items that
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3-5 The Earth

Air is a substance that surrounds us, takes

elementary students have little or

no familiarity with. This probe  ®

can also be used as a card sort. In up space, and whose movement we feel as
Topic: Matter
Go to: www.scilinks.org

Code: USIS82

small groups, students can sort wind.

cards listing each item into two

groups—those that are matter
and those that are not. Listening carefully to
students” discussions with each other as they
sort can lend insight into their thinking. This
probe can also be combined with “Ice Cubes
in a Bag” (p. 49) and “Lemonade” (p. 55)
since students’ conservation reasoning is often

linked to their conception of matter.

Related Ideas in National

Science Education Standards

(NRC 1996)

K—-4 Properties of Objects and Materials

® Objects have many observable properties,
including size, weight, and shape.

e Materials can exist in different states—sol-

id, liquid, and gas.

9-12 Structure and Properties of Matter
® Matter is made up of minute particles

called atoms.

Related Ideas in Benchmarks

for Science Literacy (AAAS

1993)

K-2 Structure of Matter

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

cal properties.

3-5 Structure of Matter
® Materials may be composed of parts that
are too small to be seen without magnifica-

tion.

6-8 Structure of Matter
® All matter is made up of atoms, which are
far too small to see directly through a mi-

croscope.

Related Research

® Inastudy conducted to find out the mean-
ing students gave to the word matter, 20%
of middle-school-age students described it
as something tangible, meaning it could be
handled and took up space. By age 16, 66%
of students described it this way (Bouma,
Brandt, and Sutton 1990).

* Student in grades 4-8 may think that ev-
erything that exists, including forms of
energy, is matter. Alternatively, they may
accept solids as matter but not liquids and
gases (AAAS 1993).

Having a correct conception of matter is

necessary for students to understand ideas
such as conservation of matter and weight/
mass (AAAS 1993).

® Several studies have examined students’
ideas about gases. These studies show that
students have difficulty accepting the idea

that air and other gases have material char-

National Science Teachers Association
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acter and that they have weight or mass
(Driver et al. 1994).

Some students think of energy as an ingre-
dient (Driver et al. 1994).

Suggestions for Instruction and
Assessment

Knowing students’ conception of matter
is prerequisite to designing instruction
around several matter-related concepts.
Do not assume that students know what
matter is when you use the term. Start
with a familiar, operative word, such as
stuff, until students are ready to use the sci-
entific word matter. Be aware that provid-
ing a definition such as “matter is anything
that has mass and occupies space” is mean-
ingless to students if they don’t know what
mass and volume are.

Provide students with experiences that
demonstrate (a) all three states of matter,
particularly gases, when learning about
matter and its properties; (b) physical
and chemical changes; (c) conservation of
matter; (d) measurement of properties; (e)
mass and volume relationships; (f) atoms as
building blocks; and (g) classifying matter
as elements, compounds, and mixtures.
Be explicit in defining what matter is,
starting with student-developed opera-
tional definitions and refining definitions
to become more scientific as students gain
additional knowledge. Use the operational
and scientific definition to provide exam-
ples of things that are not matter.

Develop a “rule” with students for deter-

Uncovering Student Ideas in Science

mining what matter is and have students
use the rule to justify ideas about whether
something is matter.

Have students determine weight or mass
(if they are familiar with the term mass) of
seemingly “weightless” materials, such as
gases and powders.

Have students demonstrate what it means
to “take up space” with solids, liquids, and
gases. Show evidence for the existence of
gases and how they take up space, such as
feeling the wind, blowing up a balloon,
or turning a glass with a tissue stuffed in
it upside down in water. Test the idea on
things that do not take up space (light,
sound).

Teach and assess the idea of matter in mul-
tiple contexts, not just physical science
(living matter, Earth materials, and matter
in space).

Sophisticated ideas that may contradict
a basic notion of matter such as a parti-
cle model of light and light having mass
should wait until high school when stu-
dents are ready to comprehend the matter
and energy relationship and understand
how a particle of light (photon) differs

from a particle of matter.

Related NSTA Science Store
Publications and Journal
Articles

Abell, S., M. Anderson, D. Ruth, and N. Sattler.
1996. What’s the matter? Studying the con-

cept of matter in middle school. Science Scope

(Sept.): 18-21.

10
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Deters, K. 2004. Inquiry in the chemistry class-
room. The Science Teacher (Dec.): 42—45.

Driver, R., A. Squires, P. Rushworth, and V. Wood-
Robinson. 1994. Making sense of secondary sci-
ence: Research into childrens ideas. London and
New York: RoutledgeFalmer.

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

Keeley, P, E Eberle, and L. Farrin. 2005. Formative
assessment probes: Uncovering students’ ideas
in science. Science Scope (Jan.): 18-21.

Ontario Science Centre. 1995. Solids, liquids, and
gases. Tonawanda, NY: Kids Can Press.

Stepans, J. 2003. Targeting students science miscon-
ceptions: Physical science concepts using the con-
ceprual change model. (See section on matter.)

Tampa, FL: Showboard.

Related Curriculum Topic Study Guides
(Keeley 2005)

“Properties of Matter”

“Particulate Nature of Matter”

“States of Matter”
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Is It Made of Molecules?

Put an X next to the things on the list that are made up of one or more molecules.

_ bread
_____ protons
water
atomic nucleus
brain cell
milk
g
atom
seed
bacteria

skin

DNA

cell membrane
cloud 4
oil |
worm :
protein
sugar

Hower

chromosome

blood

leaf air mushroom

electrons cell nucleus fruit

Explain your thinking. Describe the “rule” or reasoning you used to decide if some-

thing was made of molecules.

Uncovering Student lIdeas in

Science
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Is It Made of Molecules?

Purpose

The purpose of this assessment probe is to elic-
it students’ ideas about molecules. The probe
is designed to find out whether students rec-
ognize that various examples of both physical
and biological matter, ranging from objects to
materials, can be made of molecules. It also
helps determine whether students recognize
a hierarchy of structure in the composition of
matter ranging from molecules to single atoms

to parts of an atom.

Related Concepts

atoms, molecules, matter

Explanation
A molecule is formed when two or more atoms

join together by sharing electrons to form a

larger particle. Most gases and liquids at ordi-
nary temperatures are made of molecules. Not
all matter is made of molecules. Matter can
also exist as metals and ionic crystalline lattice
structures, depending how the bonds between
atoms form. Nonmolecular substances are not
included in the list since the assessment probe
is not asking students to distinguish between
ways atoms bond to form substances. Carbon
forms organic molecules and a large array of
organic molecules make up living or once-liv-
ing material. All the forms of matter on this list
except for protons, atoms, electrons, and atom-
ic nucleus are made up of molecules. There is
a hierarchy of arrangement from particles and
parts that make up an atom to atoms to single
molecules to substances. Protons, electrons,

and an atomic nucleus are particles that make

National Science Teachers Association
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up an atom, which can be part of a molecule.
Even though these are parts that make up a
molecule, the reverse is not true. A molecule
does not make up atoms, electrons, protons, or

an atomic nucleus.

Curricular and Instructional
Considerations

Elementary Students

Students at this grade level can understand the
idea that matter is made up of smaller parts.
They may use the word molecules or may have
heard it used, but they lack a sophisticated
model of matter to explain what molecules are
and how atoms or parts of an atom relate to the
idea of molecules. This assessment probe may
be modified for upper elementary students by
changing the context to “what things on the
list are made up of smaller parts” and adding
other familiar objects to replace atoms and

parts of atoms.

Middle School Students

Middle school is a time when students begin to
develop a particulate notion of matter to un-
derstand atoms, molecules, and compounds.
When students are first introduced to atoms
they are not able to distinguish between atoms
and molecules. Later they begin to understand
that atoms combine to form molecules in fa-
miliar compounds like water. There is a danger
that students may become context-bound. If
they learn about compounds and molecules in
physical science using primarily examples such

as water, carbon dioxide, or table sugar, they

Uncovering Student Ideas in Science

may fail to realize that materials like food,
cells, and others with a biological origin are
also made of molecules. The probe is useful in
determining the variety of contexts where stu-
dents can use the idea of molecules. Depend-
ing on the developmental level of the students,
some may believe that atoms are the smallest
components of a substance and therefore are
not made up of molecules. Since atoms make
up molecules, they are not made of molecules
themselves, even though they are matter. This
distinction reflects a more complex level of un-
derstanding about matter, which is appropriate
at or above the middle school level. Although
students may not understand the parts of an
atom at this grade level, it is likely they have
heard of them. The probe may be useful in
uncovering their early conceptions about these

parts in relation to a molecule.

High School Students

In high school the same hierarchical miscon-
ceptions may persist, even though this is a
time when parts of an atom are a grade-level
expectation in the national standards. Context
is also a factor. In biology students learn about
various molecules necessary for life but may
fail to recognize that cells and cell structures
are made up of molecules. The national stan-
dards include several ideas that use the concept
of molecules; therefore, this probe is useful in
determining if students have a conception of

molecular matter.

Administering the Probe
This probe asks for a fairly sophisticated
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understanding of matter, beyond
just whether something is matter
or not. The probe can be modified
to include only substances, ob-
jects, and materials that students
may have familiarity with; you
can have students cross off the items on the list
they are unfamiliar with. This probe can also
be used as a card sort. In small groups, stu-
dents can sort cards into two groups—items
that are made up of molecules and those that
are not. Listening carefully to students’ dis-
cussions with each other as they sort can lend
insight into their thinking. This probe can be
used in conjunction with other probes such as
“Is It Matter?” (p. 79) to learn if students have
similar difficulties with fundamental concep-

tions of matter.

Related Ideas in National

Science Education Standards

(NRC 1996)

5-8 Properties and Changes in

Properties in Matter

e There are more than 100 elements that
combine in a multitude of ways to pro-
duce compounds, which account for the
living and nonliving substances that we

encounter.

9-12 Structure and Properties of Matter
*  Matter is made of minute particles called
atoms, and atoms are composed of even
smaller components. Each atom has a

positively charged nucleus surrounded by

negatively charged electrons.

* The atom’s nucleus is composed of protons
and neutrons.

* Atoms may be bonded together into mol-
ecules or crystalline solids.

* Carbon atoms can bond to one another
in chains, rings, and branching networks
to form a variety of structures, including
synthetic polymers, oils, and the large mol-

ecules essential to life.

9-12 The Cell

#* Inside the cell is a concentrated mixture of
thousands of different molecules that form
a variety of specialized structures that car-
ry out cell functions.

e Food molecules taken into cells react to
provide the chemical constituents needed

to synthesize other molecules.

Related Ideas in Benchmarks

for Science Literacy (AAAS

1993)

3-5 Structure of Matter

® Materials may be composed of parts that
are too small to be seen without magnifica-

tion.

6-8 Structure of Matter
*  All matter is made up of atoms. Atoms may

stick together in well-defined molecules.

6-8 Flow of Matter and Energy
® Food provides molecules that serve as fuel

and building material for all organisms.

s 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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9-12 Structure of Matter

® Atoms are made of a positive nucleus sur-
rounded by negative electrons.

® The nucleus, a tiny fraction of the volume
of an atom, is composed of protons and
neutrons.

*  Atoms often join with one another in various
combinations in distinct molecules or in re-

peating three-dimensional crystal patterns.

9-12 The Cell

* The work of the cell is carried out by the
many different types of molecules it as-
sembles, mostly proteins.

*  Carbon atoms can easily bond to several
other carbon atoms in chains and rings to

form large and complex molecules.

Related Research

® A correct understanding of a single, a col-
lection, or combination of atoms is directly
related to the concept of molecules (Stavy
and Tirosh 2000).

® Understanding how molecules make up
other small objects such as cells may be
tied to difficulty students have under-
standing how small something is (Driver
et al. 1994).

e Arnold (1983) showed how students con-
fuse cells with molecules. When he asked
students ages 14-15 to indicate whether
certain things were made up of cells and/
or molecules, things that were living or
once living were designated as being made
of cells but not molecules. Even molecules

studied in biology such as carbohydrates

and proteins were thought to be made up
of cells, not molecules. Arnold concluded
that students seem to confine the concept
of a molecule to contexts encountered in
physical science classes or units.

Even though students may indicate they
know about cells, they may say that living
systems are made of cells not molecules,
because students often only associate mol-

ecules with physical science (NRC 1996).

Suggestions for Instruction and
Assessment

Help students understand that molecules
make up a variety of materials, beyond the
examples they encounter in a physical sci-
ence context, including atmospheric and
biological materials and objects. Explicitly
address the idea that living and once-living
things are composed of organic molecules.
Develop ideas of hierarchy from parts of an
atom to atoms to molecules to substances
to objects and materials. Explicitly address
the idea that cells and other biological ma-
terials contain substances made up of mol-
ecules.

Teach and use ideas of matter (living mat-
ter, Earth materials, chemical material,
and matter in space) in multiple contexts,
not just physical science.

Visual models help students develop a
hierarchical idea of atomic particles, the
nucleus of an atom, atoms, molecules, and
substances. Models show that each part in-
cludes the preceding part, but the reverse

order does not apply.

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

Uncovering Student Ideas in Science

89



11

90

Copyright © 2005 NSTA. All rights reserved. For more information, go to www.nsta.org/permissions.

Physical Science Assessment Probes

Related NSTA Science Store
Publications and NSTA Journal
Articles

American Association for the Advancement of Sci-
ence (AAAS). 2001. Atlas of science literacy. (See
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Matter in Ecosystems,” pp. 76-77, “Cells and
Organs,” pp. 74-75.) New York: Oxford Uni-
versity Press.

Driver, R., A. Squires, P. Rushworth, and V. Wood-
Robinson. 1994. Making sense of secondary sci-
ence: Research into childrens ideas. London and
New York: RoutledgeFalmer.

Hitt, A., and J. Townsend. 2004. Models that mat-
ter. The Science Teacher (Mar.): 29-31.

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

Stepans, J. 2003. Targeting students science miscon-
ceptions: Physical science concepts using the con-
ceptual change model. (See section on recent

concepts). Tampa, FL: Showboard.

Related Curriculum Topic Study Guides

(Keeley 2005)

“Particulate Nature of Matter (Atoms and
Molecules)”

“Chemistry of Life”

“Chemical Bonding”
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The Rusty Nails

You have four nails made of pure iron. You record the total mass of the four dry
nails. The four nails are put in a moist, open dish and exposed to the air over several

weeks. Weeks later you notice the nails are covered with

rust. You let the nails dry completely and record the
total mass of the rusted nails. You are very careful
not to let any of the rust fall off the nails as you
weigh them.

What do you predict will happen to the mass

of the nails? Circle your prediction.

A The mass of the dry, rusted nails will be
more than the mass of the dry nails before
they rusted.

B The mass of the dry, rusted nails will be less than the mass of the dry nails before
they rusted.

C The mass of the dry, rusted nails will be the same as the mass of the dry nails
before they rusted.

Describe your thinking. Provide an explanation for your answer.

Uncovering Student lIdeas in Science 91
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The Rusty Nails

Purpose

The purpose of this assessment probe is to elic-
it students’ ideas about a common chemical
change. The task is designed to find out if stu-
dents think rusting is a change in which mass
decreases, due to an intuitive notion of rusting

as being similar to a decay process.

Related Concepts

chemical change, oxidation, mass or weight

Explanation

The best response is A. Rusting is an example
of oxidation—a chemical change in which
electrons from the iron atoms are transferred
to the oxygen atoms, resulting in the forma-
tion of a new compound. The oxygen in the air

chemically combines with the iron. As a result

the additional mass from the oxygen is added
to the mass of the nail to form a new com-
pound, iron oxide. Although the appearance
of the nail makes it look as if it is “breaking
down,” it is actually gaining mass as it changes
from iron to iron oxide. Some students may
apply conservation reasoning to explain that
the mass does not change. This would be true
if the nails were kept in a closed system and the
mass determined was that of the total system.
The probe specifically states the nails were

placed in an open dish.

Curricular and Instructional
Considerations
Elementary Students

Elementary students begin developing ideas

National Science Teachers Association
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about changes in objects and materials. They
can recognize rust as a change in the appear-
ance of the nail. Upper elementary students
begin distinguishing between physical and
chemical changes based on 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 no-
tions of rusting, particularly whether they view
rusting as a “decomposing” process. However,
the chemical details are too sophisticated to be

addressed at this age level.

Middle School Students

Middle school is the time when students link
ideas about chemical change with formation
of compounds. 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 ex-
pectations 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 stu-
dents’ initial ideas about what rust and the rust-
ing process are. 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 pro-
cess is useful in designing learning experiences
that challenge their intuitive notions influenced

by observation.

Uncovering Student Ideas in Science

High School Students .

SC

Students at this grade level make

standing of types of chemical Topic: Oxidation

Go to: www.scilinks.org

changes, including the formation code: usisos
of compounds when two elements

are chemically combined, to understanding the
mechanism for the combination. Students at
this level are more likely to understand why the
mass increases by learning about the interac-
tion between the atoms of the two substances
and about the difference between synthesis and
decomposition reactions. The probe is useful
in determining whether students still hold on
to preconceived ideas about rusting, even after
they have received middle school instruction
targeted toward the idea that oxygen combines

with the iron to form rust.

Administering the Probe

Be sure students understand that the nails are
not contained in a closed system. The nails are
in an open dish. If students have experienced
prior conservation of matter probes, they may
automatically think that mass does not change.
Some students think the rust falls off, resulting
in less mass. Emphasize that the nail and all
of its rust, including any rust that falls off, are
weighed. You may wish to show students actu-
al nails or photographs—in either case, com-
paring four clean iron nails (not galvanized)

and four nails that have rusted.

Related Ideas in National
Science Education Standards
(NRC 1996)

INKS.

a transition from a basic under- i EIW R EDISIAYG G,
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K-4 Properties of Objects and

Materials

*  Objects have many observable properties, in-
cluding size, weight, shape, color, temperature,

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 and Properties of Matter

e Chemical reactions occur all around us.

* A large number of important reactions in-
volve 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)

K-2 Structure of Matter

®  Objects can be described in terms of the ma-
terials they are made of (e.g., clay, cloth, pa-
per) 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 combin-
ing two or more materials, it has properties
that are different from the original materi-

als.

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 combination
of oxygen with something else, as in burn-

ing or rusting.

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

* 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 1985).

* Some students describe rust as a type of

mold (Driver et al. 1994).

s Indicates a strong match between the ideas elicited by the probe and a national standard’s learning goal.
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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 experience with rust-
ing often involves 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 its be-
ing 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 weigh less, one-third said more,
and one-third said it 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 forma-
tion of rust. Others who understood the
reaction explained that the mass would not
change because oxygen doesn’t weigh any-
thing (Driver 1985).

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 1985).

Physical Science Assessment Probes

vanized nails. Ask the question, encourage
students to commit to a prediction, and
then test it. The dissonance involved in
discovering that the mass increases is fol-
lowed by opportunities for students to re-
solve the dissonance by discussing where
the additional mass came from.

® Help students use the idea of change
in mass as an explanation for chemical
change. Since the mass of the nail increas-
es during rusting, help students use this
phenomenon as evidence that other matter
was added to the nail during the change.

* Explicitly address the idea that gases such
as oxygen have perceptible mass.

¢ Ifmiddleor high school students think of rust
as a type of “mold” that decomposes metal,
compare the biological process of decompo-
sition with the chemical process of oxidation
to help students recognize the difference.

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

®  Safety Note: Rusty nails by themselves, in a
dish, do not present a safety hazard. If stu-
dents handle the nails, however, have them

wash their hands afterwards.

Related NSTA Science Store
Publications and NSTA Journal
Articles

12

Suggestions for Instruction and  American Association for the Advancement of Sci-

Assessment ence (AAAS). 2001. Atlas of science literacy. (See
® This probe can be followed up as an in- “Chemical Reactions,” pp. 60-61.) New York:
quiry-based investigation that uses nongal- Oxford University Press.
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Driver, R., A. Squires, P. Rushworth, and V. Wood-
Robinson. 1994. Making sense of secondary sci-
ence: Research into children’s ideas. London and
New York: RoutledgeFalmer.

Heiserman, D. L. 1992. Exploring chemical elements
and their compounds. New York: TAB Books.

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

Stepans, J. 2003. Targeting students science miscon-
ceptions: Physical science concepts using the con-
ceptual change model. (See section on recent
concepts.) Tampa, FL: Showboard.

Volkmann, M., and S. Abell. 2003. Rethinking lab-
oratories. 7he Science Teacher (Sept.): 38—41.

Related Curriculum Topic Study Guide
(Keeley 2005)
“Chemical Properties and Change”
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Talking About Gravity

Two friends were talking about gravity.

Ben said, “Gravity needs an atmosphere or air.
If there is no air or atmosphere, there will be no
gravity.”

Kelly said, “Gravity doesn’t need an atmosphere
or air. If there is no air or atmosphere, there will
still be gravity.”

Which friend do you agree with?

Describe your thinking. Explain why you agree
with one friend and disagree with the other.

Uncovering Student Ideas in Science 97
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Talking About Grawty

Teacher Notes

Purpose

The purpose of this assessment probe is to elic-
it students’ ideas about gravity. The probe is
designed to determine whether students recog-
nize that gravity is a universal force that exists
everywhere in space, regardless of whether air

is present.

Related Concept

gravity

Explanation
Gravity is a universal attraction between any

two objects with mass. Every object in the uni-

verse is affected by the force of gravity. The two
factors that affect the magnitude of the force
of gravity are the mass of the attracted objects
and the distance between them. The greater
the masses the greater the gravitational force
between two objects. The greater the distance
between two objects, the less the gravitational
force between them. Each object with mass in
the universe is attracted to all other objects,
regardless of size or distance. Whether you are
on the Moon, Earth, or deep in outer space,
gravity is present. Air or an atmosphere is not

needed for gravity.

National Science Teachers Association
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Curricular and Instructional
Considerations

Elementary Students

By the end of the elementary grades, most stu-
dents know that things fall toward the Earth,
have heard the word gravity, and have begun
to understand that gravity pulls things toward
the Earth. They have seen videos of astronauts
in space and have heard the misuse of terms
in the media such as zero graviry and weight-
lessness. These images and terms may result in
students formulating early ideas that gravity
affects objects on Earth but not in space, par-
ticularly since their experiences and contexts
deal with terrestrial gravity. It is not until mid-
dle school when students begin to learn about
celestial gravity. However, this probe is useful
in determining whether students have already
formed preconceptions about gravity prior to
formal instruction at the appropriate grade

level.

Middle School Students

In middle school, students expand on their
basic elementary grade knowledge of gravity
to include the idea of gravity in space. They
develop the idea of a gravitational force that
is center-directed, affects all objects, and de-
pends on objects’ mass and distance. They de-
velop a notion of weight as being distinct from
mass. This is also a time when students learn
about moons that lack an atmosphere or have
a very thin atmosphere, and hear references
to astronauts being “weightless” in space. The

probe is useful in determining if students rec-

SC

ognize gravity as being universal

or confuse it with ideas such as

air needing to be present. v
Topic: Gravity

Go to: www.scilinks.org

High School Students

In high school, students continue

Code: USIS99

to build more sophisticated understandings
about gravity by using proportional relation-
ships to explain increases or decreases in gravi-
tational attraction. Even though students may
quantitatively understand gravitational force,
there is a likelihood that they may hold on to
their preconceived ideas about air being neces-
sary. This may be compounded by confusing
air pressure with gravity. The probe is useful
in uncovering misconceptions that may go un-

noticed during formal instruction.

Administering the Probe
Encourage students to explain in detail the

evidence or justification for their thinking.

Related Ideas in National

Science Education Standards

(NRC 1996)

K-4 Position and Motion of Objects

® The position and motion of objects can be
changed by pushing or pulling. The size of
the change is related to the strength of the
push or pull.

5-8 Earth in the Solar System
*  Gravity is the force that keeps planets in
orbit around the Sun and governs the rest

of the motion in the solar system. Gravity

% Indicates a strong match between the ideas elicited by the probe and a national standard’s learning goal.
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alone holds us to the Earth’s surface and

explains the phenomena of the tides.

9-12 Motions and Forces

*  Gravitation is the universal force that
each mass exerts on any other mass. The
strength of the gravitational attractive
force between two masses is proportional
to the masses and inversely proportional to

the square of the distance between them.

Related Ideas in Benchmarks
for Science Literacy (AAAS
1993)

K-2 Forces of Nature

* Things near to the Earth fall to the ground

unless something holds them up.

3-5 Forces of Nature
® The Earth’s gravity pulls any objects to-

ward it without touching it.

6-8 The Earth
* Everything on or anywhere near the Earth
is pulled toward the Earth’s center by grav-

itational force.

6-8 Forces of Nature

*  Every object exerts gravitational force on ev-
ery other object. The force depends on how
much mass the objects have and on how far
apart they are. The force is hard to detect
unless one of the objects has a lot of mass.

® The Sun’s gravitational pull holds the Earth

and other planets in their orbits, just as

the planets’ gravitational pull keeps their

moons in orbit around them.

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

* Students’ confusion about air being neces-
sary for gravity may be related to their view
of weight as a force. Studies by Ruggiero et
al. (1985) found that some students think
air is the force that results in weight. They
found that the idea that air must be present
for gravity to act was widespread among
middle school students they sampled.

* Relating gravity to air provides insight into
students” ideas about gravity being some-
thing that resides outside of objects rather
than all objects exerting gravitational pull
(Driver et al. 1994).

® Many researchers acknowledge that mis-
conceptions about the cause of gravity
persist even after high school physics in-
struction. Students’ ideas can change with
specially designed instruction (AAAS 1993).

* Some students describe a “holding” idea
that an atmosphere holds gravity in (Driv-
er et al. 1994).

* Some students think Earth’s magne-
tism and spin cause gravity (Driver et al.
1994).

* Some studies of middle and high school

students show that very few believe all

s Indicates a strong match between the ideas elicited by the probe and a national standard’s learning goal.
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objects exert a gravitational force (Driver

et al. 1994).

Suggestions for Instruction and

Assessment

® When developing the idea that there are
two factors that affect gravity—mass and
distance—explicitly point out that air or
an atmosphere is not a factor and provide
evidence to prove it using phenomena such
as men walking on the Moon (if there were
no gravity, they couldn’t stay on the sur-
face).

* Confront students’ ideas about gravity and
air by placing an object in a vacuum jar
and removing all the air. Ask students to
predict what would happen to the object if
there were no gravity acting on it as a result
of removing all the air from the jar. Per-
form the demonstration and ask students if
they want to revise their ideas based on the
evidence. If students still maintain that air
is necessary, show the NASA Apollo vid-
eo of astronauts dropping objects on the
Moon, where there is no air (or just a bare
hint of an atmosphere). There are also vid-
eos available that show feathers and heavy
balls falling in a vacuum tube. Without air
resistance they fall at the same rate as grav-
ity pulls on both.

* Help students understand that gravity
keeps an atmosphere in place and not vice
versa. Use planets as an example of large
objects exerting a stronger gravitational
pull, in this case on an atmosphere. Con-

trast it with smaller objects, like the Moon,

Uncovering Student Ideas in Science

not being large enough to exert a gravita-
tional pull that would maintain a sufficient
atmosphere.

® Be aware that terms used in the media like
weightless and zero gravity perpetuate the
idea that there is no gravity in some places.
Use the term microgravity when referring
to a small gravitational effect.

® Demonstrate what is actually happening
when it appears as if astronauts are weight-
less and “floating” inside a space shuttle by
using diagrams to show that astronauts are

actually in free fall around the Earth.

Related NSTA Science Store
Publications and NSTA Journal
Articles

American Association for the Advancement of Sci-
ence. 2001. Atlas of science literacy. (See “Grav-
ity,” pp. 42—43.) New York: Oxford University
Press.

Bar, V., C. Sneider, and N. Martimbeau. 1997. Is
there gravity in space? Science and Children
(Apr.): 38-43.

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

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

Nelson, G. 2004. What is gravity? Science and Chil-
dren (Sept.): 22-23.

Robertson, W. 2003. Force and motion: Stop faking
it! Finally understanding science so you can teach

it. Arlington, VA: NSTA Press.
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Related Curriculum Topic Study Guides
(Keeley 2005)
“Gravity in Space”

“Gravitational Force”
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The Mitten Problem

Sarah’s science class is investigating heat energy. They wonder what would happen

to the temperature reading on a ther-

mometer if they put the ther-

mometer inside a mitten.

Sarah’s group obtained two
thermometers and a mitten.
They put one thermometer |
inside the mitten and the ""'.\
other thermometer on the ta- ‘_
ble next to the mitten. An hour N

later they compared the readings on e —
the two thermometers. The temperature in-

side the room remained the same during their experiment.

What do you think Sarah’s group will discover from their investigation? Circle the

response that best matches your thinking.

A The thermometer inside the mitten will have a lower temperature reading than the

thermometer on the table.

B The thermometer inside the mitten will have a higher temperature reading than

the thermometer on the table.

C Both thermometers will have the same temperature reading.

Describe your thinking. Provide an explanation for your answer.

Uncovering Student lIdeas in Science 103
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The Mitten Problem

Purpose

The purpose of this assessment probe is to elic-
it students’ ideas about sources of heat energy.
The probe is designed to find out whether stu-
dents believe an insulating object, like a mit-
ten, produces its own heat. Their explanations
reveal whether they can differentiate between
a heat source and an object affected by a heat

source.

Related Concepts

heat, energy, temperature

Explanation

The best response is C. The temperature read-
ings inside the mitten and outside the mitten
will be the same. Heat describes the energy

that is transferred between two interacting sys-

tems at different temperatures. A heat source
can produce its own heat energy or it may sim-
ply be an object that is at a higher temperature
than the surroundings. The mitten in this case
does not produce its own heat energy, and it
did not have a higher starting temperature to
begin with when the thermometer was insert-
ed. The mitten is an insulator that keeps heat,
generated by the human body and transferred
to the surrounding air, from leaving the mitten
as quickly as it leaves a bare hand. The mitten,
which is an insulator, slows down the transfer
of heat energy to the surrounding environment
outside the mitten. If there is no source of addi-
tional heat energy inside the mitten, the mitten
will have the same temperature as its ambient
surroundings. Temperature is closely related to

the measure of the average kinetic energy of

National Science Teachers Association
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molecules and atoms. During this experiment
there is nothing to significantly cause the av-
erage motion of the atoms and molecules of
the mitten or the air inside it to increase. The
temperature in the room remained the same
throughout the experiment. Therefore the
temperature will most likely remain the same

inside the mitten as outside the mitten.

Curricular and Instructional
Considerations

Elementary Students

Students experiment with heat in the elemen-
tary grades and begin to understand that
heat-related phenomena can be observed,
measured, and controlled in various ways.
The concept of energy is complex, yet stu-
dents develop intuitive notions about energy,
including heat. Basic ideas at this level are
observational. Grade-level expectations in
the national standards include development
of the idea of various ways heat is produced,
that heat moves from warmer objects to cool-
er ones, and that there are ways to reduce heat
loss. Students at this level do not distinguish
between the words hear and temperature, and
this may confound their understanding of
what heat is and how it travels. This probe is
useful in determining early ideas about heat
transfer and whether students think insulat-
ing objects, such as mittens, coats, and blan-

kets, generate their own heat.

Middle School Students

Students’ understandings about heat will build

Uncovering Student Ideas in Science

on their K—4 experiences. They become famil-
iar with the ideas that energy is an important
property of substances and that many changes
involve energy transfer in the form of heat.
However, students still have many miscon-
ceptions about heat and where it comes from.
Confusion between concepts of temperature,
heat, energy transfer, and a heat source is com-
mon at this level and focusing on transforma-
tions may help them address their naive ideas.
The idea that heat results from the motion of
molecules is a grade-level expectation in the
middle and high school standards. However,
this is still an abstract notion. The probe is
useful in determining if students still persist
in their preconceptions about temperature, en-

ergy, and non-heat-generating objects.

High School Students

Heat and temperature ideas become more
complex at this age. Yet, students may still
hold onto ideas they had in elementary grades
as well as fail to distinguish between the use of
the words heat and temperature. High school
students build on their experiences with en-
ergy transfer in the middle grades to investi-
gate heat quantitatively by measuring variables
such as temperature change and kinetic energy
(NRC 1996). Students can experience and
analyze a wide variety of actions that give off
heat and understand that the mitten prevents
some heat given off by the body from dissipat-
ing into the environment outside the mitten.
However, misconceptions about heat sources
may still persist and be uncovered through use

of this probe.
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Administering the Probe

You may wish to use props to model the idea
that the mitten with the thermometer inside
and the thermometer on the table are exposed
to the same ambient conditions. This probe
may be combined with “Objects and Temper-
ature” (p. 109) to further probe for students’

ideas about heat transfer and temperature.

Related Ideas in National

Science Education Standards

(NRC 1996)

K-4 Light, Heat, Electricity, and

Magnetism

® Heat can be produced in many ways, such
as burning, rubbing, or mixing one sub-
stance with another. Heat can move from

one object to another by conduction.

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.

* Heat moves in predictable ways, flowing
from warmer objects to cooler ones, until

both reach the same temperature.

9-12 Conservation of Energy and the

Increase in Disorder

e Heat consists of random motion and the
vibrations 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)

3-5 Energy Transformation

® Heat is produced by mechanical and elec-
trical machines and any time one thing
rubs up against another.

® When warmer things are put with cooler
ones, the warm ones lose heat and the cool
ones gain it until they are all at the same
temperature.

* Poor conductors can reduce heat loss.

6-8 Energy Transformation

® Energy cannot be created or destroyed, but
only changed from one form into another.

*  Energy appears in different forms. Heat ener-

gy is in the disorderly motion of molecules.

9-12 Energy Transformation

® Heat energy in a material consists of the dis-
ordered motions of its atoms or molecules.

® Transformations of energy usually produce
some energy in the form of heat, which
spreads around by radiation or conduction

into cooler places.

Related Research

* Although the operational distinction be-
tween temperature and heat can be fairly well
understood after careful instruction, research
with high school students indicates that the
idea that heat is the energy of random mo-

tion and vibrating molecules is difficult for
students to understand (NRC 1996).

% Indicates a strong match between the ideas elicited by the probe and a national standard’s learning goal.
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Heat energy is an unexpectedly difficule
concept for students to grasp, as tempera-
ture is often mistaken as heat. Most chil-
dren can’t distinguish between heat and
temperature in grades K—4. They may
think that some materials are intrinsically
warm (blankets or mittens) or cold (met-
als) (Driver et al. 1994).

Studies have discovered a vast store of ideas
about thermal phenomena in children ages
10-12—for example: heat makes things
rise, heat and cold are material substances
that can be transferred from one thing to
another, and heat accumulates in some areas
and flows to others (Erickson 1979, 1980).
Studies in England found that even though
many 14- and 16-year-old students have
been exposed to formal instruction about
heat, most students still seem to associate
the term hear with the meanings they have
constructed for it during their everyday en-
counters with hot and cold objects rather
than from those encountered in the class-
room (Erickson 1985).

Students gave various responses to research-
ers to describe the difference between heat
and temperature, including (1) there is no
difference between them (the most com-
mon response), (2) temperature is a mea-
surement of heat, and (3) temperature is

the effect of heat (Ericks 1985)

Suggestions for Instruction and
Assessment

This probe can be followed up as an in-

quiry-based investigation. Ask the ques-

Uncovering Student Ideas in Science

tion, encourage students to SC

commit to a prediction, and

then test it. The dissonance v
involved in discovering that
the temperature remains the Code: USIS107
same should be followed with
opportunities for students to discuss their
ideas and resolve the dissonance. Be aware
that in a similar study conducted with el-
ementary students investigating a similar
problem by placing thermometers inside a
coat, the initial results were not enough to
change their thinking. Students believed
the thermometer needed to stay inside the
coat for a longer period of time. It took
successive trials with varying lengths of
time before some students (but not all)
would accept the idea that the temperature
remains the same. Some students will also
challenge the results by saying the ther-
mometer is defective.

Provide a variety of experiences with heat
and energy transfer so students can under-
stand the different forms and how they are
measured.

Instruction about heat, temperature, and
heat exchange should be carried out over
longer periods of time and revisited rather
than being taught in just one unit.
Students may hear and use words like hear
conductor and insulator but may not un-
derstand them in the context of a problem
such as this probe.

During elementary years students should
have multiple opportunities to identify

things that give off heat and things that

INKS.
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do not seem to give off heat in order to de-
velop the idea of a heat source. At this level
students can identify obvious heat sources,
such as a lightbulb.

e At the middle level, the more abstract idea
of “cold” objects as sources of heat can be
addressed. For example, challenge students
to consider how an ice cube can be consid-
ered a source of heat.

* Explicitly address the idea that the heat
needed to warm something, such as your
hands inside a mitten, must come from
somewhere. This leads to discussions that
trace where the energy comes from and
where it will go and leads students to see

how body heat is trapped inside the mitten.

Related NSTA Science Store
Publications and NSTA Journal
Articles

Driver, R., A. Squires, P. Rushworth, and V. Wood-
Robinson. 1994. Making sense of secondary sci-
ence: Research into childrens ideas. London and
New York: RoutledgeFalmer.

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

Robertson, W. 2002. Energy: Stop faking it! Finally
understanding science so you can teach ir. Arling-

ton, VA: NSTA Press.

Related Curriculum Topic Study Guides
(Keeley 2005)
“Energy”

“Heat and Temperature”
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Objects and
Temperature

Taz and Kyle are comparing the temperature readings of four different objects:

* block of wood e .

* metal tray y \
* wool hat ( ‘
* glass plate ‘1/

They place the ob- ' —— ',
jects on a table in "‘,‘ / @ @

their science class-

room and leave

them overnight. A
thermometer is attached to each object. The next day they record the

temperature of each object at the same time.

Put an X next to the statement that best describes your prediction about the objects’

temperature.

_ None of the objects will have the same temperature.
__ Two of the objects will have the same temperature.
__ 'Three of the objects will have the same temperature.

All of the objects will have the same temperature.

Describe your thinking. Provide an explanation for your answer.

Uncovering Student lIdeas in Science 109
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Objects and
Temperature

Purpose

The purpose of this assessment probe is to
elicit students’ ideas about temperature. The
task specifically probes to find out whether
students recognize that non-heat-producing
objects exposed to the same ambient condi-
tions will have the same temperature, regard-

less of the material they are made of.

Related Concepts

heat, energy, temperature

Explanation

The best response is that all of the objects will
be at the same temperature. Heat is generally
a measure of the total kinetic energy of the

molecules in a system. Temperature is gener-

ally a measure of the average kinetic energy of
the molecules. In this example all the objects
are exposed to the same ambient conditions.
There is no detectable transfer of energy result-
ing in additional energy being absorbed or lost
by the material that would change the average
motion of their atoms or molecules and thus
change the temperature. Therefore, since the
average motion of the atoms or molecules does
not change, the temperature remains the same.
What is confusing is that when these objects
are touched, some may appear to be “colder” or
“warmer” than others. For example, the metal
tray feels colder than the wool hat. Energy
flows from warmer objects to cooler ones. Your

hand at body temperature, which is warmer

National Science Teachers Association
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than room temperature, will transfer heat to
the object touched. An object like metal is a
better heat conductor than an object like the
wool hat. Therefore, it will conduct heat from
your hand faster. As a result, the metal feels
cooler to you than the hat. They are at the same
temperature, however, because the average ki-

netic energy of their particles is the same.

Curricular and Instructional
Considerations

Elementary Students

Students’ experiences with materials in their
environment may intuitively affect their idea
that the temperatures will be different. Any
young student who has touched metal on a cold
day and touched wood exposed to the same
conditions would infer that the metal has a
colder temperature. Younger students will also
believe some materials appear to be inherently
cold, such as metals, or warm, such as hats.
Students at this level do not conceptually dis-
tinguish between heat and temperature. How-
ever, it is a grade-level expectation in the na-
tional standards that students will understand
that heat moves by conduction. Yet, linking
this idea to what happens when you touch dif-
ferent objects and they feel warmer or colder
is a more sophisticated idea that develops later
in middle school. This probe is useful in deter-
mining the intuitive ideas students have about

the temperature of everyday objects.

Middle School Students

Students at this level will continue to confuse

Uncovering Student Ideas in Science

heat and temperature and fail to recognize the
heat transfer involved when heat-conducting
objects are touched. The idea that heat results
from the motion of molecules and that a trans-
fer of energy is involved when there is a change
in heat is a grade-level expectation in the mid-
dle and high school standards. However, this
is still an abstract notion. The probe is useful
in determining if students still persist in their

intuitive notions about heat and temperature.

High School Students

Heat and temperature ideas become more
complex at this age. Yet, students may still
hold onto similar ideas they had in elemen-
tary grades. High school students build on
their experiences with energy transfer in the
middle grades to investigate heat quantitative-
ly by measuring variables such as temperature
change and kinetic energy (NRC 1996). How-
ever, misconceptions about energy transfer and
the distinction between heat and temperature
may still persist and be uncovered through use

of this probe.

Administering the Probe

Be sure students understand that the objects
on the table are all experiencing the same con-
ditions, including the same room temperature.
You may wish to model the probe scenario and
have students touch the objects before answer-
ing the probe or show them the objects to re-
mind them what the materials are. This probe
can be combined with “The Mitten Problem”
(p. 103) to assess ideas about heat energy and

temperature in a different context.
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Related Ideas in National

Science Education Standards

(NRC 1996)

K-4 Light, Heat, Electricity, and

Magnetism

® Heat can be produced in many ways, such
as burning, rubbing, or mixing one sub-
stance with another. Heat can move from

one object to another by conduction.

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.

* Heat moves in predictable ways, flowing
from warmer objects to cooler ones, until

both reach the same temperature.

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.

Related Ideas in Benchmarks

for Science Literacy (AAAS

1993)

3-5 Energy Transformation

® Heat is produced by mechanical and elec-
trical machines and any time one thing

rubs up against another.

* When warmer things are put with cooler
ones, the warm ones lose heat and the cool
ones gain it until they are all at the same
temperature.

® Poor conductors can reduce heat loss.

6-8 Energy Transformation

* Energy cannot be created or destroyed, but
only changed from one form into another.

® Energy appears in different forms. Heat
energy is in the disorderly motion of mol-

ecules.

9-12 Energy Transformation

® Heat energy in a material consists of the
disordered motions of its atoms or mol-
ecules.

® Transformations of energy usually produce
some energy in the form of heat, which
spreads around by radiation or conduction

into cooler places.

Related Research

® Students in the age range of 8—12 are able
to use and read a thermometer to take tem-
perature readings. They tend to make judg-
ments about the temperature of an object
based more on the nature of the material
than the temperature of the surrounding
medium (Erickson 1985).

® Students are likely to think that objects of
different materials in the same room will
be at different temperatures even if they
are told that the objects are kept at room
temperature (Erickson 1985).

® One place students would be expected

% Indicates a strong match between the ideas elicited by the probe and a national standard’s learning goal.
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to understand the distinction between
heat and temperature is in chemistry
classes. However, most of the chemistry
problems assigned to students in intro-
ductory chemistry classes do not require
students to make the distinction, so stu-
dents have little opportunity to acquire
the distinction. Chemistry teachers may
be unaware that students lack this skill
and may have the expectation that they
do understand the difference (Gabel and
Bunce 1994).

® The concept of thermal equilibrium when
several objects are in prolonged contact
with the same air in the same room is often
missing. Students have difficulty recogniz-
ing the equality of temperatures at thermal
equilibrium (Tiberghien 1985).

Suggestions for Instruction and

Assessment

¢ This probe can be followed up as an in-
quiry-based investigation. Ask the ques-
tion, encourage students to commit to a
prediction, and then test it. The dissonance
involved in discovering that the tempera-
tures are the same should be followed with
opportunities for students to discuss their
ideas and resolve the dissonance.

* Provide opportunities for students to
investigate the temperature of different
materials in the same warm and cold sur-
roundings.

* Help students understand what is happen-
ing when you touch metal versus when you

touch a wool hat or block of wood. Help

Uncovering Student Ideas in Science

them use ideas about conduc- 5 C

tion and transfer of energy in

this context to explain why it v

feels as if they are at different

temperatures. Code: USIS107

® Use everyday examples such
as why you would rather stand on a rug
in your bathroom on a cold morning
if you are in your bare feet than stand
on the bathroom tiles. Use multiple ex-
amples like this to relate the idea that
objects may feel warmer or colder even
though the temperature is the same.

® Be careful how you use terms such as
heat and temperature and alert students to
examples.

® Instruction about heat, temperature, and
heat exchange should be carried out over
a long period and not in one single in-
structional unit. These are difficult ideas
that take time and multiple experiences to

develop.

Related NSTA Science Store
Publications and NSTA Journal
Articles

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

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

Robertson, W. 2002. Energy: Stop faking it! Finally
understanding science so you can teach it. Arling-

ton, VA: NSTA Press.
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Related Curriculum Topic Study Guide
(Keeley 2005)

“Heat and Temperature”
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Is It an Animal?

Which of the organisms listed are ani-
mals? Put an X next to each organism

that is considered to be an animal.

_ COW __ spider

_ tree _ snail

__mushroom _ flower

__human ____monkey

____worm _ beetle

__ tiger __ whale — s .
_ shark __ frog ____mold

_ starfish __ chicken __ snake

Explain your thinking. Describe the “rule” or reasoning you used to decide if some-

thing is an animal.

Uncovering Student lIdeas in Science 117
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Is It an Animal?

Purpose

The purpose of this assessment probe is to elicit
students’ ideas about animals. The probe spe-
cifically secks to find out what characteristics
students use to determine whether an organ-

ism is classified as an animal.

Related Concepts

animals, classification

Explanation

The cow, human, worm, tiger, shark, star-
fish, spider, snail, monkey, beetle, whale, frog,
chicken, and snake are biologically classified
as animals. The tree and flower are classified
as plants, and the mushroom and mold are
classified as fungi. Biological classification at

the kingdom level places more emphasis on

cellular details (including molecular details),
anatomical details (internal and external
structures), and embryology than on general
appearance or behavior. Animals have body
plans and internal structures that enable them
to obtain their food from an external source,
making them consumers (or heterotrophs). All
animals are consumers; however, not all con-
sumers are animals. Animals are multicellular
and their cells do not contain cell walls. Their
embryonic development starts with a dip-
loid zygote (product of the union of egg and
sperm), and a defining characteristic of all ani-
mals that differentiates them from other het-
erotrophs is that they develop from a blastula
(this is a complex idea that isn’t developed un-
til later in high school or college). The animal

kingdom contains a vast variety of life forms,

National Science Teachers Association
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a grade-level expectation in the ¥
Topic: Classification

including diverse examples from phyla such as ety of different types of consum-

sponges, coelenterates (e.g., jellyfish), mollusks  ers are also animals. This idea is

(e.g., snails), worms, arthropods (e.g., insects),

echinoderms (e.g., starfish), and vertebrates  national standards. Biological

Go to: www.scilinks.org

(including the classes of fish, amphibians, rep-

tiles, birds, and mammals).

Curricular and Instructional
Considerations

Elementary Students

By the time children enter school they are quite
familiar with animals (from barnyards, back-
yards, and zoos and as pets) and have begun to
form an operative definition for whether or not
something is considered to be an animal. Their
ideas are quite concrete and they tend to as-
sociate animals with pets or animals kept in a
200, based on their everyday experiences. Their
instruction focuses on a variety of animals and
their needs and characteristics. However, stu-
dents’ learning may become quite limited if
they focus only on familiar animals, particu-
larly mammals or other vertebrates. This probe
is useful in determining what characteristics
students initially use to help them decide if a
living organism is an animal, based on their

familiarity with a variety of animals.

Middle School

In middle school, students begin to develop
formal distinctions between plants and ani-
mals based on whether plants and animals
make their own food and on their internal
structures. Animals are considered consumers,

but students may fail to recognize that a vari-

Uncovering Student Ideas in Science

diversity is addressed; however, Code: UsIS119
students may still have a limited

view of what an animal is.

High School

Students at this level exhibit a general under-
standing of taxonomic classification and use
hierarchical groupings to understand that
seemingly different organisms in different phy-
la belong to the animal kingdom. This probe is
useful in determining whether students revert
to their own operative definitions of an ani-

mal, even after formal biological instruction in

middle or high school.

Administering the Probe

Eliminate any organisms that students are not
familiar with. Elementary teachers may want
to include pictures with each example. In low-
er elementary grades, it is helpful to have stu-
dents complete the top part of the task on their
own, followed by individual student interviews
or a group discussion, enabling the teacher to
more fully capture students’ thinking. Teach-
ers may also wish to tailor the list of items to
better fit their teaching context. Middle and
high school teachers may want to add organ-
isms from all the kingdoms of life. This probe
also works well in a group situation, having
students vote on whether or not they think an
organism is an animal and then discuss their

reasons with the class. This probe can also be
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used as a card sort. Ask students to work in
small groups or pairs to sort cards of the names
and/or pictures of organisms into two groups:
those that are considered to be animals and
those that are not. Observe and listen to stu-
dents discuss their reasons with their peers as

they sort the cards.

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. For
example, humans have distinct body struc-
tures for walking, holding, seeing, and

talking.

5-8 Diversity and Adaptations of

Organisms

* 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

* Biological classifications are based on how
organisms are related. Organisms are clas-
sified into a hierarchy of groups and sub-
groups based on similarities that reflect

their evolutionary relationships.

Related Ideas in Benchmarks

for Science Literacy (AAAS

1993)

K-2 Diversity of Life

® Some animals (and plants) are alike in the
way they look and in the things they do,
and others are very different from one an-

other.

3-5 Diversity of Life

* A great variety of kinds of living things can
be sorted into groups in many ways using
various features to decide which things be-

long to which group.

6-8 Diversity of Life

* One of the most general distinctions
among organisms is between plants, which
use sunlight to make their own food, and
animals, which consume energy-rich foods.
Some kinds of organisms, many of them
microscopic, cannot be neatly classified as

either plants or animals.

Related Research

® People of all ages have a much narrower
definition of an animal than biologists.
Typically, students think of “animals” as
large, terrestrial mammals. Animal quali-
ties commonly include the following: hav-
ing four legs, being large in size, having fur,
making noise, and living on land. A study
of 15-year-olds found that 10% identified
animals as a biologist would from an as-

sortment of organisms. About half of these

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

National Science Teachers Association



Copyright © 2005 NSTA. All rights reserved. For more information, go to www.nsta.org/permissions.

Life, Earth, and Space Science Assessment Probes

students identified fish, boy, frog, snail,
snake, and whale as animals (Bell 1981).
Older students often apply more gen-
eral characteristics that apply to all living
things (i.., respiration and reproducing) to
animals (Trowbridge and Mintzes 1985).
Some students, although they recognize
feeding as an attribute, see it as a general
characteristic of living things rather than
in terms of the heterotrophic nature of the
way animals feed (Driver et al. 1994).
Studies show that preservice elementary
teachers, as well as experienced elementa-
ry teachers, also hold restricted meanings
for the concept of “animal” (Driver et al.
1994). This may affect students’ opportuni-
ties to learn the scientific view of “animal.”
Humans are often not thought of as ani-
mals; rather they are contrasted with ani-
mals. Humans, insects, birds, and fish are
often thought of as alternatives other than

animals, not as subsets of animals (Driver

et al. 1994).

Suggestions for Instruction and
Assessment

National standards suggest the study of
living organisms begin with those that are
most familiar to younger students—those
found in their immediate environment. Be
careful that this does not limit the child’s
experience to only vertebrates, particularly
mammals. In later years, have students
study a variety of animals representing the
diversity of animal life.

When students group organisms as ani-

Uncovering Student Ideas in Science

mals, it is important that instruction is
geared toward getting students to carefully
examine the characteristics to see if they
are truly exclusive.

Instruction related to animals is often fo-
cused on a specific organism or organisms
(e.g., butterflies or barnyard animals). This
may help students develop an understanding
of the special characteristics of butterflies or
barnyard animals that define them as ani-
mals, but students may fail to generalize to
other vertebrate and invertebrate classes.
Encourage students to examine animals
carefully. Identify attributes in common,
even though the animals may appear to be
very different.

Provide multiple experiences in sorting
and classifying animals, emphasizing the
characteristics that are consistent with a
particular grouping. Introduce students to
the hierarchical nature of groupings (e.g.,
A robin is both a bird and an animal.)
Explicitly develop the idea that all animals are
consumers, but make sure that older students
understand that not all consumers are animals
(e.g., protists). Use nutrition as the initial way
to distinguish animals from plants.

Help students understand that the way we
use words in everyday life may be differ-
ent from the way words are used in science.
Remind them that the word animal has a
much more precise meaning in science
than in everyday language. Be aware that
the more commonly used a word is in ev-
eryday language, such as animal, the more

likely students are to revert back to a lay

121
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definition. Once students develop a formal
definition of animal, challenge them to
think of everyday usages of the word that
would be limiting. For example, if a sign
outside a store says, “No animals allowed,”
would you be allowed to enter the store?

® Use the interview protocol developed by
Charles Barman (Barman et al. 1999)
to further examine students’ ideas about
animals. Combine this with several other
types of ways to categorize animals versus
non-animals.

® Be aware that accepting humans as ani-
mals may be more than a shift in scientific
thinking. Some students may have cultural
or religious traditions that may make them
resistant to considering humans as animals.
Teachers can respect these beliefs by bal-
ancing the scientific notion that humans
are biologically classified in the animal
kingdom with the notion that humans are

a unique and very special kind of animal.

Related NSTA Science Store

Publications and NSTA Journal
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Robinson. 1994. Making sense of secondary sci-
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Keeley, P 2005. Science curriculum topic study:

Bridging the gap between standards and practice.

Thousand Oaks, CA: Corwin Press.
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(Keeley 2005)

“Animal Life”
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“Biodiversity”
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Is It Living?

Listed below are examples of living (which includes once-living) and nonliving things.
Put an X next to the things that could be considered living.

__ tree __ egg

__rock ___ bacteria

_ fire _cell

___ boy ___molecule

_ wind _ Sun

__ rabbit _ mushroom

_ cloud ___ potato

__ feather _leaf

____grass ___ butterfly _ fossil ____mitochondria
__ seed ___ pupae __hibernating bear ___river

Explain your thinking. What “rule” or reasoning did you use to decide if something

could be considered living?

Uncovering Student lIdeas in Science 123
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Is It Living?

Teacher Notes

Purpose
The purpose of

are made up of
one or more cells

and carry out ba-

this assessment
probe is to elicit
students’ ideas about living and nonliving
things. The probe is designed to find out what
attributes children focus on when considering

if something is or was once living.

Related Concepts

living things, life processes, characteristics of life

Explanation

Differentiating between living and nonliving
is not a simple black-and-white task. There is
no single criterion used to identify whether
something is living. Additionally, some of the
characteristics that are used to identify living
things are not easily observable, such as ex-
tracting energy from food as opposed to being

able to watch an organism “eat.” Living things

sic life processes
(e.g., acquire or make food, grow, respire, re-
produce, react to stimuli, move, and eliminate
waste). Not all living things show all of these
characteristics all of the time. The tree, boy,
rabbit, grass, seed, egg, bacteria, cell, mush-
room, potato, leaf, butterfly, pupae, and hiber-
nating bear can be considered living. Each is
made up of one or more cells and is capable
of performing one or more life processes. The
tree, boy, rabbit, grass, bacteria, mushroom,
butterfly, and hibernating bear are also com-
plete living organisms. Some of the items listed
are living organisms in various developmental
stages of their life cycle such as the seed, egg
(recognize that an egg from the supermarket is
“once living”), and pupae. The potato and leaf
are parts of a living plant. By themselves they

are capable of carrying out some life processes

National Science Teachers Association



Copyright © 2005 NSTA. All rights reserved. For more information, go to www.nsta.org/permissions.

Life, Earth, and Space Science Assessment Probes

for a limited time.

The remaining items—cloud, fire, wind,
Sun, feather, molecule, river, mitochondria,
rock, and fossil—are nonliving. The feather
was once part of a living thing, partially made
up of cells as well as materials made by cells.
However, by itself, it cannot sustain life. The
mitochondria are parts of a cell that carry out
the process of releasing energy from food but
by themselves they are not living. Some things
can be living without being a complete organ-
ism. For example, a leaf is a part of a complete
plant. With a source of water and air, some
leaf cuttings can continue to carry out life pro-
cesses, develop roots, and eventually become

an entire plant.

Curricular and Instructional
Considerations

Elementary Students

Young children develop their ideas about liv-
ing organisms based on their conception of
living versus nonliving. Students in early ele-
mentary grades develop an understanding that
living things have basic needs such as food,
water, and air. As they progress through the
elementary grades, students develop an under-
standing of several basic observable functions
performed by living things such as eating,
drinking, breathing, growing, and moving. At
this level students are more likely to think of a
whole organism as living rather than a part of
an organism such as a leaf or cell. This probe is
useful in identifying early ideas students have

about the concept of living,.

Uncovering Student Ideas in Science

Middle School Students °

G INKS.

THE WORLD’S A CLICK AWAY

As students investigate more

unfamiliar life forms, they
refine their early ideas about |jying Things

living. They begin to develop Ge to: www.scilinks.org
. Code: USIS125

a more sophisticated under-

standing of the needs of cells

and the life processes occurring at the cellular
level—for example, extracting energy from
food, removing waste products, taking in wa-
ter, and cells dividing to make more cells. They
also recognize that some living things perform

their life functions as a single cell.

High School Students

By high school, students have a more complete
understanding of the processes that support
life, particularly at the cellular level. They
have a greater ability to recognize the ubiqui-
tous features and processes common to all life
from the early stages of development to adult.
They recognize death as the cessation of life
processes. This probe is useful in comparing
high school students’ conception of living with
elementary and middle school students’ ideas
and determining whether the high schoolers
have accumulated the biological ideas that can

be used to explain life and death.

Administering the Probe

During the administration of this task, con-
sider interviewing students and/or using props.
Tailor the items on this list to suit targeted in-
structional goals and the developmental levels
of students. Remove items that are unfamil-

iar. Consider including additional items for

Topic: Characteristics of
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younger students, such as tadpoles, a cocoon
or butterfly chrysalis, bulbs, and a plant cut-
ting. For older students consider adding items
like bread mold, yeast, a virus, DNA and pro-
teins, additional parts of a cell, and/or a fresh
bone. This task can also be used as a card sort.
Provide students with cards printed with vari-
ous examples and ask them to work with a
partner or small group to sort them into piles
of “living” and “nonliving.” Listen carefully to

their explanations as they sort.

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
e All organisms are composed of cells, the

fundamental units of life.

9-12 Matter, Energy, and Organization

in Living Systems

® Living systems require a continuous input
of energy to maintain their chemical and
physical organizations. With death, and
the cessation of energy input, living sys-
tems rapidly disintegrate.

* The complexity and organization of organ-
isms accommodate the need for obtaining,

transforming, transporting, releasing, and

eliminating the matter and energy used to

sustain the organism.

Related Ideas in Benchmarks
for Science Literacy (AAAS
1993)

K-2 Cells

* Most living things need water, food, and

air.

3-5 Cells

* Some living things consist of a single cell.
Like familiar organisms, they need food,
water, and air; a way to dispose of waste;

and an environment they can live in.

6-8 Cells

e All living things are composed of cells,
from just one to many millions, whose
details usually are visible only through a

microscope.

Related Research

e Children have various ideas about what
constitutes living. Some may believe ob-
jects that are “active” are alive—for ex-
ample, fire, clouds, or the Sun. As children
mature they include eating, breathing,
and reproducing as essential characteris-
tics of living things. People of all ages use
movement, and in particular movement as
a response to a stimulus, as a defining char-
acteristic of life. When doing so, these indi-
viduals tend to omit plants from the living

category. Some studies show that young

National Science Teachers Association
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children will infrequently give “growth”
as a criterion for life, the exception being
when plants are identified as living—then
“growth” is commonly given as the reason

(Driver et al. 1994).

* A study by Stavy and Wax (1989) revealed

that children seem to have different views
for “animal life” and “plant life.” In gen-
eral, animals were more often recognized
as being alive than plants.

Some studies indicate that the ability to
reproduce is occasionally given by young
children as a criterion for life. However,
some nonliving things were said to be liv-
ing because they “reproduced” (Driver et
al. 1994).

Elementary and middle school students
use observable processes such as move-
ment, breathing, reproducing, and dying
when deciding if things are alive or not.
High school and college students use these
same readily observable characteristics
to determine if something is alive. They
rarely mention ideas such as “being made
up of cells” or biochemical aspects such as
“containing DNA.” It has been suggested
that the learning of facts has contributed
little toward understanding. Students may
be able to quote the seven characteristics
of life but may not be able to apply them
when determining if something is living
(Brumby 1982).

In a study of 424 Israeli students ages 8—
14, Tamir, Gal-Chappin, and Nussnovitz
(1981) found no significant difference in

age when students were asked to classify 16
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pictures as living or nonliving things. On
average, 20% of the items were grouped
incorrectly, with trees, mushrooms, Sun,
rivers, embryos, eggs, and seeds being
problematic.

Objects that children anthropomorphized
are categorized as living things. For ex-
ample, objects such as the Sun, cars, wind,
and fire “felt” and “knew” things and were
therefore alive. Studies indicate that there
is a marked shift as students age from the
view that objects and things (including liv-
ing things) carry out certain tasks “because
they want to” to reasoning that “they need
to in order to live” (Driver et al. 1994).
Carey (1985) suggested that progression in
the concept of “living” is linked to growth
in children’s ideas about biological process-
es. Young children have little knowledge of
biology. In addition, it isn’t until around
the age of 9-10 years that children begin
to understand death as the cessation of life
processes.

Some of the earliest studies on children’s
conception of living were carried out by
Piaget. His results showed a predictable
pattern in students’ development of the
concept “living.” From ages 0 to 5, stu-
dents have almost no concept for living
things; from ages 6 to 7 students believe
things that are active or make noise are
alive; from ages 8 to 9 students classify
things that move as alive; from ages 9 to
11 students place things that appear to
move by themselves (including rivers and

the Sun) as living; and over age 11 through
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adulthood animals or animals and plants

are considered living (Driver et al. 1994).

Suggestions for Instruction and
Assessment

Engage students in thoughtprovoking ex-
ercises that allow them to “discover” why
things are considered to be alive. Have
students monitor and observe a number of
items that are classified as “living”—from
whole organisms to parts of organisms
such as a carrot top placed in a dish of wa-
ter. Have them generate their own charac-
teristics of what makes these things “alive.”
Include items that may not be readily clas-
sified as “alive,” such as plant seeds, flower
bulbs, potatoes, mushrooms, and insect
pupae.

Give students an unusual object (e.g.,
strange-looking rock, dried piece of
sponge, brine shrimp eggs, fossil, green
“slime”) and tell them it was found in an
isolated area such as a remote rain forest.
Challenge them to come up with ways to
find out if it is alive, dead but once living,
or never alive. Have them present their evi-
dence to support their ideas.

Place emphasis on the “living” aspects
when studying life cycles and show that
death is the end of the life cycle for an in-
dividual organism. Students often think
that organisms in metamorphic or dor-
mant states are dead. Counteract this with
what happens after they emerge from such
states and with the idea that they had to be

alive for their life cycles to continue.

Emphasis in the early grades should be
placed on familiar animals (including
people) and plants and progressing to more
complex or unusual organisms (e.g., single
celled) in later grades. Students should be
encouraged to look for similarities when
considering the needs and functions of liv-
ing things.

Beginning around third grade, students’
observations of living things should in-
clude microscopic organisms. Students
should be given the opportunity to make
the connection that microscopic life has
basic characteristics similar to more famil-
iar, larger organisms. For example, they
use the same things (e.g., food, water) and
carry out similar processes that will keep
them alive.

Be sure to distinguish needs from process-
es. For example, a seed may not need wa-
ter for many years while it is dormant, but
once environmental conditions are right
and it can take in water it will grow into
a plant capable of sustaining life. Lessons
should address the many life processes as
students progress through the grades—use
of food for energy, reproduction, reaction
to stimuli, transport of materials, gas ex-
change, movement, waste elimination, and
so forth.

Be aware of the tendency of younger chil-
dren to anthropomorphize. Explore the
use of common phrases that imply non-
living things do the same things as living
things—for example, a fire “breathes” or

waves “‘grow.” Pay close attention to lit-
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erature and images that make nonliving
things seem living, such as putting a face
on the Sun or clouds.

* Have young students compare and contrast
a stuffed animal toy with the real thing.
Ask questions such as, What can the living
animal do that the stuffed toy cannot do?
Why is one considered living and the other
not? Is the stuffed animal toy dead or was
it never alive? How do you know?

® Use the mnemonic, MRS GREN, to help
students identify the seven life processes
that characterize life: M = movement, R =
respiration, S = stimuli (reaction to), G =
growth, R = reproduction, E = elimination
of wastes, and N = nutrition (acquiring of
or making food). Make sure students know
what these processes mean and that not all
living things will show all of them all of
the time.

* In middle and high school, make sure stu-
dents understand the cell as the basic unit
of function that carries out the life pro-
cesses. The idea that all living things are
composed of cells (assuming viruses are
nonliving) is the most fundamental way to

define living or once living.

Related NSTA Science Store

Publications and NSTA Journal

Articles

Aram, R., and B. Bradshaw. 2001. How do children
know what they know? Science and Children
(Oct.): 28-33.

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

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

Related Curriculum Topic Study Guides
(Keeley 2005)
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“Life Processes and the Needs of

Organisms”
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Is It Made of Cells?

Imagine you could examine the objects and materials listed below with a powerful mi-

croscope. This powerful microscope will allow you to see evidence of cell structure.

Put an X next to the objects or materials that are made up, or were once made

up, of cells.

___flowers ___apples _— e — N
__skin ___sand /“/ x\\\
___proteins ____worms ( Q O Q |
__rocks ___bacteria l‘," Q O y
_ milk _ leaf h / e |
____bone _ seeds - ) o

__ lungs ___ water ___paramecium

__ hamburger ___molecules ____blood ___ chromosomes

_ DNA ___sugar _cell membrane __ saliva

_ calcium __ chlorophyll _mushrooms ____atoms

Explain your thinking. Describe the “rule” or reason you used to decide whether some-

thing is or was once made up of cells.

Uncovering Student lIdeas in Science 131
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Is It Made of Cells?

Purpose

The purpose of this assessment probe is to
elicit students’ ideas about objects and materi-
als that are made up of cells. The probe is de-
signed to find out how students decide whether
something is or was once made up of cells by
providing a variety of examples, including liv-
ing and once-living things, materials that are
manufactured by cells but are not composed
of cells, parts of a cell, inorganic substances
that did not originate from cells, and building

blocks of all matter.

Related Concept

cells

Explanation

The cell is the fundamental unit of life. Living
or once-living things are made up of one or
more cells as well as materials made by cells

and inorganic materials, such as water, that

are found within cells. The materials and ob-
jects listed in the probe that are made up of
cells are the following: flowers, skin, bone,
lungs, hamburger, apples, leaf, worms, bac-
teria, seeds, paramecium, blood, and mush-
rooms. All of these materials arose from living
cells and are cellular in origin, although they
may include noncellular materials (e.g., blood
contains plasma as well as blood cells). Some
materials, such as milk and saliva, are made
by cells and are found outside of cells, but are
not cellular in structure. They are products of
cells and do not give rise to new cells. Materi-
als found inside a cell include molecules such
as DNA, sugar, chlorophyll, and proteins as
well as elements like calcium that give bone
tissue its strength. Objects that are organelles,
parts of a cell, include the cell membrane and
chromosomes. The remaining items—rocks,
water, and sand—are not made up of cells but

are made up of matter. Molecules and atoms

National Science Teachers Association
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are the basic building blocks of cells as well as
all matter. Cells use, manufacture, or contain/
transform several of the noncellular materials
that are commonly associated with cells, such
as sugars and proteins, but these materials are

not cellular in structure.

Curricular and Instructional
Considerations

Elementary Students

Upper elementary students are just beginning
to learn about cells as the basic unit of struc-
ture. Experiences include looking at cells in
tissues of familiar plants and animals as well
as single-celled organisms. Items on the list
should be limited to those that students are
familiar with. This probe is useful in finding
out if students have beginning ideas that all
living or once-living organisms and parts of
organisms are made of cells. It may be use-
ful to combine this probe with “Is It Living?”

(p- 123).

Middle School Students

Middle school students expand their develop-
ing knowledge about cells to include materials
made by cells and materials that are inside of
cells. They also recognize that structures such
as tissues and organs are part of a hierarchy
that is traced back to the cell. They may begin
developing additional hierarchies that include
cell structures as well as molecules found in-
side of cells. The challenge with middle school
students is in helping them overcome the idea

that living things do not contain cells but rath-

Uncovering Student Ideas in Science

SC

er that living things are cellular.

Knowing that anything living is

made up of cells, which would in- v
clude most parts of an organism, is Topic: Cells
a grade-level expectation in the na- Code: USIS133
tional standards. In middle school,

students are also developing ideas about fun-
damental units of matter such as atoms and
molecules. Often these ideas are taught sepa-
rately and students may confuse the two when
the context changes. This probe is useful in
probing beyond the idea that the cell is the
basic unit of living material and finding out
if students can apply this idea to determine if

various materials are or were once cellular.

High School Students

Students’ understanding of cells has expanded
toincludeintracellularstructures, biomolecules
within the cell, and materials produced and se-
creted by cells. Ideas in chemistry and biology
converge so that students begin to understand
that atoms and molecules make up living mat-
ter, including cells, as well as nonliving matter.
This probe is useful in determining if students
prior to and after biological instruction have
an understanding of what determines whether
materials are made of cells as well as an under-
standing of the hierarchical nature of cellular
composition, including atoms, molecules, and

organelles found within the cell.

Administering the Probe
Limit the items to materials with which students
have had direct experience or those with which

students have some familiarity. Even though

INKS.
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items on the list such as atoms and molecules
are beyond the scope of elementary instruction,
it may be interesting to find out students’ initial
conceptions as they are words young students
encounter frequently in the media but have
limited conceptions of. Knowing how students
formulate ideas early on may provide useful in-
formation at the middle level and above.

This probe may be used as a card sort.
Have students work in pairs or small groups to
discuss and sort the cards into two piles: made
of cells and not made of cells. Listen carefully
to students’ ideas as they discuss their reasons.
The probe “Is It Made of Molecules?” (p. 85)
may be used along with this probe to deter-
mine if middle and high school students con-

fuse the concepts of “cell” and “molecule.”

Related Ideas in National
Science Education Standards
(NRC 1996)

5-8 Structure and Function in Living

Systems

* Important levels of organization for struc-
ture and function include cells, organs, tis-
sues, organ systems, whole organisms, and
ecosystems.

* All organisms are composed of cells, the
fundamental units of life. Most organisms
are singlecells; other organisms, including
humans, are multicellular.

®  Specialized cells perform specialized func-
tions in multicellular organisms. Groups
of specialized cells cooperate to form a

tissue, such as a muscle. Different tissues

are in turn grouped together to form larger

functional units, called organs.

5-8 Reproduction and Heredity
® Hereditary information is contained in genes,

located in the chromosomes of each cell.

9-12 The Cell

® Cells have particular structures that under-
lie their functions. Every cell is surrounded
by a membrane that separates it from the
outside world. Inside the cell is a concen-
trated mixture of thousands of different
molecules that form a variety of specialized
structures.

® Cells store and use information to guide
their functions. The genetic information
stored in DNA is used to direct the synthe-
sis of the thousands of proteins each cell
requires.

® Dlant cells contain chloroplasts, the site of
photosynthesis.

® Most of the cells in a human contain two

copies of each of 22 different chromosomes.

Related Ideas in Benchmarks

for Science Literacy (AAAS

1993)

3-5 Cells

* Some living things consist of a single cell.

* Microscopes make it possible to see that
living things are mostly made up of cells.
Some organisms are made of a collection
of similar cells that benefit from cooper-

ating.

% Indicates a strong match between the ideas elicited by the probe and a national standard’s learning goal.
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6-8 Cells

* Allliving things are composed of cells, from

just one to many millions, whose details
usually are visible only through a micro-
scope. Different body tissues and organs

are made up of different kinds of cells.

9-12 Cells

Every cell is covered by a membrane that
controls what can enter and leave the cell.

Within every cell are specialized parts for
the transport of materials.

The work of the cell is carried out by the
many different types of molecules it as-
sembles, mostly proteins.

The genetic information encoded in DNA
molecules provides instructions for assem-

bling protein molecules.

Related Research

Student may have the notion that organisms
“contain” cells as opposed to being “made up
of” cells (Driver et al. 1994). In other words,
students may believe a living organism is like
a “sack” filled with cells rather than being
composed of a collection of cells.

Research conducted by Arnold (1983) in-
dicated that students have difficulty dif-
ferentiating between the concepts of “cell”
and “molecule.” There is a tendency for stu-
dents to over-apply the idea that cells are
smaller components of /ving things. Stu-
dents identified any materials encountered
in a biology class (carbohydrates, proteins,
and water) as being made up of smaller

parts called cells. Arnold coined the term

Uncovering Student Ideas in Science

molecell to describe this notion of organic
molecules being considered as cells.

Many students think that only certain
parts of the human body and other living
organisms are made up of cells (Driver et
al. 1992).

Dreyfus and Jungwirth (1988, 1989) re-
ported that students confuse orders of
magnitude with levels of organization in
living systems. Responses from several 16-
year-old Israeli students in the study sug-
gest that students think that biomolecules,
such as proteins, are bigger than the size of
a cell and that single-celled organisms con-
tain miniature replicas of organs like intes-
tines and lungs. Even though students had
learned about cells the year before, their
knowledge was superficial. Over a third of
the students had alternative conceptions

about cells.

Suggestions for Instruction and
Assessment

Issues of size and scale should be addressed
when teaching students about cells. Ad-
ditionally, ideas about materials should be
combined with the notion of scale. Stu-
dents need to understand that cells, like
other types of matter, are made up of ma-
terials. These materials contain substances
that are made up of atoms and molecules.
Even though cells are very small and need
to be observed with a microscope, help
students understand that there are even
smaller parts within the cell that are too

small to be seen with a microscope.
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As students engage in activities that in-
volve observing cells, encourage precision
with the language used to describe cell ob-
servations. Reinforce the idea that single-
celled organisms are cells and that mul-
ticelled organisms are composed of cells.
Students may misinterpret a well-intended
statement that multicellular organisms are
“collections of cells,” believing that these
organisms somehow contain or hold cells
rather than being structurally built out
of cells. With older students the idea that
an organism is structurally made of cells,
rather than a “sack” filled with cells, can
be addressed when students examine the
idea of an organism arising from a single
cell and repeated cell divisions.

By the end of middle school, cell observa-
tions should be widely varied. Include cells
from a number of different life forms and
their different body parts—plants, ani-
mals, fungi, protists, and monera. Students
will begin to discover that cells, regardless
of what living thing or body part they
come from, look remarkably similar. At
the same time, students will also recognize
that cells have different parts, depending
on the type of organism.

Explicitly address hierarchical issues by
having students engage in activities that fo-
cus them at various levels, then “zoom in”
to a more detailed level and/or “zoom out”
to a larger level so that students can get a
sense of parts-and-wholes relationships.
Present cell ideas in a number of contexts

to help students understand that cells are

a type of matter that contains substances,
molecules, and atoms. When students in-
vestigate matter in physical science, include
examples of living materials. Be aware that
when students first learn about atoms, they
may also be learning about parts of a cell at
the same grade level. Students may be con-
fused by a term like nucleus if instruction
does not address the differences between
the nucleus of an atom and the nucleus of

a cell.

Related NSTA Science Store
Publications and NSTA Journal
Articles

American Association for the Advancement of Sci-
ence (AAAS). 2001. Atlas of science literacy. (See
“Cells and Organs,” pp. 74-75.) New York:
Oxford University Press.

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

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

Related Curriculum Topic Study Guides
(Keeley 2005)

“Cells”

“Chemistry of Life”
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Human Body Basics

Four students are working on a human body project for their science class. They can-
not agree on the basic unit of structure and function in the human body where basic
life processes are carried out. These basic pro-
cesses are getting energy from food, remov-
al of waste molecules, response to stimuli,
movement, reproduction, growth, and
repair. They debated their ideas as fol-

lows:

Paul’s argument: Tissues are the basic
unit of structure and organs are the basic
unit of function.

Tia’s argument: Cells are the basic unit
of structure and organs are the basic unit
of function.

Margy’s argument: Cells are the basic unit of structure and function.

Rae’s argument: Organs are the basic unit of structure and function.

Which student do you agree with? Describe your thinking. Provide an explanation

for your answer.

Uncovering Student Ideas In Science
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Human Body Basics

Purpose
The purpose of this assessment probe is to elic-
it students’ ideas about levels of organization
in living organisms. The probe is designed to
determine whether students recognize cells as
the basic unit of both structure and function

for carrying out basic life processes.

Related Concepts
levels of organization in living systems, cells,

structure, function, life processes

Explanation

Margy’s argument is the best answer, although
other responses are partially correct. All living
things are made of cells. The cell is the basic
unit of structure in all living organisms. What

is less obvious is that the cell is also the basic

unit of function. It is within the cell that most
of life’s basic processes—such as respiration,
eliminating waste molecules, growth, repair,
movement, and response—occur. It is within
the cell that the complex chemical reactions
needed to sustain life occur. This work is car-
ried out by the various molecules within a cell,
particularly proteins. In addition to the basic
cellular functions common to all cells, special-
ized cells in multicellular organisms perform
functions that support life processes. For ex-
ample, hormones that regulate body functions
are secreted by gland cells, muscle cells con-
tract to support movement of an organism,
and nerve cells conduct electrical signals to al-
low organisms to respond to stimuli. Special-

ized cells may be arranged as a collection to

National Science Teachers Association
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form tissues, such as muscle, nerve tissue, and  various systems and the organs

G INKS.
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v

blood tissue. The cells within tissues may also  that work together in and across

be organized to form organs with a specialized ~ body systems. They develop an

Topic: The Chemistry of Life

purpose such as the brain, heart, and lungs. Go to: www.scilinks.org

understanding that the cell is the

The human body is a complex multicellular
system of cells. Most of the cells in the hu-
man body are grouped into organ systems that
serve a specific purpose. The organs in these
systems depend on cellular processes to carry
out essential functions for the organism. It is
at the cellular level that molecules are taken
in, processed, and transformed, and the result-
ing products are used directly or distributed
elsewhere by interactions among the various

systems of the human body.

Curricular and Instructional
Considerations

Elementary Students

Elementary students develop the idea that
organisms, including humans, have various
structures that serve different functions. Stu-
dents begin to make the link between struc-
ture and function at the macroscopic level of
organs and body systems. They recognize that
all living things have to meet the same basic
needs in order to survive but do not yet under-
stand these needs are met by the functions of
cells. Instruction is primarily focused on exter-

nal body parts and major organs.

Middle School Students
Middle school is the time when students are
most interested in learning about the human

body. At this level students learn about the

Uncovering Student Ideas in Science

fundamental unit of life and that ~ Code: usIS141
there is a hierarchical organiza-

tion to the human body. They also begin to
develop ideas about basic processes that occur
in cells, without an emphasis on the parts of
a cell. These are grade-level expectations in
the national standards. This probe is useful in
determining whether students have a “macro”
view of structure and function primarily fo-
cused on tissues and/or organs, or if they ac-

cept the idea that the cell is both the funda-

mental unit of structure and function.

High School Students

At this level structure and function is empha-
sized at the cellular, organelle, and molecular
level. This probe is useful in finding out students’
ideas before instruction on the cellular, intracel-
lular, and biochemical nature of structure and
function as well as determining whether stu-
dents are able to transfer the cell ideas learned

in biology to the context of a human organism.

Administering the Probe
Be sure to encourage students to explain their
thinking. Ask them to provide the reasons why

they chose a particular student’s point of view.

Related Ideas in National
Science Education Standards
(NRC 1996)
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K-4 The Characteristics of Organisms

Each plant or animal has different struc-
tures that serve different functions in
growth, survival, and reproduction. For
example, humans have distinct body struc-
tures for walking, holding, seeing, and

talking.

5-8 Structure and Function in Living
Systems

Living systems at all levels of organization
demonstrate the complementary nature of
structure and function. Important levels of
organization for structure and function in-
clude cells, organs, tissues, organ systems,

whole organisms, and ecosystems.

* All organisms are composed of cells, the

fundamental units of life.

* Cells carry on the many functions needed

to sustain life.

Specialized cells perform specialized func-
tions in multicellular organisms. Groups
of specialized cells cooperate to form a
tissue, such as a muscle. Different tissues
are in turn grouped together to form larger
functional units, called organs. Each type
of cell, tissue, and organ has a distinct
structure and set of functions that serve

the organism as a whole.

Related Ideas in Benchmarks
for Science Literacy (AAAS
1993)

K-2 Basic Functions

The human body has parts that help it

seek, find, and take in food when it feels
hungry: eyes and a nose for detecting food,
legs to get to it, arms to carry it away, and a

mouth to eat it.

3-5 Cells

Microscopes make it possible to see that

living things are mostly made up of cells.

Some organisms are made of a collection

of similar cells that benefit from cooper-
. . b

ating. Some organisms’ cells vary greatly

in appearance and perform very different

roles in the organism.

6-8 Cells

Various organs and tissues function to
serve the needs of cells for food, air, and
waste removal.

Cells repeatedly divide to make more cells

for growth and repair.

* Within cells, many of the basic functions

of organisms—such as extracting energy
from food and getting rid of waste—are
carried out. The way in which cells func-

tion is similar in all living organisms.

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.

To burn food for the release of energy

stored in it, oxygen must be supplied to

% Indicates a strong match between the ideas elicited by the probe and a national standard’s learning goal.
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cells, and carbon dioxide removed. Lungs
take in oxygen for the combustion of food
and they eliminate the carbon dioxide pro-
duced. The urinary system disposes of dis-
solved waste molecules, the intestinal tract
removes solid wastes, and the skin and
lungs rid the body of heat energy. The cir-
culatory system moves all these substances
to or from cells where they are needed or
produced, responding to changing de-
mands.

Specialized cells and the molecules they
produce identify and destroy microbes

that get inside the body.

Related Research

Preliminary research indicates that it may
be easier for students to understand that
the cell is the basic unit of structure than
that the cell is the basic unit of function.
This may be because the former is observ-
able whereas the latter needs to be inferred
from experiments (AAAS 1993).

Research conducted by Dreyfus and Jung-
wirth (1988) revealed that high school
students may have various misconceptions
about cells after traditional instruction on
cell topics.

Studies of children’s ideas related to the or-
ganization of the human body reveal that
between the ages of 8 and 10 children be-
gin to understand that the body is made
up of organs that work together to main-
tain life (Driver et al. 1994).

Many children think that only certain
parts of the human body and other living

Uncovering Student Ideas in Science

Suggestions for
Instruction and

things are composed of cells
(Driver et al. 1992).

Yol

Code: USIS143

Assessment

Before students are asked questions that re-
late to structure and function, be sure they
can distinguish between the two. Have
them practice using the word structure
whenever they refer to any part of an or-
ganism or the whole organism. Help them
relate the term function to the job that is
performed and practice using the word in
context.

As middle school students learn about the
various body systems, include experiences
that specifically show the relationship be-
tween a particular body part’s structure
and its function ar all levels of complexity.
For example, when examining the struc-
ture and function of the biceps and triceps
muscles in order to understand how the
arm moves, provide opportunities to ex-
amine the structure and function of mus-
cle tissue and individual muscle cells.
Decrease emphasis on definitions and
memorization of body parts and increase
emphasis on structure and function rela-
tionships. Continuously tie structure to
function and vice versa throughout in-
struction of the various body systems. Use
“Structure and Function” as the overarch-
ing theme with the human body as the
context. Engage students in activities that

constantly revisit this central idea. Always

INKS.
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Topic: Body Systems
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ask what the function is of a particular sys-
tem, organ, tissue, or cell. Trace functions
of organs and tissues back to the cellular
level when possible.

Integrate the study of the cell into hu-
man body system lessons. Often the cell is
taught as a separate unit and students fail
to make a link between what happens in
the human body and in cells.

Teaching from a systems approach includes
examining the parts and functions of all
aspects of the system. Using the Bench-
marks for Science Literacy (1993) section
on systems (pp. 262-266) and the Atlas of
Science Literacy (2001) map on systems (p.
133) to plan instruction may help students
better understand parts-and-wholes rela-
tionships such as how cells relate to body
systems.

Understand that it is difficult for students
to move from the macro view of the pro-
cesses of life they learn in elementary grades
(as well as what they observe in themselves
and other organisms) to processes that oc-
cur at an invisible, cellular level. If students
have learned the basic processes of life and
accept a cell as something that is living,
then the next logical step is to link those
ideas together in middle school to help
them understand that cells perform those
processes. This idea becomes further devel-
oped in high school when students learn
the specific details of how cell parts per-
form the cellular functions.

Using analogies or metaphors at this level

may help. For example, if the human body

were represented by a shopping mall, ask
students to think of what the body systems,
organs, tissues, and cells would represent

in terms of both structure and function.

Related NSTA Science Store
Publications and NSTA Journal
Articles

American Association for the Advancement of Sci-
ence (AAAS). 2001. Atlas of science literacy. (See
“Cells and Organs,” pp. 74-75, and “Systems,”
pp- 132-133.) New York: Oxford University
Press.

Driver, R., A. Squires, P. Rushworth, and V. Wood-
Robinson. 1994. Making sense of secondary sci-
ence: Research into childrens ideas. London and
New York: RoutledgeFalmer.

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

Related Curriculum Topic Study Guides
(Keeley 2005)

“Cells”
“Human Body Systems”
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Functions of Living Things

The functions listed below are performed by living organisms. Which functions are per-
formed by plants, animals, or both? Mark each example with a P, A, or B.

. . p e
Put a P in front of the functions performed only ~—
~

by plants.

Put an A in front of the functions performed /

only by animals A

Put a B in front of the functions performed |

by both plant and animals.
___Photosynthesis (make their food)

Acquire and take in food from the environment

__ Respiration (release energy from food) __ Storage of energy

___ Cell division __ Transport of materials within the organism
__ Reproduction __Maintain a stable, internal environment
___ Growth ___Response to stimuli

___ Elimination of waste products __ Repair of damaged structures

Explain your thinking. What helped you decide whether a function is performed by
a plant, animal, or both?

Uncovering Student Ideas In Science 147
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Functions of Living Thmgs

Purpose

The purpose of this assessment probe is to elic-
it students’ ideas about the functions carried
out by plants and animals for maintaining life.
The task specifically seeks to find out if stu-
dents recognize that plants and animals share
several common life functions, even though

they are seemingly very different organisms.

Related Concepts

life processes, photosynthesis, respiration

Explanation

The function performed by plants only is pho-
tosynthesis. The function performed by ani-
mals only is acquiring and taking in food from
the environment. All other functions listed are

performed by both plants and animals. Respi-

ration, which is sometimes erroneously referred
to as the opposite of photosynthesis, is the pro-
cess that plants and animals use to release en-
ergy from their food. It is carried out in the
mitochondria inside their cells. All organisms,
including plants, need energy from food in
order to live, regardless of whether they make
their own or acquire it from the environment.
Both plants and animals grow, which is the
result of cell division. Even though their meth-
ods of reproduction differ, both plants and an-
imals reproduce in order to maintain their spe-
cies. Waste products, such as gases and water,
that are the by-products of chemical reactions
within cells are released by both plants and
animals. In addition, animals release unused

materials from the food they consume.

National Science Teachers Association
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Both plants and animals store energy in
the form of carbohydrates or fats resulting
from the transformation of food matter for
later use. Plants store food in structures such
as roots and seeds. Animals store food energy
in their body fat. Both plants and animals
transform matter in order to repair damaged
body structures such as a cut in the skin or a
stem. Both plants and animals must transport
gases, water, and food molecules throughout
the organism. For example, plants use xylem
and phloem to transport water and food. Ani-
mals have a circulatory system to supply oxy-
gen and transport food molecules. Both plants
and animals must maintain a stable internal
environment such as a balance between water
and salts, and warm-blooded animals must
maintain a certain body temperature. Both
react to stimuli. An animal’s nervous system
involves various senses that detect changes and
signal the body to respond. Plants have various
tropisms that react to gravity and changes in
the amount of light and water.

Overall, plants and animals perform
similar functions because these are functions
needed to maintain cell activities, regardless
of whether the cell is a plant or animal cell.
The major difference is in activities related to
their nutrition. Plants can make their own
food but animals must seek it and take it
into their bodies. Some students will argue
that carnivorous plants, like Venus flytraps,
acquire and take in food from their envi-
ronment. These plants make their own food
through the process of photosynthesis using

their leaves, just like other plants. The rea-

Uncovering Student Ideas in Science

son they trap insects is to extract ;

the minerals they need for cell 5¢
processes. These minerals (nutri-
ents) may not be present in the
nutrient-poor soil these types Code: USIS149
of plants grow in, so over time

they have adapted to extracting their nutri-
ents from living organisms. These nutrients
are analogous to the vitamins we consume.
They provide us with essential compounds
needed to carry out cell functions but they
aren’t a source of energy (food). Confusion
often arises because we use words like nuzri-

ents and food interchangeably.

Curricular and Instructional
Considerations

Elementary Students

Students are learning to distinguish between
plants and animals based on their needs
and basic characteristics. An understanding
of cellular processes is a sophisticated topic
that isn’t addressed until middle school. If
this probe is used with upper elementary stu-
dents, it may be useful in gathering informa-
tion about ideas that form early on, before
students encounter formal instruction in the

topics.

Middle School Students

Students distinguish between plant and animal
nutrition, acquisition, and use. They also de-
velop an understanding of basic life processes
carried out by a variety of organisms, includ-

ing plants and animals. This is the time when

INKS.
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students begin to develop ideas

about similarities in the needs

INKS.

THE WORLD’S A CLICK AWAY

and functions of different living
things. These ideas are grade-
level expectations in the national
standards. This probe is useful in identifying
students’ ideas prior to and after instruction
about the processes that unite plants and ani-
mals as well as the different processes connect-

ed to their nutrition.

High School Students

Students have acquired a more sophisticated
understanding of the life processes, particu-
larly the ways they are carried out within cells.
This probe is useful in determining students’
ideas prior to instruction, particularly whether
some students are holding on to the idea that
plants and animals perform very different

functions and what their reasoning is.

Administering the Probe

In some examples a descriptive term was in-
cluded along with the technical term in order
to elicit students’ understanding that does
not rely on vocabulary. You may choose to re-
place descriptions with technical terms (e.g.,
homeostasis, mitosis and meiosis, excretion),
but be aware that students may recognize a
process but not the term. This task can also
be done as a card sort, allowing the teacher
to listen as students discuss their ideas about
where to place a function. With elementary
students the list can be adapted to include
only the basic processes they would recognize

at their level.

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 Structure and Function in Living

Systems

* Cells carry on the many functions need-
ed to sustain life. They grow and divide,
thereby producing more cells. 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

organism needs.

5-8 Reproduction and Heredity
* Reproduction is a characteristic of all living

systems.

5-8 Regulation and Behavior

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

environment.

9-12 The Cell

® Inside the cell is a concentrated mixture
of thousands of different molecules that
form a variety of specialized structures
that carry out such cell functions as energy

production, transport of molecules, waste

% Indicates a strong match between the ideas elicited by the probe and a national standard’s learning goal.
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disposal, synthesis of new molecules, and

the storage of genetic material.

9-12 Matter, Energy, and Organization

in Living Systems

* Plants capture energy by absorbing light
and using it to form strong chemical bonds
between the atoms of carbon-containing
molecules. These molecules can be used to
assemble larger molecules with biological
activity. In addition, the energy stored in
bonds between atoms can be used as sourc-
es of energy for life processes.

® The complexity and organization of organ-
isms accommodates the need for obtain-
ing, transforming, transporting, releasing,
and eliminating the matter and energy

used to sustain the organism.

9-12 The Behavior of Organisms
® Organisms have behavioral responses to

internal changes and to external stimuli.

Related Ideas in Benchmarks

for Science Literacy (AAAS

1993)

K-2 Diversity of Life

® Some animals and plants are alike in the
way they look and in the things they do,
and others are very different from one an-

other.

K-2 Cells
® Most living things need water, food, and

air.

3-5 Cells

® Some living things consist of a single cell.
Like familiar organisms, they need food,
water, and air; a way to dispose of waste;

and an environment they can live in.

6-8 Diversity of Life

* One of the most general distinctions among
organisms is between plants, which use sun-
light to make their own food, and animals,

which consume energy-rich foods.

6-8 Cells

®  Cells repeatedly divide to make more cells
for growth and repair. Various organs and
tissues function to serve the needs of cells
for food, air, and waste removal.

* Within cells, many of the basic functions
of organisms—such as extracting energy
from food and getting rid of waste—are
carried out. The way in which cells func-

tion is similar in all living organisms.

6-8 Flow of Matter and Energy

* Food provides the fuel and building mate-
rial for all organisms. Plants use the energy
from light to make sugars from carbon
dioxide and water. This food can be used
immediately or stored for later use. Organ-
isms that eat plants break down the plant
structures to produce the materials and en-

ergy they need to survive.

9-12 Cells
* Within every cell are specialized parts for

the transport of materials, energy transfer,

% Indicates a strong match between the ideas elicited by the probe and a national standard’s learning goal.
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protein building, waste disposal, informa-

tion feedback, and even movement.

Related Research

152

Although photosynthesis is recognized as a
plant function, many students hold on to
a persistent heterotrophic view that plants
not only make their own food, but also
obtain it from the environment. For ex-
ample, many students think plants extract
food from soil or plant food added to soil
(Driver et al. 1994).

Respiration is regarded as something ani-
mals do, not plants. Haslam and Treagust
(1987) found that many students, including
those at the high school level, often equate
respiration with breathing. Interviews with
students age nine and older show they use
a plant-breathing, animal-breathing mod-
el: Animals breathe in oxygen and breathe
out carbon dioxide and plants breathe in
carbon dioxide and breathe out oxygen.
Respiration is often overlooked as an en-
ergy releasing process and many students,
even college biology students, think photo-
synthesis is the way plants use and release
energy (Driver et al. 1994).

Students understand that food is necessary
for life but have difficulty understanding
the connection between food and functions
such as growth, repair, storing and releas-
ing energy, and transforming matter. This
difficulty is further confounded by alternate
views of the purpose for food in plants com-
pared with animals (Driver et al. 1994).

Some ideas about growth are not based

on cell division, but rather on a basic ob-

servational notion of things getting larger
(Driver et al. 1994).

Suggestions for Instruction and
Assessment

Develop ideas about function before intro-
ducing the technical terms.

Beginning in middle school, distinguish be-
tween cellular respiration and breathing.
Be careful in describing photosynthesis and
respiration or the carbon dioxide/oxygen
cycle as opposite or reciprocal processes.
Doing so inadvertently develops the idea
that the former occurs in plants with the
purpose of providing oxygen to animals
and the latter occurs only in animals.

Use multiple contexts when teaching about
life processes. Even though an animal or
plant may be used to describe a function,
be explicit about other examples (even ex-
tending to fungi, protists, and bacteria). In
elementary grades, connect ideas to prior
instruction. For example, if students stud-
ied animals one year and plants another, be
sure to connect the animal and plant ideas.
Use compare and contrast with different
types of organisms and explicitly develop the
idea of ubiquity—that all organisms perform
certain common functions to stay alive and
maintain their species, regardless of the ob-
vious differences in external features. This
can begin in early elementary grades with
basic functions like growth, reproduction,
obtaining food from the environment, and

responding to the environment.

National Science Teachers Association
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® In middle school, begin connecting the
idea of function to cells—that most func-
tions needed to maintain life occur within
cells. By high school, students understand
that similar structures in the cells of differ-
ent organisms perform similar functions.

e Be careful that assessments that are in-
tended to provide information about stu-
dents” understanding of life processes do
not focus exclusively on plant or animal

examples.

Related NSTA Science Store
Publications and NSTA Journal
Articles

American Association for the Advancement of Sci-
ence (AAAS). 2001. Atlas of science literacy. (See
“Flow of Matter in Ecosystems,” pp. 76-77.)
New York: Oxford University Press.

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

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

Related Curriculum Topic Study Guides
(Keeley 2005)

“Characteristics of Living Things”

“Life Processes and Needs of Organisms”
“Photosynthesis and Respiration”
“Regulation and Control”

“Reproduction, Growth, and Development”

“Cells”
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Wet Jeans

Sam washed his favorite pair of jeans. He hung the wet jeans on a clothesline outside.

An hour later the jeans were dry.

Circle the answer that best describes what happened to the water that was in the wet

jeans an hour later.

A It soaked into the ground.

B It disappeared and no longer exists.
C Itisin the air in an invisible form. |
D It moved up to the clouds. !

E It chemically changed into a new

substance.

F It went up to the Sun.

G It broke down into atoms of hydrogen

and oxygen.

Describe your thinking. Provide an explanation for your answer.

Uncovering Student lIdeas in Science 155
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Wet Jeans

Purpose
The purpose of this assessment probe is to elic-
it students’ ideas about where water goes right
after it evaporates. It is designed to determine
if students recognize that water exists in the
air around us in the form of water vapor. Since
students often use the terminology of the water
cycle with little understanding of actual phe-
nomena, this probe intentionally avoids use of
technical words such as evaporation and water
vapor in order to examine how students think

about evaporation and the water cycle.

Related Concepts

water cycle, evaporation

Explanation
The best response is C—it is in the air in an in-

visible form. This invisible form is called water

vapor. Contrary to what is often inadvertently
depicted in water cycle diagrams, water does
not immediately go up to the clouds or Sun as
described in distracters D and F. It rises and
exists in the air around us as an invisible gas.
Humid weather is an example of water in the
air. The wet dew on the grass in the morning
or condensation of water on the outside of a
cold beverage glass confirms that water exists
in the air around us. Eventually some water
molecules do rise high in the atmosphere and
form clouds. The idea in distracter A that the
water from the jeans may have soaked into the
ground can be challenged with the observa-
tion that water is not dripping off of the wet
jeans and landing on the ground. The principle

of conservation of matter refutes distracter B.

National Science Teachers Association
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Matter cannot be destroyed. A change in state
from a liquid to a gas is a physical change. The
substances, liquid water and water vapor, are
still chemically the same. They do not change
into a new substance or break down into hy-
drogen and oxygen atoms as described in dis-

tracters E and G.

Curricular and Instructional
Considerations

Elementary Students

Younger students’ opportunities to learn focus
primarily on phenomena they can observe,
such as the notion that water in an open con-
tainer will eventually disappear. As students
progress to upper elementary grades they be-
gin to conduct investigations to explain the
observations they made in earlier grades. An
important idea to develop before they move
on to middle school is the notion that when
water disappears it is in the air in the form of
invisible water vapor. This is a grade-level ex-
pectation in national standards that is often
overlooked when teaching the water cycle and
emphasizing terminology without understand-
ing. In addition students must have opportuni-
ties to learn that air is a substance rather than
existing as “nothing.” This probe can be used
to determine what students” ideas are prior to
designing instruction that will help them dis-
cover that water goes into the air after it evapo-

rates.

Middle School Students

The water cycle is of profound importance for

Uncovering Student Ideas in Science

middle school students’ under- ®

standing of Earth systems. How- 5C
ever, before the idea of the cyclic
nature of water is developed,
teachers need to be sure stu- Code: USIS157
dents understand what happens

to water after a change in state. Many middle
school students use the term evaporation with-
out completely understanding where the water
goes after it evaporates. Representations of the
water cycle in textbooks that show an arrow
pointing up to a cloud may perpetuate the idea
that evaporated water immediately goes up to
the clouds or the Sun. Middle school is the
time when students begin to develop a partic-
ulate model of what happens to water when it
evaporates. This probe is useful in determining
whether students have an accurate conception
of where water goes after it evaporates from a

surface, prior to developing the more sophisti-

cated ideas about cycling of water.

High School Students

At this level students develop more sophisticat-
ed ideas about particulate models and cycling
of matter, such as water, through ecosystems.
However, do not assume that students have
a correct conception of simpler ideas such as
evaporation. This probe is useful in determin-
ing whether students have progressed beyond
their preconceptions about where water goes
after it evaporates before more complex ideas

are taught in high school Earth science.

Administering the Probe

If the context of wet laundry on a clothesline is

INKS.

THE WORLD’S A CLICK AWAY
v

Topic: Water Cycle
Go to: www.scilinks.org
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unfamiliar to students, use a more familiar ex-
ample such as a puddle drying up after it rains
(although this may increase the number of re-
sponses that the water soaks into the ground,
which points out a strong alternative concep-
tion). Or, hang a moist paper towel up in the
classroom, which will dry fairly quickly with-
out dripping. This can be combined with stu-
dents actually observing the phenomenon and
then asking the question, Where is the water
now? You may wish to ask students to draw a
picture to help explain their thinking. The pic-
ture helps reveal whether students’ thinking is
influenced by the diagrams they have seen of

the water cycle.

Related Ideas in National

Science Education Standards

(NRC 1996)

K-4 Properties of Objects and Materials

* Materials can exist in different states: solid,
liquid, and gas. Some materials, such as
water, can be changed from one state to

another by heating or cooling.

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.” Water evapo-
rates from the Earth’s surface, rises and
cools as it moves to higher elevations, con-
denses as rain or snow, and falls to the sur-
face where it collects in lakes, oceans, soil,

and in rocks underground.

Related Ideas in Benchmarks

for Science Literacy (AAAS

1993)

K-2 The Earth

®  Water left in an open container disappears,
but water in a closed container does not

disappear.

3-5 The Earth

* When liquid water disappears, it turns into
a gas (vapor) in the air and can reappear as
a liquid when cooled, or as a solid if cooled
below the freezing point of water. Clouds

and fog are made of tiny droplets of water.

6-8 The Earth
® Water evaporates from the surface of the
Earth, rises and cools, condenses into rain

or snow, and falls again to the surface.

Related Research

® Research has shown that students seem to
go through a series of stages before they
fully understand evaporation as a process
that converts water to an invisible form.
At first they may seem to think that when
water evaporates, it simply ceases to exist.
In the next stage they may think it chang-
es location but that it changes into some
other form we can perceive, such as fog,
steam, or droplets. Fifth grade is about the
time that students can accept air as the
location of evaporating water if they have

had special instruction that targets this

idea (AAAS 1993).

% Indicates a strong match between the ideas elicited by the probe and a national standard’s learning goal.
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Students’ scientific concept of evaporation
appears to be dependent on three notions:
(1) conservation of matter, (2) the idea of
atoms or molecules, and (3) the idea that
air contains particles we cannot see. Ages
12-14 are the time when students are apt
to link these notions (Driver et al. 1994).
A study by Barr and Travis (1991) found
that students’ understanding of evapora-
tion in a boiling context may precede their
understanding of evaporation of water
from surfaces. In the sample in that study,
70% of six- to eight-year-old students un-
derstood that there was vapor coming out
of water when it boiled. They understood
that the water was going somewhere as the
amount decreased from the container and
that the vapor was made of water. How-
ever, the same children thought that when
a solid, wet object dried, the water sim-
ply disappeared or it went into the object
(Driver et al. 1994).

Suggestions for Instruction and
Assessment

Elementary students should have multiple
experiences in observing how water disap-
pears from various surfaces and open con-
tainers. Older elementary students should
be challenged to think about where the
water goes immediately after it disappears
and where it may eventually end up.

Elementary students learn that water in an
open container disappears. This is a grade-
level expectation in national standards.

However, be sure students understand that

Uncovering Student Ideas in Science

the word disappear does not mean the wa-
ter no longer exists but rather that it exists
but we can no longer see it. Use an analogy
such as a student leaving the room. We can
say the student “disappeared” because we
can no longer see the student. However,
the student still exists somewhere. It is
important to be careful how we use words
such as disappear. Students may develop
incorrect notions of conservation of matter
in the context of the water cycle if teachers
are not careful with the words they use to
describe phenomena.

Elementary students need concrete experi-
ences to understand what happens to water
during a change in state before developing
the more sophisticated idea of a cycle.
Teach students what happens to water be-
fore introducing terminology like evapo-
ration. Many students will use the word
evaporation without understanding where
water actually goes. Students need inqui-
ry-based experiences to discover for them-
selves that water is in the air around them
before using the terminology. The careful
wording in Benchmarks (AAAS 1993) af-
firms this notion of developing some ideas
before using terminology. Once students
have the idea, the term can be introduced
with meaning.

Be aware that many textbook represen-
tations may contribute to the idea that
evaporated water immediately goes up to
the clouds or the Sun. Many representa-
tions show upward arrows pointing to the

clouds or Sun that may influence students’
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thinking about the phenomenon. Explic-
itly point out the flaw in these represen-
tations to students or challenge students
to examine representations and point out
possible flaws.

Consider combining an outdoor example
with an indoor example. The latter may
help students change their thinking that
the water went immediately up to the Sun
or clouds. For example, a wet paper towel
that dries in the classroom during a class
period may elicit the question, “Where is
the water now?” The confines of the room
may help students change their model
about where the water goes.

Challenge older students to come up with
an explanation for why wet laundry takes
much longer to dry on a humid day. Chal-
lenge students to use a particulate model to
explain their thinking.

Some students may have used a humidi-
fier at home or put out pans of water to in-
crease humidity in the air for their house-
plants. Use these examples to develop the
idea that water molecules are in the air,
even though we cannot see them.
Teaching about evaporation in the water
cycle involves several interrelated ideas that
should be combined in instruction. These
ideas include conservation of matter, phase
change, and composition and nature of air.
It is particularly important that students
accept the idea of air being a substance
that is made up of matter we cannot see.
Many assessment items use water cycle di-

agrams to determine students’ ideas about

the water cycle. Students may answer ques-
tions correctly related to the water cycle yet
fail to understand the idea that water may
exist in the air that surrounds us. Use a va-
riety of items that combine assessment of
ideas related to components of the water

cycle with assessment of cyclic ideas.

Related NSTA Science Store
Publications and NSTA Journal
Articles

American Association for the Advancement of Sci-
ence (AAAS). 2001. Atlas of science literacy. (See
“States of Matter,” pp. 58-59.) New York: Ox-
ford University Press.

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

Gilbert, S. W., and S. W. Ireton. 2003. Understand-
ing models in earth and space science. Arlington,
VA: NSTA Press.

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

Smith, M., and J]. Southard. 2002. Water is all
around you. Science Scope (Oct.): 32-35.

Related Curriculum Topic Study Guides
(Keeley 2005)

“Water Cycle”

“States of Matter”
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Beach Sand

Three friends were walking along a beach in New England. They looked closely at the
sand and noticed it was made up of tiny particles of rock. They had different ideas
about where the sand came from.

Molly: “I think the sand came from distant mountains and landforms.”
Fidel: “I think the sand came from rocks on the ocean floor.”
Lynn: “I think the sand came from undersea mountains and sea floor formations.”

Which friend do you agree with and why? Explain your thinking about how the sand
formed and ended up on the beach.

Uncovering Student ldeas in Science 163
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Beach Sand

Purpose

The purpose of this assessment probe is to elic-
it students’ ideas about weathering, erosion,
deposition, and landforms. It is designed to
determine if students recognize that sand on a
beach may have come from distant mountains
and landforms as a result of the weathering of

rock, subsequent erosion, and deposition.

Related Concepts
weathering, erosion, deposition, rock cycle,

landforms

Explanation

Molly’s idea is the best response. In this exam-
ple the beach sand is formed from the wearing
away of rock at the Earth’s surface. The weath-
ered rock is carried away by wind and water

(eroded) where it eventually ended up in the

ocean. The small particles of rock were tossed
about by the ocean, washing up on the beach as
sediment. While it intuitively appears that the
sand originated from the ocean, which is par-
tially correct, it actually came from somewhere
else before ending up in the ocean. Wind and
rain constantly erode mountain summits, hill-
sides, and other landforms that are made up of
rocks. These rocks are composed of many com-
mon minerals, such as quartz, feldspar, and
mica. The small pieces of rock and minerals,
such as quartz, find their way into streams and
eventually the mouth of rivers where they are
washed out to sea. Currents can carry the sedi-
ments many miles away, eventually depositing
them along a shoreline. Many of the world’s
beaches are made up of quartz-rich sand. When

you walk along a beach you may be walking on

National Science Teachers Association
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tiny grains from mighty mountains, far away
from the shoreline. Although there are excep-
tions, such as coral beaches, and other complex
processes are involved, this probe addresses, at
a simple level, how a common type of beach is

formed as a result of weathering of landforms.

Curricular and Instructional
Considerations

Elementary Students

Students come to school aware that the Earth
is made up of a variety of materials and land-
forms. Children are encouraged to observe
materials in their environment, such as sand,
and develop their own explanations of how
they came to be. They observe elementary pro-
cesses of the rock cycle and begin to construct
an understanding that rocks, as well as land-
forms, undergo change. The ideas that rock is
eroded by waves, wind, and water; that sand is
a small particle of rock; and that rock particles
can be carried away and deposited in other ar-
eas is a grade-level expectation in the national
standards. This probe can be used to find out
students’ early ideas about weathering and ero-
sion before they put the more complex pieces

together in middle school Earth science.

Middle School Students

Studentsdevelop morecomplex understandings
about weathering, erosion, and sedimentation,
including the long periods of time it takes for
these processes to occur. They use the idea of a
rock cycle to explain the continuous process of

wearing down and building up. They begin to

Uncovering Student Ideas in Science

use ideas about geologic processes ®

SC

to explain formation of a variety

of landforms, including beaches. v
The idea that the Earth’s surface is
shaped by the actions of water and ~ Code: USIS165
wind over long periods of time is

a grade-level expectation in the national stan-
dards. This probe can be used to assess how
students use their ideas about weathering,
erosion, and sedimentation to explain pro-
cesses that result in weathering of mountains
and formation of landforms, such as a beach.
While students may describe the processes, the
notion that the sand may have come from dis-
tant mountains may be counterintuitive, and
points out the need to design instruction that

explicitly targets this phenomenon.

High School Students

Students use their understandings of the rock
cycle, geologic processes, and the timescales
involved to explain complex phenomena that
involve changes in the Earth system. They also
investigate a variety of other factors that af-
fect beach formation over time and examine
different types of beaches. This probe is use-
ful in determining if students have grasped
fundamental ideas about weathering, erosion,
and deposition in the middle school standards
before they encounter more sophisticated con-

cepts related to beach formation.

Administering the Probe
Be aware that some students may have never
visited a coastal area, similar to the context

used in this probe, which would affect their

INKS.
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notions of what a beach is and how it was
formed. Some students may have visited vol-
canic beaches or island beaches where shell
and coral reef material predominates. Be sure
students understand the context the probe is
set in. You may change it to a setting that is
more familiar to your students, such as a beach
in Texas or California, if the context matches
the ideas in the probe. You might include ad-
ditional props, such as photos of the area that
show mountains and rivers in the distance or
have students examine the particles in sand.
This probe may be used with “Mountain Age”
(p- 169) to elicit ideas about weathering of rock

in a different context.

Related Ideas in National

Science Education Standards

(NRC 1996)

K-4 Changes in the Earth and Sky

® The surface of the Earth changes. Some
changes are due to slow processes, such as

weathering and erosion.

5-8 Structure of the Earth System

* Landforms are the result of a combina-
tion of constructive and destructive forces.
Constructive forces include crustal defor-
mation, volcanic eruption, and deposition
of sediment, while destructive forces in-

clude weathering and erosion.

® Some changes in the solid Earth can be
described as the “rock cycle.” Old rocks at

the Earth surface weather, forming sedi-

ments that are buried, then compacted,
heated, and often recrystallized into new

rock.

Related Ideas in Benchmarks

for Science Literacy (AAAS

1993)

K-2 Processes That Shape the Earth

® Chunks of rock come in many sizes and
shapes, from boulders to grains of sand

and even smaller.

3-4 Processes That Shape the Earth

*  Waves, wind, water, and ice shape and re-
shape the Earth’s land surface by eroding
rock and soils in some areas and depositing
them in other areas, sometimes in seasonal

layers.

5-8 Processes That Shape the Earth

* Some changes in the Earth’s surface are
abrupt (such as earthquakes and volcanic
eruptions) while other changes happen
very slowly (such as uplift and wearing
down of mountains). The Earth’s surface
is shaped in part by the motion of water
and wind over very long times, which acts

to level mountain ranges.

9-12 Processes That Shape the Earth

* The formation, weathering, sedimenta-
tion, and reformation of rocks constitute a
continuing “rock cycle” in which the total
amount of material stays the same as its

form changes.

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

Earth (and space) sciences have a unique
aspect of scale that may be problematic for
students. For example, comprehending the
length of time it takes for mountains to erode
is difficult for some students (Ault 1994).

A study by Freyberg (1985) revealed that
many students think the Earth today is the
same as it has always been and that any
changes to the Earth (such as formation of
a beach) were sudden and comprehensive.
However, it is important to note that students
in this study did not have formal instruction
in the topics addressed (AAAS 1993).
Happs (1982) found students tend to use
different meanings for rock fragments
than scientists who classify the fragments
by average size. For example, instead of
using particle size to distinguish between
boulders, gravel, sand, and clay, students
associate the particles with their origin.
Sand is defined as coming from a beach or
desert rather than being a particle of a cer-

tain average size (Driver et al. 1994).

Suggestions for Instruction and
Assessment

Elementary processes of the rock cycle,
such as erosion, transport, and deposi-
tion, that lead to later understandings of
the processes that form beaches can be ob-
served by elementary students using simple
materials they can manipulate. Start with
observation before explanation.

Elementary students can examine sand

with magnifiers to observe the particles

Uncovering Student Ideas in Science

and compare the pieces to actual rock sam-
ples, particularly ones that contain miner-
als that are recognizable such as quartz
or mica. This helps them understand the
origin of sand from rock, and the rock can
be later traced back to landforms such as
mountains and exposed bedrock.

Be sure to combine students’ observations
of and interest in certain phenomena, such
as tumbling solid rock, or eroding sand in
a stream table, with the role the phenome-
na play in shaping the surface of the Earth
(e.g., beaches, wearing down of mountains,
widening of rivers).

When using stream tables to investigate
erosion and deposition phenomena, be
sure to trace back the origin of the sand. It
is also important to explicitly address the
fact that the processes the stream tables
are modeling in a very short time actually
occur over long periods of time. The sedi-
mentation process is understandable and
observable but the span of time involved is
difficult for students to grasp, particularly
up through middle school.

Combine an understanding of the use of
models with understanding the process of
beach formation. This is a good time for
students to understand how models are
used and the benefits as well as limitations
of models in illustrating phenomena.
Challenge students to explain the state-
ment, “When you sink your toes in the
sand on a beach you might be feeling the
tiny grains of mighty mountains.”

Provide students with a single grain of
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sand from a beach and ask them to trace
back the origin of the grain of sand. What
journey did it take before ending up on the
beach? This can be developed into an en-
gaging performance assessment task.

® Help students distinguish between weather-
ing and erosion. Some students use these terms
interchangeably. Weathering is the wearing
away whereas erosion is the carrying away.

* Develop the notion that the type of beach
formation described in this context occurs
in beaches in many places throughout the
world, not just in New England. Be sure

students aren’t limited by context.

Related NSTA Science Store
Publications and NSTA Journal
Articles

American Association for the Advancement of Sci-
ence (AAAS). 2001. Atlas of science literacy. (See
“Changes in the Earth’s Surface,” pp. 50-51.)
New York: Oxford University Press.

Driver, R., A. Squires, R. Rushworth, and V. Wood-
Robinson. 1994. Making sense of secondary sci-
ence: Research into childrens ideas. London and
New York: RoutledgeFalmer.

Gilbert, S. W., and S. W. Ireton. 2003. Understand-
ing models in earth and space science. Arlington,
VA: NSTA Press.

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

McDufhe, T. 2003. Sand: Up close and amazing.
Science Scope (Sept.): 31-35.

Sexton, U. 1997. Science learning in the sand. Sci-
ence and Children (Jan.): 28-31, 40-42.

Related Curriculum Topic Study Guides

(Keeley 2005)

“Landforms”

“Processes That Change the Surface of the
Earth”

“Weathering and Erosion”

“Models”
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Mountain Age

Mountain A Mountain B

Mountain A is 4,800 feet tall, looks smooth and rounded, and is located in North
America. Mountain B is 19,280 feet tall, looks sharp and jagged, and is located in
South America. Both mountains were originally formed by the uplifting of the Earth’s
crust millions of years ago, are composed of similar material, and are found in similar

climate conditions.

Put an X next to the statement that best describes your thinking about the age of the

two different mountains based on their shape and height.
Mountain A is probably younger than Mountain B.

___ Mountain A is probably older than Mountain B.
Mountains A and B are the same age.

Describe your thinking. Provide an explanation for your answer.

Uncovering Student Ideas in Science
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Mountain Age

Mountain A
Purpose

The purpose of this assessment probe is to
elicit students’ ideas about processes that affect
the shape of mountains. While determining
the relative age of mountains involves a vari-
ety of complex interacting factors, this probe
is designed to determine if students consider
weathering factors or if they intuitively believe

taller mountains are older.

Related Concepts

weathering, erosion, landforms

Explanation

There is no single correct answer to this probe
because shape and height alone cannot be used
to determine the age of mountains. However,
the probe is useful in recognizing the role of

weathering and erosion in shaping landforms

/

Mountain B

such as mountains. Mountains are formed as
the result of uplift of the Earth’s crust or vol-
canic activity. While it makes intuitive sense
to students that taller mountains are older,
mountains cannot be accurately compared for
age based on height and shape alone. Several
variables are involved in the shape and height
of mountains. Weathering and erosion rates
may depend on (1) water (e.g., rainfall, freeze-
and-thaw cycles, transport), (2) material com-
position and condition, and (3) other factors
such as slope.

Uplifted mountains that are jagged at the
top may be relatively young mountains, but
they can also be older than smaller rounded
mountains. The rock forced upward as the
mountain formed over long periods of time

has not yet eroded to become smooth. Moun-

National Science Teachers Association
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tains that are rounded have been subjected to
weathering and erosion of rock over long pe-
riods of time by water, wind, and ice, causing
the mountains to look smooth and rounded.
The assumption that one is older than the
other cannot be made on appearances alone.
However, if the composition and climate con-
ditions are the same, it could be logically in-
ferred that Mountain A may have had more

time to be shaped by weathering and erosion.

Curricular and Instructional
Considerations

Elementary Students

Elementary students’ opportunities to learn
focus primarily on phenomena they can ob-
serve. Students examine changes in Earth ma-
terials and build an understanding that surface
features of the Earth change due to processes
like weathering and erosion caused by wind
and water. They begin to develop the notion
that some changes are slow and some are rapid.
These are grade-level expectations in the na-
tional standards. However, the results of pro-
cesses that happen over long periods of time

are difficult for young children to imagine.

Middle School Students

Middle school students develop more complex
understandings about constructive and de-
structive geologic processes, including the long
periods of time it takes for some of these pro-
cesses to occur. They examine how these forces
combine to result in various landforms such as

mountains. They begin to use ideas about geo-

Uncovering Student Ideas in Science

logic processes to explain the building up and
wearing down of mountains over long spans of
geologic time. They recognize the role of water
and wind, combined with properties of materi-
als and long spans of time, in shaping moun-
tains. These are grade-level expectations in the
national standards. However, students at this
age may hold on to preconceived ideas such as
mountains grow bigger and taller over time,
which explains why many students intuitively
select B. This probe is useful in eliciting stu-
dents’ ideas for the purpose of shaping instruc-

tion that targets their preconceptions.

High School Students

Students transition from a descriptive focus on
processes that affect the formation and wearing
down of mountains to more sophisticated sci-
entific explanations. They combine knowledge
about plate tectonics and mountain formation
with an understanding of what happens to
mountains over long periods of time, including
the many variables involved. Students at this
level are more apt to grasp the notion of the
long periods of time necessary for these pro-
cesses to occur and the complexity of the fac-
tors involved and to understand the evidence
that supports these ideas. This probe is useful
in determining students’ prior understanding
of middle school concepts before building on

their ideas with more sophisticated concepts.

Administering the Probe
If students live in an area of the country where
familiar mountains can be used as examples

(e.g., Appalachian or Rocky Mountains), you
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mountains such as Mount Ever-
est and Mount Washington may
be more helpful than the small
graphics in the probe. This probe
may be used with “Beach Sand” (p. 163) to
elicit ideas about weathering of rock in a dif-

ferent context.

Related Ideas in National

Science Education Standards

(NRC 1996)

K-4 Changes in the Earth and Sky

® The surface of the Earth changes. Some
changes are due to slow processes, such as

weathering and erosion.

5-8 Structure of the Earth System

* Landforms are the result of a combina-
tion of constructive and destructive forces.
Constructive forces include crustal defor-
mation, volcanic eruption, and deposition
of sediment, while destructive forces in-

clude weathering and erosion.

* Interactions among the solid Earth, the
oceans, the atmosphere, and organisms
have resulted in the ongoing evolution of
the Earth system. We can observe some
changes such as earthquakes and volcanic
eruptions on a human timescale, but many
processes such as mountain building and
plate movements take place over hundreds

of millions of years.

Related Ideas in Benchmarks

for Science Literacy (AAAS

1993)

3-4 Processes That Shape the Earth

* Waves, wind, water, and ice shape and re-
shape the Earth’s land surface by eroding
rock and soils in some areas and depositing
them in other areas, sometimes in seasonal

layers.

5-8 Processes That Shape the Earth

* Some changes in the Earth’s surface are
abrupt (such as earthquakes and volcanic
eruptions) while other changes happen
very slowly (such as uplift and wearing
down of mountains). The Earth’s surface
is shaped in part by the motion of water
and wind over very long times, which acts

to level mountain ranges.

Related Research

® Earth (and space) sciences have a unique
aspect of scale that may be problematic for
students. For example, comprehending the
length of time it takes for mountains to
erode is difficult for some students (Ault
1994).

* A study by Freyberg (1985) revealed that
many students think the Earth today is
the same as it has always been and that
any changes to the Earth were sudden and
comprehensive. However, it is important
to note that students in this study did not

have formal instruction in the topics ad-

dressed (AAAS 1993).

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

National Science Teachers Association



Copyright © 2005 NSTA. All rights reserved. For more information, go to www.nsta.org/permissions.

Life, Earth, and Space Science Assessment Probes

In summaries of several studies conducted
by J. C. Happs in the early 1980s, Driver
et al. (1994) indicated that students have
a variety of ideas about the composition
of mountains and their formation. Chil-
dren described mountains as “high rocks”
or “clumps of dirt or soil.” Some students
believed all mountains came from volca-
noes or molten rock and some believed
they were formed from “rock pushed up.”
Happs’s studies revealed that most children
in the study were unable to use a theory of
mountain building that involved plate tec-
tonics (Driver et al. 1994).

Stavy and Tirosh (1995) identified intui-
tive rules students use to reason various
problems. The rule “more A, more B” is a
common rule students use in their reason-
ing. In the context of this probe, students
may apply this rule and think that because

a mountain is taller, then it must be older.

Suggestions for Instruction and
Assessment

Elementary students can begin by first-
hand observations of processes of weath-
ering and erosion by using rock tumblers,
water, and sandboxes. Once they grasp the
processes of weathering, erosion, and de-
position, they can begin to connect these
processes to the features of landforms and
how they change.

Elementary and middle school students
may confuse growth of organisms with
growth of mountains. They may believe

mountains grow over time in much the

Uncovering Student Ideas in Science

same way that organisms grow and be-
come taller, and fail to recognize the role
of weathering and erosion. Comparing and
contrasting these two processes may help
older students understand why size cannot
be an accurate indicator of mountain age.

Because most students do not have direct
experience with the processes that shape
the Earth or their long-term nature, some
explanations should wait until late in
grades 5-8 (NRC 1996).

Students should have opportunities to see
a variety of landforms in photographs and
videos and describe how they came to be.
Yet, be aware that some pictures may lead
to faulty interpretations. For example, stu-
dents may cite evidence based on observa-
tions in pictures that glaciers chip moun-
tains away so the more ragged one is older
because glaciers occurred a long time ago.

Be explicit about the span of geologic time
that is necessary for these processes to oc-
cur. Yet, understand how difficult it is for
elementary and middle school students to
imagine these time spans.

Use models to help students visualize the
results of processes that happen over long
periods of time.

Help students link the ideas that differ-
ent types of materials weather differently
and that weather and climate in different
regions of the world affect geologic pro-
cesses. These foundational ideas will help
them see why it is difficult to visually de-
termine relative age of mountains based on

their size and shape.
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Because an individual mountain is often
part of a system of mountains, be sure to
include comparisons among mountains
within different mountain ranges.

High school instruction may include the
historical episodes that led to the modern
understanding of the age of the Earth and
that features such as mountains are formed
over long periods of time and are still in
the process of change. Examining the
types of evidence that led to this modern
notion will help students accept a mod-
ern theory of the geologic processes that
change mountains over time.

Be aware that some popular creationist
beliefs may impede students’ understand-
ing of how mountains came to be. Some
creationist views propose that mountains
were formed by a single, instantaneous cre-
ation.

“Because direct experimentation is usu-
ally not possible for many concepts asso-
ciated with earth science, it is important
to maintain the spirit of inquiry by focus-
ing the teaching on questions that can be
answered by using observational data, the
knowledge base of science, and processes
of reasoning” (NRC 1996, pp. 188-189).
Help students distinguish between weath-
ering and erosion. Some students use these
terms interchangeably. Weathering is the
wearing away whereas erosion is the carry-

ing away.

Related NSTA Science Store
Publications and NSTA Journal
Articles

American Association for the Advancement of Sci-
ence (AAAS). 2001. Atlas of science literacy. (See
“Changes in the Earth’s Surface,” pp. 50-51.)
New York: Oxford University Press.

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

Gilbert, S. W., and S. W. Ireton. 2003. Understand-
ing models in earth and space science. Arlington,
VA: NSTA Press.

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

Monnes, C. 2004. The strongest mountain. Science
and Children (Oct.): 35-37.

Stavy, R, and D. Tirosh. 1995. How students (mis-)
understand science and mathematics: Intuitive

rules. New York: Teachers College Press.

Related Curriculum Topic Study Guides

(Keeley 2005)

“Landforms”

“Processes That Change the Surface of the
Earth”

“Weathering and Erosion”

“Models”
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Gazing at the Moon

Enrico and Leah live in oppo-
site hemispheres. Enrico lives in
Santiago, Chile, which is in the
Southern Hemisphere. Leah lives
in Boston, Massachusetts, which
is in the Northern Hemisphere.
They both gazed at the Moon on
the same evening. Enrico noticed
there was a full Moon when he
looked up at the sky from his loca-
tion (the Southern Hemisphere).
What do you predict Leah saw
when she looked up in the sky

from her location (the Northern
Hemisphere)?

A New Moon (no part of the Moon is visible)

B Crescent Moon (a quarter of the face of the Moon is visible)

C Half Moon (half of the face of the Moon is visible)

D Gibbous Moon (three-quarters of the face of the Moon is visible)
E Full Moon (the entire face of the Moon is visible)

Provide an explanation for your answer. How did you decide what the Moon would

look like in the opposite hemisphere?

Uncovering Student lIdeas in Science 177
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Gazing at the Moon

Purpose

The purpose of this assessment probe is to
elicit students” ideas about the Earth, Moon,
and Sun system. It is designed to find out if
students think Moon phases change with the
geographic location of observation. The probe
may determine whether students use a rule of
“opposites” in their reasoning about Moon
phases seen in opposite hemispheres on the

same evening.

Related Concept

phases of the moon

Explanation
The best response is E—a full Moon. The

phase of the Moon seen anywhere on Earth

is the same since the positional relationship of
the Earth to the Sun and the Moon does not
change although your location on Earth dif-
fers. The change in your location is not signifi-
cant enough to change the view of the Moon
to a different phase. One logical way to reason
this problem without the need to use scientific
ideas is to consider a calendar. Many calendars
show the phase of the Moon at different days
of the year. If the phases of the Moon changed

National Science Teachers Association
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with location, imagine the implications—mul-
tiple versions of calendars would have to be
designed specifically for different geographic

locations!

Curricular and Instructional
Considerations

Elementary Students

Phases of the Moon are addressed in most el-
ementary curricula. Young children are natu-
rally curious about the Moon. However, it is
important to recognize that elementary stu-
dents’ experiences with Moon phases should
be observational, not explanatory. At this level
an understanding of Moon-related phenom-
ena involves observing, drawing, and record-
ing the phases of the Moon at regular intervals
and noting that there is a repeating pattern
but not explaining what causes these changes.
This is a grade-level expectation in the nation-
al standards. Although the ideas in this probe
exceed what elementary students are expected
to know and depend on their experience with
geographic concepts, it may be useful in deter-

mining ideas that develop early on.

Middle School Students

Students at this age begin to develop more
sophisticated ideas about the Earth, Moon,
and Sun system and the geometry involved.
However, the explanation for Moon phases is
still difficult to grasp. Furthermore, students
are developing ideas about the cause of sea-
sons, and their geographic knowledge helps

them understand that seasons in the Southern

Uncovering Student Ideas in Science

Hemisphere are the opposite of the Northern
Hemisphere. Ideas about phases of the Moon
and seasons progress from an elementary em-
phasis on observation to explanation in mid-
dle school. Both the cause of seasons and the
phases of the Moon are grade-level expecta-
tions in the national standards. This probe is
useful in determining whether students apply
the “opposites” rule of the seasons in different
hemispheres to their reasoning about Moon

phases.

High School Students
By high school, students are

SC

expected to know what causes
the phases of the Moon. Even
though they may be able to do
this, this probe may reveal that Code: UsIS179
they have an incomplete picture

of the positional relationships involved in the

Earth, Moon, and Sun system.

Administering the Probe

You may choose to provide a labeled graph-
ic showing the Moon phase for each of the
distracters. You may wish to point out the
different locations on a three-dimensional
globe to students, in addition to the map in
the graphic. The locations can be changed to
further probe students’ ideas about geography
in relation to the phases of the Moon. For
example, you may wish to probe further to
see if students think there is a difference be-
tween the Eastern and Western Hemispheres
or even the north/south or east/west of the

United States.

INKS.

THE WORLD’S A CLICK AWAY
v
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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 observable 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 regu-
lar and predictable motion. Those motions
explain such phenomena as the day, the

year, phases of the Moon, and eclipses.

Related Ideas in Benchmarks

for Science Literacy (AAAS

1993)

K-2 The Universe

® The Moon looks a little different every day,
but looks the same again about every four

weeks.

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
® Explanations of the phases of the Moon as
well as seasons are very challenging to stu-

dents as well as adults. Students may not

be able to understand explanations of these
phenomena until they can reasonably grasp
ideas about the Earth, Moon, and Sun sys-
tem, including relative size, motion, and
distance (AAAS 1993).

® OQur search of the research did not show
any studies that equate the opposites mod-
el of the seasons in different hemispheres
to reasoning about the phase of the Moon
seen in different hemispheres. This probe

would make an interesting research study.

Suggestions for Instruction and

Assessment

® Elementary students should have oppor-
tunities to observe, draw, and record the
phases of the Moon in order to develop an
understanding of the repeating pattern and
predictability of the phenomenon. This is
also a time when students can look at cal-
endars to see that these phases are predict-
able and noted on calendars. This might be
a time to point out how these same calen-
dars are used worldwide and have students
come up with the logical idea that every-
one must see the same Moon phase regard-
less of where they live without explaining
the positional relationships too early on.

® Models are important for helping students
understand the positional relationship that
allows us to see the phases of the Moon.
When using models with middle school
students to demonstrate how we see differ-
ent phases of the Moon, help them see that
the same phase is observed from different

locations on the Earth.

% Indicates a strong match between the ideas elicited by the probe and a national standard’s learning goal.
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® Ifstudents use the opposites rule that they
use with seasons in their explanation, help
them see why this rule applies to the sea-
sons because of the tilt of the Earth and

not to the phases of the Moon.

Related NSTA Science Store
Publications and NSTA Journal
Articles

American Association for the Advancement of Sci-
ence (AAAS). 2001. Atlas of science literacy. (See
“Solar System,” pp. 44—45.) New York: Oxford
University Press.

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

Gilbert, S. W., and S. W. Ireton. 2003. Understand-
ing models in earth and space science. Arlington,
VA: NSTA Press.

Hermann, R., and B. Lewis. 2003. Moon mis-
conceptions: Bringing pedagogical research of
lunar phases into the classroom. 7he Science
Teacher (Nov.): 51-55

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

Lindgren, J. 2003. Why we have seasons and other

misconceptions. Science Scope (Jan.): 50-51.
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Rider, S. 2002. Perceptions about moon phases.
Science Scope (Nov./Dec.): 48-51.

Smith, S. 2001. Project earth science: Astronomy. Ar-
lington, VA: NSTA Press.

Smith, W. 2003. Meeting the moon from a global
perspective. Science Scope (May): 24-28.

Taylor, I. 1996. Lunar phases: Students construct
fundamental knowledge of moon phases. 7he
Science Teacher (Nov.): 39—41.

Volkmann, M., and S. Abell. 2003. Seamless assess-
ment. Science and Children (May): 41-45.

Related Curriculum Topic Study Guide
(Keeley 2005)
“Earth, Moon, and Sun System”
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Going Through a Phase

) )0 @6 ((

Mrs. Timmons asked her class to share their ideas about what causes the different

phases of the Moon. This is what some of her students said:

Mona: The Moon lights up in different parts at different times of the month.
Jared: The phases of the Moon change according to the season of the year.

Sofia: Parts of the Moon reflect light depending on the position of the Earth in rela-
tion to the Sun and Moon.

Drew: The Earth casts a shadow that causes a monthly pattern in how much of the
Moon we can see from Earth.

Trey: Different planets cast a shadow on the Moon as they revolve around the Sun.

Oofra: The shadow of the Sun blocks part of the Moon each night causing a pattern
of different Moon phases.

Natasha: The clouds cover the parts of the Moon that we can’t see.

Raj: The Moon grows a little bit bigger each day until it is full and then it gets smaller
again. It repeats this cycle every month.

Which student do you agree with and why? Explain your thinking.

Uncovering Student ldeas in Science 183
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Going Through a Phase

Teacher Notes

) )0 @6 ((

Purpose

The purpose of this assessment probe is to elic-
it students’ ideas as to what accounts for the
phases of the Moon. It is designed to find out
if students recognize the role of light reflection
and the positional relationship between the
Earth, Moon, and Sun in understanding why

we see different phases of the Moon.

Related Concept
phases of the Moon

Explanation

Sofia has the best answer. The Moon does not
emit light. The moonlight we see from Earth
is actually light coming from the Sun that is
reflected off the Moon’s surface. Approximate-
ly half of the Moon is usually illuminated by
the Sun; the portion (face) of the Moon that
is illuminated depends on the positions of the
Sun and Moon. The portion of the lit face of

the Moon that can be seen from Earth depends

on relative positions of the Earth, Moon, and
Sun. As the Moon moves in its orbit around the
Earth, different portions of it appear to be lit
up, as we look at it from our relative position on
Earth. This is why we see the different phases of
the Moon. There is no shadow involved except
for the unlit side of the Moon that is in its own
shadow. The important idea is that the Moon
itself doesn’t change, nor does the amount of
the Moon that is lit by the Sun change. The
only thing that changes is the position of the
Moon relative to the Earth and the Sun, which
gives us our view. This change in relative posi-
tion results in the different phases of the Moon.
These phases repeat in a predictable pattern as

the Moon revolves around the Earth.

Curricular and Instructional
Considerations
Elementary Students

Phases of the Moon are addressed in most el-

National Science Teachers Association
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ementary curricula. Young children are natu-
rally curious about the moon. However, it is
important to recognize that elementary stu-
dents’ experiences with Moon phases should
be observational, not explanatory. At this level
an understanding of Moon-related phenom-
ena involves observing, drawing, and record-
ing the phases of the Moon at regular intervals
and noting that there is a repeating pattern
but not explaining what causes these changes.
This is a grade-level expectation in the nation-
al standards. Although the ideas in this probe
exceed what elementary students are expected
to know, it can be used to determine intuitive
ideas students have that begin to form well
before they encounter formal explanations for

Moon phases in middle school.

Middle School Students

Students at this age begin to develop ideas about
the Earth, Moon, and Sun system. However,
the reason why we see different Moon phases
is still a difficult idea to grasp (even for adults),
even though it is a grade-level expectation in
the national standards. This probe is useful in
determining the various conceptual models
students use to explain the phases of the Moon
for the purpose of designing instruction that

challenges these ideas.

High School Students

By high school, students are expected to know
what causes the phases of the Moon. However,
even after formal instruction in middle school,
students may revert to their preconceived no-

tions. This probe is useful in determining

if students have a correct conception of the
phases of the Moon and whether further in-
struction is needed before proceeding to more

sophisticated astronomy concepts.

Administering the Probe

You may choose to begin this probe by hav-
ing students observe, draw, and describe the
phases of the Moon they see over a given pe-
riod of time. Their experience can be used to
justify which of the distracters are the correct

explanations for their observations.

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 observable 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 regu-
lar and predictable motion. Those motions
explain such phenomena as the day, the

year, phases of the Moon, and eclipses.

Related Ideas in Benchmarks
for Science Literacy (AAAS
1993)

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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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

® Explanations of the phases of the Moon
are very challenging to students as well as
adults. Students may not be able to under-
stand explanations of these phenomena
until they can reasonably grasp ideas about
the Earth, Moon, and Sun system, includ-
ing relative size, motion, and distance
(AAAS 1993).

* Baxter (1989) investigated students’ ideas
about phases of the Moon and identified
five predominant ideas, including the cor-
rect one (which is that a portion of the
Moon reflects light depending on our po-
sition in relation to the Sun and Moon).
All four of the incorrect ideas involved a
shadow: (1) clouds cover part of the Moon,
(2) planets cast a shadow on the Moon, (3)
the shadow of the Sun falls on the Moon,
and (4) the shadow of the Earth falls on
the Moon.

® Inastudy by Philip Sadler (1987), 37% of
the students sampled thought the phases
of the Moon were caused by the Earth’s

shadow.

Suggestions for Instruction and
Assessment

® Elementary students’ experiences should

be focused on opportunities to observe,
draw, and record the phases of the Moon
in order to develop an understanding of
the repeating pattern and predictability of
the phenomenon. It is too early to ask stu-
dents to explain what causes the phases of
the Moon.

* Combine experiences learning about light
reflection and light sources with under-
standing how we see parts of the Moon at
night. Students need to understand that
light is reflected by the Sun and that we
see part of the reflection. It also dispels the
notion some students have that the Moon
lights up from the inside.

¢ This is an example of a phenomenon that is
best explained and understood using phys-
ical models. However, for students, merely
observing a model the teacher presents is
less effective than constructing, using, and
making sense of one’s own model.

¢ Comparing the lunar eclipse phenomenon
using a model to explain the phases of the
Moon may help students see why the shad-
ow notion works for the eclipse but not
phases of the Moon. Comparing and con-
trasting the two different phenomena with
middle school students may help students
better understand why the shadow model

does not support the phases of the Moon.

Related NSTA Science Store
Publications and NSTA Journal
Articles

American Association for the Advancement of Sci-

ence (AAAS). 2001. Atlas of science literacy (See

% Indicates a strong match between the ideas elicited by the probe and a national standard’s learning goal.
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“Solar System,” pp. 44—45.) New York: Oxford
University Press.

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

Gilbert, S. W., and S. W. Ireton. 2003. Understand-
ing models in earth and space science. Arlington,
VA: NSTA Press.

Hermann, R., and B. Lewis. 2003. Moon mis-
conceptions: Bringing pedagogical research of
lunar phases into the classroom. 7he Science
Teacher (Nov.): 51-55.

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

Lindgren, J. 2003. Why we have seasons and other
misconceptions. Science Scope (Jan.): 24-28.

Rider, S. 2002. Perceptions about moon phases.
Science Scope (Nov./Dec.): 48-51.

Smith, S. 2001. Project earth science: Astronomy. Ar-
lington, VA: NSTA Press.

Taylor, I. 1996. Lunar phases: Students construct
fundamental knowledge of moon phases. 7he
Science Teacher (Nov.): 39-41.

Volkmann, M., and S. Abell. 2003. Seamless assess-
ment. Science and Children (May): 41-45.
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(Keeley 2005)
“Earth, Moon, and Sun System”
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