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“The probes published in the 
!rst volume of Uncovering 
 Student Ideas in Science 
were a success, and  

teachers from all over the 
country began to !nd that 

formative assessment can help 
them become better teachers…. 

Well, doesn’t a successful book deserve 
a sequel? Here it is, with 25 new probes and  

accompanying teacher guides.”—From the Foreword by  
Professor Emeritus Richard Konicek-Moran

If Hollywood !lmed this sequel, the studio would call it Probes II: More Battles Against  
Misunderstandings. Like the blockbuster before it, Volume 2 will reveal the surprising  
misconceptions students bring to the classroom—so you can adjust your teaching to foster  
a sound understanding of science.

 The popular features from Volume 1 are all here. The !eld-tested probes are short, easy to 
administer, and ready to reproduce. Teacher materials explain science content and suggest 
grade-appropriate ways to present information. But Volume 2 covers more life science and 
Earth and space science probes. New topics include forms of matter, changes in matter, living 
things and life processes, rocks and landforms, the day/night cycle, and objects in the night  
sky. Volume 2 also suggests ways to embed the probes throughout your instruction, not  
just when starting a unit or topic. 

 This new classroom tool will help you not only uncover students’ existing ideas, but also 
use that knowledge to improve your teaching and advance student understanding of science 
concepts.
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While writing this foreword, I found myself 
revisiting the 50-odd years of my involvement 
in science education. I recalled the many ideas, 
techniques, concepts, and research findings that 
have passed through my experience and flowed 
into my teaching repertoire like so much ef-
fluent through the filtering rushes in a stream. 
Some remain vital today and others still cling to 
the stalks, tried, tested, and found wanting. 
 I remember so vividly the night of October 
4, 1957, when as a nation we were alerted to 
the beeping of Sputnik as it circled our planet, 
totally unaware of the influence its presence 
would have on science education over the next 
decade. It marked not only the beginning of 
the space race but the beginning of the rapid 
and frantic attempts of our nation to “beef up” 
the science, math, and engineering skills of our 
students. Science finally had a real place in the 
school curriculum. !e Russians had beaten us 
to space and we were worried about our future 
as a nation! !e United States responded swift-
ly with the National Defense Education Act, 
which allowed teachers like myself to update 
our content at summer institutes and provided 
for the development of a different kind of cur-
riculum for school science. 

 Since then there have been many innova-
tions in our field, including the famed “alpha-
bet soup” curriculum projects of the 1950s and 
1960s (e.g., SCIS, SAPA, COPES, Harvard 
Project Physics) and subsequent curriculum 
projects such as Insights, GEMS, AIMS, STC, 
and FOSS. 
 !en came the advent of the standards de-
cade with Project 2061 and the Benchmarks for 
Science Literacy (AAAS 1993) and the National 
Science Education Standards (NRC 1996). We 
finally had a guide to what content should be 
taught and how it should be presented. Many 
of the states then developed their own versions 
of the standards, but there was uncertainty 
about how to use standards on the local level. 
 In 2005, Page Keeley authored Science 
Curriculum Topic Study: Bridging the Gap Be-
tween Standards and Practice, which was the 
first comprehensive guide to help us bridge 
the gap between the two sets of national  
standards, research on student learning, and 
teaching practice. !is was a timely, much-
needed book.
 Following the development of state stan-
dards, each state instituted ways to hold schools 
accountable for teaching to the standards. For 

Foreword
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many states, this resulted in “high-stakes” tests, 
which were enshrined in legislation. Schools 
gave these tests to students in the spring and 
received the results sometime during the next 
school year. !e accountability factor was there, 
but it did little for the teachers who wanted to 
improve current learning for their students. 
Many school districts implemented a teaching 
unit for selected grades entitled “Review for the 
Test.”  I thought to myself, “Maybe this really is 
a good time to retire!” 
 Many of us believed that teachers needed a 
way to find out what their students knew, what 
kind of preconceptions students brought to the 
classroom, and what teachers could do with 
this information to improve instruction. Again, 
Page Keeley and her team from the Maine 
Mathematics and Science Alliance entered 
the picture, along with the National Science 
Teachers Association, with the first volume of 
Uncovering Student Ideas in Science: 25 Forma-
tive Assessment Probes, published in 2005. !is 
book focused on helping teachers discern their 
students’ thinking about different science top-
ics. It also helped teachers figure out what to do 
with this information and where to find help 
in moving their students to a new and deeper 
understanding of science concepts. 
 A workable strategy for formative assess-
ment was now available to the busy teacher. 
!e probes published in the first volume of 
Uncovering Student Ideas in Science were a suc-
cess, and teachers from all over the country be-
gan to find that formative assessment can help 
them become better teachers. !is may indeed 
have been an example of the “tipping point” 

that Malcolm Gladwell (2000) talks about in 
his book !e Tipping Point: How Little !ings 
Can Make a Big Difference. I knew it was mine. 
Finding this kind of innovation is exciting 
to me because teachers once again can be in 
charge of classroom instruction. !e arrival of 
a truly inquiry-based focus on science educa-
tion, coupled with assessment, is what I and so 
many others have been waiting for. 
 Well, doesn’t a successful book deserve a 
sequel? Here it is, with 25 new probes and ac-
companying teacher guides. !is is the kind of 
innovation that is enough to keep an old dog 
like me barking out there in the field for a few 
more years. Woof! 

Dr. Richard Konicek-Moran
Professor Emeritus

University of Massachusetts, Amherst
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Preface

Overview
Since the release of the first volume of Uncov-
ering Student Ideas in Science: 25 Formative 
Assessment Probes (Keeley, Eberle, and Farrin 
2005), science educators have shown wide-
spread interest in using formative assessment 
probes to identify the variety of ideas students 
bring to their learning and to design instruction 
based on these preconceptions. !is shift from 
an overemphasis on summative assessment at 
the end of instruction to a balanced system 
of formative and summative assessment that 
happens before, throughout, and at the end of 
instruction has occurred at the practitioner, re-
searcher, and even policy levels. To understand 
the reasons for this shift, it will help to briefly 
review the evolution of formative assessment.
 As with the acceptance of new science 
knowledge and theories, so the emergence and 
building of new ideas can result in new under-
standings. Typically a new idea in science is not 
discovered without previous study and research 
that has collected a body of evidence in sup-
port of the new idea. As the evidence begins 
to mount and become overwhelming, a point 
is reached in which the idea becomes accepted 

and “discovered,” often resulting in a new par-
adigm (Kuhn 1962). !e recent research and 
discoveries that support formative assessment 
have come about in a similar fashion, caus-
ing a paradigm shift in assessment beliefs and 
practices. While we cannot list everyone who 
has contributed to the recent “revolution” in 
accepting formative assessment as a powerful 
classroom strategy, we would like to acknowl-
edge several of the researchers, assessment spe-
cialists, science educators, and practitioners 
who have sparked our interest, expanded our 
knowledge base, and helped shape the ideas we 
include in this book. 
 Some of the early pioneers in examining 
students’ ideas in science during the 1980s 
were Rosalind Driver, Edith Guesne, Andrée 
Tiberghien, Wynne Harlen, Roger Osborne, 
and Peter Freyberg. !ey were instrumental 
in raising science educators’ awareness of the 
use of students’ ideas in science as a starting 
point for effective instruction. In the 1990s 
Audrey Champagne, Bonnie Shapiro, Lillian 
McDermott, and Jim Minstrel further articu-
lated the different purposes and kinds of di-
agnostic, formative, and summative informa-
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tion that science teachers can gain through 
assessment. Philip Sadler and Matthew Sch-
neps brought us video examples through the 
Private Universe Project (Harvard-Smithso-
nian Center for Astrophysics 1995), which 
showed the wide range of ideas students and 
adults hold, even after instruction. In the 
same video series, Dick Konicek helped us 
understand the power of constructivist teach-
ing that takes into account students’ ideas. 
!e seminal work of the American Associa-
tion for the Advancement of Science (AAAS) 
Project 2061 made explicit links between stu-
dent ideas and K–12 student learning goals. 
!e summaries of the cognitive research on 
students’ learning of particular concepts and 
ideas in science appeared in Chapter 15 of the 
Benchmarks for Science Literacy (AAAS 1993), 
tying research to a clear set of K–12 learning 
goals. !e standards or benchmarks for K–12 
student learning in science were now support-
ed by a body of research.
 In the late 1990s and continuing to the 
present, many books and articles about assess-
ment by researchers and practitioners reached 
educators. Often, however, these publications 
failed to spell out how formative assessment 
can be used to improve science instruction 
and learning. !ese books were written for a 
broad audience of practitioners across content 
areas and lacked connections to the specific nu-
ances of science as a discipline. Research from 
the cognitive sciences that raised the profile of 
formative assessment in the science classroom 
began to reach practitioners with the publica-
tion of How People Learn: Brain, Mind, Experi-

ence, and School (Bransford, Brown, and Cock-
ing 1999) and How Students Learn: Science in 
the Classroom (Donovan and Bransford 2005). 
!ese publications helped us understand how 
to create and use an assessment-centered envi-
ronment that acknowledged the importance of 
starting with students’ preconceptions, teaching 
for transfer, and the role of metacognition. 
 While new ideas about assessment were 
emerging in the United States, significant 
findings in regard to formative assessment 
were being implemented and disseminated in 
the United Kingdom. !ere, researchers and 
practitioners published resources for teachers 
that included a variety of science assessment 
strategies designed to elicit students’ ideas and 
spark inquiries; these ideas and inquiries could 
lead students to construct new understandings 
that resolve the dissonance between their pre-
conceptions and scientific explanations (Nay-
lor and Keogh 2000).
 !e metastudy of formative assessment by 
Black and Wiliam (1998) crystallized the pur-
poses and effectiveness of formative assessment 
in instruction as “assessment for learning” 
rather than “assessment of learning.” Black and 
Wiliam provided evidence for educators that 
formative assessment is a powerful instruc-
tional strategy and includes a variety of forms 
and purposes. !ey described how assessment 
is purposefully used to guide and inform in-
struction, not to just note in some formal or 
informal fashion what students are thinking. 
!ey further articulated how formative assess-
ment plays out in the science classroom (Black 
and Harrison 2004). 
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 In 2003 the Maine Mathematics and Sci-
ence Alliance received a National Science 
Foundation grant to develop a set of materials 
to help K–16 educators link national standards 
and research on student learning to classroom 
practice. !e resulting publication, Science 
Curriculum Topic Study: Bridging the Gap Be-
tween Standards and Practice (Keeley 2005), 
describes the process used to develop the probes 
in this book. !is process links the concepts 
and ideas from national and state standards to 
the research on student misconceptions. !e 
information is then used to develop forma-
tive assessment probes that reveal the range of 
ideas noted in the research as well as unique 
ideas some individual students may hold. !e 
process was applied to develop the first set of 
25 probes in Volume 1 of Uncovering Student 
Ideas in Science (Keeley, Eberle, and Farrin 
2005) and has been used extensively in pro-
fessional development to help teachers develop 
their own probes. Together, these two publica-
tions and this new book comprise a powerful 
set of tools to enhance and extend K–12 science 
teachers’ use of formative assessment.
 Collectively, these evolving contributions 
by researchers, assessment specialists, science 
education specialists, and practitioners have 
informed our development of the assessment 
probes for the Uncovering Student Ideas in Sci-
ence series. It is our hope that the books in this 
series will support an idea-centered classroom 
in which teachers use the probes in conjunc-
tion with a variety of instructional techniques 
and questioning strategies. Such instructional 
practice can make students’ thinking and 

learning visible for the purpose of guiding 
both students and teachers through the learn-
ing process. 
 Formative assessment is a key feature of 
classrooms where successful teaching and 
learning are taking place. !e environment of 
an assessment- and idea-centered classroom is 
one in which students feel safe to express their 
ideas, know their ideas are important regard-
less of whether they are right or wrong, engage 
in deep thinking and reflection, and have op-
portunities to test their ideas to revise and im-
prove their thinking. We hope this book can 
support such an environment.

Next Steps
Uncovering Student Ideas in Science is planned 
as a series of formative assessment probe 
books, each volume describing a new applica-
tion and providing 25 new probes. Volume 1 
provided an overview of formative assessment 
and formative assessment probes. !is volume 
(Volume 2) focuses on ways to use formative 
assessment to teach for conceptual change. In 
the third volume of Uncovering Student Ideas 
in Science, we will describe ways teachers can 
individually use the probes for their profes-
sional development as well as ways to develop 
professional learning communities that en-
gage teachers in examining student work and 
thinking.
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Probes as Assessments for 
Learning
Imagine a second-grade classroom where stu-
dents are having a science talk about rocks. 
!e teacher uses the “Is It a Rock?” probe 
to make a list of rock-like items of different 
shapes and sizes for the students to consider. 
She shows them pictures or actual samples of 
the items on the list such as boulders, pebbles, 
and a grain of sand. Students are asked to share 
their ideas about which items on the list they 
would call rocks and why. Some students ar-
gue that stones and pebbles are not rocks be-
cause they are too small. Other students argue 

that a rock has to be rough and jagged. If it is 
smooth, it is no longer a rock but, instead, a 
stone. Still other students argue that size and 
shape do not matter. If it is made up of rock, 
then it is a rock. !e entire time the teacher is 
orchestrating the science talk, she is listening 
carefully to the students’ ideas and the reason-
ing they use to support their concept of a rock. 
She is using their ideas to think about the ex-
periences she might provide next to help the 
students come up with a common “rule” that 
would determine whether something is a rock, 
leading toward a generalized concept of rock, 

Introduction

Assessment for learning is any 
assessment for which the first 

priority in its design and practice 
is to serve the purpose of pro-

moting pupils’ learning. It thus 
differs from assessment designed 
primarily to serve the purposes 
of accountability, or of ranking, 

or of certifying competence. 

—Paul Black and Christine Harrison, 
Science Inside the Black Box: Assessment for 

Learning in the Science Classroom 
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regardless of size or shape.
 In a fourth-grade classroom, students are 
sharing ideas about things seeds need to grow. 
!e class is undecided as to whether seeds must 
have darkness to sprout. After giving students 
the probe “Needs of Seeds,” the teacher shares 
with the class several student responses to the 
probe that stated that seeds must have dark-
ness. !e responses describe how seeds need 
to be in the soil, away from sunlight, in order 
to sprout and grow into a seedling. When the 
students are asked why they thought the seeds 
need to be kept away from light, they draw on 
their prior experiences planting seeds in a gar-
den by covering them with soil. A few students 
think the soil is needed to provide moisture, 
not to keep out the light. Most students think 
soil is necessary and that seeds would not 
sprout without soil. !e teacher realizes that 
students need to have experiences germinating 
seeds under various conditions in order to con-
front them with some of their misconceptions. 
When asked how they could test their ideas, 
the students come up with several experiments 
that would support the ideas they have about 
what seeds need to sprout. !e teacher provides 
the materials for students to test their ideas, af-
ter which they will come back together to share 
results and decide if their findings changed any 
of their ideas about needs of seeds. 
 In a middle school classroom, students 
individually complete the probe “Comparing 
Cubes” and then form small groups to discuss 
their ideas. !ey listen carefully to each oth-
ers’ ideas and try to reconcile their different 
ideas about how size affects the properties of 

objects made out of the same materials. !e 
teacher observes several students trying to per-
suade their classmates to consider their idea 
and looks for evidence of conceptual change as 
students share their thinking.
 In the first week of a high school chem-
istry class, students are asked to complete the 
“What’s in the Bubbles?” probe. !e teacher 
collects the student work and is surprised to 
find that most of the students thought the bub-
bles were filled with air. Although the students 
want to know the right answer, she assures 
them that they will discover it for themselves 
during their unit on gases and changes in state. 
She carefully plans her instruction so that stu-
dents will encounter the idea in the context of 
their lab activities. After students complete the 
activities, she returns the probe that they com-
pleted several weeks before and gives them an 
opportunity to revise or expand on their pre-
vious answers. Several students are surprised 
to see that they once thought that bubbles of 
boiling water were filled with air or contained 
nothing. In their reflections they remark how 
their ideas changed based on the activities that 
proved there was some form of water, which 
they now call water vapor, in the bubbles.
 What do all four of these examples have 
in common? Each of these teachers is using 
formative assessment probes as assessments for 
learning rather than assessments of learning. 
!e probes enhance the interactions between 
students and between students and teachers 
by providing an engaging context to elicit the 
preconceptions students bring to their learning 
and a focus for students to examine and talk 
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through their ideas. While the probes promote 
student thinking, they also provide valuable 
information to the teacher to use for making 
instructional decisions. !e teacher uses the 
students’ ideas to design instruction that will 
build a bridge between students’ preconcep-
tions and the scientific knowledge they need to 
understand and explain everyday objects, pro-
cesses, and phenomena. Building this bridge 
involves the process of conceptual change. 
 !e conceptual change model (CCM) of 
instruction was first described by Posner and 
colleagues in 1982. In instruction based on this 
model, teachers use elicitation strategies such 
as the probes in this book to draw out students’ 
ideas and make students’ thinking known to 
both the student and the teacher. Once ideas 
are exposed, instruction is designed so that 
students will have an opportunity to be con-
fronted with their ideas. Several of the probes 
in this book provide an opportunity for stu-
dents to test their ideas and discover that their 
observations did not match their predictions. 
!e probes can also be used to pose questions 
for class discussion, which provides another 
opportunity for students to be confronted 
with ideas that may not match their thinking. 
When students experience dissonance between 
the ideas and beliefs they hold and what they 
are experiencing, they need to resolve the dis-
sonance and accommodate new ideas that may 
provide better explanations than the ones they 
previously held. !roughout the CCM model 
of instruction, teachers are continuously moni-
toring student learning and adjusting instruc-
tion so that students can progress through the 

changes that will eventually lead to a correct 
scientific conception and enduring under-
standings.

Linking Probes, Teaching, and 
Learning
!is interplay between teaching and learning, 
based on uncovering students’ ideas, is the es-
sence of formative assessment using the probes 
provided in this book. Formative assessment 
has a specific purpose distinguishing it from 
summative assessments such as quizzes, tests, 
and performance tasks. !e probes in this 
book are designed to be seamlessly embedded 
into classroom instruction. !ey are used to 
assess before, during, and throughout the teach-
ing and learning process, rather than at an end 
point after instruction. !eir primary purpose 
is to promote student thinking and improve 
opportunities to learn by providing valuable 
feedback to the teacher, rather than the sum-
mative purposes of measuring and reporting 
student achievement. !ey are so inextricably 
linked to teaching that it is often difficult to 
determine whether a probe is used as an in-
structional or assessment strategy. !e probes 
in this book offer stimuli that enable learners to 
interact with assessment in a variety of ways—
through writing, drawing, speaking, listening, 
and designing and carrying out investigations. 
Unlike other types of assessments, they are an 
unobtrusive part of teaching. !e probes and 
their accompanying teacher notes can be used
• to uncover students’ understanding about 

a science topic prior to and throughout 
instruction, informing teachers in short-
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term lesson planning, long-term unit 
development, and even longer-term review 
and modifications for units taught again 
the next year;

• as a teaching and learning activity to engage 
students, spark inquiry, and stimulate 
thinking;

• to help teachers self-assess and analyze 
their own teaching by examining how well 
students are progressing toward a conceptual 
understanding of scientific ideas;

• to determine whether students need 
to experience ideas in new and varied 
contexts;

• to motivate and enhance student learning 
by helping students recognize that their 
ideas are valued and taken into account to 
design instruction that meets their needs;

• to provide feedback to both teachers and 
students so that as teachers and students 
respond to each others’ ideas, both teaching 
and learning are supported;

• to promote safe, rich discourse in the 
classroom that recognizes that everyone’s 
ideas are important regardless of whether 
they are right or wrong;

• to provide a familiar context for English-
language learners to develop language 
skills that support science discourse and 
science learning;

• to differentiate instruction for different 
groups of students that targets their 
preconceptions and takes into account 
their unique experiences and backgrounds 
that shape their thinking; and

• to stimulate and motivate teachers to try 

out new instructional practices that may 
be more effective in producing conceptual 
change.

Research Supporting  
the Use of Probes
How People Learn: Brain, Mind, Experience, 
and School (Bransford, Brown, and Cocking 
1999) presents research applicable to how stu-
dents learn science that has implications for 
what we teach, how we teach it, and how we 
assess it. Two of the findings from this report 
strongly support the use of formative assess-
ment probes:

1. “If [the students’] initial understanding 
is not engaged, they may fail to grasp 
new concepts and information presented 
in the classroom, or they may learn them 
for purposes of a test but revert to their 
preconceptions” (p. 14). !e primary 
purpose of the probes is to elicit the 
ideas students have before engaging in 
a learning experience. By knowing in 
advance what these ideas are, teachers 
can design targeted instruction and 
monitor students’ learning throughout 
the sequence of instruction. !is dif-
fers from the traditional use of assess-
ments given at the end of instruction, 
which may reveal students’ conceptual 
difficulties after a unit of instruction 
has ended and the opportunity to de-
sign targeted instruction is gone.

2. “A ‘metacognitive’ approach to instruc-
tion can help students learn to take con-
trol of their own learning by defining 
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learning goals and monitoring their prog-
ress in achieving them” (p. 18). Each of 
the probes is designed to target a spe-
cific learning goal, as described in the 
teacher notes that accompany each 
probe. By linking a probe to a learning 
goal and encouraging students to make 
their own thinking explicit, probes 
promote metacognition. !ey help stu-
dents think about their own ideas and 
whether or not they are learning.

How People Learn has changed our view of how 
classroom environments should be designed. 
!e following aspects of classroom environ-
ments relate directly to classroom climates and 
cultures where formative assessment probes are 
used in instruction: 
• Learner-Centered Environment (p. 23). In a 

learner-centered classroom where teachers 
are using probes before and throughout 
instruction, teachers pay careful attention 
to the progress of each student and know 
at all times where their students are in their 
thinking and learning. 

• Knowledge-Centered Environment (p. 24). 
In a knowledge-centered environment, 
teachers know the goals for learning, the 
key concepts and ideas that make up the 
goals, the prerequisites on which prior and 
later understandings are built, the types 
of experiences that support conceptual 
learning, and the assessments that will pro-
vide information about student learning. 
All of these considerations are described 
in the teacher notes that accompany each 

probe. !ese goals, key concepts and ideas, 
and prerequisite learnings can be made 
explicit to students as well.

• Assessment-Centered Environment (p. 24). 
Ongoing assessments, such as the probes, 
are designed to make students’ thinking 
visible to both teachers and students. !ese 
assessments are learner-friendly and provide 
students with opportunities to revise and 
improve their thinking, help students 
see their own progress, and help teachers 
identify problem areas to focus on.

• Community-Centered Environment (p. 
25). Probes are used to promote social 
interactions around learning ideas in 
science. Student learning is supported 
in classrooms where social discourse is 
encouraged and norms such as accepting 
that it is all right not to know the right 
answer, feeling a sense of safety in academic 
risk-taking, and encouraging revision of 
ideas and reflection are supported. Class-
rooms where students feel part of an 
intellectual learning community that takes 
ownership of students’ ideas are places 
where students and teachers thrive. 

Taking Into Account  
Students’ Ideas
Teaching science can be difficult because stu-
dents have already formed ideas about the nat-
ural world and how it works before coming to 
the classroom. One of the challenges teachers 
face is how to assess student’s preconceptions 
before introducing new topics, so that appro-
priate learning experiences can be provided. 
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!is challenge highlights why the use of for-
mative assessment probes is such an important 
instructional strategy. In situations where stu-
dents’ views differ from the scientific view, it is 
very difficult to change conceptions if teach-
ers are unaware of students’ ideas before and 
throughout instruction. In addition, it is not 
enough to identify and diagnose students’ mis-
conceptions. Teachers need to employ deliber-
ate strategies to work with students’ ideas and 
design opportunities for students to construct 
new understandings that will lead to conceptu-
al change. Much of “school science” is contrary 
to students’ everyday experience and intuition; 
hence, students’ ideas may be highly resistant 
to change, even after several instructional ex-
periences (Driver et al. 1994). Many teachers 
do not recognize this unless they continuously 
check for that understanding on a regular basis 
and engage students in identifying and chal-
lenging their own thinking.
 !e practical idea of using formative as-
sessment probes is a first step in incorporating 
student thinking into instruction. Identify-
ing students’ ideas before beginning a lesson 
or unit can be quite informative, but it is just 
the first step in improving student learning. 
Once students’ ideas have surfaced, making 
informed determinations about what can be 
done to move students toward the scientific 
view is the next step. Driver et al. (1994, p. 10) 
suggest that the first step might be to consider 
the nature of the differences between students’ 
thinking and the scientific view. As a result of 
probing for students’ preconceptions, teachers 
might do the following:

• Develop existing ideas. Students’ ideas may 
be close to the scientific idea, but not fully 
developed. If so, instruction can be focused 
toward developing a deeper understanding 
of the scientific idea. For example, teachers 
might use the probe “Floating Logs” and 
discover that students understand that the 
logs will float in the same way because the 
shape and material are the same. However, 
they may not be able to explain it in terms 
of the unchanging characteristic property 
of density. !eir notion of sameness can be 
further extended in developing the concept 
of density as a constant proportional 
relationship between mass and volume.

• Differentiate among existing ideas. Students 
may have similar ideas about objects or 
phenomena that cause them to over-
generalize or categorize too broadly. If so, 
instruction can be focused on helping stu- 
dents differentiate ideas. For example, 
teachers might use the “Is It a Rock?  
(Version 2)” probe to find out if students 
think any rock-like material, whether 
geologic in origin or human made, is 
considered to be rock. Teachers can 
use this information to help students 
differentiate between rocks formed by 
natural, long-term geologic processes and 
rock-like materials that were human made 
and formed in a short time.

• Integrate existing ideas. Students may form 
separate ideas, often in different contexts. 
For example, teachers might use the probe 
“Is It Food for Plants?” to help students 
integrate the idea of what food is, in a 
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biological context, with the needs plants 
have in carrying out their life processes. 
!ey may have previously learned about 
food in the context of nutrition and studied 
the life processes of plants and animals but 
may have failed to integrate the idea that 
plants not only make their own food but use 
it in ways similar to animals’ use of food. 

• Changing existing ideas. Students often have 
misconceptions about objects, materials, or 
processes. For example, teachers might use 
the probe “Emmy’s Moon and Stars” to find 
out that students have misconceptions about 
where stars are located. !e information is 
used to design instruction that addresses 
the relative scale of vast distances between 
visible objects in the night sky and that will 
help students change their existing ideas 
and accept the scientific view. 

• Introduce new ideas. Students should have 
opportunities to demonstrate when they 
are ready for a new idea or ready to build 
more sophisticated understandings of an 
existing idea. For example, teachers might 
use the “Baby Mice” probe to learn that 
their students have the correct idea that 
both parents contribute genetic material 
that determines an offspring’s traits. 
Teachers can build on this simple idea by 
introducing the more sophisticated details 
about the mechanism for inheritance.

Suggestions for Embedding 
Probes in Instruction 
!e probes developed for Uncovering Student 
Ideas in Science can be embedded into teaching 

in a variety of ways, depending on the phase of 
instruction and the instructional strategy they 
are used with. !e following is a list of sugges-
tions for using the probes to engage students 
in investigating new ideas and phenomena, 
elicit students’ ideas, help them be more aware 
of their thinking, and construct new ideas 
through discourse with their peers.

Use the probes to initiate scientific inquiry. 
Several of the probes are designed so that stu-
dents can make predictions and test their ideas 
(e.g., “Boiling Time and Temperature”). !e 
familiar context of the probe is designed to re-
late to students’ everyday experiences and en-
gage them in wanting to know whether their 
ideas can be confirmed through investigation. 
Ask students to share previous experiences, 
knowledge, or ideas they based their predic-
tions on and design an investigation to test 
their predictions.

Make students’ thinking explicit during sci-
entific inquiry. Use the probes to draw out 
students’ thinking before and throughout an 
inquiry. Encourage students to use evidence to 
construct their explanations both before and 
during the investigation, particularly when the 
evidence does not match their preconceptions. 
!e dissonance that results when data do not 
support their original thinking is the pivotal 
point in helping students reject their former 
ideas in order to accommodate new ones. 

Create a culture of ideas, not answers. Use 
the probes to encourage students to share their 
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ideas, regardless of whether they are right or 
wrong. Students have been raised in a school 
culture where they are expected to give the 
“right answer.” !us they hesitate to share 
their own ideas when they think they may be 
“wrong.” Hold off on telling students whether 
they are right or wrong and give them an op-
portunity to work through the ideas, weighing 
various viewpoints and evidence, until they are 
ready to construct an understanding. !e em-
phasis on testing and revising one’s conceptual 
model should take precedence over getting the 
right answer. Getting all ideas out on the table 
first may be frustrating and take longer, but in 
the long run it will develop deeper, more en-
during understanding and students will be less 
apt to revert back to their previous conceptions 
after the unit of instruction ends.

Develop a discourse community. Use the 
probes as a way to get students to talk to one 
another, rather than the typical back-and-forth 
“ping-pong” discussion between teacher and 
students that is typical of a non-inquiry-based 
classroom. Strategies such as “think-pair-
share”—where students first think about their 
own ideas (perhaps even writing them down 
on the probe sheet), then pair up with another 
student to discuss their ideas, and finally share 
their ideas either in a small group or with the 
whole class—provide opportunities for students 
to be more involved in discussion about ideas 
and take an active role in developing a commu-
nity of learners. Use the probes for “volleyball,” 
not “ping-pong.” In other words, the discussion 
should move back and forth between several 

students and groups of students before it comes 
back to the teacher for a new question or com-
ment. !e type of discourse is as important as 
the patterns of “science talk.” !e discourse 
must value alternative points of view and not 
just the authoritative view of the teacher.

Encourage students to take risks. Create a cli-
mate where it is acceptable to go out on a limb 
with an idea in a social context without being put 
down by the teacher or other students. One way 
to do this is to use “no hands questioning,” where 
students are randomly called on to share their 
thinking (Black et al. 2003) and there is an ex-
pectation that everyone has ideas worth sharing, 
no matter how tentative they are. Create norms 
of collaboration in the classroom so that every-
one’s ideas are respected and acknowledged.

Encourage students to listen carefully. In a for-
mative assessment classroom, different ideas are 
shared among pairs of students, small groups, 
and the whole class. Students need to learn to 
listen carefully to others’ ideas and weigh the 
evidence before changing their own ideas. !ey 
need to learn not to accept a new idea simply 
because their peers think it is correct. !ey need 
to learn how to examine all the ideas, including 
evidence from investigation and other relevant 
information sources, before accepting an idea 
or changing a previously held one. Formative 
assessment encourages students to think, rather 
than just accept ideas as they are presented.

Use the probes in a variety of ways. Don’t 
use the probes solely as a written assessment. 

Copyright © 2007 NSTA. All rights reserved. For more information, go to www.nsta.org/permissions.



Introduction

U n c o v e r i n g  S t u d e n t  I d e a s  i n  S c i e n c e 9

Use them in pair, small-group, and class dis-
cussions. Vary strategies for sharing responses. 
For example, students can form groups based 
on the response they selected to discuss their 
ideas, then jigsaw with other groups to con-
sider alternative explanations. Responses can 
be shared anonymously by the teacher, allow-
ing the class to discuss and evaluate different 
explanations. Encourage students to use draw-
ings or whiteboards to illustrate their thinking 
in addition to using words. Consider using the 
probes in interviews with students, which allow 
the teacher to probe even more deeply. Science 
Formative Assessment: 75 Practical Strategies for 
Linking Assessment, Instruction, and Learning 
(Keeley, Forthcoming) provides a wealth of 
practical techniques for using probes during 
various stages of teaching and learning.

Encourage continuous reflection. Encourage 
students to reflect back on their initial ideas 
about the probe throughout a sequence of les-
sons in order to note evidence of their own 
conceptual changes or to identify areas where 
they are still struggling with an idea. Under-
standing is an evolving process. It takes time 
for students to move toward the accepted sci-
entific view, and students need to understand 
that there are many steps along the way. Being 
aware of one’s thinking (metacognition) and 
knowing what one’s learning goal is will help 
students be more accountable for their own 
learning. Revisiting their initial responses to 
the probe and comparing them with where 
they are in their current understanding is a 
powerful metacognitive strategy.

 Our ideas and suggestions for using the 
probes stem from elements of best practice in 
science teaching, which uses students’ ideas 
as the starting point for instruction, continu-
ously monitors students’ progress toward con-
ceptual development and change, and engages 
students in the teaching and learning process. 
One might ask, “Well, what does it look like 
in practice?” !e vignette on pages 13–15 pro-
vides a middle school example of how a teacher 
might use the probes to integrate assessment 
with instruction (see Volume 1 for additional 
vignettes).

Using the Teacher Notes That 
Accompany the Probes
!e probes by themselves are powerful for 
eliciting students’ ideas. Just as powerful for 
the teacher are the notes that accompany each 
probe. Effective science teaching takes into 
account students’ developmental level, grade 
levels where ideas are taught in the standards, 
specific ideas in the standards, research on 
commonly held ideas, effective instructional 
strategies, and the need for additional assess-
ments. A science teacher uses all of these con-
siderations to adjust instruction and provide 
learning opportunities that challenge students’ 
existing conceptions, while monitoring stu-
dents’ journeys toward a more scientific un-
derstanding. Each of the probes in this book 
contains detailed teacher notes to help you best 
decide how, when, and with what grade to use 
the assessment probe; link the ideas addressed 
by the probe to related standards; examine re-
search that informed the development of the 
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probe and provides additional insight into 
students’ thinking; consider new instructional 
strategies to help students learn the ideas; and 
access additional information to learn more 
about the topic addressed by the probe. !e 
following sections describe each component of 
the teacher notes.

Purpose
!is section describes the general purpose of 
the probe. It includes the concept or general 
topic as well as a description of the specific idea 
that the probe is intended to elicit. It is impor-
tant 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
Each probe is designed to target one or more 
related concepts that cut across grade spans. A 
single concept may be addressed by multiple 
probes, and you may find it useful to use a 
cluster of probes to target a concept or specific 
ideas within a concept. For example, there are 
several probes that target the concept of den-
sity. !e concept matrices on pages 18, 92, and 
150 can help you identify related probes.

Explanation
A brief scientific explanation accompanies each 
probe to provide clarification of the scientific 
content that underlies the probe. !e explana-
tions are designed to help you identify what 
the most scientifically acceptable answers are 
(sometimes there is not a “right” answer) as well 
as clarify any misunderstandings you might 

have about the content. !e explanations are 
not intended to provide detailed background 
knowledge on the concept, but they should 
provide enough information to connect the idea 
in the probe with the scientific knowledge it is 
based on. If you need further explanation of the 
content, the teacher notes list National Science 
Teachers Association (NSTA) resources, such as 
the Stop Faking It! Finally Understanding Science 
So You Can Teach It series, that will enhance 
and extend your understanding of the content.

Curricular and Instructional 
Considerations
!e probes in this book are not limited to one 
grade level in the way that summative assess-
ments are. What makes them interesting and 
useful is that they provide insights into the 
knowledge and thinking that students in your 
school may have related to a topic as they pro-
gressed from one grade level to the next. !e 
assessment of ideas that students may not for-
mally encounter until later in their education 
may help teachers in the later grades understand 
where and how preconceptions 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 to discuss their find-
ings. Since the probes do not prescribe a specific 
grade level for use, you are encouraged to read 
the curricular and instructional considerations 
and decide if your students have had sufficient 
experience to make the probe useful in your in-
structional context. 
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living things and classification of objects or 
living things. When the ideas elicited by a 
probe appear to be a strong match with a na-
tional 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. !e authors 
drew on two comprehensive research summa-
ries commonly available to educators: Chapter 
15, “!e Research Base,” in Benchmarks for Sci-
ence Literacy (AAAS 1993) and Rosalind Driv-
er et al.’s Making Sense of Secondary Science: 
Research Into Children’s Ideas (1994). Although 
the research summarized in these resources 
was conducted in the 1980s and 1990s, the 
results of these studies are considered timeless 
and universal. Children in the United States 
and in other countries hold ideas that have 
been found to be pervasive across geographic 
boundaries, despite the societal and cultural 
contexts that can influence students’ thinking.
 !e descriptions from the research can help 
you better understand the intent of the probe 
and the variety of responses your students are 
likely to demonstrate when they respond to the 
probe. As you use the probes, you are encour-
aged to seek new and additional research find-

ings. One source of updated research can be 
found on the Curriculum Topic Study (CTS) 
website at www.curriculumtopicstudy.org. A 
searchable database on this site links each of 
the CTS topics to additional research articles 
and resources.

Suggestions for Instruction and 
Assessment
After analyzing your students’ responses, it is 
up to you to decide on the student interven-
tions and instructional planning that would 
work best in your particular curricular and in-
structional context. We have included sugges-
tions gathered from the wisdom of teachers, 
from the knowledge base on effective science 
teaching, and from our own collective experi-
ence as former teachers and specialists involved 
in science education. !ese are not exhaustive 
or prescribed lists but rather a listing of sugges-
tions that may help you modify your curricu-
lum or instruction, based on the results of your 
probe, 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 there may be a specific strategy or 
activity that 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 formative assessment encour-
ages—thinking carefully about the variety of 
instructional strategies and experiences need-
ed to help students learn scientific ideas. As 
you become more familiar with the ideas your 
students have and the multifaceted factors that 
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may have contributed to their misunderstand-
ings, you will identify additional strategies that 
you can use to teach for conceptual change.

Related NSTA Science Store 
Publications and NSTA Journal Articles
NSTA’s journals and books are increasingly 
targeting the ideas students bring to their 
learning. We have provided suggestions for ad-
ditional readings that complement or extend 
the use of the individual probes and the back-
ground information that accompanies them. 
For example, Bill Robertson’s Stop Faking It! 
series of books may be helpful in clarifying 
content for students (as well as for teachers). An 
article from one of NSTA’s elementary, middle 
school, or high school journals may provide ad-
ditional insight into students’ misconceptions 
or provide an example of an effective instruc-
tional strategy or activity that can be used to 
develop understanding of the ideas targeted by 
a probe. Other resources listed in this section 
provide a more comprehensive overview of the 
topic addressed by the probe. To access the 
Science Store, go to www.nsta.org and click on 
the link; to access journal articles, go to www.
nsta.org and click on Teacher Resources, then 
NSTA Publications, then NSTA journals, and 
then the relevant journal.

Related Curriculum Topic Study Guides
NSTA is a co-publisher of the book Science Cur-
riculum Topic Study: Bridging the Gap Between 
Standards and Practice (Keeley 2005). !is book 
was developed as a professional resource for 
teachers with funding from the National Science 

Foundation’s Teacher Professional Continuum 
Program. It provides a set of 147 CTS guides 
that can be used to learn more about a science 
topic’s content, examine instructional implica-
tions, identify specific learning goals and sci-
entific ideas, examine the research on student 
learning, consider connections to other topics, 
examine the coherency of ideas that build over 
time, and link understandings to state and dis-
trict standards. !e CTS guides use national 
standards and research in a systematic process 
that deepens teachers’ understanding of the 
topics they teach. 
 !e probes in this book were developed 
using the CTS guides and the assessment tools 
and processes described in Chapter 4 of the 
CTS book. !e CTS guides that were used to 
inform the development of each of the probes 
are listed in the teacher notes that follow each 
probe. Teachers who wish to delve more deeply 
into the standards and research-based findings 
that informed the development of the probe 
may use the CTS guides for further informa-
tion about teaching and learning connected to 
the ideas in the probe.

References
References are provided for the standards and 
research findings cited in the teacher notes. 

Vignette on Teaching Density
Before starting my unit on density, I talked 
with an elementary teacher in my district to 
find out what kinds of things students had 
experienced prior to middle school that my 
density unit could build on. She told me that 
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one of the kits used by all teachers at her grade 
level includes an activity where students predict 
and test whether objects will float or sink. !is 
seemed like a great place for me to start with 
my eighth-grade students. By bringing back a 
vivid experience from earlier grades, I would 
be able to build on their existing foundation of 
knowledge.
 When my students arrived in class the 
next day, I placed a 20 cm length of a wooden 
dowel in a small tank of water. As it floated, 
I displayed a piece of another wooden dowel 
that was made out of the same material, whose 
length and diameter were double the size of 
the dowel floating in the tank. I distributed 
the probe “Floating Logs,” and students com-
mented that the dowel in the tank of water 
was like the floating log portrayed on the sheet 
of paper. I asked them to envision what they 
thought would happen if I were to place the 
larger dowel in the water. Would it float in a 
similar way or would it float differently? I asked 
them to respond to the probe, explaining their 
thinking. I assured them that I was not looking 
to see if their answer was right or wrong, but I 
wanted to know what they were really thinking 
would happen—and, most importantly, why 
they thought it would happen.
 !e room became very quiet, and students 
began busily writing. I was surprised at how 
much time they took to describe their reasons, 
because many of them have a difficult time 
with the essay questions on my tests. In a few 
minutes, I noticed students were quietly talk-
ing with their neighbors, pointing to the dow-
els at the front of the room. I heard them using 

terms such as mass, length, volume, and density 
but noticed that some of them were confus-
ing extensive properties such as size with the 
intensive property of density. !is seemed like 
a good time for some “science talk.”
 We placed our chairs in a circle. I asked 
them to fold their papers in half and pass them 
back and forth across the circle multiple times 
until I said “stop,” so other students could not 
identify the paper in their possession. !ey 
were asked to respect the student whose paper 
they had by not revealing the student’s name 
unless that student spoke up to acknowledge 
the ideas on the paper and to add to them if 
needed. I asked for a show of hands: Who had a 
paper with response A? Response B? Response 
C? I was surprised by the mixed responses! I 
asked students to share some of the reasons 
that were on the paper they had “adopted.” 
Some responses said that if you have more of 
something, it’s more dense. Others said heavi-
er things sink. As students continued to share 
the reasoning, they started questioning each 
other. I heard many “What would happen if 
…” kinds of questions, and I realized this was 
a golden opportunity to let students take own-
ership of their learning. 
 We brainstormed a list of testable ques-
tions, and the next day each team chose a vari-
able to investigate that would help the class 
find out if the size of an object affects the way 
in which it floats. Although it was agreed that 
each team would keep the kind of material 
they used during their investigation constant, 
we didn’t all have to use the same material. It 
was interesting to see the variety of materials 
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and ways students chose to quantify differ-
ences in size. Some measured volume by water 
displacement or by using mathematical calcu-
lations, and others measured mass. As I circu-
lated around the room, I found that some stu-
dents were changing their original ideas, based 
on the new evidence that was gathered. Others 
were somewhat reluctant to change their ideas 
and engaged in further discussion to try and 
figure out why their results were not matching 
their original ideas. As we gathered for an in-
vestigation wrap-up, the class results provided 
evidence that the amount of material, whether 
documented by mass or volume, does not af-
fect the way the material floats.
 As the students’ conceptual understand-
ing of density grew, I began to bring in the 
scientific terminology. Subsequent lessons con-
nected the proportional relationship of mass 
and volume to this characteristic property, and 
I was now ready to introduce the symbolic rep-
resentations using a mathematical equation.
 As I brought the density unit to a close, I 
asked students to conduct a 10-minute “quiet 
write”: 
Re-read your original “Floating Logs” explana-
tion. Has any of your thinking changed? If so, 
what are you now thinking, and how do you 
know this? What “rule” or reasoning are you us-
ing to explain your new thoughts? 
 I brought their responses home to read that 
night and was struck by the power of written 
reflection. Students were able to use some of 
our classroom activities to formulate their new 
“rules,” and I could see how their thoughts 
were influenced by their experiences. “Floating 

Logs” allowed my students to become aware 
of their own ideas, and through testing and 
analyzing they were able to resolve some of the 
conflict between their initial ideas and the sci-
entific concept. 

Concept Matrices  
and Probe Set
!e remainder of this book contains a set of 
25 probes that you can use with your students 
along with accompanying teacher notes on 
each of the probes. !e concept matrices (pp. 
18, 92, and 150) indicate the concepts most 
related to each probe and can be used to select 
probes that match your instructional context. 
In this volume we focus on properties of mat-
ter, particulate matter, energy, plants, genet-
ics, cells, adaptation, geology, the day/night 
cycle, and sky objects. Volume 3 will include 
additional topics in life, Earth, space, and 
physical science.
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Comparing Cubes
Sofia has two solid cubes made of the same mate-
rial. One cube is very large, and the other cube is 
very small. Put an X next to all the statements you 
think are true about the two cubes.

___ A !e larger cube has more mass  
than the smaller cube.

___ B !e larger cube has less mass than the     
smaller cube.

___ C !e larger cube melts at a higher temperature than the smaller cube.

___ D !e larger cube melts at a lower temperature than the smaller cube.

___ E !e density of the larger cube is greater than the smaller cube.

___ F !e density of the larger cube is less than the smaller cube.

___ G !e larger cube is more likely to float in water than the smaller cube.

___ H !e larger cube is more likely to sink in water than the smaller cube.

___ I !e larger cube is made up of larger atoms than the smaller cube.

___ J !e larger cube is made up of smaller atoms than the smaller cube.

Explain your thinking. Describe the “rule” or reasoning you used to compare the cubes.

_______________________________________________________________

_______________________________________________________________

_______________________________________________________________

_______________________________________________________________

_______________________________________________________________
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Comparing Cubes
Teacher Notes

Purpose
!e purpose of this assessment probe is to elic-
it students’ ideas about intensive and extensive 
properties of matter. !e probe is designed to 
find out which properties students think will 
change if the amount of material changes and 
which will stay the same.

Related Concepts
atoms or molecules, characteristic properties, 
density, extensive properties of matter, inten-
sive properties of matter, mass, melting point, 
sinking and floating, weight

Explanation
!e best response is A. !e larger cube con-
tains a greater amount of the same material, 
so its mass is greater. Mass is an extensive 
property that depends on the amount of ma-
terial. Melting point and size of atoms are in-

tensive properties that do not vary with the 
amount of material, so the melting point and 
size of atoms would remain the same. Den-
sity is also an intensive property. Expressed as 
a ratio of the mass to volume, the proportion 
of mass and volume remains constant when 
comparing cubes of different sizes that are 
made out of the same material. Since the de-
gree to which a solid object floats in water de-
pends on the density of the material and the 
two cubes have the same density, the larger 
cube is not more likely to float or sink in wa-
ter than the smaller cube. 

Curricular and Instructional 
Considerations

Elementary Students 
At the elementary level, students describe  
observable properties of objects, including 
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their size, weight, and ability to float or sink. 
Mass is a concept that is not introduced until 
later in elementary grades or in middle school. 
!e idea that weight increases with the size of 
an object and that objects made of the same 
material float in a similar way is observable 
and is a grade-level expectation in the nation-
al standards. With modifications this probe 
may be useful in determining students’ early, 
preconceived ideas about some of the proper-
ties of materials and ideas about atoms, but 
the concept of characteristic properties, such 
as density, exceeds expectations at this grade 
level. Students at this grade level should also 
not be expected to know that the size of atoms 
remains the same when the object increases 
in size. Several of the concepts in this probe 
are related to developing ideas related to con-
stancy and change, a unifying theme that cuts 
across the elementary science curriculum. For 
example, the size of the cube may change, but 
it will still float the same way.

Middle School Students
In middle school, instructional experiences with 
the properties of matter progress from observa-
tional to conceptual. !e national standards 
suggest that a distinction between extensive 
properties such as size, mass, or weight and in-
tensive properties such as density and melting 
point can be made at this level. !e term char-
acteristic property is introduced at this level and 
is a grade-level expectation in the national stan-
dards. Students learn that characteristic prop-
erties are useful in identifying and comparing 
different substances. !ey begin to distinguish 

characteristic properties from oth-
er observable properties they inves-
tigated in the elementary grades. 
 Students may use technical 
vocabulary such as density and 
melting point and may be able to 
calculate or measure a physical 
property, but it is important to determine if 
they have a conceptual understanding that 
these properties remain the same regardless of 
the size of the sample. Density is a particularly 
difficult concept at this level. An understand-
ing of density progresses from the float and 
sink observations in the elementary grades to 
a proportional relationship between mass and 
volume at the middle school level. !is probe 
is useful in determining if middle school stu-
dents can make the link between floating and 
sinking and density. If their answers differ be-
tween responses E/F and G/H, it is important 
to probe further to understand why.
 !e notion of atoms is still abstract for many 
students at this level. !e probe is useful in de-
termining whether students have preconceived 
ideas about atoms and if they relate a macroscopic 
change in a substance (volume) to a microscopic 
change (increase in size of atoms).

High School Students
Instruction at the high school level builds on 
the concept of characteristic properties of sub-
stances that was developed in middle school 
and integrates the details of atomic structure 
with how atomic architecture plays a role in 
determining the properties of materials. !is 
probe is useful in determining if students are 

Topic: Characteristic  
Properties of Matter 
Go to: www.scilinks.org
Code: USIS2M21
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 Indicates a strong match between the ideas elicited by the probe and a national standard’s learning goal.

able to explain the distinction between inten-
sive and extensive properties at a substance or 
particle level. !e probe may reveal that high 
school students revert to their preconceptions 
even after being taught the concept of charac-
teristic properties in middle school.  

Administering the Probe
Be sure students understand that the cubes are 
solid so that their notion that an object must 
have air in it to float does not interfere. It may 
help to have visual props for this probe, such 
as two different sizes of wood blocks. Make 
sure that students do not focus on the particu-
lar type of material but understand that the 
probe applies to any type of material, as long 
as both cubes are made of the same material 
(have the same composition).
 Elementary teachers may wish to substitute 
the word weight for mass and remove distracters 
E/F and I/J if the terms and concepts are un-
familiar to students. Middle and high school 
teachers may want to add an additional set of dis-
tracters for other characteristic properties such as 
solubility and the extrinsic property of volume.
 !is probe may be combined with “Float-
ing Logs” (p. 27), “Solids and Holes” (p. 41), 
“Turning the Dial” (p. 47), “Boiling Time 
and Temperature” (p. 53), and “Freezing Ice”  
(p. 59) to probe further for students’ ideas re-
lated to characteristic properties. 

Related Ideas in National 
Science Education Standards 
(NRC 1996)

K–4 Properties of Objects and Materials
• Objects have many observable properties, 

including size, weight, shape, color, tem-
perature, and the ability to react with other 
substances. !ose properties can be mea-
sured using tools such as rulers, balances, 
and thermometers.

5–8 Properties and Changes in 
Properties of Matter

 A substance has characteristic properties, 
such as density, a boiling point, and solu-
bility, all of which are independent of the 
amount of sample. A mixture of substanc-
es often can be separated into the original 
substances using one or more of the char-
acteristic properties.

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 (clay, cloth, pa-
per, etc.) and their physical properties (color, 
size, shape, weight, texture, flexibility, etc.).

K–2 Constancy and Change
 !ings change in some ways and stay the 
same in some ways.

• !ings can change in different ways, such 
as size, weight, color, and movement.

3–5 Constancy and Change
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 Some features of things may stay the same 
even when other features change.

6–8 Structure of Matter
• Equal volumes of different substances usu-

ally have different weights.
9–12 Constancy and Change
• !ings can change in detail but remain the 

same in general.

Related Research
• A study by Smith, Carey, and Wiser (1984) 

found that students’ earliest ideas about 
density may be described by the phrase 
“heavy for its size.” However, they fail to 
bring together the two ideas of size and 
“felt weight” so that density and weight are 
not differentiated but rather are included 
in a general notion of “heaviness” (Driver 
et al. 1994).

• Ideas that interfere with students’ concep-
tion of density include the belief that when 
you change the shape of something you 
change its mass and the belief that heavi-
ness is the most important factor in deter-
mining whether an object will sink or float 
(Stepans 2003).

• Although some students ages 14–22 relate 
density to compactness of particles, in-
complete explanations may be due to their 
conceptions of mass and volume, which 
require understanding of the arrangement, 
concentration, and mass of particles (Driv-
er et al. 1994). 

• Many students have misconceptions about 
volume that present difficulties for under-
standing density (Driver et al. 1994).

• Due to an intuitive rule of “more A, more 
B,” some students reason that if you have 
more material, properties such as melting 
point or density increase (Stavy and Tirosh 
2000). 

• Many students age 15 and over still use 
sensory reasoning about matter, despite be-
ing well advanced in thinking logically in 
other areas, such as mathematics (Barker 
2004).

• Students generally do not regard a change 
in state, such as solid to liquid (melting), 
as being related to a specific temperature 
(Driver et al. 1994).

• Students of all ages show a wide range of 
ideas about particles. Many students will 
attribute macroscopic properties to parti-
cles (AAAS 1993). For example, they may 
believe that the size of the atoms that make 
up the cube increases as the size of the cube 
increases.

Suggestions for Instruction and 
Assessment
• !is probe can be followed up with an 

investigation. Predict, observe, measure, 
and discuss what is the same and what is 
different about the mass (or weight), melt-
ing point, density, and flotation of two 
different-sized cubes of a substance (such 
as ice) that has a melting point that can 
be measured safely by middle and high 
school students.

• Provide multiple and varied opportunities 
for middle school students to observe and 
measure characteristic properties such as 
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boiling point, melting point, density, and 
solubility using different amounts of the 
same substance.

• Have students test the middle school 
idea that “equal volumes of different sub- 
stances usually have different weights” 
(AAAS 1993, p. 78). Have them test the 
corollary that equal weights (or masses if 
students are using a mass balance) of dif-
ferent substances usually have different 
volumes. Help students relate each to a 
conceptual understanding of density, con-
structing their own understanding of the  
D = M/V relationship (density equals mass 
divided by volume) before being given the 
mathematical equation.

• Be aware that teaching a specific character-
istic property such as density by itself may 
not help students develop a unified idea 
of characteristic properties that includes 
density, boiling point, melting point, and 
solubility. Be explicit in developing and 
pointing out the idea that all these proper-
ties have something in common—they do 
not depend on the amount of the sample.

• Conduct an investigation to determine the 
melting point of a small, medium, and large 
amount of the same substance, such as ice or 
wax (using appropriate safety precautions).

• Change the context to liquids—a small 
amount of liquid and a large amount of 
liquid. Ask similar questions, changing 
melting point to boiling point, and re-
move the distracters on floating (G/H). 
Have students safely test their ideas with 
substances such as water.

• To develop the distinction between charac-
teristic and noncharacteristic properties (in-
tensive and extensive), hold a mystery object 
in your hand (closed). Ask students if they 
can tell you what the object is if you give them 
the weight or mass, color, shape, texture, 
length, or other noncharacteristic properties 
that students readily observe in elementary 
grades. Elicit ideas about what kinds of prop-
erties might be helpful to know in order to 
identify the mystery object. After developing 
the idea of characteristic properties through 
a variety of instructional experiences, revisit 
the mystery object in your closed hand. Ask 
the same questions about which properties 
would help them identify what the mystery 
object is. Use the information formatively to 
assess whether students have grasped an un-
derstanding of characteristic properties.

• Have students practice using “if, then” rea-
soning in the context of physical proper-
ties. For example, prompt them to respond 
to statements such as, “If the volume of a 
substance increases, then its boiling point 
____ because ____.”  !is can be prac-
ticed with elementary students using basic 
properties of objects; for example, “If the 
shape of the clay ball changes, its weight 
will ____ because ____.”

Related NSTA Science Store 
Publications and NSTA Journal 
Articles
American Association for the Advancement of Sci-
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eracy. New York: Oxford University Press.
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Floating Logs
A log was cut from a tree and put in 
water. !e log floated on its side so 
that half the log was above the water 
surface. Another log was cut from the 
same tree. !is log was twice as long 
and twice as wide. How does the larg-
er log float compared with the smaller 
log? Circle the best answer:

A More than half of the larger log 
floats above the water surface.

B Half of the larger log floats above the water surface.

C Less than half of the larger log floats above the water surface.

Explain your thinking. Describe the “rule” or the reasoning you used for your answer.

_______________________________________________________________

_______________________________________________________________

_______________________________________________________________

_______________________________________________________________

_______________________________________________________________

_______________________________________________________________

_______________________________________________________________

_______________________________________________________________

_______________________________________________________________

_______________________________________________________________

_______________________________________________________________
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 Floating Logs
Teacher Notes

Purpose
!e purpose of this assessment probe is to elicit 
students’ ideas about density. !e probe is de-
signed to find out if students think changing 
the size of an object affects its density.

Related Concepts
characteristic properties, density, intensive  
properties of matter, sinking and floating.

Explanation
!e best response is B: Half of the larger log 
floats above the water surface. !e degree to 
which a solid object will float when placed 
in water depends on the density of the mate-
rial. When a second object is compared with a 
floating solid, a solid object with a lesser den-
sity will float higher above the water’s surface, 
an object with the same density will float at 

equal levels, and an object with a greater den-
sity will be more submerged. Density is a char-
acteristic property of matter, which means that 
it is independent of the amount of material. If 
one sample of material is very large and an-
other sample of the same material is very small, 
the proportion (ratio) of the mass to volume of 
each sample is still the same, so the density re-
mains the same. !e first and second logs were 
both cut from the same tree, so they are made 
of the same material and have close to the same 
density. (!ere may be a slight difference be-
cause the logs are not made of a homogeneous 
material.) Since the densities are for practical 
purposes the same, the two different-sized logs 
will float at equal levels. One-half of the first 
log floated above the water’s surface, so one-
half of the second (larger) log will also float 
above the water’s surface.
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Topic: Density
Go to: www.scilinks.org
Code: USIS2M29

2

Curricular and Instructional 
Considerations

Elementary Students 
At the elementary level, students have obser-
vational experiences with floating and sink-
ing objects of different sizes and shapes. !ey 
are able to describe observable properties of 
objects, such as how much of an object floats 
above the water’s surface. !ey begin to de-
velop an understanding of the unifying theme 
of constancy and change: Even though some 
things may change (such as size), other things 
may stay the same (ability to float). !is probe 
may be useful in determining students’ ideas 
about floating objects, but the concept of char-
acteristic properties, such as density, should 
wait until middle school.

Middle School Students
In middle school, instructional experiences 
with density progress from observational 
(floating or sinking and heavy for its size) to a 
conceptual understanding of density as a char-
acteristic property of matter. Students begin 
to use mathematics to quantitatively describe 
density. !e national standards suggest that 
middle school is the time to make the distinc-
tion between extrinsic properties such as size, 
mass, or weight and characteristic properties 
such as density. By the end of middle school 
students should understand that two objects 
composed of the same substance will have the 
same characteristic properties, which can be 
used to identify them or predict their behav-
ior. Students begin to use technical vocabulary 

such as mass, volume, and 
density. However, it is 
important to determine 
if they have a conceptual 
understanding of density 
before introducing the D 
= M/V relationship (density equals mass di-
vided by volume). 

High School Students
Density experiences at the high school level 
include symbolic representations of density us-
ing the variables of mass and volume to cal-
culate proportional relationships. Applications 
of density are extended to an understanding 
of the Earth, astronomy, life science, and the 
designed world. However, a conceptual un-
derstanding of density still eludes many high 
school students. 

Administering the Probe
You may wish to use props to help younger 
students visualize the manner in which the 
first log is floating with respect to the water’s 
surface and to show students what it means 
when logs float on their sides, rather than up-
right like a buoy. Place an object that floats 
in a clear container of water so that students 
can see what is meant by “above and below the 
water’s surface” and “floating on its side,” or 
draw a picture to explain it. Show students a 
second object composed of the same material 
that is longer and wider than the first object, 
but don’t place this object in the water.
 !e probes “Comparing Cubes” (p. 19) 
and “Solids and Holes” (p. 41) can also be used 
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to determine if students recognize that density 
is a characteristic property of matter. 

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, shape, color, 
temperature, and the ability to react with 
other substances. !ose properties can be 
measured using tools such as rulers, bal-
ances, and thermometers.

5–8 Properties and Changes  
in Properties of Matter

 A substance has characteristic proper-
ties, such as density, a boiling point, and 
solubility, all of which are independent of 
the amount of sample. A mixture of sub-
stances often can be separated into the 
original substances using one or more of 
the characteristic properties.

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).

K–2 Constancy and Change
 !ings change in some ways and stay the 

same in some ways.

3–5 Constancy and Change
 Some features of things may stay the same 
even when other features change.

6–8 Structure of Matter
• Equal volumes of different substances usu-

ally have different weights.

9–12 Constancy and Change
• !ings can change in detail but remain the 

same in general.

Related Research
• Ideas that interfere with students’ concep-

tion of density include the belief that when 
you change the shape of something you 
change its mass and the belief that heavi-
ness is the most important factor in deter-
mining whether an object will sink or float 
(Stepans 2003).

• Many students have misconceptions about 
volume that present difficulties for under-
standing density (Driver et al. 1994).

• Driver et al. (1994) described a study con-
ducted by Biddulph and Osborne (1984) 
in which some students ages 7–14 suggest-
ed that things float because they are light 
and, when asked why objects float, offered 
different reasons for different objects. !e 
same study asked children ages 8–12 how 
a longer candle would float compared with 
a shorter piece; many students thought 
the longer candle would sink/float lower 
(Driver et al. 1994). 

 Indicates a strong match between the ideas elicited by the probe and a national standard’s learning goal.
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• Some students use an intuitive rule of 
“more A, more B.” !ey  reason that if 
you have more material, density increases 
or makes an object sink more (Stavy and 
Tirosh 2000).

• Students’ ways of looking at floating and 
sinking include the roles played by mate-
rial, weight, shape, cavities, holes, air, and 
water (Driver et al. 1994).

Suggestions for Instruction and 
Assessment
• !is probe can be followed up with an 

inquiry-based investigation using wooden 
dowels of different lengths and thicknesses.

• Try a very small piece of Ivory soap (a soap 
that floats) versus the rest of the bar of Ivo-
ry soap. Or use a soap that sinks, cut off a 
tiny piece, and ask students if they think 
that piece of soap will float, sink, or float 
differently depending on its size. Some-
times students think that a tiny piece of 
an object will behave differently from the 
whole object.

• Investigate the floating and sinking of 
the same kind of material—for example, 
Styrofoam balls—with different sizes and 
the same shape. Similar investigations can 
be conducted with strawberries, blocks of 
wood, or rubber objects.

• Investigate the floating and sinking of the 
same kind of material made of different 
shapes. For example, would a block of Sty-
rofoam float the same way as a Styrofoam 
sphere? Again, this investigation can be 
conducted with other materials. 

• When middle school or high school stu-
dents have developed the conceptual un-
derstanding of density, have them use 
mathematics to support their explanations 
with proportional reasoning. It is counter-
productive to start by using D = M/V if 
students have not developed a conceptual 
understanding of density first.

Related NSTA Science Store 
Publications and NSTA Journal 
Articles
American Association for the Advancement of Sci-
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RoutledgeFalmer.

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

Libarkin, J., C. Crockett, and P. Sadler. 2003. 
Density on dry land: Demonstrations without 
buoyancy challenge student misconceptions. 
!e Science Teacher 70 (6): 46–50.

National Research Council (NRC). 1996. National 
science education standards. Washington, DC: 
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Sam put a solid ball in a tank of wa-
ter. As shown by the ball on the left, 
it floated halfway above and halfway 
below the water level. What can Sam 
do to make a ball float like the ball 
on the right? Put an X next to all the 
things Sam can do to have a solid 
ball float so that most of it is below 
the water level.

___ A Use a larger ball made out of the same material.

___ B Use a smaller ball made out of the same material.

___ C Use a ball of the same size made out of a denser material.

___ D Use a ball of the same size made out of less dense material.

___ E Add more water to the tank so it is deeper.

___ F Add salt to the water.

___ G Attach a weight to the ball.

Explain your thinking. Describe the “rule” or reasoning you used to determine how 
to change how an object floats in water.

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________
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Floating High and Low

Teacher Notes

Purpose
!e purpose of this assessment probe is to 
elicit students’ ideas about density and buoy-
ancy. !e probe is designed to find out how 
students think an object can be made to float 
differently.

Related Concepts
buoyancy, characteristic properties, density, 
intensive properties of matter, sinking and 
floating 

Explanation
!e best responses are C and G. To make the 
solid ball float so that most of it is under the 
water, you can either use a ball of the same 
size made out of a denser material or attach a 
weight to the ball. !e degree to which a solid 
object will float when placed in water depends 

on the density of the material. To be further 
submerged, the density of the object must be 
increased. Density is defined as the ratio of the 
mass to the volume of an object. By using a 
ball of the same size made out of a denser ma-
terial, the ratio of the mass to volume is greater 
and the object will be further submerged. By 
taping a weight to the ball, the proportion of 
the total mass relative to volume is increased, 
and so the overall density is increased. !is, 
too, will result in the object being further 
submerged. As more matter is attached to the 
ball, the buoyant force increases, indicated by 
the displacement of more water.
 Adding more water to the tank makes no 
difference in how an object floats. An object 
floats the same way regardless of how deep or 
shallow the water is. Adding salt to the water 
actually makes the object more buoyant be-

3
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cause salt increases the density of the water.  
For example, when you swim in the ocean, you 
float better than when you swim in freshwater 
because saltwater is denser than freshwater.

Curricular and Instructional 
Considerations

Elementary Students 
At the elementary level, students typically have 
experiences with floating and sinking objects 
of different sizes and shapes. !ey are able to 
describe observable properties of objects. Al-
though it is too early to expect them to quanti-
tatively explain results, they can make changes 
to objects and observe how the change affects 
how they float. Upper elementary students 
may be more systematic in their investigation 
of floating and sinking objects because they 
most likely have had opportunities to measure 
weight or mass and volume and begin to de-
velop experiments that involve variables as fair 
tests of their ideas. !is probe may be useful 
in determining students’ preconceptions about 
floating and sinking, but the concepts of char-
acteristic properties, quantitative density, and 
buoyant forces are beyond this grade level.

Middle School Students
In middle school, observational experiences 
that involve floating and sinking progress to in-
structional opportunities at a conceptual level 
involving density. By the end of middle school, 
a mathematical approach toward reasoning 
about density is incorporated. !e national 
standards suggest that a distinction between 

extensive properties such as size or weight and 
characteristic or intensive properties such as 
density should be made at this grade level. 
Students may use technical vocabulary such as 
mass, volume, and density, but it is important 
to determine if they have a conceptual under-
standing of the proportional nature of densi-
ty. Students also develop ideas about pairs of 
forces in fluids, such as the buoyant force that 
pushes an object upward and the gravitational 
force that pulls it downward.
 !is probe is useful in determining if 
students can explain the significance of the 
characteristic property of density in relation to 
changing how an object floats: if an object’s 
mass relative to its volume is increased, its den-
sity will increase. It can also be used to see if 
students recognize the effect of opposing forc-
es when weight is added to a floating object 
placed in a fluid.

High School Students
Instructional opportunities at the high school 
level include symbolic representations of density, 
using the variables of mass and volume to cal-
culate proportional relationships. Mathematical 
applications of density are extended to the living 
and designed world. !is probe is useful in deter-
mining if students are able to apply mathematical 
reasoning to a concrete application as well as use 
the concept of opposing forces affecting a buoy-
ant object. !is probe is also useful in determin-
ing whether students hold on to their preconcep-
tions about density and floating objects years 
after instructional opportunities to learn about 
density and density-related phenomena.

3
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Administering the 
Probe
It may help to have 
visual props for this 
probe. Place a sphere 
that floats in a con-

tainer of water. !en display objects and ma-
terials that represent each of the possibilities 
as students respond and explain their think-
ing. Remove distracters that include terminol-
ogy that is unfamiliar to younger students or 
simplify the terminology; for example, replace 
“made out of a denser material” with “made 
out of material that is heavier for its size.” 
 Teachers may want to continue to probe 
students’ ideas about density or properties 
of objects and materials by using this probe 
in conjunction with the probes “Comparing 
Cubes” (p. 19), “Floating Logs” (p. 27), or 
“Solids and Holes” (p. 41). 

Related Ideas in National 
Science Education Standards 
(NRC 1996)

K–4 Properties of Objects and Materials
• Objects have many observable properties, 

including size, weight, shape, color, tem-
perature, and the ability to react with other 
substances. !ose properties can be mea-
sured using tools such as rulers, balances, 
and thermometers.

5–8 Properties and Changes in 
Properties of Matter

 A substance has characteristic properties, 

such as density, a boiling point, and solu-
bility, all of which are independent of the 
amount of sample. A mixture of substances 
often can be separated into the original 
substances using one or more of the char-
acteristic properties.

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 (clay, cloth,  
paper, etc.) and their physical properties 
(color, size, shape, weight, texture, flexibil-
ity, etc.).

K–2 Constancy and Change
 !ings change in some ways and stay the 
same in some ways.

3–5 Constancy and Change
 Some features of things may stay the same 
even when other features change.

6–8 Structure of Matter
• Equal volumes of different substances usu-

ally have different weights.

6–8 Constancy and Change
 Symbolic equations can be used to sum-
marize how the quantity of something 
changes over time or in response to other 
changes.

3

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

Topic: Buoyancy
Go to: www.scilinks.org
Code: USIS2M36
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9–12 Constancy and Change
• !ings can change in detail but remain the 

same in general.

Related Research
• Students’ earliest ideas about density may 

be expressed in terms of “heavy for its size” 
(Driver et al. 1994).

• Children compare objects by their “felt 
weight” and over time develop the idea 
that felt weight is characteristic of certain 
objects or materials. !e idea of mass and 
the use of the word are a concept and ter-
minology that need to develop over time. 
Younger students often associate mass with 
the similar-sounding familiar word massive 
and thus confuse mass with size or volume. 
Hence students estimate mass of an ob-
ject or material from its bulk appearance 
(Driver et al. 1994).

• Ideas that interfere with students’ concep-
tion of density include the belief that when 
you change the shape of something you 
change its mass and the belief that heavi-
ness is the most important factor in deter-
mining whether an object will sink or float 
(Stepans 2003).

• Notions of weight and density develop as 
children begin to take account of view-
points other than their own. At ages 9–10, 
students begin to relate density of one ma-
terial to another. For example, they may 
say a material floats because it is “lighter 
than water” (Driver et al. 1994).

• Although some students ages 14–22 relate 
density to compactness of particles, in-

complete explanations may be due to their 
conceptions of mass and volume, which 
require understanding of the arrangement, 
concentration, and mass of particles (Driv-
er et al. 1994). 

• Many students have misconceptions about 
volume that present difficulties for under-
standing density (Driver et al. 1994).

• Driver et al. (1994) described a study 
conducted by Biddulph and Osborne 
(1984) in which some students ages 7–14 
suggested that things float because they 
are light and, when asked why objects 
float, offered different reasons for dif-
ferent objects. !e same study asked 
children ages 8–12 how a longer candle 
would float compared with a shorter 
piece; many students thought the longer 
candle would sink/float lower. By ages 
9–10, many children recognized that the 
depth of water would not affect how an 
object floats; however, even at age 11 and 
up, there were still children who thought 
otherwise (Driver et al. 1994).

• Some students use an intuitive rule of 
“more A, more B” to reason that if you have 
more material, density increases (Stavy and 
Tirosh 2000).

• Often students will mistake buoyancy- 
related phenomena for characteristics of den-
sity (Libarkin, Crockett, and Sadler 2003).

• When students investigate and explain 
sinking and floating, they typically fo-
cus only on the object they are testing 
and ignore the liquid that the object is in 
(Houghton et al. 2000).

3
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Suggestions for Instruction and 
Assessment
• !is probe can be followed up with an 

inquiry-based investigation. Have stu-
dents predict, observe, systematically 
test, and explain how solid objects will 
float in water when changes are made to 
them or the liquid.

• !is probe lends itself nicely to a station ap-
proach to investigate floating and sinking 
phenomena. Have students make a predic-
tion about things that can be done to change 
how an object floats based on the choices giv-
en in the probe. Students can then test their 
ideas using a variety of stations set up around 
the room, including wooden or Styrofoam 
balls of different sizes; same-sized balls made 
of different materials; a container in which 
students can change the depth of water a ball 
is put into; a ball with the water level marked 
to show where it floats in tap water (ask stu-
dents to add increasing amounts of salt to the 
container of water and observe what happens 
to the mark where the water level was); a vari-
ety of weights that can be attached to a float-
ing ball (ask students to try to get the ball to 
float like the second picture on the probe).

• When dealing with density-related phe-
nomena, use the terminology mass, vol-
ume, and density with older students. With 
young children, use the more familiar 
terms size, weight, and heavy for its size 
instead of density. Research indicates that 
young students mistake the word mass for 
massive and confuse it with the size of ob-
jects. In other words, a large Styrofoam 

ball is more “massive” to them than a small 
wooden ball.

• Change the object. Have students investigate 
whether cutting a banana into a variety of 
shapes and sizes will change how it floats in 
water. Put an orange in water and then com-
pare how it floats after the peel is removed.
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Solids and Holes
 
Lance had a thin, solid piece of mate-
rial. He placed the material in water 
and it floated. He took the material 
out and punched holes all the way 
through it. What do you think Lance 
will observe when he puts the materi-
al with holes back in the water? Circle 
your prediction.

A  It will sink.

B  It will barely float.

C  It will float the same as it did before the holes were punched in it.

D  It will neither sink nor float. It will bob up and down in the water.

Explain your thinking. Describe the “rule” or reasoning you used to make your  
prediction.

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________
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Solids and Holes
Teacher Notes

Purpose
!e purpose of this assessment probe is to 
elicit students’ ideas about density. !e task is 
designed to find out if students think a solid 
object will float differently if it has holes poked 
all the way through it or if they confuse it with 
mixed density.

Related Concepts
Characteristic properties, density, intensive 
properties of matter, sinking and floating

Explanation
!e best response is C: It will float the same as 
it did before the holes were punched in it. !e 
degree to which a solid object will float when 
placed in water depends on the density of the 
material. Density, a characteristic property of 

matter, is defined as the ratio of the mass to the 
volume of an object. !is intensive property 
is independent of the amount of material. As 
holes are punched uniformly throughout the 
object, regardless of what the material is, the 
amount of mass and volume that is removed 
is proportional, so the remaining amount of 
material will have the same density. Since the 
density remains the same, the object will con-
tinue to float in the same manner.
 In contrast, mixed density is a condition in 
which there is more than one substance mak-
ing up the volume of an object. For example, a 
hollow plastic ball may contain air in it, which 
would give it a mixed density that includes the 
density of the plastic and the density of air. 
!e example provided in this probe is not one 
of mixed density because the object is solid 

4
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and the holes that are drilled go all the way 
through and are not trapping air inside the ob-
ject, such as in a steel-hulled boat.

Curricular and Instructional 
Considerations

Elementary Students 
At the elementary level, students typically 
have experiences with floating and sinking ob-
jects of different sizes and shapes and are able 
to describe observable properties of objects. 
!ey do things to change the shape of objects 
to make them float. !ey also have experienc-
es in floating objects that contain air as well 
as everyday knowledge about floating objects 
such as boats. Because of their experiences 
with mixed density (objects that contain air 
in addition to solid material), such as float-
ing boats, they may not recognize that it is 
the displacement of air by water that causes a 
boat or object to sink rather than the fact that 
it has a hole in it. !is probe may be useful in 
determining students’ preconceptions about 
floating and sinking when holes are punched 
through floating material, but the concepts 
of characteristic properties and quantitative 
density are beyond this grade level.

Middle School Students
In middle school, observational experiences of 
floating and sinking progress to instructional 
opportunities at a conceptual level involving 
density. Students develop an understanding of 
density of a substance and how that differs from 
mixed density. By the end of middle school, a 

mathematical approach 
toward reasoning about 
density is incorporated, 
including proportional 
reasoning. !e national 
standards suggest that a 
distinction between ex-
tensive properties such as size or weight and 
intensive or characteristic properties such as 
density should be made at this grade level.
 Students may use technical vocabulary 
such as mass, volume, and density, but it is 
important to determine if they have a con-
ceptual understanding of the proportional 
nature of density. !is probe is useful in de-
termining if students can explain the signifi-
cance of the characteristic property of den-
sity in relation to changing how an object 
floats: If an object’s mass relative to its vol-
ume is unchanged, then its density remains 
constant.

High School Students
Instructional opportunities at the high 
school level include symbolic representations 
of density, using the variables of mass and 
volume to calculate proportional relation-
ships. Mathematical applications of den-
sity are extended to the living and designed 
world and include examples of mixed den-
sity in which students can explain the differ-
ence in density caused by the arrangement 
of air molecules contained within a “solid” 
substance. !is probe is useful in determin-
ing if students are able to apply mathemati-
cal reasoning in a concrete context. 

Topic: Density
Go to: www.scilinks.org
Code: USIS2M43
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Administering the Probe
It may help to have visual props for this probe. 
Place a Styrofoam block or thin piece of wood 
in a container of water to show students how 
it floats. !en use a coring device to drill 
holes that go all the way through the block, 
but don’t place it in the water. Ask students 
to commit to a prediction once they see how 
the object has changed. Teachers may want to 
continue to probe for density-related ideas us-
ing the “Comparing Cubes” (p. 19), “Floating 
Logs” (p. 27), and “Floating High and Low”  
(p. 33) probes.

Related Ideas in National 
Science Education Standards 
(NRC 1996)

K–4 Properties of Objects and Materials
• Objects have many observable properties, 

including size, weight, shape, color, tem-
perature, and the ability to react with other 
substances. !ose properties can be mea-
sured using tools such as rulers, balances, 
and thermometers.

5–8 Properties and Changes in 
Properties of Matter

 A substance has characteristic proper-
ties, such as density, a boiling point, and 
solubility, all of which are independent of 
the amount of the sample. A mixture of 
substances often can be separated into the 
original substances using one or more of 
the characteristic properties.

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 (e.g., clay, 
cloth, paper) and their physical properties  
(e.g., color, size, shape, weight, texture, 
flexibility).

K–2 Constancy and Change
 !ings change in some ways and stay the 
same in some ways.

3–5 Constancy and Change
 Some features of things may stay the same 
even when other features change.

6–8 Structure of Matter
• Equal volumes of different substances usu-

ally have different weights.

9–12 Constancy and Change
• !ings can change in detail but remain the 

same in general.

Related Research
• Some students think that for an object to 

float, it must contain air (Stepans 2003).
• Ideas that interfere with students’ conception 

of density include the belief that when you 
change the shape of something, you change 
its mass, and that heaviness is the most im-
portant factor in determining whether an 
object will sink or float (Stepans 2003).

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

4

Copyright © 2007 NSTA. All rights reserved. For more information, go to www.nsta.org/permissions.



U n c o v e r i n g  S t u d e n t  I d e a s  i n  S c i e n c e

P h y s i c a l  S c i e n c e  A s s e s s m e n t  P r o b e s

45

• Many students have misconceptions about 
volume that present difficulties for under-
standing density (Driver et al. 1994).

• Some students may use an intuitive rule of 
“more A, more B” or its converse “less A, 
less B” to reason that if you have less ma-
terial, the ability to float decreases (Stavy 
and Tirosh 2000).

• Often students will mistake buoyancy- 
related phenomena for characteristics of 
density (Libarkin, Crockett, and Sadler 
2003).

• In a study by Grimillini, Gandolfi, and 
Pecori Balandi (1990) of children’s ideas 
related to buoyancy, they found that chil-
dren take into account four factors when 
considering how objects float: (1) the role 
played by material and weight; (2) the role 
played by shape, cavities, and holes; (3) the 
role played by air; and (4) the role played by 
water. Many children thought that holes in 
objects affected their ability to float. Even 
when taught that holes through solid ob-
jects do not change the object’s ability to 
float, the idea was still firmly held by stu-
dents (Driver et al. 1994).

Suggestions for Instruction and 
Assessment
• !is probe can be followed up with an 

inquiry-based investigation. Ask students 
to predict, observe, test, and explain what 
happens when a thin piece of wood, Styro-
foam, or other floating material has holes 
uniformly punched all the way through it. 
Students should test their ideas with a va-

riety of materials to ensure that their ideas 
apply regardless of the type of material 
used to test their ideas.

• Test the same idea with an object. For ex-
ample, test how an apple will behave in wa-
ter when a hole is cored through the apple.  

• Help students distinguish between mixed 
density and density of a pure substance. 
Have them reason why materials like metals 
can be made to float, comparing and con-
trasting a mixed-density object with a pure-
density object. For example, a hollow metal 
sphere filled with air would float because 
a large part of the volume of the object is 
made up of air, which decreases its density, 
whereas a sphere of solid metal would sink 
because its density is greater than water.

• Once students have grasped the idea tar-
geted by the probe, present them with a 
new situation. Contrast the “holes all the 
way through” model with the “cavity” 
model. Place an object such as soap (not 
Ivory) that sinks in water. Take the soap 
and carve or drill holes uniformly (not 
all the way through, but rather holes that 
form cavities) so that much of its volume 
will be displaced by air, causing it to float. 
Ask students to predict what will happen 
if you take the soap and continue making 
the holes so they go all the way through. 
Listen carefully to their ideas, noting if 
they base their prediction on the probe ex-
ample, without considering that the object 
did not float to begin with. Have them test 
their prediction and consider an explana-
tion for this counter example. 

4
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• At the middle and high school level, be sure 
to include density investigations that do 
not involve only objects floating and sink-
ing in water. Such activities should confirm 
that the density of an object is independent 
of size, shape, and amount regardless of 
whether it is in water or in dry conditions.
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Turning the Dial
Flora is boiling water on a stove. She turns the 
temperature dial up to high to boil the water. 
!e water is boiling vigorously with large bub-
bles quickly forming and bursting at the sur-
face. Flora then turns the dial of the stove down 
to low. !e water is boiling gently, with smaller 
bubbles slowly forming and bursting at the sur-
face. Flora wonders if the boiling temperature 
changes when she turns the dial. What would 
you tell Flora? Circle the best answer.

A !e boiling temperature is greater when 
the dial is set at high.

B !e boiling temperature is greater when the dial is set at low.

C !e boiling temperature is the same at both settings.

Explain your thinking. What “rule” or reasoning did you use to select your answer?

_________________________________________________________________  

_________________________________________________________________  

_________________________________________________________________  

_________________________________________________________________  

_________________________________________________________________  

_________________________________________________________________  

_________________________________________________________________  

_________________________________________________________________  

_________________________________________________________________  
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5

Turning the Dial
Teacher Notes
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Purpose
!e purpose of this assessment probe is to 
elicit students’ ideas about boiling point. 
!e probe is designed to find out whether 
students recognize that if a liquid is boiling 
under standard conditions, the boiling point 
remains constant, no matter how much heat 
is applied.

Related Concepts
boiling and boiling point, characteristic prop-
erties, change in state, energy, heat, intensive 
properties of matter, temperature

Explanation
!e best response is C: !e boiling tempera-
ture is the same at both settings. Temperature 
is a measure of the average kinetic energy of 

the molecules in a system. When heat energy 
is applied to a liquid, the kinetic energy of the 
molecules increases. !e motion, and hence 
temperature, increases until the temperature of 
the liquid reaches its boiling point. (Each pure 
substance has a specific temperature at which it 
will boil.) Once a liquid is at its boiling point, 
the heat energy supplied to the system is used 
to overcome attractive forces between particles 
in the liquid. !is results in conversion of mol-
ecules from a liquid to a gas phase, allowing the 
molecules to escape into the air. Although the 
amount of heat going into the system relative 
to the amount of water going from liquid to gas 
in any time interval impacts the rate of change, 
as long as the liquid is boiling, the boiling tem-
perature of the remaining liquid remains essen-
tially the same.
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Topic: Characteristic 
Properties of Matter
Go to: www.scilinks.org
Code: USIS2M49

5

Curricular and Instructional 
Considerations

Elementary Students 
At the elementary level, students’ experiences 
with materials are primarily observational. !e 
idea of change is connected to physical prop-
erties by subjecting materials to temperature 
changes through heating and freezing. Up-
per elementary students are familiar with the 
change in states of water from the solid to liquid 
to gas phase and vice versa. !ey learn how to 
use thermometers to measure the temperature 
of water. !ey may observe that water boils at 
100°C, but the concept of the difference be-
tween heat and temperature is too complex for 
this age. However, the probe is useful in de-
termining whether students intuitively believe 
that increasing the heat (e.g., turning up the 
dial) makes boiling water “hotter.” !ey may 
have developed this idea early on through their 
everyday experience in the kitchen and hold 
on to this idea through school, even after be-
ing taught the concept. 

Middle School Students
In middle school, students shift their focus 
from properties of materials to the characteris-
tic properties of the substances from which the 
materials are made. Students learn about the 
characteristics of different states of matter and 
the properties associated with phase changes 
from solid to liquid to gas. Opportunities to 
observe and measure characteristic proper-
ties such as boiling and melting points can be 
used to distinguish and separate one substance 

from another. Identifying 
characteristic properties, 
such as boiling point, is 
a grade-level expectation 
in the national standards. 
Students develop the idea 
that substances have a 
constant boiling point and that this boiling 
point does not change under standard condi-
tions, no matter how vigorously or gently the 
liquid boils. Students are beginning to connect 
the ideas of heat, temperature, and constant 
boiling point, although the idea of a constant 
boiling temperature is counterintuitive, given 
their everyday experiences with boiling liquids 
in the kitchen. 

High School Students
During high school, instructional opportuni-
ties connect the macroscopic properties of sub-
stances studied in middle school to microscopic 
properties. !is probe may be useful in deter-
mining if students can relate the particulate 
nature of liquids and gases to the role of heat 
energy in phase changes. It is a grade-level ex-
pectation that students can distinguish between 
heat and temperature and explain why boiling 
water stays at the same temperature regardless 
of how much heat is applied. However, the dis-
tinction between heat and temperature is still a 
concept that eludes many high school students.

Administering the Probe
It may be helpful to have visual props for this 
probe. Make sure students are familiar with the 
dial used to adjust burner temperature on a stove, 
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Indicates a strong match between the ideas elicited by the probe and a national standard’s learning goal.

since children may have experienced a variety of 
stoves and dials in their home settings. Bring 
a beaker of water to a vigorous boil. Lower the 
amount of heat supplied to the boiling water, and 
keep the water at a slow boil as students respond 
to the probe and explain their thinking.
 Teachers may want to continue to probe rea-
soning about heat, energy, temperature, and states 
of matter by using this probe in conjunction with 
the probes “Boiling Time and Temperature”  
(p. 53) or “What’s in the Bubbles?” (p. 65). 

Related Ideas in National 
Science Education Standards 
(NRC 1996)

K–4 Properties of Objects and Materials
• Materials can exist in different states—sol-

id, liquid, and gas. Some common mate-
rials, such as water, can be changed from 
one state to another by heating or cooling.

5–8 Properties and Changes in 
Properties of Matter

 A substance has characteristic properties, 
such as density, a boiling point, and solu-
bility, all of which are independent of the 
amount of sample. A mixture of substances 
often can be separated into the original 
substances using one or more of the char-
acteristic properties.

9–12 Structure and Properties of Matter
• Solids, liquids, and gases differ in the dis-

tances and angles between molecules or 
atoms and therefore the energy that binds 

them together. In solids the structure is 
nearly rigid; in liquids molecules or atoms 
move around each other but do not move 
apart; and in gases molecules or atoms 
move almost independently of each other 
and are mostly far apart.

9–12 Conservation of Energy and the 
Increase in Disorder

 Heat consists of random motion and the 
vibrations of atoms, molecules, and ions. 
!e higher the temperature, the greater the 
atomic or molecular motion.

Related Ideas in Benchmarks 
for Science Literacy (AAAS 
1993)

K–2 Constancy and Change
 !ings change in some ways and stay the 
same in some ways.

3–5 Structure of Matter
• Heating and cooling cause changes in the 

properties of materials. Many kinds of chang-
es occur faster under hotter conditions.

3–5 Constancy and Change
 Some features of things may stay the same 
even when other features change.

6–8 Structure of Matter
• Atoms and molecules are perpetually in 

motion. Increased temperature means 
greater average energy of motion, so most  
substances expand when heated. In solids, 

5
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the atoms are closely locked in position 
and can only vibrate. In liquids, the atoms 
or molecules have higher energy, are more 
loosely connected, and can slide past one 
another; some molecules may get enough 
energy to escape into a gas. In gases, the 
atoms or molecules have still more energy 
and are free of one another except during 
occasional collisions.

9–12 Transformations of Energy
• Heat energy in a material consists of the dis-

ordered motion of its atoms or molecules.

Related Research
• Many students think that the boiling point 

of water increases when the setting on a 
stove is “turned up.” Much of this confu-
sion is related to a misconception that heat 
and temperature are the same thing. !us 
they are apt to argue that if you increase 
the amount of heat you will increase the 
boiling temperature (Driver et al. 1994).

• Students do not distinguish well between heat 
and temperature, and often believe that tem-
perature is the measure of heat (AAAS 1993).

• Students may use the intuitive rule “more 
A, more B” or its converse “less A, less B” to 
reason what happens when you turn down 
the dial of a stove and the water still boils 
gently. Using this rule, students may think 
that when the temperature dial is turned 
down the boiling temperature is decreased 
(Stavy and Tirosh 2000).

Suggestions for Instruction and 
Assessment
• !is probe can be followed up with an 

inquiry-based investigation. Ask the ques-
tion, encourage students to commit to a 
prediction, then test it. !e dissonance in-
volved in discovering that the boiling tem-
perature did not change should be followed 
with opportunities for students to discuss 
their ideas and resolve the dissonance.

• Have students use phase change graphs 
to analyze patterns and notice that when 
two phases are present (e.g., boiling wa-
ter includes water in the liquid form and 
vapor) the temperature remains the same. 
Students can then use their graphs to pre-
dict what would need to happen next to in-
crease the average kinetic energy and thus 
the temperature of the water particles.

• Connect the idea of a constant boiling 
point to other characteristic properties 
that remain constant under ordinary con-
ditions, such as melting point, solubility, 
and density.

• Be sure to explicitly develop the general-
ization that boiling point is a constant 
property for all liquid substances, not just 
water.

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

5
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Boiling Time and 
Temperature

Ernesto is heating a pure liquid on a stove. 
He records the temperature a minute after 
the liquid starts to boil. After 20 minutes of 
boiling, he records the temperature again. 
When Ernesto compares the first tempera-
ture with the second, what do you think he 
will find? Circle your prediction.

A  !e boiling temperature did not change.

B  !e boiling temperature decreased.

C  !e boiling temperature increased.

Explain your thinking. Describe the “rule” or reasoning you used to make your 
prediction.

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________
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Boiling Time and 
Temperature

Teacher Notes

Purpose
!e purpose of this assessment probe is to 
elicit students’ ideas about the characteristic 
property of boiling point. !e probe is used to 
find out whether students recognize that the 
temperature of a boiling liquid stays constant 
no matter how long heat is applied.

Related Concepts
boiling and boiling point, change in state, 
characteristic properties, energy, heat, inten-
sive properties of matter, temperature 

Explanation
!e best response is A: !e boiling tempera-
ture did not change. Temperature is a measure 
of the average kinetic energy of the molecules 

in a system. When heat energy is applied to a 
liquid, the kinetic energy of the molecules in-
creases. !e motion of the liquid’s molecules, 
and hence temperature of the liquid, increases 
until the temperature of the liquid reaches its 
boiling point (each pure substance has a spe-
cific temperature at which it will boil). Once 
a liquid is at its boiling point, the heat energy 
supplied to the system is used to overcome at-
tractive forces between particles in the liquid. 
!is results in the conversion of molecules 
from a liquid to a gas phase, allowing the mol-
ecules to escape into the air. !e temperature 
of the remaining liquid essentially stays con-
stant as heating continues. In the case of pure 
water, this is 100°C. (Impurities in tap water 
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may result in a slight temperature rise during 
an extended period of boiling as the remain-
ing solution becomes more concentrated.) !e 
temperature will not rise again until all the 
water is transformed into a gaseous state. If 
the heat continues to be applied to the gaseous 
state, the temperature of the gas will rise.

Curricular and Instructional 
Considerations

Elementary Students 
At the elementary level, students’ experiences 
with materials are primarily observational. 
!e idea of change is connected to properties 
of materials by subjecting them to tempera-
ture changes through heating and freezing. 
Upper elementary students are familiar with 
the changes in states of water from the solid to 
liquid to gas phase and vice versa. !ey learn 
how to use thermometers to measure the tem-
perature of water. !ey may observe that water 
boils at 100°C (or slightly more if there are im-
purities in the tap water), but understanding the 
difference between heat and temperature and 
the notion of characteristic properties exceeds 
expectations for this grade level. However, the 
probe is useful in determining whether students 
intuitively or through their everyday experienc-
es believe that increasing the amount of time a 
liquid is allowed to boil makes it “hotter” and 
thus increases its temperature. 

Middle School Students
In middle school, students shift their focus 
from properties of materials to the charac-

teristic properties of 
substances. Students 
are exposed to the char-
acteristics of different 
states of matter and the 
properties associated 
with phase changes 
from solid to liquid to gas. Opportunities to 
observe and measure characteristic properties 
such as boiling and melting points can be used 
to distinguish and separate one substance from 
another. Students have had experiences with 
boiling liquids, and this probe may be use-
ful in determining students’ ideas about heat 
and temperature and whether they recognize 
that boiling temperature is a constant. Even 
though students can identify the boiling point 
of pure water as 100°C under normal condi-
tions, they may still intuitively believe that the 
temperature rises the longer heat is applied to 
a boiling liquid.

High School Students
During high school, instructional opportu-
nities connect the macroscopic properties of 
substances studied in middle school to micro-
scopic properties. !is probe may be useful in 
determining if students can relate the particu-
late nature of liquids and gases to the role of 
heat energy in phase changes. It is a grade-level 
expectation that students can distinguish be-
tween heat and temperature, although it is still 
a very difficult concept for most students. !ey 
should be able to explain why pure boiling wa-
ter stays at the same temperature regardless of 
how long it is boiling. However, if their pre-
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conceptions remain unchallenged throughout 
instruction, they may continue to believe that 
the longer water boils, the hotter it gets.

Administering the Probe
It may be helpful to have visual props for this 
probe. Make sure students understand the 
difference between a pure substance and an 
impure one (e.g., distilled water and saltwa-
ter). Students may want to know what type of 
liquid is boiling. If you use water, make sure 
students realize that the probe is asking about 
any pure liquid. Bring a beaker of water to a 
full boil. Continue to heat the boiling water 
as students respond to the probe and explain 
their thinking. Teachers may want to continue 
to probe ideas about heat, energy, temperature, 
boiling point, and states of matter by using this 
probe in conjunction with the probe “Turning 
the Dial” (p. 47) or “What’s in the Bubbles?” 
(p. 65).

Related Ideas in National 
Science Education Standards 
(NRC 1996)

K–4 Properties of Objects and Materials
• Materials can exist in different states—sol-

id, liquid, and gas. Some common mate-
rials, such as water, can be changed from 
one state to another by heating or cooling.

5–8 Properties and Changes in 
Properties of Matter

 A substance has characteristic proper-
ties, such as density, a boiling point, and 

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

solubility, all of which are independent 
of the amount of the sample. A mixture 
of substances often can be separated into 
the original substances using one or more 
of the characteristic properties.

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. In solids the structure is 
nearly rigid; in liquids molecules or atoms 
move around each other but do not move 
apart; and in gases molecules or atoms 
move almost independently of each other 
and are mostly far apart.

9–12 Conservation of Energy and the 
Increase in Disorder

 Heat consists of random motion and the 
vibrations of atoms, molecules, and ions. 
!e higher the temperature, the greater the 
atomic or molecular motion.

Related Ideas in Benchmarks 
for Science Literacy (AAAS 
1993)

3–5 Structure of Matter
• Heating and cooling cause changes in 

the properties of materials. Many kinds 
of changes occur faster under hotter  
conditions.

6–8 Structure of Matter

6
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• Atoms and molecules are perpetually in 
motion. Increased temperature means 
greater average energy of motion, so most 
substances expand when heated. In solids, 
the atoms are closely locked in position 
and can only vibrate. In liquids, the atoms 
or molecules have higher energy, are more 
loosely connected, and can slide past one 
another; some molecules may get enough 
energy to escape into a gas. In gases, the 
atoms or molecules have still more energy 
and are free of one another except during 
occasional collisions.

9–12 Transformations of Energy
• Heat energy in a material consists of the dis-

ordered motion of its atoms or molecules.

Related Research
• Some students think that the boiling point 

of water increases the longer it is allowed to 
boil. Much of this confusion is related to a 
misconception that heat and temperature 
are the same thing. !us, students are apt to 
argue that the longer you heat something, 
the hotter it gets (Driver et al. 1994).

• Students do not make a clear distinction 
between heat and temperature, and they 
often believe that temperature is the mea-
sure of heat (AAAS 1993).

• Students often will use a “more A, more B” 
type of intuitive rule for reasoning about 
what happens to the temperature the  
longer a liquid boils. Based on the everyday 
experience that the temperature of an ob-
ject rises when heated, students may reason 

that the longer you heat a substance after 
the onset of boiling, the higher the tem-
perature will be (Stavy and Tirosh 2000).

• A standard laboratory exercise is to plot 
a time-temperature graph of water as it 
changes from melting ice to boiling wa-
ter. Although students can readily see the 
steady temperature as they make their 
observations, the counterintuitiveness of 
the phenomenon often results in disbelief 
statements such as “this thermometer is 
not working properly” (Erickson and Ti-
berghien 1985, p. 64).

Suggestions for Instruction and 
Assessment
• !is probe can be followed up with an 

inquiry-based investigation. Ask the ques-
tion, encourage students to commit to a 
prediction, then test it. !e dissonance 
involved in discovering that the boiling 
temperature did not change should be 
followed with opportunities for students 
to discuss their ideas and resolve the dis-
sonance. However, be aware that tap wa-
ter that contains impurities may change 
a little during 20 minutes of boiling. As 
water boils away, the remaining solution 
becomes more concentrated and boiling 
temperature increases slightly.

• Conduct a similar investigation to exam-
ine the effect of the continuous application 
of heat on the temperature of a substance 
existing in two different phases, such as 
a container filled with water containing 
ice cubes, snow, an ice “slush,” or another  

6
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familiar substance as it melts. Measure tem-
perature at different time intervals while it 
is still melting. Contrast the findings from 
melting (a liquid and solid phase being 
heated over time) with boiling (a liquid 
and gas phase being heated over time). 

• When having students develop time- 
temperature graphs, be aware that they may 
be able to explain their findings as shown 
on the graph yet revert to their belief that 
the temperature does not remain constant. 
Be sure to provide sufficient time to discuss 
the graphs and what they show.

• Be explicit about developing the general-
ization that a constant, specific boiling 
point applies to all liquid substances, not 
just water.

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.

Cavallo, A.M., and P. Dunphey. Sticking together: 
A learning cycle investigation about water. !e 
Science Teacher 11 (Nov.): 24–28. 

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

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

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

6

National Academy Press.
Purvis, D. 2006. Fun with phase changes. Science & 

Children 32 (5): 23–25. 
Robertson, W. 2002. Energy: Stop faking it! Finally 

understanding science so you can teach it. Arling-
ton, VA: NSTA Press.
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Freezing Ice
Mia and Devon are having a summer par-
ty. !ey need to make two sizes of ice. !e 
large blocks of ice will be put in a cooler 
to keep the cans of soda cold. !e small 
ice cubes will keep the sodas in the glasses 
cold. !ey wondered how the temperature 
at which ice freezes is affected by size.

What do you think? Circle the answer 
that best matches your thinking.

A  Small ice cubes freeze at a lower temperature than large blocks of ice.

B  Small ice cubes freeze at a higher temperature than large blocks of ice.

C  Small ice cubes and large blocks of ice freeze at the same temperature.

Explain your thinking. Describe the “rule” or reasoning you used for your answer.

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________
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Freezing Ice
Teacher Notes

7

Purpose
!e purpose of this assessment probe is to elicit 
students’ ideas about freezing point. !e probe 
is designed to find out whether students recog-
nize that water freezes at the same temperature 
independent of the volume of water.

Related Concepts
characteristic properties, energy, freezing point, 
intensive properties of matter, temperature

Explanation
!e best response is C: Small ice cubes and 
large blocks of ice freeze at the same tempera-
ture. !e temperature at which pure water be-

gins to turn to ice, its freezing point, is 0°C. 
!is temperature is the same regardless of how 
much water is being frozen. Freezing point is 
a characteristic property of matter that is inde-
pendent of the amount of matter. Each liquid 
pure substance has a specific freezing point un-
der standard conditions.

Curricular and Instructional 
Considerations

Elementary Students 
At the elementary level, students’ experiences 
with the properties of materials are primarily 
observational. !e idea of change is connected 
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to physical properties by subjecting materials 
to heating and cooling and observing what 
happens. Upper elementary students are fa-
miliar with the change in states of water from 
the solid to liquid to gas phase and vice versa. 
!ey should know how to use thermometers to 
measure the temperature of water. !ey may 
observe that water freezes at 0°C, but knowing 
the difference between heat and temperature 
is too complex for this age. !e probe is useful 
in determining whether students intuitively 
think that the more water there is to freeze, 
the lower the temperature required to freeze it. 
!ey may also confuse the longer time it takes 
to freeze a larger volume of water with lower-
ing the freezing temperature.

Middle School Students
In middle school, students shift their focus 
from properties of materials to the characteris-
tic properties of the substances from which the 
materials are made. Students learn about the 
characteristics of different states of matter and 
the properties associated with phase changes 
from liquid to solid. Students in northern cli-
mates may draw on their everyday experience 
to connect the idea of freezing point to weather- 
related phenomena, knowing that icy condi-
tions happen when the temperature reaches 0°C 
or 32°F. Understanding of characteristic prop-
erties, such as freezing point, is a grade-level 
expectation in the national standards. Students 
begin to understand the idea that pure sub-
stances have a specific freezing point and that 
this freezing point does not change under ordi-
nary conditions. !ey are beginning to connect 

the ideas of heat and temperature, 
although the idea of a constant 
temperature when two phases are 
present during a change in state is 
still counterintuitive to them. 

High School Students
During high school, instructional opportunities 
connect the macroscopic properties of substanc-
es studied in middle school to microscopic prop-
erties. !is probe may be useful in determining 
if students can relate the particulate nature of 
liquids and solids to the role of heat energy in 
phase changes. Students should be able to ex-
plain why water stays at the same temperature 
as it freezes regardless of how much water is in 
the sample. It is a grade-level expectation in the 
national standards that students can distinguish 
between heat and temperature, although this is 
difficult for most students to understand.  

Administering the Probe
You may wish to use visual props for this probe, 
such as a small tray of ice cubes and a block 
of frozen ice. To continue to probe reasoning 
about heat, energy, temperature, and states of 
matter, you can combine this probe with the 
“Turning the Dial” (p. 47) and “Boiling Time 
and Temperature” (p. 53) probes.
 In explaining their reasoning, some stu-
dents tend to focus on the time it takes the 
ice to freeze, rather than the temperature. You 
may need to remind them that the probe is 
asking for an explanation of how size affects 
the temperature, not how long it takes the ice 
to freeze.
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Related Ideas in National 
Science Education Standards 
(NRC 1996)

K–4 Properties of Objects and Materials
• Materials can exist in different states—sol-

id, liquid, and gas. Some common mate-
rials, such as water, can be changed from 
one state to another by heating or cooling.

5–8 Properties and Changes in 
Properties of Matter

 A substance has characteristic proper-
ties, such as density, a boiling point, and 
solubility, all of which are independent of 
the amount of the sample. A mixture of 
substances often can be separated into the 
original substances using one or more of 
the characteristic properties.

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. In solids the structure is 
nearly rigid; in liquids molecules or atoms 
move around each other but do not move 
apart; and in gases molecules or atoms 
move almost independently of each other 
and are mostly far apart.

9–12 Conservation of Energy and the 
Increase in Disorder

 Heat consists of random motion and the 
vibrations of atoms, molecules, and ions. 

!e higher the temperature, the greater the 
atomic or molecular motion.

Related Ideas in Benchmarks 
for Science Literacy (AAAS 
1993)

K–2 Constancy and Change
 !ings change in some ways and stay the 
same in some ways.

3–5 Constancy and Change
 Some features of things may stay the same 
even when other features change.

• Heating and cooling cause changes in the 
properties of materials.

6–8 Structure of Matter
• Atoms and molecules are perpetually in 

motion. Increased temperature means 
greater average energy of motion, so most 
substances expand when heated. In solids, 
the atoms are closely locked in position 
and can only vibrate. In liquids, the atoms 
or molecules have higher energy, are more 
loosely connected, and can slide past one 
another; some molecules may get enough 
energy to escape into a gas. In gases, the 
atoms or molecules have still more energy 
and are free of one another except during 
occasional collisions.

Related Research
• Students may use the intuitive rule “more A, 

more B” or its converse “less A, less B” to rea-
son what happens when you freeze different 

Indicates a strong match between the ideas elicited by the probe and a national standard’s learning goal.
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volumes of water. Using this rule, students 
may think that when there is more water to 
freeze, the freezing temperature needs to be 
lower (Stavy and Tirosh 2000).

• Up to the age of 12 students are familiar 
with the term temperature and are able to 
use a thermometer to measure the temper-
ature of objects or materials, but they ac-
tually have a fairly limited concept of the 
term. !ey rarely use temperature to spon-
taneously describe the condition of an ob-
ject (Erickson and Tiberghien 1985).

• In certain experimental situations, many 
students believe that the temperature of 
an object is related to its size. In one study 
more than 50% of 12-year-old students 
thought that “a larger ice cube would have 
a colder temperature and hence the larger 
ice cube would take longer to melt” (Er-
ickson and Tiberghien 1985, p. 61).

• Cosgrove and Osborne (1980) inter-
viewed students about their ideas related 
to change in state and noticed that stu-
dents generally do not regard a change in 
state as being related to a specific tempera-
ture (Driver et al. 1994).

Suggestions for Instruction and 
Assessment
• !is probe can be followed up with an 

inquiry-based investigation. Ask the ques-
tion, encourage students to commit to a 
prediction, then test it by placing a ther-
mometer in a small ice cube tray and a 
large container of water and reading the 
thermometer as the ice begins to form. !e 

dissonance involved in discovering that 
the freezing temperature did not change 
should be followed with opportunities for 
students to discuss their ideas and resolve 
the dissonance.

• Instead of having students graph the 
change in state from liquid/gas to liquid to 
liquid/solid to solid, have them start with 
collecting part of the data and making a 
prediction based on the pattern observed. 
Use two different volumes of water to col-
lect and compare data. Begin by graph-
ing two different volumes of boiling water 
and have students notice that when two 
phases are present (liquid and gas state) 
the temperature remains the same, regard-
less of sample size. Allow the boiling water 
to cool and observe that the temperature 
steadily decreases when one phase is pres-
ent (liquid), although the rate may differ 
in the two samples. Students can use their 
graphs to predict what would happen to 
the temperature of two different volumes 
once the water begins to freeze and two 
phases (liquid water and ice) are present, 
and they can then test their predictions. 
!is investigation allows students to not 
only observe the patterns during change 
in state but also notice that there are con-
stants in the plateaus of these patterns re-
gardless of the volume of sample.

• Explicitly connect the idea of a specific 
freezing point to a specific boiling point 
and other characteristic properties in order 
to develop the generalization that charac-
teristic properties are independent of the 
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amount of a sample.
• Compare freezing point to melting point 

to show that when two phases are present, 
the temperature is the same regardless of 
whether you start by melting ice or start by 
freezing water.

• Be explicit about developing the general-
ization that freezing point is specific under 
standard conditions for all pure liquid sub-
stances, not just water.

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.

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

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

Link, L., and E. Christmann. 2004. A different 
phase change. Science Scope 28 (3): 52–54.

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

Purvis, D. 2006. Fun with phase changes. Science & 
Children 32 (5): 23–25. 

Robertson, W. 2002. Energy: Stop faking it! Finally 
understanding science so you can teach it. Arling-
ton, VA: NSTA Press.
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What’s in the Bubbles?
 
Hannah is boiling water in a glass tea 
kettle. She notices bubbles forming on 
the bottom of the kettle that rise to the 
top and wonders what is in the bubbles. She 
asks her family what they think, and this is 
what they say:

Dad: “!ey are bubbles of heat.”

Calvin: “!e bubbles are filled with air.”

Grandma: “!e bubbles are an invisible form of water.”

Mom: “!e bubbles are empty—there is nothing inside them.”

Lucy:  “!e bubbles contain oxygen and hydrogen that separated from the water.”

Which person do you most agree with and why? Explain your thinking.

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________ 

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________
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What’s in the Bubbles?
Teacher Notes

8

Purpose
!e purpose of this assessment probe is to elicit 
students’ ideas about particles during a change 
in state. !e probe is designed to find out if 
students recognize that the bubbles formed 
when water boils are the result of liquid water 
changing into water vapor.

Related Concepts
atoms or molecules, boiling and boiling point, 
change in state, energy

Explanation
!e best response is Grandma’s: !e bubbles 
are an invisible form of water. !is invisible 
water is called water vapor, a gaseous form 

of water that is not visible; it is unlike steam, 
which contains some condensed liquid water. 
When water is heated, the energy supplied to 
the system results in an increase in molecular 
motion. If enough heat is supplied, the mol-
ecules have so much energy that they can no 
longer remain loosely connected, sliding past 
one another as they do in a liquid. !e energy 
now allows the attractive forces between water 
molecules to be overcome, and they form an 
“invisible” gas in the form of water vapor. Since 
the molecules in the gas phase are so much far-
ther apart than in the liquid phase, they have 
a much lower density, are more buoyant (caus-
ing them to “bubble up”), and escape into the 
air. !e bubble is the invisible water vapor.
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Topic: Changes of State
Go to: www.scilinks.org
Code: USIS2H67

Curricular and Instructional 
Considerations

Elementary Students 
At the elementary level, students have experi-
ences observing changes in state. !e idea of 
change is connected to physical properties of 
materials by subjecting materials to heating 
and freezing. Water is often used as a familiar 
material for observing phase changes. Elemen-
tary students know change in states of water 
from the solid to liquid to gas phase, although 
the change from liquid to gas phase is a more 
abstract idea developed more fully in upper el-
ementary grades.
 In early elementary grades, students’ ex-
perience with bubbles that result when water 
boils is primarily observational and is often 
linked to experiences at home boiling water on 
a stove. It is too early to introduce the abstract 
idea of invisible water molecules that make up 
water vapor. However, students can develop 
the precursor idea that water, in the form of 
invisible water vapor, escapes from the surface 
of an uncovered liquid. It may be too soon to 
introduce the idea that bubbles of boiling wa-
ter contain water vapor, although students can 
observe steam going into the air from water 
that boils, even though steam contains some 
tiny droplets of water. Students must under-
stand the simpler idea that water goes into the 
air in a form we cannot see before the idea of 
kinetic molecular theory, which helps explain 
why bubbles form and what they are, is intro-
duced in middle school. !e notion that water 
vapor is a gas is a grade-level expectation in the 

national standards. Children de-
velop conceptions about bubbles 
early on through their everyday 
experiences, so it is not too early 
to ask students their ideas about 
boiling and bubbles. However, it 
is best to hold off on expecting a scientific ex-
planation until students are ready.

Middle School Students
In middle school, students have opportuni-
ties to examine the characteristics of different 
states of matter, and they begin to conceptu-
alize the particle movements associated with 
phase changes from solid to liquid to gas. 
Students observe and measure characteristic 
properties such as boiling point and melting 
point. Students have had varied experiences 
with boiling water. !ey compare evaporation 
of a liquid under ordinary ambient conditions 
as well as in situations where increased applica-
tion of heat is involved, such as boiling water. 
!is probe is useful in determining students’ 
preconceptions related to the common phe-
nomenon of bubbles forming in boiling water.

High School Students
During high school, instructional opportu-
nities connect the macroscopic properties of 
substances studied in middle school to a mi-
croscopic level. An understanding of kinetic 
molecular theory is a grade-level expectation in 
the standards that can be used to explain what 
the bubbles in boiling water are. !is probe 
may be useful in determining if students revert 
to their earlier preconceptions about bubbles 
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or if they can explain what is happening at a 
molecular level.

Administering the Probe
You may wish to use visual props for this 
probe. Bring a beaker of water or some other 
clear glass, boiling-safe container to a full boil 
so that students can see the bubbles forming 
and rising to the surface. Be sure students are 
wearing safety goggles and are not too close to 
the heat source if they are observing the boiling 
up close. Continue to heat the boiling water 
as students respond to the probe and explain 
their thinking. Teachers may want to continue 
to probe students’ ideas about boiling by com-
bining this probe with the “Turning the Dial” 
(p. 47) and “Boiling Time and Temperature” 
(p. 53) probes. 

Related Ideas in National 
Science Education Standards 
(NRC 1996)

K–4 Properties of Objects and Materials
• Materials can exist in different states—sol-

id, liquid, and gas. Some common mate-
rials, such as water, can be changed from 
one state to another by heating or cooling.

5–8 Properties and Changes in 
Properties of Matter
• A substance has characteristic proper-

ties, such as density, a boiling point, and 
solubility, all of which are independent of 
the amount of the sample. A mixture of 
substances often can be separated into the 

original substances using one or more of 
the characteristic properties.

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. In solids the structure is 
nearly rigid; in liquids molecules or atoms 
move around each other but do not move 
apart; and in gases molecules or atoms 
move almost independently of each other 
and are mostly far apart.

Related Ideas in Benchmarks 
for Science Literacy (AAAS 
1993)

3–5 Structure of Matter
• Heating and cooling cause changes in the 

properties of materials. Many kinds of chang-
es occur faster under hotter conditions.

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 be-
low the freezing point of water. Clouds and 
fog are made up of tiny droplets of water.

6–8 Structure of Matter
 Atoms and molecules are perpetually in mo-

tion. Increased temperature means greater 
average energy of motion, so most substances 
expand when heated. In solids, the atoms 

Indicates a strong match between the ideas elicited by the probe and a national standard’s learning goal.
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are closely locked in position and can only 
vibrate. In liquids, the atoms or molecules 
have higher energy, are more loosely con-
nected, and can slide past one another; some 
molecules may get enough energy to escape 
into a gas. In gases, the atoms or molecules 
have still more energy and are free of one 
another except during occasional collisions.

Related Research
• In a study by Barker (2004), many students 

ages 8–17 thought that the bubbles seen in 
boiling water are made of heat, air, oxygen, 
or hydrogen. Another conception was a 
change in state model that involved mol-
ecules breaking up on boiling and reform-
ing on condensing. Barker also discovered 
that students find it hard to appreciate the 
reversibility of phase changes, thinking of 
each process as a separate event.

• Students’ understanding of boiling precedes 
their understanding of evaporation from 
surfaces such as dishes and roads. In a sam-
ple of students ages 6–8, 70% understood 
that when water boils vapor comes from it 
and that the vapor is made of water. Howev-
er, the same students did not recognize that 
when a wet surface dries, the water turns to 
water vapor (Driver et al. 1994).

Suggestions for Instruction and 
Assessment
• Use the phenomenon of bubbles to explain 

what happens to water molecules during a 
change in state from boiling liquid to gas.

• Encourage students to draw the stages of 
what they think is happening to the wa-
ter as it is heated. Continue drawing right 
up to the stage where bubbles are formed 
and rising to the top and bursting. Care-
fully note how students get to the bubble 
stage—do the bubbles appear spontane-
ously in their drawings, or does the act of 
drawing help them make sense of what is 
happening to the water to form bubbles? 

• Students may have trouble accepting that 
water vapor is in the bubbles if they do not 
understand the idea that water vapor is in-
visible. Help students contrast the concept 
of invisible water vapor with visible water 
in the air such as clouds and fog, which 
are made of tiny suspended droplets rather 
than water molecules spread far apart.

• Ask students to observe and describe what 
happens to the water level as the water boils. 
Encourage them to explain where the wa-
ter went. How was it able to leave the glass 
container? Probe students to consider how 
the bubbles were involved in decreasing 
the water level. Challenge students who 
had the idea that the bubbles were air or 
nothing to explain how their model could 
account for the decreased water level.

• Consider how to present phase changes as 
reversible. Allow students to see heating 
and cooling cycles for themselves, so they 
can realize that phase changes do not re-
sult in a new substance being formed. !is 
cycle may help them see that the water es-
capes as a gas in the bubbles and can be 
recovered again through cooling.
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• By upper elementary grades, students 
should begin using terminology such as 
water vapor. Using the correct terminology 
and developing an understanding that wa-
ter is in the air may help them overcome 
the idea that water changes into air rather 
than remaining the same substance but in 
a form that you cannot see. 

• Be cautious when using the term steam with 
students to describe the gas or vapor form 
of water. What students are actually seeing 
over the boiling water when they refer to 
steam is a wispy mist—it is visible because 
it is water in a gaseous state that also con-
tains tiny water droplets. !ose tiny drop-
lets scatter light at their surfaces, allowing 
us to “see” the “steam” in much the same 
way that we can see fog or clouds. !e com-
mon use of the word steam is different from 
the way scientists or engineers use the word 
steam. To them, steam and vapor are both 
invisible forms of water in the gaseous state. 
However, when students (and often teach-
ers) use the word steam in the context of 
this probe, they are usually calling the vis-
ible substance that forms above the boiling 
water a gas. Technically this common use 
of the word steam is incorrect since a gas is 
invisible. !e Standards use the term vapor 
(not steam) to describe the invisible, gaseous 
form of water and explicitly point out that 
clouds and fog are made up of tiny drop-
lets of water in order to distinguish forms of 
water in the air that we can see from forms 
we cannot see. Older students may be in-
troduced to the scientific use of the word 

steam and compare it to how it is commonly 
used in our everyday language, once they 
have grasped the idea that substances in the 
gaseous state are not visible.

Related NSTA Science Store 
Publications and NSTA Journal 
Articles
See articles and publications listed on page 58. 
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Chemical Bonds
!ree students were discussing their ideas 
about chemical bonds. !is is what they 
said:

Janre: “I think a chemical bond is pro-
duced by a molecule. It is a substance 
made up of matter that holds atoms to-
gether.”

Will: “I think a chemical bond is an 
attraction between atoms. It is not made 
up of matter.”

Leta: “I think a chemical bond is a structural 
part of an atom that connects it to other atoms.”

Which student do you most agree with and why? Explain your thinking. 

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________
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Chemical Bonds
Teacher Notes

Purpose
!e purpose of this assessment probe is to 
elicit students’ ideas about chemical bonds. 
!e probe is designed to find out if students 
think bonds are physical matter or attractions 
between electrons.

Related Concepts
atoms or molecules, chemical bonds

Explanation
!e best response is Will’s. A chemical bond 

is an attraction between atoms; it is not 
made up of matter that holds atoms togeth-
er, and it is not a structural part of an atom. 
Two or more atoms are linked together by 
chemical bonds. !ere are several types of 
chemical bonds, including covalent bonds, 
ionic bonds, metallic bonds, and hydrogen 
bonds. Chemical bonds are formed between 
atoms as a result of an attraction between 
their electrons. !e bond exists as an attrac-
tive force between the atoms where electrons 
are transferred or shared.

Copyright © 2007 NSTA. All rights reserved. For more information, go to www.nsta.org/permissions.



U n c o v e r i n g  S t u d e n t  I d e a s  i n  S c i e n c e

P h y s i c a l  S c i e n c e  A s s e s s m e n t  P r o b e s

73

9

Curricular and Instructional 
Considerations

Elementary Students 
!e concept of chemical bonds far exceeds the 
ideas expected of students at the elementary level. 
However, upper elementary students have often 
seen representations of molecules and may begin 
to form the “ball-and-stick” idea that there is a 
structure or “glue” holding particles together.

Middle School Students
In middle school, students develop the idea 
that atoms join together to form molecules 
or crystalline arrays. !ey encounter the term 
chemical bond in both life science and physi-
cal science and have a concept of atoms be-
ing joined together, but an understanding of 
the mechanism by which electrons are shared 
or transferred, resulting in an attraction that 
holds atoms together, exceeds the middle 
school level. Students at this level see a vari-
ety of representations of molecules and ionic 
substances, including ball-and-stick models, 
which may contribute to their conception of 
a physical chemical bond. !ey learn that 
models, such as physical and graphic models 
of molecules and crystal arrays, do not entirely 
represent the real thing. !ese models can be 
used without going into details about the for-
mation or types of chemical bonds.

High School Students
Students at this level develop a deeper under-
standing of the microscopic nature of mol-
ecules, atoms, and parts of atoms, including 

the types of chemical 
bonds formed by the 
interaction of electrons. 
!e nature of the atom, 
including its interac-
tion with other atoms, 
is still an abstract, difficult idea for many stu-
dents. Because representations of molecules 
and compounds, including physical models 
and symbolic drawings, are commonly used 
in high school science, it is important to take 
the time to determine whether students have 
a conception of a chemical bond as a physical 
entity or a force of attraction. Many students 
can define the types of chemical bonds and the 
mechanism in which atoms are joined together 
yet still harbor the common misconception 
that a chemical bond is a structural component 
of a substance or a glue-like form of matter.

Administering the Probe
!is probe is appropriate for middle school and 
high school students, although middle school 
students should not be expected to know the 
detailed mechanism of bonding.

Related Ideas in National 
Science Education Standards 
(NRC 1996)

9–12 Structure and Properties  
of Matter
• Atoms interact with one another by trans-

ferring or sharing electrons that are farthest 
from the nucleus. !e outer electrons gov-
ern the chemical properties of the element.

Topic: Types of Chemical 
Bonds
Go to: www.scilinks.org
Code: USIS2M73
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 Bonds between atoms are created when 
electrons are paired up by being transferred 
or shared. A substance composed of a sin-
gle kind of atom is called an element. !e 
atoms may be bonded together into mol-
ecules or crystalline solids. A compound is 
formed when two or more kinds of atoms 
bind together chemically.

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 magnification.

6–8 Structure of Matter
• All matter is made up of atoms, which are 

too small to see directly through a micro-
scope. !e atoms of any element are alike 
but are different from atoms of other ele-
ments. Atoms may stick together in well-de-
fined molecules or may be packed together 
in large arrays. Different arrangements of 
atoms into groups compose all substances.

9–12 Structure of Matter
 Atoms are made up of a positive nucleus sur-
rounded by negative electrons. An atom’s 
electron configuration, particularly the 
outermost electrons, determines how the 
atom can interact with other atoms. Atoms 
form bonds to other atoms by transferring 
or sharing electrons.

• 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
• An extension of the idea that atoms “need” 

to form bonds is that atoms “make deci-
sions” about forming bonds. !is may 
come from analogies used in teaching such 
as holding hands or finding a new partner 
(Barker 2004).

• In general, students have difficulty in de-
veloping an adequate conception of the 
chemical combination of elements until 
they can interpret combination at the mo-
lecular level (Driver et al. 1994).

• Students have difficulty interpreting the 
use of ball-and-stick models for ionic lat-
tices. Twenty-seven Australian 17-year-olds 
were interviewed in a study by Butts and 
Smith (1987) using a ball-and-stick model 
of sodium chloride. Students confused the 
six sticks around each ball as “one ionic 
and five physical bonds.” Only two of the 
students mentioned that the sticks were 
used merely to hold the balls in place for 
the model (Driver et al. 1994).

Suggestions for Instruction and 
Assessment
• !e use of anthropomorphic analogies to 

explain how bonds form should be avoid-
ed. !ese analogies give students false ideas 

Indicates a strong match between the ideas elicited by the probe and a national standard’s learning goal.
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about atoms “wanting” to form bonds, 
“needing” a certain number of bonds, or 
“finding a partner.” !e analogies tend to 
confuse organisms’ behavior with chemi-
cal behavior (Barker 2004).

• When using representations such as sym-
bolic drawings of compounds and ball-
and-stick models, explicitly state that the 
lines do not represent actual physical struc-
tures at the atomic and molecular level.

• Connect the idea of representations of chem-
ical bonds to students’ understanding of 
how models are used to represent structures 
and phenomena. Provide an opportunity 
for students to critique the representations 
of molecules and compounds, describing 
the limitations of representations in depict-
ing an actual molecule or compound.

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.

Cobb, C., and M. Fetterolf. 2005. !e joy of chem-
istry: !e amazing science of familiar things. Am-
herst, NY: Prometheus Books.

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

Keeley, P. 2005. Science curriculum topic study: 
Bridging the gap between standards and practice. 

!ousand Oaks, CA: Corwin Press.
National Research Council (NRC). 1996. National 

science education standards. Washington, DC: 
National Academy Press.
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Ice-Cold Lemonade
 
It was a hot summer day. Mattie poured herself a glass 
of lemonade. !e lemonade was warm, so Mat-
tie put some ice in the glass. After 10 
minutes, Mattie noticed that the ice 
was melting and the lemonade was 
cold. Mattie wondered what made the 
lemonade get cold. She had three differ-
ent ideas. Which idea do you think best 
explains why the lemonade got cold? 
Circle your answer.

A !e coldness from the ice moved 
into the lemonade.

B  !e heat from the lemonade moved into the ice.

C  !e coldness and the heat moved back and forth until the lemonade cooled off.

Explain your thinking. Describe the “rule” or reasoning you used for your answer.

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________
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Ice-Cold Lemonade
Teacher Notes

Purpose
!e purpose of this assessment probe is to elic-
it students’ ideas about the transfer of energy. 
!e probe is designed to determine whether 
students recognize that heat flows from warm-
er objects or areas to cooler ones.

Related Concepts
conduction, energy, energy transfer, heat

Explanation
!e best response is B: !e heat from the 
lemonade moved into the ice. Heat energy is 
associated with the motion of molecules in a 
substance. !is energy is transferred from one 
place to another through the processes of heat 

flow. !is thermal energy will only move from 
a warmer object to a cooler object, never the 
other way around. In the case of the lemonade 
and ice, as the molecules in the warmer lemon-
ade came in contact with the molecules in the 
cooler ice, heat energy flowed into the ice from 
the lemonade. !is process cooled the lemon-
ade and melted the ice.
 Common language contains many refer-
ences to the idea of “cold” moving from place 
to place. Children are advised to close a refrig-
erator door, so as not to “let the cold out,” and 
we complain about winter chills that “get into 
your bones.” Such phrases reinforce the com-
mon notion that something known as cold can 
move from place to place. Because what we 
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sense as warm or cold simply refers to the av-
erage thermal energy of an object’s molecules, 
these references to cold moving are generally 
misnomers for the transfer of heat energy from 
warmer to cooler objects.

Curricular and Instructional 
Considerations

Elementary Students 
In the early grades students use the terms heat, 
hot, and cold to describe encounters with objects 
and their surroundings. !ey have experiences 
mixing same and different amounts of hot and 
cold water together and finding the resulting 
temperature. As they reach the age of eight or 
nine they can talk about heat as a type of con-
tinuum from cold to hot, but they commonly 
associate heat with objects such as the stove, 
the Sun, or a fire. Developing the formal idea 
of heat transfer is difficult for younger elemen-
tary students and can wait until middle school. 
At this grade level it is sufficient for students to 
know that heat moves from one place to an-
other, which can be observed with their senses. 
!is probe is useful in determining students’ 
early conceptions of the flow of heat.

Middle School Students
Students at this level have a general concept of 
heat but still associate it more with the nature 
of objects rather than energy transfer. Students’ 
experiences with the movement of heat energy 
expand to include conduction, convection, 
and radiation. By the end of middle school, 
students should be able to connect their un-

derstanding of the motion of molecules to the 
transfer of heat energy in examples involving 
conduction and convection. Even with formal 
instruction, middle school students will still 
have difficulty understanding the direction of 
heat flow. !is probe is useful in determining 
whether students hold on to their preconceived 
notions, particularly the idea that cold moves 
out of an object or substance.

High School Students
!e concepts of heat, thermal energy, and en-
ergy transfer can now be extended into new 
contexts, including nuclear reactions and bio-
logical energy transfers. However, it is still 
likely that students will hold onto their pre-
conceptions about the movement of cold, pos-
sibly until the laws of thermodynamics are 
introduced in physics. !is probe is useful in 
determining whether these ideas persist.

Administering the Probe
You may wish to use visual props for this 
probe. For example, pour a glass of warm 
lemonade. Place a thermometer in the glass of 
lemonade and tell the class what the tempera-
ture of the lemonade is. Add ice to the glass of 
lemonade. After 10 minutes, tell the class what 
the temperature of the iced lemonade is and 
pose the question  in the probe. Be aware that 
the language in the probe is intentional. !e 
word moved was used instead of transferred to 
avoid memorized definitions of energy trans-
fer. You may want to ask students to draw their 
ideas, noting whether they perceive heat as a 
substance that moves, similar to the historical 
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“caloric” model, or use ideas about the motion 
of particulate matter. 

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.

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.

• In most chemical and nuclear reactions, en-
ergy is transferred into or out of a system. 
Heat, light, mechanical motion, or electric-
ity might all be involved in such transfers.

9–12 Conservation of Energy and the 
Increase of Disorder
• Heat consists of random motion and the 

vibrations of atoms, molecules, and ions. 
!e higher the temperature, the greater the 
atomic or molecular motion.

 Everything tends to become less organized 
and less orderly over time. !us in all en-

ergy transfers the overall effect is that the 
energy is spread out uniformly. Examples 
are the transfer of energy from hotter to 
cooler objects by conduction, convection, 
and the warming of our surroundings 
when we burn fuel.

Related Ideas in Benchmarks 
for Science Literacy (AAAS 
1993)

3–5 Energy Transformation 
 When warmer things are put with cooler 
ones, the warm ones lose heat and the cool 
ones gain it until they are all the same 
temperature. A warmer object can warm a 
cooler one by contact or at a distance. 

6–8 Energy Transformation
 Heat can be transferred through materials by 
the collision of atoms or across space by ra-
diation. If the material is fluid, currents will 
be set up in it that aid the transfer of heat.

• Energy appears in different forms. Heat en-
ergy is in the disorderly motion of molecules.

9–12 Transformations of Energy
• Heat energy in a material consists of 

the disordered motion of its atoms or  
molecules.

Related Research
• Middle school students often do not explain 

the process of heating and cooling in terms 
of heat being transferred. When transfer 
ideas are involved, some students will think 

10

Indicates a strong match between the ideas elicited by the probe and a national standard’s learning goal.
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that cold is being transferred from a colder 
to warmer object. Other students think that 
both heat and cold are transferred at the 
same time (AAAS 1993).

• Middle and high school students do not 
always explain heat-exchange phenomena 
as interactions. For example, students may 
say that objects tend to cool down or re-
lease heat spontaneously without acknowl-
edging that the object has come in contact 
with a cooler object or area (AAAS 1993).

• Numerous studies have shown that few 
middle and high school students under-
stand the molecular basis of heat transfer 
after instruction. Difficulties in under-
standing remain even with instruction 
that is specially designed to explicitly ad-
dress the difficulty of understanding heat 
transfer (AAAS 1993).

• Many researchers have found that children 
have difficulty understanding heat-related 
ideas. Harris (1981) and other researchers 
suggested that much of the confusion about 
heat comes from the words we use and that 
children tend to think of heat as a substance 
that flows from one place to another. Cold 
is also thought of as an entity like heat, with 
many children thinking that cold is the op-
posite of heat rather than being part of the 
same continuum (Driver, Guesne, and Ti-
berghien 1985; Driver et al. 1994).

Suggestions for Instruction and 
Assessment
• !e Benchmarks (AAAS 1993, p. 81) state 

that energy is a major exception to the prin-

ciple that students should un-
derstand an idea before giving 
them a label for it. Because 
energy is such a mysterious 
concept, children can actually 
benefit from hearing the term 
and talking about it before being able to de-
fine it. Developing a formal conception of 
energy and energy-related concepts should 
wait until students are ready. 

• Elementary students should have multiple ex-
periences putting warmer and cooler things 
together, measuring the temperature, and de-
scribing the result. It is not until middle school 
that students begin to describe and draw a 
particulate model to explain what happens.

• In upper elementary grades, students can 
investigate warm and cold objects, observ-
ing how heat seems to spread from one area 
to another. Starting with objects that are 
warmer than their immediate environment 
to investigate heat transfer may make more 
sense than starting with objects that are cold-
er than their surrounding environment.

• Computer probeware may be more effec-
tive than ordinary thermometers in help-
ing students observe small changes in tem-
perature during heat transfer.

• Be aware that many students think that 
cold moves. When developing the idea of 
heat moving from warmer to cooler areas, 
have students generate examples of everyday 
phrases that describe the movement of cold, 
such as “shut the door or you will let all the 
cold in.” Engage students in critiquing these 
phrases in terms of how energy moves.

10
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• Explicitly address the idea of interactions 
when teaching about energy transfer so that 
students do not develop the notion of it being 
one-sided. Have students identify the materi-
als or objects involved in the interactions.

• Instruction on heat and heat transfer 
should be carried out over the long term 
and not done in one short unit. !ese are 
difficult and abstract ideas, and it takes 
time and multiple experiences for students 
to use these ideas scientifically.

• High school students should have multiple 
opportunities to use heat energy transfer 
ideas in multiple contexts, including chemi-
cal, nuclear, geologic, and biological con-
texts. Revisiting heat transfer ideas reinforc-
es the concept and helps students see how 
powerful the “big idea” of energy transfer is 
in explaining a wide range of phenomena. 

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.

Ashbrook, P. 2006. !e matter of melting. Science 
& Children (Jan.): 18–21. 

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

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

May, K., and M. Kurbin. 2003. To heat or not to 

heat. Science Scope (Feb.): 38–41.
National Research Council (NRC). 1996. National 

science education standards. Washington, DC: 
National Academy 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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Mixing Water
Melinda filled two glasses of equal size half-full with water. !e water in one glass was 
50 degrees Celsius. !e water in the other glass was 10 degrees Celsius. She poured 
one glass into the other, stirred the liquid, and measured the temperature of the full 
glass of water.

What do you think the temperature of the full glass of water will be after the water is 
mixed? Circle your prediction.

A  20 degrees Celsius

B  30 degrees Celsius

C  40 degrees Celsius

D  50 degrees Celsius

E  60 degrees Celsius

Explain your thinking. Describe the “rule” or reasoning you used for your answer.

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

?
50°C 10°C
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Mixing Water
Teacher Notes

Purpose
!e purpose of this assessment probe is to elic-
it students’ ideas about temperature and en-
ergy transfer. !e probe is designed to find out 
whether students recognize that a transfer of 
energy from the warm water to the cool water 
occurs until they reach the same temperature. 
Additionally, students’ explanations reveal 
whether they use an addition, subtraction, or 
averaging strategy to determine the resulting 
temperature.

Related Concepts
conduction, energy, energy transfer, heat, tem-
perature

Explanation
!e best response is B: 30°C. (In actuality it 
would be slightly less, because a small amount 
of heat energy is transferred from the water to 
the glass and the surrounding environment in 
the process.) Temperature is a measure of the 
average motion of the particles that make up 
the water. !e two separate samples of water 
are at different temperatures, meaning the av-
erage energy of the particles is less in the cooler 
(10°C) sample. When the cooler water and the 
warmer water are mixed together, a transfer of 
energy (conduction) occurs between particles 
when they come in contact with each other. 
!e flow of heat moves from the molecules 

?
50°C 10°C
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in the warmer water to the molecules in the 
cooler water until they have the same average 
energy (temperature). Since the two samples 
of water are identical in volume, the thermal 
equilibrium that is reached is an average of the 
two temperatures. 

Curricular and Instructional 
Considerations

Elementary Students 
At the elementary level, students’ experiences 
with materials are primarily observational. !ey 
know how to measure temperature with a ther-
mometer. Mixing hot and cold water and predict-
ing and observing the resulting temperature is 
observational and should initially be approached 
qualitatively. At this level, students should not be 
expected to explain the resulting temperatures in 
terms of energy transfer. !e emphasis should be 
on exploring how heat spreads from one place to 
another, including how cooler materials can be-
come warmer and vice versa. !e basic concept 
of conduction can be introduced at the level of 
objects or materials, but not atoms or molecules. 
Although students at this grade level are not 
ready to understand what heat is or the differ-
ence between heat and temperature, it is helpful 
to refer to energy transfers in terms of gaining 
or losing heat in order to help students overcome 
their intuitive notion that cold is a substance that 
spreads like heat.

Middle School Students
In middle school, students shift their focus 
from observing what happens when warm 

and cold water are mixed together to ex-
plaining what happens in terms of the flow 
of heat energy from warm to cold. !is is 
also a time when the term thermal energy, 
as opposed to heat energy, is introduced. 
Students begin to connect the idea of heat 
with a movement of energy. As upper middle 
school students develop a model of particle 
motion as it relates to heat and temperature, 
they can begin to connect this idea to the 
concept of conduction as a mechanism for 
the transfer of heat between atoms or mol-
ecules. !e idea of energy transfer begins 
to become quantitative as students see that 
an energy loss in one material is a gain in 
energy for the other, and this idea leads to 
the development of an understanding of the 
key principle of conservation of energy. !is 
probe targets the grade-level expectation of 
understanding that heat flows from warmer 
to cooler objects and materials until they 
both reach the same temperature.

High School Students
Students build on their experiences with en-
ergy transfers in middle school to investigate a 
variety of energy transfers more systematically 
and quantitatively, collecting evidence that 
confirms that energy is conserved during en-
ergy transfers and recognizing the loss of some 
heat energy through dissipation. With careful 
instruction, students can begin to understand 
the operational distinction between heat and 
temperature, but the idea of heat as random 
motion and vibrating atoms or molecules is 
still difficult for many students to grasp.
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Administering the Probe
You may wish to use visual props for this 
probe to demonstrate the two equal volumes, 
the pouring of one glass into another, and 
mixing the combination of the two samples. 
With younger students, you can change the 
probe to be more qualitative by asking what 
would happen if cool and warm water were 
mixed together—with the choices being (1) 
the water will become even cooler, (2) the wa-
ter will become even warmer, or (3) the water 
will be somewhere in between the two. !e 
probe can be further adapted for older stu-
dents by changing the volumes of water that 
are mixed together.

Related Ideas in National 
Science Education Standards 
(NRC 1996)

K–4 Light, Heat, Electricity, and 
Magnetism

 Heat can move from one object to another 
by conduction.

5–8 Transfer of Energy
• Energy is transferred 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. 
!e higher the temperature, the greater the 

atomic or molecular motion.
• Everything tends to become less organized 

and less orderly over time. !us in all en-
ergy transfers, the overall effect is that the 
energy is spread out uniformly. Examples 
are the transfer of energy from hotter to 
cooler objects by conduction, radiation, or 
convection and the warming of our sur-
roundings when we burn fuels.

Related Ideas in Benchmarks 
for Science Literacy (AAAS 
1993)

3–5 Energy Transformations
 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. A warmer object can warm a 
cooler one by contact or at a distance.

6–8 Structure of Matter
• Atoms and molecules are perpetually  

in motion. Increased temperature means 
greater average energy of motion.

6–8 Energy Transformations
 Heat energy can be transferred through 
materials by the collision of atoms or across 
space by radiation.

• Energy appears in different forms. Heat en-
ergy is in the disorderly motion of molecules.

9–12 Energy Transformations
• Whenever the amount of energy in one 

place or form diminishes, the amount in 

Indicates a strong match between the ideas elicited by the probe and a national standard’s learning goal.
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other places or forms increases by the same 
amount.

 Heat energy in a material consists of the 
disordered motions of its atoms or mole-
cules. In any interactions of atoms or mol-
ecules, the statistical odds are that they 
will end up with less order than they be-
gan—that is, with the heat energy spread 
out more evenly.

Related Research
• Middle school students often do not ex-

plain the process of heating and cooling 
in terms of heat being transferred. When 
transfer ideas are involved, some students 
will think that cold is being transferred 
from a colder to warmer object. Other 
students think that both heat and cold 
are transferred at the same time (AAAS 
1993).

• Middle and high school students do not 
always explain heat-exchange phenomena 
as interactions. For example, students may 
describe objects as tending to cool down 
or release heat spontaneously without ac-
knowledging that the object has come in 
contact with a cooler object or area (AAAS 
1993).

• Numerous studies have shown that few 
middle and high school students under-
stand the molecular basis of heat transfer 
after instruction. Difficulties in under-
standing remain even with instruction 
that is specially designed to explicitly ad-
dress the difficulty of understanding heat 
transfer (AAAS 1993).

• Researchers have found that 
difficulties experienced by 
students in response to ques-
tions that ask them to predict 
the final temperature of a 
mixture of two quantities of 
water, given the initial temperature of the 
components, depend on the form in which 
the temperature problems are presented. 
Qualitative tasks in which the water is 
described as warm, cool, hot, or cold are 
easier than quantitative ones in which spe-
cific temperatures are given. !e mixing of 
waters at different temperatures (e.g., hot 
and cold or 30°C and 80°C) is more dif-
ficult than mixing water at the same tem-
perature (e.g., warm and warm or 50°C 
and 50°C). It is not until around the age 
of 12 that most students can predict quan-
titatively what will happen in the type of 
problem posed in this probe (Erickson and 
Tiberghien 1985).

• Student responses to tasks similar to the one 
posed in this probe have been categorized 
according to the strategy used. Younger 
students (ages 8–9) prefer an addition 
strategy, whereas older students are more 
apt to use a subtraction strategy, which at 
least acknowledges that the final tempera-
ture lies somewhere in between. However, 
students ages 12–16 were as likely to use 
an addition or subtraction strategy as to 
use an averaging strategy (Erickson and 
Tiberghien 1985).

• When considering the final temperature 
of two beakers of cold water at the same 
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temperature mixed together, children ages 
4–6 often judge the temperature to be the 
same. However, children ages 5–8 often 
say that the water will be twice as cold 
because there is twice as much water. At 
age 12, students describe the water as be-
ing the same temperature when mixed to-
gether, much like the very young children. 
One possible explanation for this progres-
sion is that young children do not consid-
er amount and judge temperature as if it 
were an extensive physical quantity. Older 
children are more able to differentiate be-
tween intensive and extensive quantities, 
understanding that temperature remains 
unchanged despite the amount of water. 
It was also found that children tended to 
make more correct predictions of tempera-
ture when equal amounts of hot and cold 
water were mixed than when two equal 
amounts of cold water were mixed (Driver 
et al. 1994).

Suggestions for Instruction and 
Assessment
• !is probe can be followed up with an 

inquiry-based investigation. Ask the ques-
tion, encourage students to commit to a 
prediction, then test it with the tempera-
tures stated in the probe (use caution when 
students are handling hot liquids). !e dis-
sonance involved in discovering that their 
predictions and results may differ should 
lead to testing other combinations of tem-
peratures, including mixing of water at the 
same temperature.

• Depending on the age of the students, vary 
their experiences to include mixing same 
temperatures; mixing samples at two dif-
ferent cold, hot, warm, or cool tempera-
tures; mixing two different temperatures 
that vary by less than 10 degrees or more 
than 50 degrees; mixing unequal volumes 
at same temperatures and unequal volumes 
at different temperatures; mixing three of 
four different samples at same and different 
volumes; and so on. Ideally, have students 
come up with the various configurations 
to test. Have students discover the pattern 
that results from a variety of mixings and 
use their discovery to lead into an explana-
tion of heat transfer.

• Try juxtaposing two different representa-
tional systems. Give one probe in which 
the prediction is stated as mixing equal 
amounts of cold and hot water and give 
the other stated in quantitative terms as in 
this probe. If their responses differ, use this 
conflict-inducing strategy to begin to help 
students distinguish between the ideas of 
temperature and heat.

• To develop the idea of conduction, provide 
students with multiple opportunities to 
mix hot and cold objects and materials, not 
only liquids. For example, freeze or heat 
solid objects and add them to a container 
of water. Do not end activities with find-
ings; be sure to engage students in discus-
sion about their findings and explanations, 
connecting them to the variety of experi-
ences they have had in mixing objects and 
materials at different temperatures in order 

11
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to develop generalizations and appreciate 
their range of applications.
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Is It a Plant?

Each of the things listed below can be found living and growing  
in its environment. Put an X next to the things that you consider  
to be plants.

___  fern ___ grass  ___ moss 

___  vine ___ grasshopper ___ tomato  

___  mold ___ flower ___ tree

___  onion ___ weed ___ bush  

___  cactus  ___ bacteria ___ mushroom

___  cabbage ___ dandelion ___ carrot
     

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

_______________________________________________________________

_______________________________________________________________

_______________________________________________________________

_______________________________________________________________

_______________________________________________________________

_______________________________________________________________

_______________________________________________________________

_______________________________________________________________

_______________________________________________________________

_______________________________________________________________

12
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Is It a Plant?
Teacher Notes

Purpose
!e purpose of this assessment probe is to 
elicit students’ ideas about plants. !e probe 
is designed to determine how students classify 
organisms as plants.

Related Concepts
biological classification, plants

Explanation
!e items on the list biologically considered to 
be plants are fern, grass, moss, vine, tomato, 
flower, tree, onion, weed, bush, cactus, cab-
bage, dandelion, and carrot. Plants are mul-
ticellular organisms that are generally able to 
make their own food through photosynthesis. 
Many plant cells contain pigments capable of 

absorbing light. Plants have a structure called 
a cell wall, which is made mostly of cellulose. 
Plants can vary in size, from tall trees to short 
mosses.
 Some of the items on this list are “plant-
like” but are not plants. For example, mush-
rooms and mold are classified as fungi. !eir 
cell walls are generally made of chitin instead 
of cellulose, and they do not make their own 
food or contain light-absorbing pigments 
within their cells. !e grasshopper is a green 
animal; some students think that anything 
green is a plant. Bacteria are prokaryotic 
organisms, meaning they lack membrane-
bound organelles like those found in plants, 
even though bacteria have a cell wall and 
some bacteria are capable of photosynthesis. 

12
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Curricular and Instructional 
Considerations

Elementary Students
Plants are a common topic for investigation 
into the characteristics of and processes that 
maintain life. Typically, young students learn 
to distinguish plants from other organisms by 
their structures, unique needs (such as light), 
observable functions, and outward appear-
ance (green). Characteristics used for group-
ing plants or distinguishing plants from other 
organisms are based primarily on observations 
of their external structures and characteristics. 
Details about their cell structures, photosyn-
thesis, embryological development, and mod-
ern taxonomy exceed what is developmentally 
appropriate at this level.
 Although students have many opportuni-
ties to observe and investigate plants and plant 
parts, their conception of a plant may be lim-
ited to the types of plants they have experienc-
es with—typically, flowering plants. Students 
may fail to develop a generalization of what a 
plant is if they are limited in experience to one 
type of plant. !is probe is useful in determin-
ing whether students recognize that plants are 
a broad category for a variety of biologically 
diverse organisms. Elementary students should 
not be expected to define a plant by sophisti-
cated structural, functional, and developmen-
tal criteria.

Middle School Students 
Middle school is the time when students begin 
to use scientific classification criteria to distin-

guish among the major kingdoms 
or domains of organisms. !ey 
distinguish plants from other plant-
like organisms, including fungi and 
green algae. !ey begin to learn 
about bacteria as simple one-celled 
organisms that differ from plants, 
fungi, protists, and animals. !ey examine 
different types of cells with simple microscopes 
and can distinguish plant cells from animal 
cells by their observable structures. !ey are 
familiar with plant cell structures such as cell 
walls and chloroplasts but do not need to know 
the structural components. Students recognize 
the ability of most plants to make their own 
food through photosynthesis.
 !is probe is useful in determining wheth-
er students have a generalized concept of plants 
and in examining whether they use more so-
phisticated biological criteria than elementary 
students in distinguishing plants from other 
organisms.

High School Students 
At the high school level, students use mod-
ern taxonomies to distinguish among and be-
tween organisms. !ey are introduced to the 
three major domains of modern taxonomy 
and the kingdoms, such as Plantae, within 
those domains. At this level they can begin 
to use more sophisticated criteria to define 
plants, including embryological develop-
ment, plastids, autotrophism, and molecular 
substances found in plant structures. How-
ever, caution must be used with the extensive 
terminology students typically encounter in 

12

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

biology. Even though they may “learn” these 
terms and criteria, they may still revert to 
their earlier conceptions of what a plant is.

Administering the Probe
Be sure students understand that the terms on 
the list refer to the complete organism. For ex-
ample, tomato refers to the complete tomato 
plant, not just the fruit. Make sure students 
are familiar with the items on the list; you may 
wish to remove or replace items that students 
have little or no familiarity with.
 !is probe can be used as a card sort. In 
small groups, students can sort cards with 
the names of organisms into two groups—
“plants” and “not plants.” Listening careful-
ly to students as they decide or argue about 
which category the organism on the list be-
longs to lends additional insight into student 
thinking. An alternative sorting method is to 
use pictures of plants with or without names, 
including plants in natural settings, gardens, 
and pots. Pictures can also be combined with 
real examples of plants on the list. With early 
elementary students, sorting can be done as a 
whole-class discussion. High school teachers 
may want to add more sophisticated examples 
that students have previously encountered, 
such as microscopic algae, giant kelp, yeast, 
euglena, and Venus flytrap.

Related Ideas in National 
Science Education Standards 
(NRC 1996) 

K–4 The Characteristics of Organisms

• Organisms have basic needs. For example, 
animals need air, water, and food; plants 
require air, water, nutrients, and light.

• Each plant or animal has different struc-
tures that serve different functions in 
growth, survival, and reproduction.

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 ap-
parent from an analysis of internal struc-
tures, the similarity of their chemical 
processes, and the evidence of common 
ancestry.

5–8 Populations and Ecosystems
 Populations of organisms can be catego-
rized by the function they serve in an eco-
system. Plants and some microorganisms 
are producers—they make their own food. 
All animals, including humans, are con-
sumers, which obtain food by eating other 
organisms. Decomposers, primarily bacte-
ria and fungi, are consumers that use waste 
materials and dead organisms for food.

9–12 The Cell
 Plant cells contain chloroplasts, the site of 
photosynthesis. Plants and many microor-
ganisms use solar energy to combine mol-
ecules of carbon dioxide and water into 
complex, energy-rich organic compounds 
and release oxygen to the environment.

12
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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 
another.

3–5 Diversity of Life
 A great variety of living things can be sort-
ed into groups in many ways using various 
features to decide which things belong 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 classi-
fied as either plants or animals.

 Similarities among organisms are found in 
internal anatomical features, which can 
be used to infer the degree of relatedness 
among organisms. In classifying organ-
isms, biologists consider details of internal 

and external structures to be more impor-
tant than behavior or general appearance.

Related Research
• Some research indicates that in second 

grade students begin to shift their think-
ing about organisms based on perceptual 
and behavioral features to more biological 
representations (AAAS 1993).

• Methods of grouping organisms vary by 
developmental level. For example, in up-
per elementary school some students may 
group organisms, such as plants, by ob-
servable features, whereas others base their 
groupings on concepts. By middle school, 
students start to group organisms hierar-
chically when they are asked to do so. It 
is not until high school that students use 
hierarchical taxonomies without being 
prompted (AAAS 1993).

• Elementary and middle school students 
hold a more restricted meaning for the 
word plant than biologists. Trees, vegeta-
bles, and grass are often not considered to 
be plants (AAAS 1993).

• In a study by Leach et al. (1992), students 
used “plant,” “tree,” and “flower” as mu-
tually exclusive groups. However, when 
students were given a restricted number of 
classification categories in a classification 
task, they assigned trees and flowers to the 
plant category (Driver et al. 1994).

• Ryman (1974) found that 12-year-old 
English students had more difficulty 
classifying plants into taxonomic catego-
ries than they did classifying animals. It  
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appeared that students learned a “school 
science” way of classifying but retained 
their intuitive ideas about plant classifica-
tion in everyday life (Driver et al. 1994).

• In a study by Stead (1980), some children 
suggested that a plant is something that is 
cultivated; hence grass and dandelions were 
considered weeds, not plants. Some chil-
dren considered cabbage and carrots to be 
vegetables, not plants. !ey viewed vegeta-
bles as a comparable set rather than a subset 
of plants.

Suggestions for Instruction 
and Assessment
• Provide opportunities for students to ob-

serve, identify, and investigate a variety 
of flowering and nonflowering plants, not 
just the typical flowering plants (e.g., bean 
plants) that are commonly used in class-
room investigations. Students should in-
vestigate vegetables, flowers, ferns, mosses, 
trees, vines, weeds, bushes, and grasses.

• Alert students to the common use of the 
word plant versus the scientific meaning of 
the word, so that students will recognize 
trees, weeds, vines, and other plants that 
are referred to by those names as also be-
longing to a larger group called plants. 

• At the high school level, help students 
reflect back on their growing knowledge 
of plant taxonomy from the macroscopic 
level (organism) to the microscopic level 
(plant cell and cell parts) to the molecular 
level (chlorophyll).

• Have students develop pre-instruction and 

post-instruction concept maps to illustrate 
their meaning of the concept of a plant.

• Draw comparisons between familiar sub-
sets of animal classifications (e.g., reptiles, 
amphibians, fish, birds, and mammals 
grouped under vertebrates, which are 
grouped under animals) and plant classi-
fications so that students can develop the 
idea of “plant” as a broad category that 
includes a variety of subsets with com-
mon characteristics. For example, there 
are vascular plants and nonvascular plants. 
Vascular plants can be broken down into 
subsets that include plants that do not pro-
duce seeds and those that produce seeds. 
Seed-producing plants can be further bro-
ken down into subsets of flowering seed 
plants and nonflowering seed plants. !is 
will help older students understand that 
plants include a variety of groupings. 

Related NSTA Science Store 
Publications and Journal 
Articles
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eracy. New York: Oxford University Press.

Barman, C., M. Stein, N. Barman, and S. McNair. 
2003. Students’ ideas about plants: Results 
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Needs of Seeds
Seeds sprout and eventually grow into young plants called seedlings. Put an X next 
to the things you think a seed needs in order for it to sprout. 

___   water

___   soil

___   air

___   food

___   sunlight

___   darkness

___   warmth

___   Earth’s gravity

___   fertilizer

Explain your thinking. Describe the “rule” or reasoning you used to decide what a 
seed needs in order to sprout.

_______________________________________________________________

_______________________________________________________________

_______________________________________________________________

_______________________________________________________________

_______________________________________________________________

_______________________________________________________________

_______________________________________________________________

_______________________________________________________________
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Needs of Seeds
Teacher Notes

Purpose
!e purpose of this assessment probe is to elicit 
students’ ideas about seeds. It specifically probes 
to find out if students recognize that a seed has 
needs, similar to other organisms, that allow it to 
develop into the next stage of its life cycle. 

Related Concepts
germination, life cycles, needs of organisms, seeds

Explanation
!e best response is that seeds need water, air, 
and warmth. Like all living things, the plant 
embryo inside a seed needs water, air, food, 
and warmth to carry out the life processes that 
will support its germination and growth. !e 
young plant embryo needs food as its source 
of energy and building material for growth. 
However, the food it needs is already contained 
within the seed in the form of a cotyledon, since 

a young sprout does not yet have the leaves to 
enable it to carry out photosynthesis. Air is 
necessary for seeds to respire. Seeds must take 
in oxygen to use and release energy from their 
food. Seeds also require a warm temperature 
and water for the life-sustaining chemical re-
actions that take place in the cells of the young 
plant embryo to occur. However, some seeds, 
such as acorns, need to go through a cold pe-
riod before they germinate. Too much liquid 
water “drowns” seeds by preventing them from 
taking in oxygen and causes them to rot. Some 
seeds can sprout in humid air without the need 
for a moist surface. Hence, the right amount of 
water needs to be available.
 Seeds can sprout without soil as long as 
they have a source of moisture. Sunlight is 
not needed, as evidenced by the way many 
seeds germinate when covered by soil. Seeds 
have sprouted in microgravity in space. Grav-
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Topic: Seed Germination
Go to: www.scilinks.org
Code: USIS2M103

ity affects the ability of the sprout to send its 
early root structures downward, but seeds 
can sprout even in conditions where gravity is 
much less than that on Earth. Fertilizers are 
not needed by seeds. !ey are used by plants 
once they have established roots and can take 
in these substances from the soil to contribute 
essential elements to the cells that make up 
their plant structures.

Curricular and Instructional 
Considerations

Elementary Students
Elementary students typically have experiences 
germinating seeds and growing plants. Early 
experiences focus primarily on the seed’s need 
for water and warmth. Since students often 
plant their seeds in soil and water them, they 
may not realize that soil is not necessary for a 
seed to germinate. Likewise, since the seeds are 
in soil, they may think darkness is a require-
ment and that sunlight would harm a seed. In-
vestigations that involve germinating seeds un-
der various conditions help students recognize 
that some factors are needed for germination 
and others are not. Students can eventually 
distinguish between the needs of seeds and the 
needs of the growing plant. 

Middle School Students
Middle school students typically have more 
systematic experiences investigating plants 
and their needs. !e seed’s cotyledon is rec-
ognized and investigated as a source of food 
for the developing sprout and seedling before it 

grows into a plant capa-
ble of making food from 
carbon dioxide and wa-
ter using energy from 
sunlight. As students 
develop an understand-
ing that all living things 
carry out similar life processes, they recognize 
that seeds also need oxygen as well to carry 
out cellular respiration. At this level students 
should be able to distinguish between what 
seeds need to germinate and what complete 
plants need to function.

High School Students 
Although basic germination experiences take 
place in elementary and middle school, this 
probe may be useful in determining if students 
retain misconceptions related to germination. 
High school students learn about specialized 
factors that can affect germination, such as the 
need for some seeds to travel through animals’ 
digestive systems in order to open the seed coat 
or the need for some conifers to be exposed 
to fire in order to release seeds. !ey may also 
investigate the concept of inhibitors where 
chemicals released by some plants will inhibit 
the germination of other seeds in their area.

Administering the Probe
You may wish to use visual props with the 
probe. Show students an ungerminated bean 
seed and a germinated seed or show them a 
picture of a sprout or an actual sprout if there 
are students who do not know what a sprout is. 
For older students you may substitute the word 
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germinate for sprout. Remove any of the terms 
that may be unfamiliar to young children.
 !is probe can also be used as a card sort. 
Write the words on cards and have students 
sort them into piles of things seeds need to 
sprout and things seeds do not need to sprout. 
Listen carefully as they discuss their ideas 
about which pile to put their cards in.

Related Ideas in National 
Science Education Standards 
(NRC 1996)

K–4 The Characteristics of Organisms
 Organisms have basic needs. For example, 
plants require air, water, nutrients, and 
light.

K–4 Life Cycles of Organisms
• Plants and animals have life cycles that in-

clude being born, developing into adults, 
reproducing, and eventually dying. !e 
details of this life cycle are different for 
different organisms.

6–8 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.

Related Ideas in Benchmarks 
for Science Literacy (AAAS 
1993)

K–2 Cells
 Most living things need water, food, and air.

K–2 Flow of Matter and Energy
 Plants and animals both need to take in 
water, and animals need to take in food. In 
addition, plants need light.

3–5 Flow of Matter and Energy
• Some source of “energy” is needed for all 

organisms to stay alive and grow.

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. !is food can be used 
immediately or stored for later use.

Related Research
• Many children think that plants always 

need light to grow, and they apply this idea 
to germination (Driver et al. 1994).

• Driver et al.’s study of a large sample of 15- 
year-olds showed that many of the students 
thought that respiration only occurred 
in the cells of leaves of plants since these 
cells have gas exchange pores. !ey did not 
see things like seeds as exchanging gases 
(Driver et al. 1994).

• Some students fail to recognize a seed as a 
living thing; therefore they do not recog-
nize that seeds have needs similar to those 
of other living things (Driver et al. 1994). 

• Students appear to believe that food and 
light are necessary for all stages of plant 

 Indicates a strong match between the ideas elicited by the probe and a national standard’s learning goal.
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growth. However, prior to instruction 
they often do not understand that light is 
a requirement for food making but not a 
requirement for growth. A study conduct-
ed by Roth, Smith, and Anderson (1983) 
found that students held strongly to the 
idea that light is always required by plants 
even in the face of contrary evidence such 
as seedlings germinating in the dark (Driv-
er et al. 1994). 

• Russell and Watt (1990) interviewed 
younger students about their ideas related 
to conditions for growth, focusing on ger-
minations as well as vegetative growth. 
Ninety percent of the 60 children inter-
viewed identified water as necessary. Only 
a few mentioned air, gases, “food” (which 
to them was soil nutrients), sun, light, or 
heat (Driver et al. 1994).

• Some students have difficulty distinguish-
ing between germination and vegetative 
growth (Driver et al. 1994).

Suggestions for Instruction and 
Assessment
• !is probe could be followed up with an in-

quiry-based investigation. Have students make 
predictions and test their ideas with seeds that 
germinate easily, such as bean seeds.

• Use caution when teaching the ideas in 
the K–4 standards that state that all plants 
need light. !is is true for part of their life 
cycle, but a plant embryo, a sprout, and 
an emerging seedling do not need light at 
those stages in the life cycle because they 
have a stored source of energy. Once it has 

used up all the food that was stored in the 
seed’s cotyledon, the seedling needs light to 
make its own food, using its true leaves. 

• Examine seeds, helping students see where 
water is taken in, gases are exchanged, 
and food is stored for the young embryo. 
Rather than focusing on naming the parts 
of a seed, help students understand how 
the seed contributes to the growth and life 
functions of the young plant.

Related NSTA Science Store 
Publications and Journal 
Articles
American Association for the Advancement of Sci-

ence (AAAS). 1993. Benchmarks for science lit-
eracy. New York: Oxford University Press.

Barman, C., M. Stein, N. Barman, and S. McNair. 
2003. Students’ ideas about plants: Results 
from a national study. Science & Children 41 
(1): 46–51. 

Cavallo, A. 2005. Cycling through plants. Science 
& Children (Apr./May): 22–27. Also available 
online in NSTA WebNews Digest at www.nsta.
org/main/news/stories/science_story.php?news_ 
story_ID=50416.

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

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

National Research Council (NRC). 1996. National 
science education standards. Washington, DC: 
National Academy Press.
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Quinones, C., and B. Jeanpierre. 2005. Planting 
the spirit of inquiry. Science & Children 42 (7): 
32–35.

West, D. 2004. Bean plants: A growth experience. 
Science Scope (Apr.): 44–47.
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Related Curriculum Topic Study 
Guides
(Keeley 2005)
“Life Processes and Needs of Organisms”
“Plant Life”
“Reproduction, Growth, and Development 
(Life Cycles)”
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Plants in the Dark  
and Light

Four friends wondered how light affected 
the growth of plants. !ey decided to test 
their ideas using young bean plants. One 
set of plants was put in a dark closet for 
eight days. !e other set of plants was 
put on a shelf near a sunny window for 
eight days. !e friends then measured 
the height of the plants after eight days. 
!is is what they predicted:

Carl:   “I think the plants in the dark closet will be the tallest.”

Monique: “I think the plants by the sunny window will be the tallest.”

Jasmine:  “I think the plants will be about the same height.”

Drew:   “I think the plants in the closet will stop growing and die.”

Which friend do you agree with and why? Explain your thinking.

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________
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Plants in the Dark  
and Light

Teacher Notes

Purpose
!e purpose of this assessment probe is to elicit 
students’ ideas about plant growth. It specifi-
cally probes to find out if students think plants 
only grow if they are exposed to light.

Related Concepts
behavioral response, growth, needs of organ-
isms, plants

Explanation
!ere is no one correct answer for this probe 
because plant growth depends on several con-
ditions. Plants may grow taller in a dark place 
for a while: !ey respond to the lack of light 
by growing “taller” and more spindly, and the 

plant stem and leaves may be yellow and not 
as leafy. !e growth in the dark is caused by 
auxins, which are substances that regulate 
plant growth. Auxins are found in young tis-
sue called the apical meristem, at the end of 
a shoot or stem, and are transported down-
ward from the tip of the stem or shoot. Auxins 
stimulate plant cells to elongate, resulting in 
an increase in plant height.
 Light is the form of energy plants use to 
make food from carbon dioxide and water. 
!is food can be used to carry out life pro-
cesses and to build new structures for growth 
or repair, or it can be stored for later use. !e 
plant in the dark uses the food it has made to 
continue growing taller as the cells continue 

14

Copyright © 2007 NSTA. All rights reserved. For more information, go to www.nsta.org/permissions.



U n c o v e r i n g  S t u d e n t  I d e a s  i n  S c i e n c e

L i f e  S c i e n c e  A s s e s s m e n t  P r o b e s

109

to elongate. It may grow faster than the plant 
on the windowsill, although the growth will 
be spindly and etiolated. If the plant is in the 
dark for an extended period of time, eventu-
ally its food will be used up and the plant will 
no longer have the food energy and building 
material it needs to live and grow.

Curricular and Instructional 
Considerations

Elementary Students
Elementary students have varied experiences 
investigating the growth of plants. Knowing 
that plants require light is a grade-level expec-
tation in the national standards. However, it 
is not until middle school that students begin 
to understand why plants need light beyond 
knowing that they need it to survive. !e idea 
that light is needed for survival may imply that 
plants stop growing and soon die when placed 
in the dark. !is probe is useful in determin-
ing whether students think that the short-term 
absence of light will result in the immediate 
death or lack of growth of the plant. 

Middle School Students
In middle school, students design their own 
experiments with plants that allow students 
to identify, manipulate, and control variables. 
!ey develop an understanding that plants 
make food and that this food can be stored and 
used by a plant when needed. !ey also begin to 
learn about behavioral responses of animals and 
plants, including plant tropisms. !is probe is 
useful in determining whether students can 

link ideas about stored food to what 
happens when plants are deprived of 
light for a short period of time.

High School Students 
At this level, students are more sys-
tematic in investigating plant func-
tions. !eir knowledge of plant physiology and 
behavioral response includes the role of auxins 
and plant tropisms. Even though students may 
understand how plants respond to a lack of sun-
light, they may still revert to their intuitive beliefs 
about plants being unable to grow in the dark.

Administering the Probe
Make sure students can visualize the plants 
on the windowsill and the plants in the closet. 
You might use a prop to demonstrate the set-
up. You might ask students to draw a picture 
of what a plant would look like in each situa-
tion before and after the experiment.

Related Ideas in National 
Science Education Standards 
(NRC 1996)

K–4 The Characteristics of Organisms
 Organisms have basic needs. For example, 

plants require air, water, nutrients, and light.
 !e behavior of individual organisms is in-

fluenced by internal cues (such as hunger) 
and by external cues (such as a change in 
the environment).

6–8 Regulation and Behavior
 All organisms must be able to obtain and use 

Topic: Gravitropism/
Photoperiodism
Go to: www.scilinks.org
Code: USIS2H109
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 Indicates a strong match between the ideas elicited by the probe and a national standard’s learning goal.
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resources, grow, reproduce, and maintain 
stable internal conditions while living in a 
constantly changing external environment.

 Behavior is one kind of response an organ-
ism can make to a internal or environmen-
tal stimulus.

9–12 The Behavior of Organisms
 Organisms have behavioral responses to 
internal changes and to external stimuli. 
Responses to external stimuli can result 
from interactions with the organism’s own 
species and others, as well as environmental 
changes; these responses can either be in-
nate or learned. !e broad patterns of be-
havior exhibited by animals have evolved to 
ensure reproductive success. Animals often 
live in unpredictable environments, and so 
their behavior must be flexible enough to 
deal with uncertainty and change. Plants 
also respond to stimuli. 

Related Ideas in Benchmarks 
for Science Literacy (AAAS 
1993)

K–2 Flow of Matter and Energy
 Plants and animals both need to take in 

water, and animals need to take in food. In 
addition, plants need light.

Related Research
 Students appear to accept the idea that 

light is needed for all the stages of plant 
growth. However, they may not under-
stand that light is used to make food for 

the plant and is not a condition for growth 
itself. A study conducted by Roth, Smith, 
and Anderson (1983) found that students 
held strongly to the idea that light is always 
required by plants even in the face of con-
trary evidence such as plants growing taller 
in the dark (Driver et al. 1994).

 In a study conducted by Wandersee 
(1983), secondary students were asked to 
draw their predictions for a plant that was 
grown in a dark cupboard and one that 
was kept on a windowsill where the light 
could shine through. Almost 90% of the 
students drew the plant on the windowsill 
as large and healthy, leaning toward the 
light—which showed some understanding 
of phototropism. Eighty-five percent of the 
students drew the plant in the cupboard as 
being stunted. Only 11% of the students 
drew the plant in the cupboard as tall and 
spindly (Driver et al. 1994).

Suggestions for Instruction and 
Assessment
 !is probe can be followed up with an 

inquiry-based investigation in which stu-
dents test their prediction. Once they have 
gathered and analyzed their findings, en-
courage them to explain their findings. 
Challenge them to revise their initial ideas 
based on their evidence.

 Provide students with an opportunity to 
test their ideas with different types of plants 
so that their ideas about plant growth are 
not limited to a particular type of plant.

 Ask students to describe situations where 

 Indicates a strong match between the ideas elicited by the probe and a national standard’s learning goal.
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they have seen plants growing in the ab-
sence of light, such as grass under a board 
or a houseplant left in a basement. Describe 
how the plant looks compared with a plant 
grown under ordinary light conditions.

 Be explicit when developing the idea that 
plants need light to make food. Clarify 
the need for light to make food versus the 
more commonly held idea of light as a gen-
eral need at all times.

Related NSTA Science Store 
Publications and Journal 
Articles
American Association for the Advancement of Sci-

ence (AAAS). 1993. Benchmarks for science lit-
eracy. New York: Oxford University Press.

Barman, C., M. Stein, N. Barman, and S. McNair. 
2003. Students’ ideas about plants: Results 
from a national study. Science & Children 41 
(1): 46–51.

Cavallo, A. 2005. Cycling through plants. Science 
& Children (Apr/.May): 22–27.

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

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

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

Quinones, C., and B. Jeanpierre. 2005. Planting 
the spirit of inquiry. Science & Children 42 (7): 
32–35.

West, D. 2004. Bean plants: A growth experience. 
Science Scope (Apr.): 44–47. 
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“Plant Life”
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Is It Food for Plants?
 
Organisms, including plants, need food to survive.  
Put an X next to the things you think plants  
use as food.

___  sunlight ___ soil

___  plant food from a garden store ___ water

___  sugar ___ leaves

___  carbon dioxide ___ oxygen

___  minerals ___ chlorophyll

___  fertilizer ___ vitamins

Explain your thinking. How did you decide if something on the list is food  
for plants?

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

U n c o v e r i n g  S t u d e n t  I d e a s  i n  S c i e n c e
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Is It Food for Plants?
Teacher Notes

sunlight to transform inorganic carbon diox-
ide and water, which they take in from their 
environment, into food. !is process is called 
photosynthesis. Part of the confusion among 
children and adults is due to how we define the 
word food and use the words food and nutri-
ents interchangeably. Nutrients are substances 
that organisms require to carry out their life 
processes; they can be organic or inorganic. 
Not all nutrients provide energy. Examples of 
inorganic nutrients that do not provide energy 
are vitamins, minerals, and water. Examples 
of organic nutrients that provide energy are 
carbohydrates (including simple sugars), lip-
ids (fats), and proteins. Food is a nutrient that 
contains energy, and it may contain inorganic 

Purpose
!e purpose of this assessment probe is to elic-
it students’ ideas about food and plants. !e 
probe is designed to reveal whether students 
use a biological concept of food to identify 
what plants use for food.

Related Concepts
food, photosynthesis, plants

Explanation
!e best response is sugar. Sugars, such as glu-
cose, are simple carbohydrates made and used 
by plants as food. Plants differ from animals 
in that they are able to use the energy from 
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nutrients as well. Food provides energy and the 
building blocks for growth and tissue repair; 
it can be used immediately or stored for later 
use. For example, many plants store food in 
the form of starch.
 All foods can be considered nutrients, 
but not all nutrients are considered food. To 
be considered food in a biological sense, the 
substance must contain energy that can be 
released during cellular respiration. Inorganic 
nutrients such as water and minerals are essen-
tial to metabolic processes but do not provide 
energy. !e “plant food” commonly sold in 
stores is not food in a biological sense. It pro-
vides a source of inorganic nutrients that may 
not be present in the soil. Likewise, soil is not 
food but rather a source of plant nutrients such 
as minerals and water. Leaves are plant struc-
tures in which photosynthesis takes place and 
sugars are made. !e leaves and other plant 
structures are then food for animals that eat 
plants. Sunlight is the form of energy used by 
the plant during photosynthesis, but it is not 
a substance and does not provide the building 
blocks needed to grow or repair plant struc-
tures. Chlorophyll is a substance contained 
in the plant’s chloroplasts that is involved in 
photosynthesis. Fats, oils, and proteins are also 
foods. !e only item on the list that is consid-
ered food for a plant is sugar.

Curricular and Instructional 
Considerations

Elementary Students
In the elementary grades students learn about 

the needs of organisms. 
!rough a variety of in-
structional opportuni-
ties, students learn that 
animals take their food in 
from the environment by 
eating plants, animals, or 
both. Students wonder about the differences 
between plants and animals and ask questions 
such as “How do plants get food?” (NRC 1996, 
p. 128). !ey learn that plants need nutrients 
and may be introduced to the idea that plants 
make their own food, but the ideas related to 
the process of photosynthesis are not developed 
until middle school. Elementary students also 
learn about food groups and nutrients in the 
context of human nutrition. Identifying sugar 
as the food plants use exceeds grade-level ex-
pectations for elementary students. However, 
the probe is useful in identifying ideas that form 
early about food for plants, particularly the no-
tion that plants get their food from the soil.

Middle School Students
In middle school, students are introduced to 
the basic process of photosynthesis. !ey learn 
that plants make sugar from carbon dioxide 
and water using energy from sunlight and that 
the sugar can be used by the plant as a source 
of energy and as material for growth and re-
pair or can be stored for later use. Middle 
school is the time when students need to de-
velop a scientific conception of food different 
from the common, everyday use of the word. 
Even though the basic process of photosynthe-
sis—including the idea that sugars are plants’ 

Topic: Photosynthesis
Go to: www.scilinks.org
Code: USIS2M115
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only food—has been taught, middle school 
students may hold tenaciously to the miscon-
ception that plants get their food from the en-
vironment, particularly from nutrients in the 
soil or commercial plant food.

High School Students 
In high school, students deepen their under-
standing by connecting their growing under-
standing of chemistry to the biological process 
of photosynthesis. !e understanding that 
food is a source of energy is expanded to in-
clude the idea of energy from sunlight stored 
in the chemical bonds that form between the 
sugar’s carbon atoms. !is probe is useful 
at the high school level because it will often 
reveal that even after students have learned 
about photosynthesis, the idea that energy is 
released when chemical bonds are broken, and 
the biological concept of food, they may revert 
to their prior conceptions about where plants 
get their food.

Administering the Probe
!is probe can be used with elementary stu-
dents by removing unfamiliar words such as 
chlorophyll and substituting air for carbon di-
oxide and oxygen. For high school students the 
word sugar can be added to or substituted with 
simple sugar or glucose. High school teachers 
may also add starch, oils, and protein to the list. 
!is probe may also be used as a card sort.

Related Ideas in National 
Science Education Standards 
(NRC 1996)

K–4 The Characteristics of Organisms
• Organisms have basic needs. For example, 

animals need air, water, and food; plants 
require air, water, nutrients, and light.

5–8 Populations and Ecosystems 
 For ecosystems, the major source of energy 
is sunlight. Energy entering ecosystems as 
sunlight is transferred by producers into 
chemical energy through photosynthesis.

9–12 The Cell
 Plant cells contain chloroplasts, the site of 
photosynthesis. Plants and many microor-
ganisms use solar energy to combine mol-
ecules of carbon dioxide and water into 
complex, energy-rich organic compounds 
and release oxygen to the environment. 
!is process of photosynthesis provides a 
vital connection between the Sun and the 
energy needs of living systems.  

9–12 Matter, Energy, and Organization 
in Living Systems

 !e energy for life primarily derives from 
the Sun. Plants capture energy by absorb-
ing light and using it to form strong (cova-
lent) chemical bonds between atoms of car-
bon containing (organic) molecules. !ese 
molecules can be used to assemble larger 
molecules with biological activity (includ-
ing proteins, DNA, sugars, and fats). In ad-
dition, the energy stored in bonds between 
the atoms (chemical energy) can be used as 
sources of energy for life processes.

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

15

Copyright © 2007 NSTA. All rights reserved. For more information, go to www.nsta.org/permissions.



U n c o v e r i n g  S t u d e n t  I d e a s  i n  S c i e n c e

L i f e  S c i e n c e  A s s e s s m e n t  P r o b e s

117

Related Ideas in Benchmarks 
for Science Literacy (AAAS 
1993)

K–2 Cells
• Most living things need food, water, and 

air.

K–2 Flow of Matter and Energy
• Plants and animals both need to take in 

water, and animals need to take in food. In 
addition, plants need light.

3–5 Flow of Matter and Energy
• Some source of “energy” is needed for all 

organisms to stay alive and grow.

6–8 Flow of Matter and Energy
 Food provides molecules that serve as fuel 
and building material for all organisms. 
Plants use the energy in light to make sug-
ars out of carbon dioxide and water. !is 
food can be used immediately for fuel or 
materials, or it may be stored for later use. 

Related Research
• Much of the research on students’ ideas 

about food for plants was conducted in the 
1980s and still applies to students’ ideas 
today. Universally the most persistent no-
tion is that plants take their food from the 
environment, particularly the soil. Stu-
dents also believe that plants have multiple 
sources of food (Driver et al. 1994).

• Children appear to consider food as any-
thing useful taken into an organism’s body, 

including water, minerals, and, in the case 
of plants, carbon dioxide or even sunlight. 
Typically, students do not consider starch 
as food for plants. !eir reasoning is that 
starch is something plants make, not some-
thing they eat (Driver et al. 1994). 

• Students often give a nonfunctional expla-
nation about why plants and animals need 
food. !ey say it is needed to keep them 
alive, rather than describing the role of 
food in metabolism (Driver et al. 1994).

• In a study by Wandersee (1983) that sur-
veyed 1,405 students ages 10–19 about the 
product of photosynthesis, most students 
selected proteins, relating them to food for 
growth, rather than energy. Some students 
in this study also mentioned plants getting 
vitamins from the soil.

• In a study by Tamir (1989), some students 
thought sunlight, associated with energy, 
was the food for plants. Many students 
also considered minerals taken in from the 
soil as food or believed that minerals had a 
direct role in photosynthesis. 

• !e everyday reference to fertilizers as 
“plant food” may promote the idea of fer-
tilizer as being the food for plants (Driver 
et al. 1994).

• !e idea that plants take their food in from 
the environment, rather than making it in-
ternally, is a common misconception that 
is highly resistant to change. Even when 
taught how plants make food by photo-
synthesis, students still hold on to the no-
tion that food is taken in from the outside 
(AAAS 1993).

15

Indicates a strong match between the ideas elicited by the probe and a national standard’s learning goal.
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• Some children consider chlorophyll to be a 
food substance (Driver et al. 1994).

Suggestions for Instruction and 
Assessment
 Take the time to elicit students’ definitions 

of the word food; many students use this 
word in a way that is not consistent with 
its biological meaning (AAAS 1993). Have 
students identify the difference between 
the everyday use of the word and the sci-
entific use. Contrasting the two uses and 
providing examples may help them see the 
difference and begin to use the scientific 
definition.

• Understanding that the food plants make 
is very different from other nutrients such 
as water and minerals may be a prerequi-
site for understanding the idea that plants 
make their food rather than acquire it 
from the environment (Roth, Smith, and 
Anderson 1983).

• Many researchers note the conceptual de-
mands of the topic of plant nutrition and 
point out that to understand the abstract 
and complex concept of photosynthesis, 
students need to possess the prerequisite 
concepts of living things, gas, food, and 
energy. Before introducing a chemical 
equation for photosynthesis, first help stu-
dents understand that “an element, carbon 
(which is solid in its pure form), is present 
in carbon dioxide (which is a colorless gas 
in the air) and that this gas is converted 
by a green plant into sugar (a solid, but in 
solution) when hydrogen (a gas) from wa-

ter (a liquid) is added using light energy, 
which is consequently converted to chemi-
cal energy” (Driver et al. 1994, p. 30). 

• High school students can often define 
photosynthesis and provide the equation, 
but questions that ask them to apply a ba-
sic understanding are often not asked of 
students. Use questions that encourage 
students to use the concept of photosyn-
thesis to explain food, growth, and energy-
related plant ideas. 

• Show a container of plant food and a con-
tainer of vitamins for humans. Build an 
analogy between the two to show that 
their purpose is to provide essential inor-
ganic nutrients, not food energy.

Related NSTA Science Store 
Publications and Journal 
Articles
American Association for the Advancement of Sci-

ence (AAAS). 1993. Benchmarks for science lit-
eracy. 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: 
RoutledgeFalmer.

George, R. 2003. How do plants make their own 
food? Science & Children (Feb.): 17.

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

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

Wali Abdi, S. 2006. Correcting student miscon-
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Weinburgh, M. 2004. Teaching photosynthesis: 

More than a lecture but less than a lab. Science 
Scope 27 (9): 15–17.
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Giant Sequoia Tree
!e giant sequoia tree is one of the largest trees on 
earth. It starts as a small seedling and grows into 
an enormous tree. Five children can stretch their 
arms across the width of the trunk of one of the 
large sequoia trees! 

 Where did most of the matter that makes up 
the wood and leaves of this huge tree originally 
come from? Circle the best answer.

A  sunlight

B  water

C  soil

D  carbon dioxide

E  oxygen

F  minerals

G  chlorophyll

Explain your thinking. How did you decide where most of the matter that makes up 
this tree came from?

_________________________________________________________________ 

_________________________________________________________________ 

_________________________________________________________________ 

_________________________________________________________________ 

_________________________________________________________________ 

_________________________________________________________________

U n c o v e r i n g  S t u d e n t  I d e a s  i n  S c i e n c e
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Giant Sequoia Tree
Teacher Notes

Purpose
!e purpose of this assessment probe is to 
elicit students’ ideas about transformation of 
matter. !e probe is designed to reveal wheth-
er students recognize that a gas from the air 
(carbon dioxide) is combined with water and 
transformed into the new material that makes 
up most of the matter of the tree. 

Related Concepts
photosynthesis, plants, transformation of  
matter

Explanation
!e best response is D, carbon dioxide. Plants 
take in carbon dioxide (a gas) through their 
leaves and water from the soil and use the 
energy from sunlight to rearrange the atoms 
into new substances—sugar and oxygen. !is 
process happens inside the leaf of the plant. 
Sunlight provides the energy for this process 
to happen. Chlorophyll is a pigment found 
within the leaf cells that absorbs the energy 
from sunlight used for the reaction. After food 
is made in the leaf, it travels to other parts of a 

16

Copyright © 2007 NSTA. All rights reserved. For more information, go to www.nsta.org/permissions.



U n c o v e r i n g  S t u d e n t  I d e a s  i n  S c i e n c e

L i f e  S c i e n c e  A s s e s s m e n t  P r o b e s

123

Topic: Photosynthesis
Go to: www.scilinks.org
Code: USIS2H123

plant, where it is used for energy, tissue repair, 
and growth or stored for later use.
 Most of the matter, including the leaves 
and wood, that makes up the structure of the 
tree can be traced back to the carbon dioxide 
that was transformed into sugar through pho-
tosynthesis and used for building material. 
!e mass contributed by the carbon dioxide is 
much greater than the mass contributed by the 
water. !e atomic mass of one molecule of car-
bon dioxide is approximately 44 atomic mass 
units; one molecule of water is approximately 
18 atomic mass units. When wood is burned, 
carbon dioxide and water vapor are released 
and go back into the air. When the wood is 
completely burned, the remaining ashes con-
sist of the small amount of minerals taken in 
from the soil.

Curricular and Instructional 
Considerations

Elementary Students
In the elementary grades students learn that 
plants need sunlight, water, and nutrients to 
grow and stay healthy. Upper elementary stu-
dents begin to recognize that plants make their 
own food. However, it is too abstract an idea 
for them to understand the transformation of 
matter that takes place during photosynthesis 
and growth of a plant. Both younger and older 
students have difficulty accepting the idea that 
something as seemingly light as air could make 
up the bulk weight or mass of a tree, partly 
because students lack opportunities to recog-
nize that air is a substance that has weight (the 

term mass can be used 
with older elementary 
students). It is critical for 
students to have opportu-
nities to accept the idea 
early on that air is mat-
ter and has mass (weight 
for younger students). !is probe is useful in 
identifying early conceptions students have de-
veloped about where the material that makes 
up a tree came from.

Middle School Students
In middle school, students learn about chemi-
cal reactions and the types of transformations of 
matter that occur during these reactions. By the 
end of eighth grade they can begin to use the 
notion of atoms to explain what happens when 
matter is transformed in a process like photo-
synthesis. However, even though students can 
manipulate models to learn what happens dur-
ing the transformation of carbon dioxide and 
water into sugar and oxygen, they may still re-
fuse to recognize that a gas contributes the most 
mass to this reaction. It seems counterintuitive 
to students that most of the mass of the mat-
ter of a tree comes from carbon dioxide in the 
air. !is probe is useful in determining whether 
students hold on to their intuitive idea about 
where most of the matter that makes up a plant 
comes from, even after instruction.

High School Students 
In high school students learn more about the 
complex reaction of photosynthesis. Transfor-
mation of matter in a biological context now 
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Indicates a strong match between the ideas elicited by the probe and a national standard’s learning goal.

focuses more on the flow of matter through 
food webs. Students’ increasing knowledge 
of chemistry, particularly carbon-based mole-
cules, comes in handy when reasoning through 
a problem such as this one that involves molec-
ular mass. When comparing molecular masses 
of carbon dioxide and water, carbon dioxide 
has more mass to contribute to the reaction. 
!is probe is useful at the high school level 
because it will often reveal that even though 
students are taught photosynthesis and de-
velop the idea that matter is transformed in a 
biological context, they may still revert to their 
prior conceptions about where most of the 
mass comes from based on their preconception 
that gases have negligible mass or that plants 
take their food in from the soil. 

Administering the Probe
!is probe can be used with upper elementary 
students by removing the choices carbon diox-
ide and oxygen and replacing them with air. 
!e sequoia tree was used as the subject of this 
probe because of its massive size, but a more 
familiar tree may be substituted. Similar to 
the “seed and log” question in the Private Uni-
verse series (Harvard-Smithsonian Center for 
Astrophysics 1995), you might show a maple 
seed or acorn, a seedling of the tree, and a log 
cut from the tree and ask students where most 
of the “stuff” of the log came from as it grew 
from seed to seedling to large tree. !e unsci-
entific word stuff can be used intentionally in 
this probe to explore students’ ideas without 
being hindered by their understanding of the 
concept of matter or mass. 

Related Ideas in National 
Science Education Standards 
(NRC 1996)

K–4 The Characteristics of Organisms
• Organisms have basic needs. For example, 

animals need air, water, and food; plants 
require air, water, nutrients, and light.

K–4 Properties of Objects and 
Materials
• Objects are made up of one or more mate-

rials, such as paper, wood, and metal. 

5–8 Structure and Function in Living 
Systems

 Cells carry on the many functions need-
ed to sustain life. !ey grow and divide, 
thereby producing more cells. !is 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 
organism needs.

5–8 Populations and Ecosystems 
 For ecosystems, the major source of energy 
is sunlight. Energy entering ecosystems as 
sunlight is transferred by producers into 
chemical energy through photosynthesis.

5–8 Properties and Changes in 
Properties of Matter
 Substances react chemically in characteris-

tic ways with other substances to form new 
substances (compounds) with different 
characteristic properties.
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Copyright © 2007 NSTA. All rights reserved. For more information, go to www.nsta.org/permissions.



U n c o v e r i n g  S t u d e n t  I d e a s  i n  S c i e n c e

L i f e  S c i e n c e  A s s e s s m e n t  P r o b e s

125

9–12 The Cell
 Plant cells contain chloroplasts, the site of 
photosynthesis. Plants and many microor-
ganisms use solar energy to combine mol-
ecules of carbon dioxide and water into 
complex, energy-rich organic compounds 
and release oxygen to the environment. 

9–12 Matter, Energy, and Organization 
in Living Systems

 !e energy for life primarily derives from 
the Sun. Plants capture energy by absorb-
ing light and using it to form strong (co-
valent) chemical bonds between atoms of 
carbon containing (organic) molecules. 
!ese molecules can be used to assemble 
larger molecules with biological activity 
(including proteins, DNA, sugars, and 
fats). In addition, the energy stored in 
bonds between the atoms (chemical en-
ergy) can be used as sources of energy for 
life processes.

9–12 Chemical Reactions
• Complex chemical reactions involving  

carbon-based molecules take place con-
stantly in every cell in our bodies.

Related Ideas in Benchmarks 
for Science Literacy (AAAS 
1993)

K–2 Flow of Matter and Energy
• Plants and animals both need to take in 

water, and animals need to take in food. In 
addition, plants need light.

K–2 The Structure of Matter
• Objects can be described in terms of the 

materials they are made of and their physi-
cal properties.

3–5 Flow of Matter and Energy
• Some source of “energy” is needed for all 

organisms to stay alive and grow.

3–5 The Structure of Matter
• When a new material is made by combining 

two or more materials, it has properties that 
are different from the original materials.

3–5 The Earth
• Air is a substance that surrounds us and 

takes up space.

6–8 Flow of Matter and Energy
 Food provides molecules that serve as fuel 
and building material for all organisms. 
Plants use the energy in light to make sug-
ars out of carbon dioxide and water. !is 
food can be used immediately for fuel or 
materials, or it may be stored for later use. 

• Energy can change from one form to an-
other in living things. Animals get energy 
from oxidizing their food, releasing some 
of its energy as heat.

9–12 The Structure of Matter
• Atoms often join with one another in vari-

ous combinations in distinct molecules or 
three-dimensional repeating patterns. An 
enormous variety of biological, chemical, 
and physical phenomena can be explained 
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by changes in the arrangement and mo-
tion of atoms and molecules.

Related Research
• !e question in this probe is based on a 

similar question used in the Private Uni-
verse series where Harvard graduates were 
shown a seed and a log and asked where 
most of the mass of the log came from. 
Very few mentioned carbon dioxide. !e 
most common responses were that it came 
from the soil or that it came from the wa-
ter (Harvard-Smithsonian Center for As-
trophysics 1995). 

• Students have a difficult time imagining 
plants as chemical systems. In particular, 
middle school students think organisms 
and materials in the environment are very 
different types of matter. For example, 
plants are made of leaves, stems, and roots; 
the nonliving environment is made of water, 
soil, and air. Students see these substances 
as fundamentally different and not trans-
formable into each other (AAAS 1993).

• Students have a difficult time accepting 
that weight increase and growth in plants 
is attributed to the incorporation of matter 
from a gas. In a study of 15-year-old stu-
dents, many failed to mention carbon diox-
ide as the source of the increase in weight of 
growing seedlings, even though they knew 
that carbon dioxide was taken in during 
photosynthesis (Driver et al. 1994).

• Barker and Carr (1989) found that many 
children regarded sunlight as one of the 
reactants in photosynthesis, along with 

carbon dioxide and water. 
• Some students consider light to be made 

of molecules and thus contributing to the 
matter of a plant (Driver et al. 1994). 

• Driver’s study of 759 15-year-old students 
who had studied photosynthesis connected 
the idea of growth with photosynthesis. Al-
though about a third of the students could 
understand the component idea of photo-
synthesis, only 8% could relate it to plant 
growth by describing how a tree makes tis-
sue from the constituents it takes in from 
the environment. Only 3 students out of 
759 said that tree tissue is made from car-
bon dioxide and water using light energy 
(Driver et al. 1994). 

• In Wandersee’s study (1983) of 1,405 stu-
dents ages 10–19, many thought that the 
soil in a plant pot would lose weight as the 
plant grows because the plant uses the soil 
for food. 

Suggestions for Instruction and 
Assessment
• Before students can accept the idea that 

the mass of a plant comes mostly from the 
carbon dioxide in the air, they have to ac-
cept air as matter that has weight or mass. 
Students need multiple opportunities to 
discover that gases have significant mass.

• High school students can use molecular 
masses to show that even though water is 
taken in and transformed along with car-
bon dioxide, the carbon dioxide molecules 
contribute significantly more mass than 
water molecules.
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• Manipulating physical models of mol-
ecules may help middle school and high 
school students see what happens to the 
carbon dioxide.

• Photosynthesis is a complex reaction that 
is frequently treated as an equation with 
little opportunity to learn how the pro-
cess contributes to the growth and energy 
needs of a plant. Explicitly make connec-
tions between the transformation of mat-
ter that occurs and plant growth.

• If students fail to recognize that carbon 
dioxide as a gas has weight, show students 
dry ice and explain that it is a solid form 
of carbon dioxide. Have students put on 
protective gloves and hold a piece of dry ice 
to sense the “felt weight.”

• Use Von Helmont’s experiment as a context 
to learn how the question of where plants 
got the materials they needed to grow from 
was historically explored. Have students 
evaluate the results of his experiment. 
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Baby Mice

Seif ’s pet mouse had babies. Five of the babies were black and two were white. !e 
father mouse was black. !e mother mouse was white. Seif and his friends wondered 
why the mice were different colors. !ese were their ideas:

Jerome: Baby mice inherit more traits from their fathers than their mothers.

Alexa: !e baby mice got half their traits from their father and half from their mother. 

June: Male traits are stronger than female traits.  

Seif: Black mice have more traits than white mice.

Fiona: !e black baby mice are probably male and the white baby mice are probably 
female.

Lydia: Parent’s traits like fur color don’t matter—nature decides what something will 
look like.

Billy: Blood type determines what traits babies will have.

Which friend do you most agree with and why? Explain your thinking.

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

U n c o v e r i n g  S t u d e n t  I d e a s  i n  S c i e n c e
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Baby Mice
Teacher Notes

Purpose
!e purpose of this assessment probe is to elic-
it students’ basic ideas about inheritance of ge-
netic traits. !e probe is designed to reveal the 
variety of ideas students have about how traits, 
such as fur color, are passed on to offspring.

Related Concepts
chromosomes, genes, inherited traits

Explanation
!e best response is Alexa’s. !e first step in 
the production of offspring from the two mice 
is fertilization of the female’s egg by the male’s 
sperm. Egg and sperm each contain half the 
number of mouse chromosomes. Genes are 
found on chromosomes. A gene is a segment 
of DNA on a chromosome that carries instruc-
tions for a particular trait, such as fur color. 
During fertilization, matched pairs of chro-
mosomes, half from the mother and half from 

the father, come together and a single cell re-
sults, which will divide and eventually become 
the baby mouse. !e baby mouse contains a 
full set of chromosomes—with half the genes 
coming from the mother and half from the fa-
ther. !e combination that results determines 
the offspring’s characteristics.
 One way in which genes are expressed was 
described by Gregor Mendel, who believed that 
traits could be either dominant or recessive. 
When two genes for the same trait are paired 
and one of the genes is dominant, the domi-
nant gene will be expressed. In the example 
of the mice, black fur color is dominant. Even 
if the offspring only have one gene for black 
fur, the trait that will be expressed is black fur. 
White fur is a recessive trait that is expressed 
when a dominant gene is not present. !e 
white offspring have two genes for white fur 
color. Mendelian genetics is a first step in un-
derstanding how genes are expressed, but un-
derstanding genetics is much more complex. 
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Topic: Mendelian Genetics
Go to: www.scilinks.org
Code: USIS2M131

 The key idea in this probe is that an or-
ganism’s inherited traits are determined by 
the pairing of genes from the mother and 
father, with each parent contributing 50% 
of the genes; the combination of dominant 
and recessive genes determines which traits 
are expressed. It is not the result of one sex 
having more or stronger traits (or genes) as 
described in Jerome’s and June’s responses. 
Black and white mice have the same number 
of genes (contrary to Seif ’s response); they 
are just expressed differently. Coat color in 
mice is not determined by sex as described 
in Fiona’s response. For example, some of 
the white mice could be male if they re-
ceived a recessive gene from both the moth-
er and father. Lydia’s response targets the 
idea of acquired characteristics, which are 
not inherited from an organism’s parents. 
For example, if a mouse lost its tail in an 
accident, that would be an acquired trait—
it would not be passed on to the offspring. 
Lydia’s response is a teleological argument 
that implies that some intentional force of 
nature directs the traits that offspring will 
exhibit, rather than that traits are the re-
sult of gene expression. Billy’s response is 
similar to historical beliefs. Before Mendel, 
many people thought traits were passed on 
through the blood.

Curricular and Instructional 
Considerations

Elementary Students
In the elementary grades, students are just be-

ginning to learn about 
inherited characteris-
tics. !ey observe that 
offspring do not always 
look exactly like their 
parents or each other. 
In the later elementary grades they begin to 
develop an understanding that traits are passed 
on from parents to offspring, but it is too early 
to introduce the mechanism of inheritance 
and the role of genes. By eliminating some of 
the distracters, this probe can be used to ex-
amine students’ early ideas about how traits 
are passed on to offspring.

Middle School Students
In middle school, students learn basic ideas 
about the mechanism of inheritance, combin-
ing ideas about reproduction, cell division, and 
basic genetics. !ey develop an understanding 
of the role of chromosomes and genes in pass-
ing on characteristics from one generation to 
the next. !e expectation at this grade level is 
that students should understand that half of 
their genes come from their mother and half 
from their father. !is combination results 
in the inherited traits they exhibit. Students 
should recognize the role of chance in deter-
mining which chromosomal pairs come to-
gether during fertilization and that probabil-
ity can help predict the outcome of inherited 
characteristics. However, the detailed mecha-
nism of genetics exceeds the middle school lev-
el. !is probe is useful in identifying whether 
students have preconceived ideas about how 
genetic traits are passed on to offspring.
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High School Students 
In high school, students learn the details of Men-
delian genetics and how various gene combina-
tions occur and express themselves. !ey should 
be able to explain why some traits are expressed 
and some are not. !ey learn about genetics at a 
molecular level, including the role of DNA. !is 
probe is useful at the high school level in deter-
mining students’ precursor ideas before planning 
and teaching a unit on genetics.

Administering the Probe
!is probe is best administered to middle and 
high school students. If using the probe with 
elementary students, substitute characteristics 
for traits if they are unfamiliar with the lat-
ter term. Depending on when genes are intro-
duced in the curriculum, upper middle school 
or high school teachers can substitute the term 
genes for traits in Jerome’s, Alexa’s, June’s, and 
Seif ’s responses.

Related Ideas in National 
Science Education Standards 
(NRC 1996)

K–4 Life Cycles of Organisms
• Plants and animals closely resemble their 

parents.
• Many characteristics of an organism are 

inherited from the parents of the organ-
ism, but other characteristics result from 
an individual’s interactions with the envi-
ronment. Inherited characteristics include 
the color of flowers and the number of 
limbs of an animal. 

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

5–8 Reproduction and Heredity 
 In many species, including humans, fe-
males produce eggs and males produce 
sperm. Plants also produce sexually—the 
egg and sperm are produced in the flowers 
of flowering plants. An egg and a sperm 
unite to begin development of a new in-
dividual. !at new individual receives ge-
netic information from its mother (via the 
egg) and its father (via the sperm). Sexu-
ally produced offspring are never identical 
to either of their parents. 

 Every organism requires a set of instruc-
tions for specifying its traits. Heredity is 
the passage of these instructions from one 
generation to another. 

• Heredity information is contained in 
genes, located in the chromosomes of each 
cell. Each gene carries a single unit of in-
formation.

9–12 The Molecular Basis of Heredity 
• In all organisms, the instructions for spec-

ifying the characteristics of the organism 
are carried in DNA.

 Transmission of genetic information to 
offspring occurs through egg and sperm 
cells that contain only one representative 
from each chromosome pair. An egg and a 
sperm unite to form a new individual.  

Related Ideas in Benchmarks 
for Science Literacy (AAAS 
1993)

K–2 Heredity
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• !ere is variation among individuals of 
one kind within a population.

3–5 Heredity 
• For offspring to resemble their parents, there 

must be a reliable way to transfer informa-
tion from one generation to the next.

6–8 Heredity
 In some kinds of organisms, all the genes 
come from a single parent, whereas in or-
ganisms that have sexes, typically half of 
the genes come from each parent.

9–12 Heredity
 !e sorting and recombination of genes in 
sexual reproduction results in a great vari-
ety of possible gene combinations from the 
offspring of any two parents.

Related Research
• “Early middle-school students explain in-

heritance only in observable features, but up-
per middle-school and high-school students 
have some understanding that characteristics 
are determined by a particular genetic entity 
which carries information translatable by the 
cell” (AAAS 1993, p. 341).

• When asked to describe how physical traits 
are passed from parents to offspring, ele-
mentary, middle, and high school students 
all exhibited misconceptions, including the 
idea that traits are inherited from only one 
of the parents and that certain traits only 
come from the mother or father (AAAS 
1993).

• Studies have shown that it may not be until 
middle school that students can include in 
their explanations of inheritance the role of 
chance and probability (AAAS 1993).

• In a study by Hackling and Treagust 
(1982), 94% of 15-year-old students un-
derstood the concept that one’s character-
istics come from parents, 50% understood 
that reproduction and inheritance occur 
together, and 44% understood that one 
gets a mixture of features from both par-
ents (Driver et al. 1994).

• In a sample of 52 students ages 11–14, 
Deadman and Kelly (1978) found that 
boys had a prevalent conception that char-
acteristics from male parents were stronger 
in their expression (Driver et al. 1994).

• Engel Clough and Wood-Robinson (1985) 
found that some students had a tendency to 
favor the mother as the primary contributor 
of genetic material as well as a belief that 
daughters inherit from mothers and sons 
inherit from fathers (Driver et al. 1994).

• In a study of ideas about the mechanism 
of inheritance among children ages 7–13, 
Kargbo, Hobbs, and Erickson (1980) found 
that half the children gave a naturalistic ex-
planation, such as nature makes offspring 
resemble parents. Some thought traits were 
decided by the brain or blood. Only a few 
children in the sample, who were among the 
older children in the group, mentioned any 
genetic principle. In analyzing the students’ 
responses, the authors found that they were 
not giving flippant, unconsidered answers 
but rather were drawing on established 
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frameworks to make sense of inheritance 
(Driver et al. 1994).

• Several researchers have found that even 
before students receive formal instruction 
in genetics, they know the word gene and, 
less frequently, chromosome. However, stu-
dents have little understanding of the na-
ture or function of genes or chromosomes 
(Driver et al. 1994). 

• Research shows that students have some 
idea of the randomness of inheritance, 
meaning that sometimes offspring are like 
their mother, sometimes they are like their 
father, and sometimes they are like both. 
However, students rarely show evidence of 
applying the concepts of chance and prob-
ability to common situations even after ad-
vanced courses (Driver et al. 1994).

• Use of the word dominant in regard to 
dominant and recessive traits may contrib-
ute to several misconceptions. For example, 
students may think that dominant traits are 
“stronger” and “overpower” the recessive 
trait, that dominant traits are more likely to 
be inherited, that dominant traits are more 
prevalent in the population, that dominant 
traits are “better,” and that male or mascu-
line traits are dominant (Donovan 1997).

Suggestions for Instruction and 
Assessment
• Children in early grades should have observa-

tional experiences to compare how offspring 
of familiar animals resemble each other and 
their parents, describing and drawing exam-
ples of similarities and differences.

• In upper elementary grades, rather than 
describing a characteristic (e.g., the mouse 
has black fur) students should begin to 
develop an inventory of traits that come 
from parents (e.g., fur color). !ey should 
discuss and have opportunities to resolve 
differences in opinion about traits that 
come from parents, traits that come from 
interaction with the environment, charac-
teristics that are learned, and things they 
are unsure about.

• In middle school, combine the study of ge-
netics with the study of reproduction.

• Use caution with terminology at the high 
school level when teaching genetics, par-
ticularly with the concept of dominance so 
as not to imply the idea that some genes 
are “stronger” than others.

• Genetics terminology may hinder con-
ceptual learning when terms are used im-
precisely. If students are told “Inherited 
traits are carried on chromosomes,” they 
may then confuse the terms trait and gene. 
(Genes, not traits, are carried on chromo-
somes.) Clear and consistent use of terms 
such as trait, gene, and allele is essential for 
constructing an accurate conceptual foun-
dation of genetics (Bryant 2003).

• Caution should be used when students are 
asked to develop or use models to repre-
sent the mechanism of inheritance. Some 
models oversimplify the process of random 
assortment, recombination, and pairing of 
genes and expression of traits. 

• Be aware of problems in using Punnett 
squares. As stated by Bryant (2003),
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  “!e Punnett square works well for 
studying the inheritance of genetic traits 
controlled by a single gene, and can even 
be applied when two or more traits are 
considered simultaneously, as long as the 
genes are not located on the same chromo-
some (linked). Students often learn to use 
Punnett squares to obtain correct answers 
to genetics problems, but they fail to un-
derstand that a Punnett square represents 
two biological processes—gamete forma-
tion and fertilization. Students rely on 
Punnett squares as algorithms for getting 
the “right answer,” often at the expense of 
meaningful conceptual understanding” 
(p. 11). 
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Whale and Shrew
!e blue whale is the largest mammal in the world. !e pygmy shrew is one of the smallest 
mammals in the world. How does the 
size of average cells compare between 
a blue whale and a pygmy shrew? Cir-
cle the answer that best matches your 
thinking.

A  !e average cell of a blue whale is 
smaller than the average cell of a 
pygmy shrew.

B  !e average cell of a blue whale is 
larger than the average cell of a 
pygmy shrew.

C  !e average cell of a blue whale is 
about the same size as the average cell of a pygmy shrew.

Explain your thinking. Describe the “rule” or reasoning you used to choose your answer. 

_________________________________________________________________ 

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________  
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Whale and Shrew
Teacher Notes

Purpose
!e purpose of this assessment probe is to 
elicit students’ ideas about cell size. !e probe 
is designed to find out if students think that 
animal cell size is related to the overall size of 
an animal.

Related Concepts
cells, growth, cell division

Explanation
!e best answer is C: !e average cell of a blue 
whale is about the same size as the average cell 
of a pygmy shrew. !e size of average mam-

mal cells (this excludes cells that are unusually 
large, such as neurons) is similar in all mam-
mal species. Even though some body cells 
(such as neurons) can be very large and cells 
vary, the average body cells of most mammals 
are about 10 micrometers in diameter. Interest-
ingly, the earliest-stage embryos of the whale 
and shrew are also a similar size, even though 
a whale eventually reaches a mass of 150,000 
kg whereas a mouse only reaches 15g—a 10- 
million-fold difference! 
 Cells are limited in how large they can be 
because the surface area-to-volume ratio does 
not stay the same as the size of a cell increases. 
Cells need to be able to move materials into 

18

Copyright © 2007 NSTA. All rights reserved. For more information, go to www.nsta.org/permissions.



U n c o v e r i n g  S t u d e n t  I d e a s  i n  S c i e n c e

L i f e  S c i e n c e  A s s e s s m e n t  P r o b e s

139

and out of a cell, and it is harder for a large 
cell to pass materials in and out of the mem-
brane and to move materials through the cell. 
!e reason blue whales are larger than pygmy 
shrews is because they have more cells, not be-
cause their cells are larger.

Curricular and Instructional 
Considerations

Elementary Students
In the upper elementary grades students are 
just beginning to learn about cells as the fun-
damental unit of all living organisms. !ey 
observe a variety of cells of single-celled and 
multicelled organisms in pictures and with 
simple microscopes. At this level, students are 
not ready to compare cell sizes, but they do ob-
serve that larger animals have larger body parts 
such as legs and teeth as well as larger organs 
such as heart, lungs, and stomach. !is can 
lead to a preconception that their cells are also 
larger. Students learn about growth in the con-
text of life cycles but do not yet equate growth 
with an increase in the number of cells. How-
ever, this probe is useful in determining if the 
idea of cell size increasing with overall animal 
size and size of body parts is a conception that 
develops early on.

Middle School Students
Middle school students extend their observa-
tions of cells to making comparisons of similar 
cell types across animal species. Students de-
velop the idea of similarities among species by 
examining internal structures as well as cells. 

!ey can also begin to recognize 
the very small size of most cells 
and that most cells repeatedly di-
vide to make more cells. Organ-
isms and the organs they contain 
generally grow in size from birth 
until they reach adulthood. Yet, 
students may believe that the cells that make 
up organs are proportional to the size of the 
organ and thus the size of the animal, not rec-
ognizing that it is the process of cell division 
that contributes to growth, not the individual 
cells getting larger. 

High School Students 
High school students have a deeper under-
standing of the cell, including cell division 
and what controls it. Mathematically they 
develop an understanding of the relationship 
between volume and surface area and how the 
total surface area decreases with an increase in 
volume. !rough lab experiences with model 
cells made of gels, they observe how the sur-
face area-to-volume ratio affects the passage of 
materials into, around, and out of a cell, thus 
limiting the size of a cell. !is probe is use-
ful in eliciting students’ ideas before design-
ing experiences that help students understand 
that cell size is limited by the surface area-to-
volume ratio and thus is relatively similar for 
most mammals’ cells. 

Administering the Probe
Show a picture of a whale and a shrew to con-
trast size. Make sure middle and high school 
students focus on the concept of “average-

Topic: Cell Growth
Go to: www.scilinks.org
Code: USIS2H139
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sized” cells. You might explain that some cells, 
such as neurons, vary considerably in size. If 
necessary, choose a particular cell, such as a 
red blood cell or a cell from the liver. Alert stu-
dents to the fact that the picture on the probe 
handout is not drawn to scale. In a scale draw-
ing, the shrew would be several times smaller 
than the size of the whale’s eye and would be a 
mere dot next to the whale.

Related Ideas in National 
Science Education Standards 
(NRC 1996)

5–8 Structure and Function in Living 
Systems
• All organisms are composed of cells—the 

fundamental unit of life.
 Cells carry on the many functions need-
ed to sustain life. !ey grow and divide, 
thereby producing more cells.

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 
evidence of common ancestry.

9–12 The Cell
• Cells can differentiate, and complex mul-

ticellular organisms are formed as a highly 
organized arrangement of differentiated 

cells. In the development of these multi-
cellular organisms, the progeny from a 
single cell form an embryo in which the 
cells multiply and differentiate to form the 
many specialized cells, tissues, and organs 
that comprise the final organism.

Related Ideas in Benchmarks 
for Science Literacy (AAAS 
1993)

3–5 Cells
• Microscopes make it possible to see that liv-

ing things are made mostly of cells. Some 
organisms are made of a collection of simi-
lar cells that benefit from cooperating.

6–8 Cells
• All living things are composed of cells, 

from just one to many millions, whose 
details usually are visible only through a 
microscope. Different body tissues and 
organs are made up of different kinds of 
cells. !e cells in similar tissues and organs 
in other animals are similar to those in hu-
man beings but differ somewhat from cells 
found in plants. 

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

Related Research
• Stavy and Tirosh (2000) asked students in 

grades 7–12 a question similar to the one 
in this probe, comparing muscle cells of a 
mouse to muscle cells of an elephant. !e 
majority of students, especially in grades 7 

Indicates a strong match between the ideas elicited by the probe and a national standard’s learning goal.
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and 8, thought that larger animals have 
larger cells. !e common justification 
was that “according to the dimensions of 
the elephants and those of the mice, it is 
obvious that the muscle cells of the mice 
are smaller than those of the elephants” 
(p. 30). !is is an example of the intui-
tive rule “more A, more B.” Most of the 
younger students who answered correctly 
explained the equality in terms of the cells 
having the same function and therefore 
being the same size. Most of the high 
school students who responded correctly 
used formal biological knowledge of cells 
and also described the elephant as having 
more cells. 

• Available research on cells is limited. 
However, in piloting this probe with more 
than 100 middle and high school stu-
dents, many students chose answer B (the 
blue whale has larger cells than a shrew). 
!eir reasoning matched Stavy and Tiro-
sh’s results and was based on the idea that 
whales are much larger and therefore need 
larger cells.

Suggestions for Instruction 
and Assessment
• When students are examining the same 

cell types of different organisms, encour-
age them to look not only at the similarity 
in the shape of the cells but also the size. 
For example, when comparing the muscle 
cells of frogs to the blood cells of humans, 
notice the similar size.

• Develop the idea that cell size is limited by 

the ability of molecules to pass in, around, 
and out of cells. Older students can test 
this idea by making model cells out of 
blocks of agar of different volume to sur-
face area-to-volume ratios and measuring 
the rate and depth of penetration of a dye 
into the model cell. Calculate the volume 
to surface area ratios of the different cell 
sizes and compare the results of the diffu-
sion based on the ratios. 

• Have students investigate the question, “Is 
bigger always better?” in the context of a 
cell’s ability to carry out its life functions. 
Encourage them to develop a way to re-
search and test their idea and have them 
share their results.

• Ask students why a paramecium can 
never be the size of human. Develop the 
idea of why single-celled organisms must 
be microscopic to carry out the same life 
processes carried out by multicellular  
organisms.

Related NSTA Science Store 
Publications and Journal 
Articles
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ence (AAAS). 1993. Benchmarks for science lit-
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Habitat Change
A small, short-furred, gray animal 
called a divo lives on an island. !is 
island is the only place on Earth 
where divos live. !e island habitat 
is warm and provides  plenty of the 
divos’ only food—tree ants. !e di-
vos live high in the treetops, hidden 
from predators. 

One year the habitat experienced a 
drastic change that lasted for most of 
the year. It became very cold and even 
snowed. All of the ants died. !e trees 
lost their leaves, but plenty of seeds 
and dried leaves were on the ground.

Circle any of the things you think happened to most of the divos living on the island 
after their habitat changed.

A  !e divos’ fur grew longer and thicker.

B  !e divos switched to eating seeds.

C  !e divos dug holes to live under the leaves or beneath rocks.

D  !e divos hibernated through the cold period until the habitat was warm again.

E  !e divos died.

Explain your thinking. How did you decide what effect the change in habitat would 
have on most of the divos?

19
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Habitat Change
Teacher Notes

Purpose
!e purpose of this assessment probe is to elic-
it students’ ideas about adaptation. !e probe 
is designed to reveal whether students think 
individuals intentionally change their physical 
characteristics or behaviors in response to an 
environmental change.

Related Concepts
adaptation, behavioral response

Explanation
!ere is no one completely right answer to this 
question, but the best answer is E: !e divos 
died. In common usage the term adapt is un-

derstood as any type of change over any span 
of time. Individuals generally do not intention-
ally adapt to drastic changes in their environ-
ment by changing their physical characteris-
tics (such as fur length or ability to eat certain 
foods based on teeth or mouth structure) or 
inherited behaviors (such as where they seek 
shelter or hibernation). Some individual di-
vos may have been born with variations that 
made them better suited to survive a change 
in the environment and to reproduce, passing 
on their traits to new generations that would 
be better adapted to the changed environment. 
However, most of the divos probably died be-
cause the physical structures, physiology, and 
behaviors they were born with no longer fit the 

19
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Topic: Adaptation
Go to: www.scilinks.org
Code: USIS2H145

changed environment. Populations can adapt 
over time, but individuals do not change dur-
ing their lifetimes.

Curricular and Instructional 
Considerations

Elementary Students
In the elementary grades students build under-
standings of biological concepts through direct 
experience with living things and their habi-
tats. !e idea that organisms depend on their 
environment is not well developed in young 
children. !e focus in the early elementary 
grades should be on establishing the primary 
association of organisms with their environ-
ments, followed by the upper elementary ideas 
of dependence on various aspects of the envi-
ronment and structures and behaviors animals 
were born with that help various organisms 
survive (NRC 1996). Students should have op-
portunities to investigate a variety of habitats 
of plants and animals and identify ways ani-
mals and plants depend on the environment 
and each other.

Middle School Students
Understanding adaptation can be particularly 
troublesome at this level. Many students think 
adaptation means that individuals change 
in major ways in response to environmental 
changes (i.e., if the environment changes, in-
dividual organisms deliberately adapt) (NRC 
1996, p. 156). Teachers need to carefully select 
activities that do not imply to students that 
an individual organism can change its struc-

tures and behaviors at will when 
the habitat changes. Students at 
this level should develop the idea 
of variations organisms are born 
with that can lead to an individu-
al’s survival and reproduction.

High School Students 
At the high school level students shift from 
thinking about the selection of individuals 
with certain traits that help them survive in 
their environment to the changing proportion 
of such traits in a population of organisms. !e 
idea of natural selection, leading to the culmi-
nating idea of biological evolution, is a major 
focus in biology. However, some students still 
believe that a change in an organism’s struc-
tures or behaviors in response to its environ-
ment can be controlled by the organism and 
passed along to future generations.

Administering the Probe
Explain to students that the divo is an imagi-
nary organism. However, the challenges it 
faces, due to the drastic change in its envi-
ronment, would produce similar responses 
from real organisms. Consider adding addi-
tional distracters for structural changes (such 
as growing stronger teeth for cracking open 
seeds) or behavioral changes (such as learning 
to swim so it could get off the island).

Related Ideas in National 
Science Education Standards 
(NRC 1996)

19
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K–4 The Characteristics of Organisms
• Organisms have basic needs. For example, 

animals need air, water, and food; plants 
require air, water, nutrients, and light. Or-
ganisms can survive only in environments 
where their needs can be met.

K–4 Organisms and Their Environments
• An organism’s patterns of behavior are re-

lated to the nature of that organism’s envi-
ronment, including the kinds and numbers 
of other organisms present, the availability 
of food and resources, and the physical 
characteristics of the environment. When 
the environment changes, some plants and 
animals survive and reproduce, and others 
die or move to new locations.

5–8 Regulation and Behavior
• All organisms must be able to obtain 

and use resources, grow, reproduce, and 
maintain stable internal conditions while 
living in a constantly changing external 
environment.

• Behavior is one kind of response an organ-
ism can make to an internal or environmen-
tal stimulus. A behavioral response requires 
coordination and communication at many 
levels, including cells, organ systems, and 
whole organisms. Behavioral response is a 
set of actions determined in part by heredity 
and in part from experience.

5–8 Diversity and Adaptations of 
Organisms

 Species acquire many of their unique 

characteristics through biological adapta-
tion, which involves the selection of natu-
rally occurring variations in populations. 
Biological adaptations include changes in 
structures, behaviors, or physiology that 
enhance survival and reproductive success 
in a particular environment.

 Extinction of a species occurs when the 
environment changes and the adaptive 
characteristics of a species are insufficient 
to ensure its survival.

Related Ideas in Benchmarks 
for Science Literacy (AAAS 
1993)

K–2 Diversity of Life
 Plants and animals have features that help 

them live in different environments.

K–2 Heredity
• !ere is variation among individuals of 

one kind within a population.

3–5 Interdependence of Life
 For any particular environment, some 

kinds of plants and animals survive well, 
some survive less well, and some cannot 
survive at all.

 Changes in an organism’s habitat are some-
times beneficial to it and sometimes harmful.

6–8 Interdependence of Life
 In any particular environment, the growth 
and survival of organisms depend on the 
physical conditions. 

Indicates a strong match between the ideas elicited by the probe and a national standard’s learning goal.
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9–12 Diversity of Life
• !e variation of organisms within a species 

increases the likelihood that at least some 
members of the species will survive under 
changed environmental conditions.

9–12 Heredity
• An altered gene may be passed on to ev-

ery cell that develops from it. !e resulting 
features may help, harm, or have little ef-
fect on the offspring’s success in its envi-
ronment.

Related Research
• Many students tend to see adaptation as 

an intention by the organism to satisfy a 
desire or need for survival (Driver et al. 
1994).

• Middle school and high school students 
may believe that organisms are able to in-
tentionally change their bodily structure to 
be able to live in a particular habitat or that 
they respond to a changed environment by 
seeking a more favorable environment. It 
has been suggested that the language about 
adaptation used by teachers or textbooks 
may cause or reinforce these beliefs (AAAS 
1993, p. 342).

• Most students seem to think that adapta-
tion involves individual organisms chang-
ing in major ways as a response to survive a 
change in their environment (Driver et al. 
1994).

• Students appear to confuse an individual’s 
adaptation during its lifetime and inher-
ited changes in a population over time. A 

large number of students appear to adopt a 
Lamarckian view of adaptation (Driver et 
al. 1994). 

Suggestions for Instruction and 
Assessment
• Some “adaptations” are controlled by an 

organism. When dealing with individual 
organisms, acclimatization would be a bet-
ter term to use for noninheritable changes 
in structure or behavior made by an organ-
ism during its lifetime.

• Be aware that Lamarckian interpretations 
of an individual’s adaptation to its envi-
ronment may impede understanding of 
Darwinian evolution.

• A common activity used in elementary 
and middle school science is to have 
students design an imaginary organism 
that is adapted to a particular habitat. Be 
aware that this activity may perpetuate 
the misconception that organisms inten-
tionally adapt.

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

Related NSTA Science Store 
Publications and Journal 
Articles
American Association for the Advancement of Sci-

ence (AAAS). 1993. Benchmarks for science lit-
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eracy. 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: 
RoutledgeFalmer.

Endreny, A. 2006. Crazy about crayfish. Science & 
Children 43 (7): 32–35. Also available online 
at www.nsta.org/main/news/stories/science_
and_children.php?news_story_ID=51806. 

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

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

Royce, C. 2005. Antarctic adaptations. Science & 
Children (Jan.): 16–18. 

Young, J. 2005. Feeding of Diarmis proboscis.  
Science Scope (Jan.): 56–58. 

Related Curriculum Topic Study 
Guides
(Keeley 2005)
“Adaptation”
“Habitats and Local Environments”
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Is It a Rock? (Version 1)
Which things on this list could be rocks? How do you decide if something is a rock? 
Put a X next to the things you think could be a rock.

___  jagged boulder  ___  smooth boulder

___  small stone ___  large stone

___  pebble ___  piece of gravel

___  piece of sand ___  dust from two stones rubbed together

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

_______________________________________________________________

_______________________________________________________________

_______________________________________________________________

_______________________________________________________________

_______________________________________________________________

_______________________________________________________________

_______________________________________________________________

_______________________________________________________________

_______________________________________________________________
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Is It a Rock? (Version 1)
Teacher Notes

20

Purpose
!e purpose of this assessment probe is to 
elicit students’ ideas about rocks. !e probe is 
designed to determine whether students rec-
ognize that rocks can come in many sizes and 
shapes.

Related Concepts
minerals, rocks, weathering and erosion

Explanation
All of the items on the list could be a rock. 
Rocks are aggregates of minerals. Simply, a 
rock is defined as any solid mass of mineral 
or mineral-like matter that occurs naturally 
as part of our planet (Lutgens and Tarbuck 
2003). Rocks can be described by their size 
and shape. Rocks can range from huge boul-
ders to single grains of sand and rock dust 

formed through the process of weathering. 
!ey can be jagged or smooth. Words like 
boulder, gravel, and sand have specific scientif-
ic meanings related to the average size of rock 
fragments. Rocks can be broken and shaped by 
natural weathering processes or broken, cut, 
and shaped by humans, resulting in a variety 
of sizes and shapes. Some items on this list can 
also be minerals; for example, a grain of sand 
could be the mineral quartz as well as a grain 
of volcanic rock. However, this probe focuses 
only on the concept of a rock.

Curricular and Instructional 
Considerations

Elementary Students
Younger elementary students should become 
familiar with their immediate surroundings, 
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including the variety of rocks in their local 
environment. Students should observe the dif-
ferent shapes and sizes rocks come in. In upper 
elementary grades students can observe details 
of rocks and minerals and can use magnifiers 
to identify grains of rock and minerals in sand. 
At this level, students begin to understand 
that smooth rocks are shaped by the action of 
waves, wind, and water and that freezing wa-
ter and other natural processes as well as hu-
man actions can break rock up into smaller 
pieces, including rock dust. Upper elementary 
students begin to develop an understanding 
that the solid materials formed by the Earth 
are rocks, minerals, and soil. When they in-
vestigate soils, they begin to develop the idea 
that small particles of rock are combined with 
living and once-living material. 

Middle School Students
Students continue to refine their ideas about 
how rocks are formed, shaped, and broken 
apart by the action of both abrupt and slow 
natural processes. !ey begin to tie these pro-
cesses to the idea of a rock cycle. !ey devel-
op an understanding that sediments contain 
small particles of rock and minerals and that 
these sediments can be cemented together 
again to form solid rock. !ey develop an un-
derstanding of how landforms such as moun-
tains are formed through the uplift of rock or 
the hardening of molten lava from volcanoes 
and how these landforms break down into 
rock of different sizes and shapes, including 
grains of sand found on beaches made from 
volcanic rock.

High School Students
Students at this level refine their un-
derstanding of the rock cycle—the 
formation, weathering, sedimenta-
tion, and reformation through heat 
and/or pressure, resulting in large 
rock formations as well as particles of rock of 
different sizes and shapes at different stages of 
the rock cycle. Nevertheless, some students 
may still hold on to their preconceptions that 
rocks are defined by size or shape.

Administering the Probe
Make sure younger students are familiar with 
the objects and materials on the list. Remove 
unfamiliar examples. It may be helpful to have 
props that show items on the list, including a 
picture of a large boulder. !is probe can also 
be administered as a card sort. Place the words 
and/or pictures of the items on cards and ask 
students to sort them by “rock,” “not rock,” 
or “unsure” and to provide an explanation for 
each one.

Related Ideas in National 
Science Education Standards 
(NRC 1996)

K–4 Properties of Earth Materials
• Earth materials are solid rocks and soils, 

water, and the gases of the atmosphere. 
!e varied materials have different physi-
cal and chemical properties.

5–8 Structure of the Earth System
• Some changes in the solid Earth can be de-

20

Topic: What Are Rocks?
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 Indicates a strong match between the ideas elicited by the probe and a national standard’s learning goal.

scribed as the “rock cycle.” Old rocks at the 
Earth’s surface weather, forming sediments 
that are buried, then compacted, heated, 
and often crystallized into new rock. Even-
tually, those new rocks may be brought to 
the surface by forces that drive plate mo-
tions, and the rock cycle continues.

Related Ideas in Benchmarks 
for Science Literacy (AAAS 
1998)

K–2 Processes That Shape the Earth
 Chunks of rocks come in many sizes and 
shapes, from boulders to grains of sand 
and even smaller.

3–5 Processes That Shape the Earth
• Rock is composed of different combina-

tions of minerals. Smaller rocks come 
from the breakage and weathering of bed-
rock and larger rocks. Soil is made partly 
from weathered rock, partly from plant 
remains—and also contains many living 
organisms.

• Waves, wind, water, and ice shape and re-
shape the Earth’s land surface by eroding 
rock and soil in some areas and depositing 
them in other areas, sometimes in seasonal 
layers.

6–8 Processes That Shape the Earth
• Sedimentary rock buried deep enough may 

be reformed by pressure and heat, perhaps 
melting and recrystallizing into different 
kinds of rock. !ese reformed rock layers 

may be forced up again to become land 
surface and even mountains. Subsequently, 
this new rock will erode. 

9–12 Processes That Shape the Earth
• !e formation, weathering, sedimenta-

tion, and reformation of rock constitute a 
continuing “rock cycle” in which the total 
amount of material stays the same as its 
form changes.

Related Research
• Freyberg (1985) found that the word rock 

is used in many different ways in our com-
mon language, contributing to the confu-
sion over what a rock is geologically. Many 
students think rocks are of a particular size 
rather than characterized by what they are 
made of (Driver et al. 1994).

• Children often fail to recognize that words 
like boulder, gravel, sand, and clay have 
specific meanings related to the average 
size of fragments. For example, children 
think of clay as being sticky, orange stuff 
found underground rather than a very fine 
particle of rock (Driver et al. 1994).

• A study by Happs (1982) revealed that 
younger students often intuitively identify 
rocks through their weight, hardness, color, 
and jaggedness. !erefore, some students 
believe that rocks are larger, heavier, and 
jagged and identify smaller fragments as 
stones instead of rocks (Driver et al. 1994). 

• Students have difficulty with the idea of 
rock types being a range of sizes. !ey use 
the words boulder, gravel, sand, and clay in 

20
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ways related to where they are found, rather 
than seeing them as rocks of different sizes. 
For example, they say that boulders are larg-
er than rocks and have rolled down a slope, 
gravel is something on the side of roads, 
sand is on beach and in the desert, and clay 
is red and underground (Happs 1985).

Suggestions for Instruction and 
Assessment
• Younger students should be given ample 

opportunities to collect and examine 
a variety of rocks of different sizes and 
describe them according to their observ-
able properties.

• When younger elementary students de-
scribe physical properties of objects, in-
clude rocks in their study of properties of 
matter. Have students identify that rocks 
come in different sizes, shapes, colors, and 
textures. 

• Provide opportunities for students to see 
that rocks can break down into very small 
pieces, including “rock dust.” !is can be 
observed by rubbing two rocks together or 
filling a clean coffee can with a few rocks 
and shaking it for an extended period of 
time. !e dust comes from the pieces of 
weathered rock. Ask students what the 
dust is; encourage them to make the con-
nection that it came from the rock and 
thus is the same material.

• Compare and contrast different types of 
beach sand formed from rocks and miner-
als and trace their origin. For example, the 
quartz in some sands may have come from 

pieces of granite rock that were further 
weathered into mineral particles. Volcanic 
beach sand comes from the weathering of 
volcanic rock.

• !roughout grades K–12 students have 
many opportunities to learn about rocks, 
their properties, and the processes that 
formed them. Yet students’ conceptions 
of what a rock actually is may be nothing 
more than a memorized definition. En-
courage students to develop an operational 
definition of a rock, and help them bridge 
their operational definition to a scientific 
one through multiple experiences. 

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 
“Changes in the Earth’s Surface,” pp. 50–51.) 
New York: Oxford University Press.

Damonte, K. 2004. Going through changes. Sci-
ence & Children (Oct.): 25–26.

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

Ford, B. 1996. Project earth science: Geology. Arling-
ton, VA: NSTA Press.

Keeley, P. (2005). Science curriculum topic study: 
Bridging the gap between standards practice. 
!ousand Oaks, CA: Corwin Press.
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Journal of Science Education 7 (4): 431–443.

Keeley, P. 2005. Science curriculum topic study: 
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Related Curriculum Topic Study 
Guides
(Keeley 2005)
“Rocks and Minerals”
“Processes !at Change the Surface of the 
Earth”
“Weathering and Erosion”
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Is It a Rock? (Version 2)
What is a rock? How do you decide if something is a rock?  
Put an X next to the things that you think are rocks.

___  cement block ___ piece of clay pot ___  coal

___  dried mud  ___ coral ___  brick

___  hardened lava  ___ limestone ___  a gravestone

___  asphalt (road tar)  ___ iron ore ___  marble statue

___  glass  ___ concrete  ___  granite

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

_______________________________________________________________

_______________________________________________________________

_______________________________________________________________

_______________________________________________________________

_______________________________________________________________

_______________________________________________________________

_______________________________________________________________

_______________________________________________________________
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Is It a Rock? (Version 2)
Teacher Notes

Purpose
!e purpose of this assessment probe is to elicit 
students’ ideas about rocks. !e probe is designed 
to determine whether students can distinguish 
between human-made, “rock-like” materials and 
geologically formed rock material of various ori-
gins, even though it may have been shaped by hu-
mans. !e probe reveals whether students have a 
geologic conception of a rock.

Related Concepts
minerals, rocks 

Explanation
!e items on the list that are rocks are coal, 
hardened lava, limestone, a gravestone, iron 
ore, marble statue, and granite. Simply, a rock 
can be defined as any solid mass of mineral or 
mineral-like matter that occurs naturally as 
part of our planet (Lutgens and Tarbuck 2003). 

Some rocks, such as limestone, are composed 
almost entirely of one mineral—in this case, 
impure masses of calcite. Other rocks occur as 
aggregates of two or more minerals. For exam-
ple, granite is a common rock composed of the 
minerals quartz, hornblende, and feldspar. A 
few rocks are composed of nonmineral matter. 
Pumice is a volcanic rock formed by the cool-
ing of frothy lava. Coal is a rock formed by the 
hardening of solid organic debris. 
 Some of the items on the list are rock-like 
in that they are similar to rock material but 
are not naturally formed through geologic 
processes. !e cement block, piece of clay pot, 
brick, asphalt, glass, and concrete are all made 
using some rock material, combined with oth-
er materials, and reshaped through a human-
made process, not a geologic one. !e material 
itself is not “rock.” However, the gravestone 
and marble statue are rock, even though they 
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Topic: What Are Rocks?
Go to: www.scilinks.org
Code: USIS2E159

have been reshaped and polished through a 
human-made process, because the material 
they are made of was formed through a geo-
logic process and the original composition is 
unchanged. !e material is still rock, only the 
shape and texture have changed. 
 Coral is made by living processes, not geo-
logic processes. Soft-bodied organisms secrete 
calcium carbonate to make hard, rock-like casings 
that protect their soft bodies. !ese “community 
casings” result in the formation of coral reefs. 
 Mud is a mixture of silt, clay, and water. 
Silt and clay are fine rock fragments. Mud can 
dry out, forming hard cakes that appear rock-
like. However, it takes long periods of geologic 
time for dried mud to harden (lithify) into 
solid sedimentary rock such as shale.

Curricular and Instructional 
Considerations

Elementary Students
Observing and classifying objects and ma-
terials is a major part of elementary science 
inquiry. Younger elementary students should 
become familiar with the variety of objects 
and materials in their local environment, in-
cluding rocks and objects made from rocks. 
Ideas about rocks are linked to ideas about 
properties of matter. !ey begin to understand 
that rocks can come in natural forms or can be 
cut, shaped, and polished by humans for vari-
ous uses. !ey begin to understand how some 
objects and materials exist naturally and oth-
ers are made by humans combining materials 
from the environment in new ways, based on 

the properties of the ma-
terials. Students compare 
and classify familiar hu-
man and naturally made 
objects and materials, 
and they investigate un-
familiar materials to find 
out what they are made of.

Middle School Students
Students continue to refine their ideas about 
how natural objects such as rocks are formed. 
!ey can contrast composition and forma-
tion of human-made materials with naturally 
formed ones. !ey begin to develop an un-
derstanding of how rocks are formed through 
various geologic processes, resulting in a va-
riety of sedimentary, igneous, and metamor-
phic rocks. Students can begin to trace the 
composition of rocks and minerals back to 
the geologic processes that formed them. !ey 
can contrast this formation with short-term 
human processes developed through materi-
als science and technology that result in rock-
like materials such as cement. In their study of 
natural resources, they recognize that rock is a 
natural resource that can be reshaped by hu-
mans without changing its composition or can 
be crushed and combined with other materials 
to form a new, hard material. 

High School Students
Student at this level refine their understanding 
of the geologic processes that form rocks as well 
as an understanding of the chemical composi-
tion and origin of minerals that make up rocks. 
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!ey have a greater awareness of the long-term, 
geologic processes that form rocks. !ey learn 
about chemical processes, invented by humans, 
which result in rock-like mixtures such as as-
phalt, concrete, and cement. In biology they 
recognize living processes that form hard, rock-
like casings such as coral and mollusk shells and 
link this to the idea of biogeochemical cycles. 
At this level, combined with their knowledge 
of chemistry, students have greater familiarity 
with synthetically produced materials and are 
more apt to differentiate them from materials 
produced through geologic processes. 

Administering the Probe
Make sure younger students understand the 
words on the list. You may choose to show ex-
amples (actual or photographic) of the materials 
or point out examples they are familiar with in 
their local environment, such as a cement side-
walk. Words can also be written on cards or 
combined with pictures and used as a card sort 
activity, sorting cards into “rock” and “non-
rock.” For older students who are familiar with 
examples of igneous rocks, consider replacing 
the term hardened lava with basalt or pumice. 

Related Ideas in National 
Science Education Standards 
(NRC 1996)

K–4 Properties of Earth Materials
 Earth materials are solid rocks and soils, 
water, and the gases of the atmosphere. 
!e varied materials have different physi-
cal and chemical properties, which make 

them useful in different ways, for example, 
as building materials, as sources of fuel, 
or for growing the plants we use as food. 
Earth materials provide many of the re-
sources that humans use.

K–4 Types of Resources
• Some resources are basic materials such 

as air, water, and soil; some are produced 
from basic resources, such as food, fuel, 
and building materials.

5–8 Structure of the Earth System
• Some changes in the solid Earth can be de-

scribed as the “rock cycle.” Old rocks at the 
Earth’s surface weather, forming sediments 
that are buried, then compacted, heated, 
and often crystallized into new rock. Even-
tually, those new rocks may be brought to 
the surface by forces that drive plate mo-
tions, and the rock cycle continues.

9–12 Geochemical Cycles
• Each element on Earth moves among reser-

voirs in the solid Earth, oceans, atmosphere, 
and organisms as part of geochemical cycles.

9–12 Natural Resources
• Human populations use resources in the 

environment in order to maintain and im-
prove their existence. 

Related Ideas in Benchmarks 
for Science Literacy (AAAS 
1998)

 Indicates a strong match between the ideas elicited by the probe and a national standard’s learning goal.
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K–2 The Structure of Matter
 Objects can be described in terms of the 
materials they are made up of.

3–5 Processes That Shape the Earth
 Rock is composed of different combina-
tions of minerals.

3–5 Materials and Manufacturing
• !rough science and technology, a wide 

variety of materials that do not appear in 
nature at all have become available. 

6–8 Processes That Shape the Earth
 Sedimentary rock buried deep enough may 
be reformed by pressure and heat, perhaps 
melting and recrystallizing into different 
kinds of rock. !ese reformed rock layers 
may be forced up again to become land 
surface and even mountains. Subsequently, 
this new rock will erode. Rock bears evi-
dence of the minerals, temperatures, and 
forces that created it.

9–12 Processes That Shape the Earth
• !e formation, weathering, sedimenta-

tion, and reformation of rock constitute a 
continuing “rock cycle” in which the total 
amount of material stays the same as its 
form changes.

Related Research
• !e word rock is used in many different 

ways in our common language, contribut-
ing to the confusion of what it means in a 
geologic sense (Freyberg 1985).

• Some students regard rock as being made 
of only one substance and thus have diffi-
culty in recognizing granite as rock (Driver 
et al. 1994).

• In studies by Happs (1982, 1985), students 
had difficulty making the distinction be-
tween “natural” things and those created 
or altered by humans. For example, some 
students considered brick a rock because 
part of it comes from natural material. 
Conversely, some students thought cut, 
smooth, polished marble is not a rock be-
cause humans made it smooth and so it is 
no longer natural (Driver et al. 1994).

• When students were shown different types of 
rock and asked whether they were rocks, sev-
eral students thought pumice was too light to 
be a rock (Osborne and Freyberg 1985).

Suggestions for Instruction and 
Assessment
• When teaching about rocks, take time to 

elicit students’ conception of what a rock 
is. Although students may have had several 
opportunities to study rocks during their 
K–8 experiences, do not assume that they 
have a correct conception of what a rock 
is. Students may be able to define a rock, 
name types of rocks, and describe the geo-
logic processes that formed them, yet they 
may still identify human-made materials, 
such as brick, as rocks.

• Develop an operational definition before 
introducing the scientific definition. Stu-
dents need to understand what minerals 
are before they develop a scientific notion 
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 Indicates a strong match between the ideas elicited by the probe and a national standard’s learning goal.
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of rocks, based on their composition. 
• Emphasize the long periods of geologic 

time it takes to make rock and review the 
stages of the rock cycle versus the short pe-
riod of time to make a brick. 

• When younger elementary students describe 
physical properties of objects, include rocks 
in the study of properties. Rocks can be 
used to demonstrate how a physical prop-
erty may change, but the material is still the 
same. For example, show students a rough 
piece of granite and a smooth, polished 
piece of granite, noting that they are still 
the same material although the property of 
texture has been changed by humans. 

• Compare and contrast naturally formed ob-
jects with objects made or reformed by hu-
mans. In the latter category have students 
place objects into two groups: (1) those 
made entirely from natural materials that 
have not been recombined when reshaped 
by humans (e.g., the marble statue) and (2) 
those that contain some natural material, 
combined with other materials to make new 
material that does not exist in a natural state 
(e.g., concrete or brick). 

• Have students investigate the materials 
that make up brick, concrete, cement, and 
asphalt. Connect this to materials science 
and technology, noting how humans use 
natural resources and scientific knowledge 
about materials to make new types of ma-
terials for construction. 

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.

Damonte, K. 2004. Going through changes. Sci-
ence and Children (Oct.): 25–26. 

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

Ford, B. 1996. Project Earth science: Geology. Arling-
ton, VA: NSTA Press.

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

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

Plummer, D., and W. Kulman. 2005. Rocks in our 
pockets. Science Scope 29 (2): 60–61.

Varelas, M., and J. Benhart. 2004. Welcome to rock 
day. Science & Children 40 (1): 40–45. 

Related Curriculum Topic Study Guide
(Keeley 2005)
“Rocks and Minerals”
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Mountaintop Fossil

U n c o v e r i n g  S t u d e n t  I d e a s  i n  S c i e n c e

 
!e Esposito family went hiking on a tall mountain. 
Mrs. Esposito picked up a shell fossil on the top of 
the mountain. !e fossil was once a shelled organ-
ism that lived in the ocean. !e family had different 
ideas about how the fossil ended up there. !is is 
what they thought:

Mrs. Esposito: A bird picked up the organism and 
dropped the shell as it flew over the mountain.

Mr. Esposito: Water, ice, or wind eventually carried 
the fossil to the top of the mountain.

Rosa: A mountain formed in an area that was once covered by ocean. 

Sofia: !e fossil flowed out of a volcano that rose up from the ocean floor. 

Whose idea do you most agree with and why? Describe your ideas about how a fossil 
could end up on the top of a tall mountain.

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________
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Mountaintop Fossil
Teacher Notes

Purpose
!e purpose of this assessment probe is to elic-
it students’ ideas about mountain formation. 
!e probe is designed to determine whether 
students recognize that mountains formed 
from the uplift of land, including areas that 
were once part of oceans.

Related Concepts
fossils, landforms, uplift, weathering and erosion

Explanation
!e best answer is Rosa’s. Over long periods of 
geologic time, the Earth’s crust goes through 
several changes. Where oceans, shallow seas, 
and muddy marshes once existed, today there 
may be mountains. Ancient marine organisms 
died and were covered with sediments that, 
over time, hardened and formed sedimentary 

rock. !e imprints left by the hard shells of 
mollusks and even mineralized parts of their 
shells remained in the sedimentary rock. Ad-
ditional layers of sedimentary rock formed 
over the fossils. Over time, these layers of rock 
were uplifted to form mountains. As moun-
tains formed, the fossils were elevated along 
with the rock in which they were formed. To-
day the processes of weathering and erosion 
expose the fossils in the rock that were formed 
millions of years ago. !e sediments may end 
up in the ocean and again turn to rock over 
long periods of time, possibly forming new 
mountains many millions of years from now.

Curricular and Instructional 
Considerations

Elementary Students
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Students at this level should have the oppor-
tunity to examine different types of landforms 
and rocks, including fossils, with the emphasis 
on observations and descriptions. Explanations 
should be based on processes and changes that 
students can experience and observe. It is dif-
ficult for students at this level to comprehend 
the very long periods of geologic time it takes 
for rocks and mountains to form. 

Middle School Students
It is important for students at this age to un-
derstand how sedimentary rock is formed, in-
cluding the embedding of plant and animal re-
mains that leave a record of the appearance and 
disappearance of different species and the en-
vironment that existed at that time. !e study 
of the Earth’s history provides evidence about 
the evolution of the Earth’s features, including 
the distribution of land and sea, features of the 
crust such as mountains, and the populations 
of living organisms that existed at different 
times. Students should have opportunities to 
study a variety of landforms, including moun-
tains, and how they came to be. !ey should 
understand that the Earth has gone through 
many changes and that where oceans once ex-
isted, mountains may exist today. !e theory 
of plate tectonics is introduced at this level.
 Because students do not have direct con-
tact with the phenomena of uplift and wearing 
down of mountains as well as the long-term 
nature of geologic processes, instruction and 
hands-on experiences should be descriptive. 
Detailed explanations should wait until late in 
middle school or high school. It is also impor-

tant to note that vast intervals 
of geologic time are difficult for 
students to comprehend.

High School Students
At this level students transition 
from descriptive understandings 
of geologic phenomena they learned about in 
middle school to modern explanations, in-
cluding plate tectonics. !ey should have an 
integrated knowledge about the Earth system 
that includes the rock cycle, crustal dynamics, 
geochemical processes, and the expanded con-
cept of geologic time. !ey should understand 
and use the evidence base for determining the 
story of the Earth’s crust, climate, and evolv-
ing life forms. 

Administering the Probe
It may be helpful to show students an example 
of a shell fossil. You might also show a picture 
of a tall mountain chain, such as the Andes, 
where shell fossils have been found.

Related Ideas in National 
Science Education Standards 
(NRC 1996)

K–4 Properties of Earth Materials
 Fossils provide evidence about plants and 
animals that lived a long time ago and the 
nature of the environment at that time.

5–8 Structure of the Earth
 Landforms are the result of a combina-
tion of constructive and destructive forces. 

 Indicates a strong match between the ideas elicited by the probe and a national standard’s learning goal.
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Constructive forces include crustal defor-
mation, volcanic eruption, and deposition 
of sediment; destructive forces include 
weathering and erosion.

5–8 Earth’s History
• !e Earth processes we see today, including 

erosion, movement of lithospheric plates, 
and changes in the atmospheric composi-
tion, are similar to those that occurred in 
the past. Earth history is also influenced 
by occasional catastrophes, such as the im-
pact of an asteroid or comet.

9–12 The Origin and Evolution of the 
Earth System
• Geologic time can be estimated by observing 

rock sequences and using fossils to correlate 
the sequences at various locations. Current 
methods include using known decay rates 
of radioactive isotopes present in the rocks 
to measure time since the rock was formed.

• Interactions among the solid Earth, the 
oceans, the atmosphere, and organisms 
have resulted in the ongoing evolution of 
the Earth system. We can observe changes 
such as earthquakes and volcanic erup-
tions on a human time scale, 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 
1998)

3–5 Processes That Shape the Earth
• Rock is composed of different combina-

tions of minerals. Smaller rocks come 
from the breakage and weathering of bed-
rock and larger rocks. Soil is made partly 
from weathered rock, partly from plant 
remains—and also contains many living 
organisms.

6–8 Processes That Shape the Earth
• Sediments of sand and smaller particles 

(sometimes containing the remains of or-
ganisms) are gradually buried and cement-
ed together by dissolved minerals and form 
solid rock again.

• Sedimentary rock buried deep enough may 
be reformed by pressure and heat, perhaps 
melting and recrystallizing into different 
kinds of rock. !ese reformed rock layers 
may be forced up again to become land 
surface and even mountains. Rock bears 
evidence of the minerals, temperatures, 
and forces that created it.

Related Research
• Students of all ages may hold the view that 

the world has always been the way it is now 
and any changes that occurred were sud-
den and comprehensive (Freyberg 1985). 

• Very few younger children who were inter-
viewed in a study by Happs (1982) appre-
ciated the relationship between sedimen-
tary rocks and the sedimentary process by 
which they were formed. 

• Students often think of mountain build-
ing as occurring only through catastrophic 

 Indicates a strong match between the ideas elicited by the probe and a national standard’s learning goal.
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events such as earthquakes or volcanoes. 
!ey often fail to recognize the slow pro-
cess of uplift over millions of years (Phil-
lips 1991). 

• Some students have a landform and ocean 
basin conception that involves a progres-
sively decreasing slope from the center of 
the continents to the center of the bot-
tom of the ocean and then back up again 
(Marques and !ompson 1997).

Suggestions for Instruction and 
Assessment
• Provide examples of tall mountains such 

as the Himalayas and the Andes and show 
examples of marine fossils that have been 
found there. Encourage students to think 
of all the possible ways these fossils could 
have gotten there and have them research 
their ideas.

• Students should see as many different types 
of landforms as possible to help determine 
and describe the different ways in which 
they formed.

• Elementary students can observe the ba-
sic processes of the rock cycle—weather-
ing, erosion, transport, and deposit—us-
ing water, sandboxes, and rock tumblers. 
Later they can connect these experiences 
to explanations of how features of different 
Earth formations came to be and how they 
are always changing.

• Films or internet simulations of mountain-
building processes, particularly the slower 

uplifts and not the catastrophic types such 
as volcanoes, provide a vicarious way for 
students to observe long-term constructive 
processes.
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Related Curriculum Topic Study 
Guides
(Keeley 2005)
“Fossil Evidence”
“Landforms”
“Plate Tectonics”
“Processes !at Change the Surface of the 
Earth”
“Rocks and Minerals”
“Weathering and Erosion”
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Darkness at Night
Six friends were wondering why the sky is 
dark at night. !is is what they said:

Jeb: “!e clouds come in at night and  
 cover the Sun.”

Talia: “!e Earth spins completely   
 around  once a day.”

Nick: “!e Sun moves around the Earth  
 once a day.”

Becca: “!e Earth moves around the Sun  
 once a day.”

Latisha: “!e Sun moves underneath the Earth at night.”

Yolanda: “!e Sun stops shining.”

Which friend do you think has the best reason for why the sky is dark at night? De-
scribe your ideas about why the Earth is dark at night and light during the day. 

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________
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Darkness at Night
Teacher Notes

Purpose
!e purpose of this probe is to elicit students’ 
ideas about the day/night cycle. !e probe is 
designed to find out if students recognize that 
the Earth’s rotation is responsible for the day/
night cycle.

Related Concepts
day/night cycle, Earth’s axis, rotation

Explanation
!e best response is Talia’s: !e Earth spins 
completely around once a day. !e reason 
for the day/night cycle is that the Earth spins 
completely around on its axis approximately 
every 24 hours. When our location on the 
Earth is turned away from the Sun, we have 
night (darkness). When our location on the 

Earth is turned toward the Sun, we have day 
(daylight). 

Curricular and Instructional 
Considerations

Elementary Students
In the early elementary years, students rec-
ognize that there is a repeating pattern of 
daytime and night. !is is primarily observa-
tional; young children are not ready to explain 
the abstract idea of a turning Earth in relation 
to the Sun. Observations of the Sun’s location 
make it look to them as if the Sun is the body 
that is moving. !ey may also have difficulty 
with the notion of a spherical Earth at this age, 
which is a precursor to understanding that the 
Earth spins.
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 In the upper elementary grades students 
begin to learn how the Earth moves in rela-
tion to the Sun. Using physical models such as 
globes and a light source, they begin to devel-
op the notion that the Earth turns completely 
around on its axis once a day. Using models, 
students can see how people on the Earth ex-
perience darkness when they are turned away 
from the Sun. Gradually the terms rotation 
and Earth’s axis are introduced when students 
are ready to conceptualize them. !e ideas tar-
geted by this probe are a grade-level expecta-
tion in the national standards.

Middle School Students
Students’ understanding of the day/night cycle 
expands to include ideas about the effect of the 
tilt and the amount of sunlight that falls on 
the Earth at different times of the year. Stu-
dents begin to recognize that the length of 
day (photoperiod) changes during different 
times of the year and different locations on the 
Earth, but the orbital geometry involved in 
understanding this concept is still difficult for 
them to grasp. Students at this level may be-
gin to confuse rotation with revolution when 
the idea of the Earth’s annual orbit around the 
Sun is introduced in middle school.

High School Students
During high school, more complex ideas about 
the Earth, Moon, and Sun system are devel-
oped along with the idea that other planets 
and their moons rotate at different speeds and 
have day/night cycles of varying lengths. How-
ever, be aware that high school students may 

not understand the basic 
concept of rotation. Some 
high school students still 
struggle with the concept 
of a rotating Earth in re-
lation to the Sun as the 
mechanism that accounts 
for day/night.

Administering the Probe
Be sure students understand what the probe 
is asking. Terminology like rotation, spinning 
on an axis, and revolution are intentionally 
avoided to probe for conceptual understand-
ing. Make sure students understand that night 
refers to the period of darkness when the Sun 
is not visible and that day refers to the period 
of daylight, not a 24-hour measurement.

Related Ideas in National 
Science Education Standards 
(NRC 1996)

K–4 Objects in the Sky
 • !e Sun, Moon, stars, clouds, birds, and 

airplanes all have properties, locations, and 
movements that can be observed.

K–4 Changes in the Earth and Sky
 • Objects in the sky have patterns of move-

ment. !e Sun, for example, appears to move 
across the sky in the same way every day. But 
its path changes slowly over the seasons. 

5–8 Earth in the Solar System
 Most objects in the solar system are in 

Topic: What Causes Day 
and Night?
Go to: www.scilinks.org
Code: USIS2E173
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regular and predictable motion. !ose mo-
tions 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
 • !e Sun can be seen only in the daytime, 

but the Moon can be seen sometimes at 
night and sometimes during the day. !e 
Sun, Moon, and stars all appear to move 
slowly across the sky. 

3–5 The Earth 
 Like all planets and stars, the Earth is ap-

proximately spherical in shape. !e rota-
tion of the Earth on its axis every 24 hours 
produces the day/night cycle. To people on 
the Earth, this turning of the planet makes 
it seem as though the Sun, Moon, planets, 
and stars are orbiting the Earth once a day.

6–8 The Earth
 • Because the Earth turns daily on an axis 

that is tilted relative to the plane of the 
Earth’s yearly orbit around the Sun, sun-
light falls more intensely on different parts 
of the Earth during the year.

Related Research
 • Baxter (1989) identified six ideas about day 

and night and their prevalence and showed 
that students seems to move through these 
ideas as they get older: the Sun goes behind 

hills, clouds cover the Sun, the Moon cov-
ers the Sun, the Sun goes behind the Earth 
once a day, the Earth goes around the Sun 
once a day, and the Earth spins on it axis 
once a day. It appears that at ages 15 and 16 
many still hold covering and orbital theories 
of day and night (Driver et al. 1994).

 • Students at the secondary level may be-
lieve that day and night occur because the 
Earth goes around the Sun or the Sun goes 
around the Earth (Schoon 1992).

 • Explanations of the day/night cycle, the 
phases of the Moon, and the seasons are 
very challenging for students. To under-
stand these phenomena, students first 
should master the idea of a spherical Earth, 
itself a challenging task (AAAS 1993).

 • Sadler (1987) noted that students may not 
be able to understand explanations of the 
day/night cycle, phases of the Moon, and 
seasons before they reasonably understand 
the relative size, motion, and distance of 
the Sun, Moon, and Earth (AAAS 1993).

Suggestions for Instruction and 
Assessment
 • Make sure young students accept the idea 

of a spherical Earth, a precursor to un-
derstanding the spin of the Earth. Young 
students should also develop the idea of a 
repeated cycle of day/night before being 
expected to explain it.

 • Use physical models made from common 
objects, such as a globe and a flashlight, to 
help students see the phenomenon of day 
and night. Encourage students to manipu-
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late models rather than be passive observers.
 • Students often confuse the terminology re-

lated to Earth’s motion. Introduce rotation 
before revolution, starting with the concept 
before introducing the terminology. Once 
students have grasped the idea of rotation, 
use a model to help them see that the Earth 
rotates as it orbits around the Sun.

 • Help students recognize how language 
may lead to incorrect ideas about the day/
night cycle. Have students critique the 
use of words and phrases like sundown, 
sunrise, the Sun is sinking, and the Sun is 
moving across the sky; ask them to explain 
how these words or phrases may convey in-
correct ideas about the Sun-Earth system. 
Have students demonstrate with models 
what is actually happening with the Sun in 
relation to the Earth. 

 • Students may know that the Earth spins 
on its imaginary axis, but they may have 
never been asked to describe what direction 
the Earth spins in—clockwise or counter-
clockwise, east to west or west to east? Chal-
lenge students to figure it out based on their 
observations of sunrise and sunset.
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Emmy’s Moon and Stars
Emmy looked out her window and saw the Moon 
and stars. She wondered how far away they were. 
Circle the answer that best describes where you 
think the Moon and stars are that Emmy sees.

A  !ere are no stars are between the Earth and the 
Moon.

B  One star is between the Earth and the Moon.

C A few stars are between the Earth and the 
Moon. 

D  !ere are many stars between the Earth and the 
Moon.

E  Several stars are between the Moon and the edge 
of our solar system.

Explain your thinking. 

_________________________________________________________________  

_________________________________________________________________  

_________________________________________________________________  

_________________________________________________________________  

_________________________________________________________________  

_________________________________________________________________  

_________________________________________________________________  

_________________________________________________________________ 
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Emmy’s Moon and Stars
Teacher Notes

Purpose
!e purpose of this assessment probe is to elic-
it students’ ideas about the relative position of 
common objects seen in the sky. !e probe is 
designed to find out if students recognize how 
far away the stars are in relation to the Earth 
and the Moon.

Related Concepts
Earth’s axis, scale size and distance in the uni-
verse, stars

Explanation
!e best response is A: !ere are no stars be-
tween the Earth and the Moon. Even the Sun, 
which is the only star in our solar system, is lo-

cated far beyond the Earth and the Moon, not 
between it. !e stars Emmy sees are located 
far away, outside of our solar system. To put it 
all in perspective, the Sun is about 150 million 
kilometers (93 million miles) from Earth. !e 
next-nearest star is about 40 trillion kilome-
ters (25 trillion miles) away. !e Moon is only 
about 383,000 kilometers (238,000 miles) 
from Earth. 
 Distant stars, which are massive, appear as 
tiny points of light in the night sky because 
they are so far away. To a viewer on the Earth, 
stars may seem closer because vast distances 
and enormous sizes in space are difficult to vi-
sualize. Agan (2004) described the difficulty in 
describing stellar distance: “!e vast distances 
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Topic: Stars 
Go to: www.scilinks.org
Code: USIS2M179

between stars are difficult for astronomers to 
discuss in common language. Many astronomy 
educators use scale models to provide a sense 
of the distances between stars. For instance, 
if the Sun were 1 inch in diameter, the nearest 
star would be nearly 500 miles away. A formal 
measurement of astronomical distances, the 
light year, is the distance that light travels in 
one year, approximately six trillion miles. !e 
nearest star to the Sun, Proxima Centauri, is 
roughly 4.2 light years away.” 

Curricular and Instructional 
Considerations

Elementary Students
In the elementary years, students make regular 
observations of the night sky, taking inven-
tory of the objects they see at night, including 
the Moon and stars. !ey are encouraged to 
draw what they see. !e emphasis at this level 
should be on observing and describing. !e 
magnitude of distance between these objects 
is beyond young children’s comprehension. In 
addition, in the early elementary grades chil-
dren lack enough of an understanding of light 
to realize that the brightness of the light from 
objects very far away, such as stars, varies ac-
cording to how far away the star is. Observa-
tions and descriptions of the night sky should 
begin in early elementary grades with the 
Earth-Moon-Sun system.
 In later elementary grades, students ex-
pand their observations and descriptions to 
include stars and planets. Although an under-
standing of the location of stars in our galaxy 

in relation to our solar 
system is not a grade-level 
expectation, the probe is 
useful in identifying stu-
dents’ early preconceived 
notions, particularly be-
cause many fictional books children read at 
this age contribute to the development of an 
incorrect model of the night sky. Some of these 
books include illustrations that show stars in 
front of the Moon or nearby. !e probe can 
be used to elicit students’ ideas about where 
stars are located after students have developed 
Earth-Moon-Sun location ideas and are get-
ting ready to learn about other objects in our 
solar system as well as beyond it.

Middle School Students
Students at this level begin to add details to 
their growing conception of the universe. !e 
notion of scale is further developed, including 
much larger magnitudes and various methods 
and units of measurement for distant objects 
within and beyond our solar system. Students 
at this level develop a working knowledge of 
the apparent positions and movement of ob-
jects in the sky, including the solar system, 
our galaxy, and distant galaxies. !eir mental 
models are used to explain what they see from 
the Earth and the positional relationships of 
the Earth, Moon, Sun, solar system, and be-
yond. !is probe is useful in determining 
if students’ earlier conceptions about where 
stars are located have changed as students’ in-
structional opportunities extend beyond the 
solar system. 
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High School Students
High school is the time when a more complete 
picture of the vast universe develops. !e study 
of the universe becomes more abstract. Huge 
magnitudes of scale make more sense to many 
students, although some are still at a level 
where abstractions and huge numbers make 
little sense to them. In high school, many stu-
dents are ready to mathematically deal with 
determining greater distances. !eir knowl-
edge of physics combines with astronomy to 
understand how the speed of light is used to 
determine relative distances. !is probe may 
be useful in determining whether high school 
students still retain early ideas about the loca-
tion of stars, particularly if their opportunities 
to learn astronomical ideas have been limited.

Administering the Probe
Ask students if they have ever looked up at the 
sky at night and seen the Moon and the stars. 
Be aware that some students who live in cities 
may have never seen the stars. It may help to 
have a photograph or picture that shows the 
Moon and stars as they would be seen if one 
looked at an evening sky in a dark location. If 
younger students are not yet familiar with the 
concept of a solar system, remove distracter E 
or describe the solar system as the place where 
other planets in addition to our Moon and Sun 
are found.

Related Ideas in National 
Science Education Standards 
(NRC 1996)

K–4 Objects in the Sky
 !e Sun, Moon, stars, clouds, birds, and 
airplanes all have properties, locations, and 
movements that can be observed. 

5–8 Earth in the Solar System
• !e Earth is the third planet from the Sun 

in a system that includes the Moon, the 
Sun, eight other planets and their moons, 
and smaller objects such asteroids and 
comets. !e Sun, an average star, is the 
central and largest body in the solar sys-
tem. [Note: !is standard was written before 
scientists decided Pluto was not a planet.]

Related Ideas in Benchmarks 
for Science Literacy (AAAS 
1993)

K–2 The Universe
• !ere are more stars in the sky than any-

one can easily count, but they are not scat-
tered evenly, and they are not all the same 
brightness or color.

• !e Sun can be seen only in the daytime, 
but the Moon can be seen sometimes at 
night and sometimes during the day. !e 
Sun, Moon, and stars all appear to move 
slowly across the sky. 

3–5 The Earth 
 Stars are like the Sun, some being smaller 
and some larger, but so far away that they 
look like points of light.

• !e patterns of stars in the sky stay the 
same, although they appear to move across 
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the sky nightly, and different stars can be 
seen in different seasons.

• Telescopes magnify the appearance of 
some distant objects in the sky, including 
the Moon and the planets. !e number of 
stars that can be seen through telescopes is 
dramatically greater than can be seen by 
the unaided eye.

6–8 The Earth
• !e Sun is a medium-sized star located 

near the edge of a disk-shaped galaxy of 
stars, part of which can be seen as a glow-
ing band of light that spans the sky on a 
very clear night. !e universe contains 
many billions of galaxies, and each galaxy 
contains many billions of stars. To the na-
ked eye, even the closest of these galaxies is 
no more than a dim, fuzzy spot.

 !e Sun is many thousands of times closer 
to the Earth than any other star. Light 
from the Sun takes a few minutes to reach 
the Earth, but light from the next near-
est star takes a few years to arrive. A trip 
to that star would take the fastest rocket 
thousands of years. Some distant galaxies 
are so far away that their light takes sev-
eral billion years to reach the Earth. People 
on Earth, therefore, see them as they were 
that long ago in the past.

Related Research  
• Students’ grasp of many of the ideas of the 

composition and magnitude of the uni-
verse has to grow slowly over time. In spite 
of common depiction, the Sun-centered 

system seriously conflicts with common 
intuition (AAAS 1993).  

• Agan (2004) interviewed high school and 
undergraduate college students to find out 
their ideas about distances between stars. 
Four out of eight high school students 
interviewed who had little astronomy in-
struction in their Earth science class and 
one undergraduate student out of five who 
received no formal astronomy instruction 
in high school or college described stars as 
being dispersed within the realm of the so-
lar system.

Suggestions for Instruction and 
Assessment
• Encourage younger children to draw the 

objects and talk about their ideas.
• Some ideas about light and sight need to be 

developed before children can understand 
astronomical phenomena. Develop the 
idea early on that a large light source seen 
at a great distance looks like a small light 
source that is much closer. !is phenom-
enon should be observed directly outside 
at night and, if possible, with photographs 
(AAAS 1993).

• Keep in mind that students’ understand-
ing of the magnitude of the universe needs 
to develop slowly over time. Before middle 
school, numbers like billions and trillions, 
even millions, do not make much sense to 
them because the vast scale is too abstract 
to comprehend. Even adults have difficulty 
comprehending how large a billion is. 

• Begin teaching the notion of scale with fa-
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miliar objects that students can see in the 
sky, such as the Moon and the Sun. Gradu-
ally introduce the nearby planets and then 
planets further away. Once students have 
grasped the enormity of our solar system, 
introduce the distance between Earth and 
our solar system, and nearby stars, gradu-
ally working outward to vast distances be-
yond our galaxy when students are ready 
to comprehend the magnitudes and mea-
surement systems involved. 

• Using telescopes—or even a good pair of 
binoculars—instead of the naked eye re-
veals more stars and makes the stars seen 
with the naked eye seem much brighter. 
Link the idea of stars being seen as points 
of light very far away with how telescopes 
help us see things, such as stars, better at 
significant distances. Yet, students need to 
be aware that the distance between Earth 
and the stars cannot be determined with 
the eyes alone or even by looking through 
a telescope.

• Finding distances with scale drawings helps 
students understand how the distances to 
the Moon and the Sun were estimated and 
why the stars must be very far away (AAAS 
1993, p. 63).
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Objects in the Sky
Different things can be seen in the sky. 

Put a D next to the things that are seen only in the 
daylight. 

Put an N next to the things that can be seen only 
at  night. 

Put a B next to the things that can be seen in both 
day and night. 

___  the Sun

___  the Moon

___  the next-nearest star to our Sun 

___  constellations

Explain your thinking. How did you decide when you could see different things in 
the sky?

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

U n c o v e r i n g  S t u d e n t  I d e a s  i n  S c i e n c e
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Objects in the Sky
Teacher Notes

Purpose
!e purpose of this assessment probe is to elicit 
students’ ideas about when objects can be seen 
in the sky. Students’ explanations reveal their 
thinking about the role of light and distance in 
seeing sky objects.

Related Concepts
Earth’s axis, light reflection, light source, scale size 
and distance in the universe, stars

Explanation
!e best response is D for the Sun, N for the 
next-nearest star to our Sun and constellations, 
and B for the Moon. Much to some people’s 
surprise, the Moon can be quite visible in the 
blue sky when it is at a place in its orbit that 

puts it above the Earth’s horizon during the 
daytime. !e Moon’s visibility during a bright 
day is due to its relative proximity to the Earth 
and its reflection of sunlight. A nearby star and 
constellations (groupings of stars) can only be 
seen at night because they are so far away. !e 
only star visible to us in the daytime sky is the 
Sun. Venus has been called “the morning star” 
because of its visibility in the morning, but it 
is not a star. It is a nearby planet that reflects 
light from the sun. 

Curricular and Instructional 
Considerations

Elementary Students
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Topic: Astronomy
Go to: www.scilinks.org
Code: USIS2E187

In the elementary years, students make 
regular observations of the sky, taking in-
ventory of the familiar objects and their lo-
cations as seen during the day and night, 
including the Sun, Moon, and stars. They 
are encouraged to draw what they see. The 
emphasis at this level should be on observ-
ing and describing. Observations and de-
scriptions of the day and night sky should 
begin in early elementary years with the 
Earth-Moon-Sun system.
 In later elementary grades, students ex-
pand their observations and descriptions to 
include stars and planets. !ey also develop 
ideas about light reflection and light sources 
to explain why some things can be seen in the 
dark. !e idea that the Moon can be seen dur-
ing the daytime is a grade-level expectation in 
the national standards.  

Middle School Students
Students at this level begin to add details to 
their growing conception of the solar system 
and the universe, moving beyond the sky 
overhead to the vastness of space. !ey de-
velop a working knowledge of the size, dis-
tances, and movement of objects in the sky, 
including the planets and the effect of light 
reflection at a distance. !ey construct and 
use models to explain distances from the 
Earth and the Sun. !eir growing knowledge 
about the motion of the Moon moves them 
beyond the observation that the Moon can 
be seen during the daytime to understanding 
why it can be seen based on its motion rela-
tive to the Earth and the Sun.  

High School Students
High school is the time 
when a more complete 
picture of the vast uni-
verse develops and stu-
dents have a more so-
phisticated understanding of the nature and 
behavior of light. Nevertheless this probe may 
be useful in determining whether high school 
students still retain early ideas about what can 
be seen in the sky, especially since students rare-
ly take the time to observe these phenomena.

Administering the Probe
Listen carefully to students’ ideas. You may 
want to probe further to ask students where 
they think the Moon and stars go during the 
daytime and where the Sun goes at night. As 
the inventory of celestial objects and phenom-
ena increases for older students, you can add 
items to the list such as different planets, satel-
lites, the space shuttle, the International Space 
Station, quasars, black holes, other moons, com-
ets, aurora, asteroids, meteors, and meteorites.

Related Ideas in National 
Science Education Standards 
(NRC 1996)

K–4 Objects in the Sky
 !e Sun, Moon, stars, clouds, birds, and 
airplanes all have properties, locations, and 
movements that can be observed. 

5–8 Earth in the Solar System
• !e Earth is the third planet from the Sun 

25

Indicates a strong match between the ideas elicited by the probe and a national standard’s learning goal.
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in a system that includes the Moon, the 
Sun, eight other planets and their moons, 
and smaller objects such asteroids and 
comets. !e Sun, an average star, is the 
central and largest body in the solar sys-
tem. [Note: !is standard was written before 
scientists decided Pluto was not a planet.]

Related Ideas in Benchmarks 
for Science Literacy (AAAS 
1993)

K–2 The Universe
 !e Sun can be seen only in the daytime, 
but the Moon can be seen sometimes at 
night and sometimes during the day. !e 
Sun, Moon, and stars all appear to move 
slowly across the sky.  

3–5 The Earth 
• !e patterns of stars in the sky stay the 

same, although they appear to move across 
the sky nightly, and different stars can be 
seen in different seasons.

• Planets change their positions against the 
background of stars.

6–8 The Earth
 !e Sun is a medium-sized star located 
near the edge of a disk-shaped galaxy 
of stars, part of which can be seen as 
a glowing band of light that spans the 
sky on a very clear night. !e universe 
contains many billions of galaxies, and 
each galaxy contains many billions of 
stars. To the naked eye, even the closest 

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

of these galaxies is no more than a dim, 
fuzzy spot.

Related Research  
• Students in an astronomy class did not 

seem to have correct views about some 
astronomy-related ideas any more than 
students who did not have a class in as-
tronomy. However, the students who took 
astronomy did use many more scientific 
terms in their explanations (Sadler 1987).

• !e following ideas identified by Baxter 
(1989) may help explain where students 
think some sky objects are during the day 
or the night and why we cannot see them: 
the Sun goes behind hills, clouds cover 
the Sun, the Moon covers the Sun, the 
Sun goes behind the Earth once a day, the 
Earth goes around the Sun once a day, and 
the Earth spins on its axis once a day. It 
appears that at ages 15–16 many still hold 
covering and orbital theories of day and 
night (Driver et al. 1994). 

Suggestions for Instruction and 
Assessment
• Provide opportunities for elementary stu-

dents to observe and draw the sky at vari-
ous times of the day during school hours, 
and encourage them to do this at night and 
early in the morning when they are home. 
Going outside and looking at the Moon dur-
ing the daytime will help students see that 
the Moon can be visible during the day. 

• Before students can discern planets in the 
night sky, it is necessary to help them dis-

25

Copyright © 2007 NSTA. All rights reserved. For more information, go to www.nsta.org/permissions.



U n c o v e r i n g  S t u d e n t  I d e a s  i n  S c i e n c e

E a r t h  a n d  S p a c e  S c i e n c e  A s s e s s m e n t  P r o b e s

189

tinguish between planets and stars in terms 
of both how they are seen in the sky and 
the difference between emitting light and 
reflecting it.

• Use concrete objects for models such as a 
ball and light. Let students observe and 
record how the ball looks in various lo-
cations around the light to learn how re-
flected light allows us to see the Moon and 
other planets. 

• Take photographs of the sky during the day 
and at night or use available photographs 
on the internet to look at differences in the 
sky depending on time and season.

• Introduce students to the various types of 
technologies, including space telescopes, 
that enable us to see farther into our uni-
verse than we could with our naked eyes or 
land-based telescopes.

• Today’s students are not personally con-
nected to the sky as people in the past 
were. !e sheer wonder of the sky has “in-
spired the expressive powers of poets, mu-
sicians, and artists” (AAAS 1993, p. 61). 
Help students realize that knowing the sky 
and what it holds is a tribute to human cu-
riosity and our zest for understanding our 
place in the cosmos.

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.

Driver, R., A. Squires, P. Rushworth, and V. Wood 

Robinson. 1994. Making sense of secondary sci-
ence: Research into children’s ideas. London. 
RoutledgeFalmer.

Gilbert, S., and S. Ireton. 2003. Understanding 
models in Earth and space science. Arlington, 
VA: NSTA Press.

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

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

Phillips, W. 1991. Earth science misconceptions. 
!e Science Teacher 58 (2): 21–23.

Smith, S. 1992. Project Earth science: Astronomy. Ar-
lington, VA: NSTA Press.
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“Solar System”
“!e Universe”

Copyright © 2007 NSTA. All rights reserved. For more information, go to www.nsta.org/permissions.



N a t i o n a l  S c i e n c e  Te a c h e r s  A s s o c i a t i o n190

E a r t h  a n d  S p a c e  S c i e n c e  A s s e s s m e n t  P r o b e s

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

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

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

Phillips, W. 1991. Earth science misconceptions. 
!e Science Teacher 58 (2): 21–23.

Sadler, P. 1987. Misconceptions in astronomy. In 
Proceedings of the second international seminar: 
Misconceptions and educational strategies in sci-
ence and mathematics, Vol. III, ed. J. Novak, 
422–425. Ithaca, NY: Cornell University. 

25

Copyright © 2007 NSTA. All rights reserved. For more information, go to www.nsta.org/permissions.



U n c o v e r i n g  S t u d e n t  I d e a s  i n  S c i e n c e  191

Index
acclimatization, 147
adaptation, 92, 143–48
addition strategy, and temperature, 87
Agan, L., 178, 181
aggregates, of minerals, 158
air, and “Giant Sequoia Tree” probe, 124.  See also gases and 

gas phase
allele, 134
American Association for the Advancement of Science 

(AAAS), x
Anderson, C., 105, 110
animals
 “Baby Mice” probe, 129–35
 concept matrix for probes, 92
 “Habitat Change” probe, 143–48
 “Whale and Shrew” probe, 137–42
anthropomorphic analogies, for chemical bonds, 74–75
assessment-centered environment, 5
astronomy
 concept matrix for probes, 150
 “Darkness at Night” probe, 171–75
 “Emmy’s Moon and Stars” probe, 177–82
 “Objects in the Sky” probe, 185–89
atoms
 “Chemical Bonds” probe, 71–75
 “Comparing Cubes” probe, 19–24
 concept matrix for probes, 18
 “What’s in the Bubbles?” probe, 65–70
auxins, 108, 109
averaging strategy, and temperature, 87

“Baby Mice” probe, 7, 92, 129–35
bacteria, 94
ball-and-stick model, of molecule, 73, 75
Barker, M., 126
Barker, V., 69
Baxter, J., 174, 188
behavioral response
 concept matrix for probes, 92
 “Habitat Change” probe, 143–48
 “Plants in the Dark and Light” probe, 107–11
Benchmarks for Science Literacy (AAAS 1993).  See also specific 

probes
 research on formative assessment and, x
 teacher notes and, 11–13
biogeochemical cycles, 160
biological classification, 92, 93–99
biology.  See life science
boiling point
 “Boiling Time and Temperature” probe, 53–58

“Comparing Cubes” probe, 24
concept matrix for probes, 18
“Turning the Dial” probe, 47–52
“What’s in the Bubbles?” probe, 65–70

“Boiling Time and Temperature” probe, 7, 18, 22, 53–58, 
61, 68

boulder, 152, 154–55
Bryant, R. J., 134–35

buoyancy
 concept matrix for probes, 18

“Floating High and Low” probe, 33–39
“Floating Logs” probe, 27–32
“Solids and Holes” probe, 45

Butts, B., 74

carbon dioxide, and “Giant Sequoia Tree” probe, 121–27
card sort, 96, 104
Carey, S., 23
Carr, M., 126
cell(s) and cell division, 92, 94, 137–142
Champagne, Audrey, ix
change in state
 “Boiling Time and Temperature” probe, 53–58
 concept matrix for probes, 18
 “Turning the Dial” probe, 47–52

“What’s in the Bubbles?” probe, 65–70
characteristic properties.  See properties of matter
chemical bonds, and “Chemical Bonds” probe, 18, 71–75
“Chemical Bonds” probe, 71–75
chemical systems, plants as, 126
chemistry.  See physical science
chlorophyll, 115, 116, 122
chromosomes, 92, 129–35
classification.  See biological classification
clay, 154–55
coal, 158
community-centered environment, 5
“Comparing Cubes” probe, 2, 18, 19–24, 29–30, 36, 44
concept maps, and “Is It a Plant?” probe, 98
concept matrices, for probes
 astronomy, 150
 earth science, 150

explanation of, 15
life science, 92
physical science, 18

conceptual change model (CCM), 3
conduction
 concept matrix for probes, 18

“Ice-Cold Lemonade” probe, 77–82
“Mixing Water” probe, 83–89

coral, 159
Cosgrove, M., 63
cotyledon, of seed, 102, 103, 105
culture, of ideas, 7–8
Curriculum Topic Study (CTS), 12, 13

“Darkness at Night” probe, 150, 171–75
day/night cycle, 150, 171–75
Deadman, J., 133
density
 “Comparing Cubes” probe, 19–24
 concept matrix for probes, 18
 “Floating High and Low” probe, 33–39
 “Floating Logs” probe, 27–32
 “Solids and Holes” probe, 41–46
 vignette on teaching of, 13–15
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discourse community, 8
distance, in universe

concept matrix for probes, 150
“Emmy’s Moon and Stars” probes, 177–82
“Objects in the Sky” probe, 185–89

DNA, and “Baby Mice” probe, 130, 132
dominant traits, 131, 134
Driver, Rosalind, ix, 6, 12, 30, 37, 104, 126
dry ice, 127

Earth’s axis
concept matrix for probes, 150
“Darkness at Night” probe, 171–75
“Emmy’s Moon and Stars” probe, 177–82
“Objects in the Sky” probe, 185–89

Earth science
 concept matrix for probes, 150
 “Is It a Rock?” probes, 151–56, 157–62
 “Mountaintop Fossil” probe, 165–70
electrons, 73
elementary school students.  See grade levels; specific probes
 “Emmy’s Moon and Stars” probe, 150, 177–82
energy.  See also energy transfer
 “Boiling Time and Temperature” probe, 53–58
 concept matrix for probes, 18
 “Freezing Ice” probe, 59–64
 “Ice-Cold Lemonade” probe, 77–82
 “Mixing Water” probe, 83–89
 “Turning the Dial” probe, 47–52
 “What’s in the Bubbles?” probe, 65–70
energy transfer
 concept matrix for probes, 18

“Ice-Cold Lemonade” probe, 77–82
“Mixing Water” probe, 83–89

Engel Clough, E., 133
environmental change, and “Habitat Change” probe, 143–48
Erickson, G., 133
erosion.  See weathering and erosion
evaporation, and “What’s in the Bubbles?” probe, 69
evolution, 145, 147.  See also adaptation
extensive properties of matter, 18, 19–24

floating and sinking.  See sinking and floating
“Floating High and Low” probe, 18, 33–39, 44
“Floating Logs” probe, 6, 14–15, 18, 22, 27–32, 36, 44
food, 92, 113–19
formative assessment, recent research and discoveries, ix–xi.  

See also probes
fossils, 150, 165–70
“Freezing Ice” probe, 18, 22, 59–64
freezing point, 18, 59–64
Freyberg, Peter, ix, 154
fungi, 94

Gandolfi, E., 45
gases and gas phase, and “What’s in the Bubbles?” probe, 

65–70.  See also carbon dioxide
genes and genetics, 92, 129–35
geology.  See Earth science
germination, 92, 101–106
“Giant Sequoia Tree” probe, 92, 121–27
grade levels, and use of probes, 2, 10–11.  See also elementary 

students; high school students; middle school students

granite, 158, 162
gravel, 152, 154–55
Grimillini, T., 45
growth
 concept matrix for probes, 92
 “Plants in the Dark and Light” probe, 107–11
 “Whale and Shrew” probe, 137–42
Guesne, Edith, ix

“Habitat Change” probe, 92, 143–48
Hackling, M., 133
Happs, J., 154, 161, 168
Harlen, Wynne, ix
heat
 “Boiling Time and Temperature” probe, 53–58
 concept matrix for probes, 18
 “Ice-Cold Lemonade” probe, 77–82
 “Mixing Water” probe, 83–89

“Turning the Dial” probe, 47–52
heredity.  See genes and genetics; inherited traits
high school students.  See grade levels; specific probes
Hobbs, E., 133
How People Learn: Brain, Mind, Experience, and School 

(Bransford, Brown, and Cocking 1999), x, 4–5
How Students Learn: Science in the Classroom (Donovan and 

Bransford 2005), x

“Ice-Cold Lemonade” probe, 18, 77–82
inherited traits, 92, 129–35
inquiry-based investigation
 “Boiling Time and Temperature” probe, 57
 “Floating High and Low” probe, 38
 “Freezing Ice” probe, 63
 “Mixing Water” probe, 88
 “Needs of Seeds” probe, 105
 “Plants in the Dark and Light” probe, 110
 “Solids and Holes” probe, 45
 “Turning the Dial” probe, 51
intensive properties of matter 
 “Boiling Time and Temperature” probe, 53–58

“Comparing Cubes” probe, 19–24
 concept matrix for probes, 18
 “Floating High and Low” probe, 33–39
 “Floating Logs” probe, 27–32
 “Freezing Ice” probe, 59–64
 “Solids and Holes” probe, 41–46
 “Turning the Dial” probe, 47–52
“Is It Food for Plants?” probe, 6–7, 92, 113–19
“Is It a Plant?” probe, 11–12, 92, 93–99
“Is It a Rock?” probes, 1–2, 6, 150, 151–56, 157–62

Kargbo, D., 133
Kelly, P., 133
kinetic molecular theory, 67
knowledge-centered environment, 5
Konicek, Dick, x

Lamarckian interpretations, 147
landforms, 150, 166–70
Leach, J., 97
learner-centered environment, 5
learning, linking of probes with teaching and, 3–4
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life cycles, 92, 101–106
life science
 “Baby Mice” probe, 129–35
 concept matrix for probes, 92
 “Giant Sequoia Tree” probe, 121–27
 “Habitat Change” probe, 143–48
 “Is It Food for Plants?” probe, 113–19
 “Is It a Plant?” probe, 93–99
 “Needs of Seeds” probe, 101–106
 “Plants in the Dark and Light” probe, 107–11
 “Whale and Shrew” probe, 137–42
light reflection, 150, 185–89
limestone, 158
liquid phase, and “What’s in the Bubbles?” probe, 66–70

Maine Mathematics and Science Alliance, xi
Making Sense of Secondary Science: Research Into Children’s 

Ideas (Driver 1994), 12
mass
 “Comparing Cubes” probe, 19–24
 concept matrix for probes, 18
 “Floating High and Low” probe, 35, 37, 38
 “Floating Logs” probe, 29
 “Giant Sequoia Tree” probe, 123
 “Solids and Holes” probe, 43
mathematics, 35, 43, 180
McDermott, Lillian, ix
melting point
 “Comparing Cubes” probe, 19–24
 concept matrix for probes, 18
 freezing point compared to, 64
Mendel, Gregor, and Mendelian genetics, 130, 131
metacognitive approach, and use of probes, 4–5
middle school students.  See grade levels; specific probes
minerals
 concept matrix for probes, 150
 “Is It a Rock?” probes, 151–56, 157–62
Minstrel, Jim, ix
misconceptions, of students about scientific principles, 7
mixed density, 42–43, 45
“Mixing Water” probe, 18, 83–89
molecules.  See also atoms; kinetic molecular theory
 ball-and-stick model of, 73, 75
 combinations at level of, 74
Moon, 174, 177–82, 186
“Mountaintop Fossil” probe, 150, 165–70
mud, 159

National Science Education Standards (NRC 1996).  See 
Benchmarks for Science Literacy (AAAS 1993)

National Science Teachers Association (NSTA), and lists of 
resources for probes, 10, 13

natural selection, 145.  See also evolution
needs of organisms
 concept matrix for probes, 92
 “Needs of Seeds” probe, 101–106
 “Plants in the Dark and Light” probe, 107–11
“Needs of Seeds” probe, 2, 92, 101–106
neurons, 140
“no hands questioning,” 8
nutrition and nutrients, and “Is It Food for Plants?” probe, 

114–15

“Objects in the Sky” probe, 150, 185–89
observational experiences, and “Baby Mice” probe, 134
Osborne, Roger, ix, 63
oxygen, 124

paramecium, 141
Pecori Balandi, B., 45
phase change graphs, 51
photosynthesis
 concept matrix for probes, 92
 “Giant Sequoia Tree” probe, 121–27
 “Is It Food for Plants?” probe, 113–19
 “Is It a Plant?” probe, 93
physical science
 “Boiling Time and Temperature” probe, 53–58
 “Chemical Bonds” probe, 71–75
 “Comparing Cubes” probe, 19–24
 concept matrix for probes, 18
 “Floating High and Low” probe, 33–39
 “Floating Logs” probe, 27–32
 “Freezing Ice” probe, 59–64
 “Ice-Cold Lemonade” probe, 77–82
 “Mixing Water” probe, 83–89
 “Solids and Holes” probe, 41–46
 “Turning the Dial” probe, 47–52
 “What’s in the Bubbles?” probe, 65–70
planets.  See Earth’s axis; rotation; solar system
plants
 concept matrix for probes, 92
 “Giant Sequoia Tree” probe, 121–27
 “Is It Food for Plants?” probe, 113–19
 “Is It a Plant?” probe, 93–99
 “Needs of Seeds” probe, 101–106
 “Plants in the Dark and Light” probe, 107–11
“Plants in the Dark and Light” probe, 92, 107–11
plate tectonics, 167
predictions, and “Freezing Ice” probe, 63
Private Universe Project (Harvard-Smithsonian Center for 

Astrophysics 1995), x, 124, 126
probes.  See also formative assessment; specific probes; specific 
scientific principles

concept matrices and, 15
embedding of in instruction, 7–9
examples of concept, 1–3
linking of teaching, learning, and, 3–4
research supporting use of, 4–5
taking account of students’ ideas, 5–7
teacher notes on, 9–13

properties of matter
 “Boiling Time and Temperature” probe, 53–58
 “Comparing Cubes” probe, 19–24

concept matrix for probes, 18
“Floating High and Low” probe, 33–39
“Floating Logs” probe, 27–32
“Freezing Ice” probe, 59–64
“Solids and Holes” probe, 41–46
“Turning the Dial” probe, 47–52

Prosner, G., 3
Proxima Centauri (star), 179
pumice, 158
Punnett squares, 134–35
pure substance, 56

recessive traits, 131, 134
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reflection, encouraging of continuous, 9
revolution, and planetary rotation, 175
Robertson, Bill, 13
rock cycle, 153, 169
rock dust, 155
rocks

concept matrix for probes, 150
“Is It a Rock?” probes, 151–56, 157–62

rotation, planetary, 150, 171–75
Roth, K., 105, 110
Russell, T., 105
Ryman, D., 97–98

Sadler, Philip, x, 174
sand, 152, 154–55
scale models, 179, 182
Schneps, Matthew, x
Science Curriculum Topic Study: Bridging the Gap Between 

Standards and Practice (Keeley 2005), xi, 13
Science Formative Assessment: 75 Practical Strategies for 

Linking Assessment, Instruction, and Learning (Keeley, 
Forthcoming), 9

Science Store (NTSA), and additional materials for probes.  
See specific probes

SciLinks, and websites, 11, 21, 29, 36, 43, 49, 55, 61, 67, 73, 
87, 95, 103, 109, 115, 123, 131, 139, 145, 153, 159, 167, 
173, 179, 187

sedimentary rock, 167, 168
seeds, 92, 101–106
sensory reasoning, 23
Shapiro, Bonnie, ix
single-celled organisms, 141
sinking and floating
 “Comparing Cubes” probe, 19–24

concept matrix for probes, 18
“Floating High and Low” probe, 33–39
“Floating Logs” probe, 27–32
“Solids and Holes” probe, 41–46

size
 of atoms, 23
 of cells, 137–42
 of universe, 150, 177–82, 185–89
Smith, C., 23
Smith, E., 105, 110
Smith, R., 74
solar system

“Emmy’s Moon and Stars” probe, 177–82
“Objects in the Sky” probe, 185–89

“Solids and Holes” probe, 18, 22, 29–30, 36, 41–46
space science.  See astronomy
stars
 concept matrix for probes, 150
 “Emmy’s Moon and Stars” probe, 177–82
 “Objects in the Sky” probe, 185–89
station approach, and “Floating High and Low” probe, 38
Stavy, R., 140–41
Stead, B., 98
Stop Faking It! Finally Understanding Science So You Can 

Teach It series (Robertson), 10, 13
students, ideas of and use of probes, 5–7.  See also elementary 

students; high school students; learning; middle school 
students; teaching

194

subtraction strategy, and temperature, 87
surface area-to-volume ratio, 139, 141

Tamir, P., 117
taxonomy.  See biological classification
teacher notes, on use of probes, 9–13
teaching.  See also card sort; inquiry-based investigation; 

observational experiences; station approach; students
 embedding of probes in instruction, 7–9

linking of probes with learning and, 3–4
vignette on topic of density, 13–15

telescopes, 182, 189
temperature

“Boiling Time and Temperature” probe, 53–58
 concept matrix for probes, 18

“Freezing Ice” probe, 59–64
“Mixing Water” probe, 83–89
“Turning the Dial” probe, 47–52

terminology.  See also biological classification
astronomy, 173, 175
Earth science, 152
life science, 116, 118, 124, 132, 134

physical science, 29, 35, 38, 70
thermal energy, 78, 85
“think-pair-share” strategy, 8
Tiberghien, Andrée, ix
time, geologic, 162, 166, 167
time-temperature graph, 57, 58
Tirosh, D., 140–41
transformation of matter, 92, 121–27
Treagust, D., 133
“Turning the Dial” probe, 18, 22, 47–52, 56, 61, 68

United Kingdom, and research on formative assessment, x
universe

concept matrix for probes, 150
size of, 150, 177–82, 185–89

uplift, geologic, 150, 166–70

vocabulary.  See terminology
volume

“Comparing Cubes” probe, 20, 24
“Floating High and Low” probe, 35, 38
“Floating Logs” probe, 29
ratio of surface area to, 139, 141
“Solids and Holes” probe, 43, 45

Wandersee, J., 110, 117, 126
water vapor, 70
Watt, D., 105
weathering and erosion, 150, 165–70
websites, 12, 13.  See also SciLinks
weight

“Comparing Cubes” probe, 19–24
 concept matrix for probes, 18concepts of density and 

mass, 37
“Giant Sequoia Tree” probe, 123

“Whale and Shrew” probe, 92, 137–42
“What’s in the Bubbles?” probe, 2, 18, 56, 65–70
Wiser, M., 23
Wood-Robinson, C., 133
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