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“I have used this entire series for assessing student understanding, for small- and 
large-group class discussions, and to fill those five- or 10-minute ‘unexpected’ 
moments that arise during the day. The prompts are so popular that students beg 
to do them. … This series is so helpful that I would not consider teaching without it.”

—A teacher review of the Uncovering Student Ideas in Science series
from the NSTA Science Store

If you and your students can’t get enough of a good thing, Volume 2 of Uncovering Student Ideas in 
Physical Science is just what you need. It offers 39 new formative assessment probes, this time with 
a focus on electric charge, electric current, and magnets and electromagnetism. It can help you do 
everything from demystify electromagnetic fields to explain the real reason balloons stick to the wall 
after you rub them on your hair. 

Like the other eight wildly popular books in the series, Uncovering Student Ideas in Physical Science, 
Volume 2: 

• Provides a collection of engaging questions, or formative assessment probes. Each probe in 
this volume is designed to uncover what students know—or think they know—about electric 
or magnetic phenomena or identify misunderstandings they may develop during instruction. 

• Offers field-tested teacher materials that provide “best answers”, along with distracters  
designed to reveal misconceptions that students commonly hold. 

• Is easy to use by time-starved teachers like you. These teacher-friendly, ready-to-reproduce 
materials fit easily into all stages of an instructional cycle. In addition to explaining the science 
content, the teacher materials note links to national standards and suggest grade-appropriate 
ways to present material to help your students develop deeper conceptual understanding.

By helping you detect and then make sound instructional decisions to address students’ miscon-
ceptions, this new volume has the potential to transform your teaching.
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Preface
This book is the second book in the Uncovering 
Student Ideas in Physical Science series and the 
ninth book in the full Uncovering Student Ideas 
series. Like its predecessors, this book provides 
a collection of questions, called formative 
assessment probes, designed to uncover pre-
conceptions about ideas students bring to their 
learning as well as identify misunderstandings 
students may develop during instruction that 
sometimes go unnoticed by the teacher. Each 
probe is carefully researched and developed to 
surface K–12 students’ (and teachers’) ideas 
about electric or magnetic phenomena or con-
cepts. A “best answer” is provided along with 
distractors designed to reveal research-identified 
commonly held ideas. In areas where there is a 
lack of or no research, the authors have used 
their experience with students and teachers to 
develop likely responses. The second part of 
each probe asks students to justify their answer 
choice, which provides a way for teachers to 
gain insight into students’ thinking.

These probes are designed to be used for 
formative assessment rather than for summa-
tive purposes (e.g., grading). Ideally they are 
used to provide non-judgmental and valuable 
feedback to the student as well as the teacher 
that will inform the selection and design of 
instructional experiences and lessons that 
target students’ ideas about electricity and 
magnetism. In addition, the probes are intel-
lectually engaging questions that stimulate 
student thinking and involve students in pro-
ductive discussions as they grapple with their 
own ideas and consider the ideas of others.

Other Uncovering Student Ideas 
Books That Include Electricity 
and Magnetism–Related Probes
This volume specifically targets ideas related to 
electricity and magnetism. In addition, there 
are other books in the Uncovering Student Ideas 
in Science series that include related probes as 
well as background information on formative 
assessment that can build your assessment lit-
eracy. These books include:

•	 Uncovering Student Ideas in Science, 
Volume 1 (Keeley, Eberle, and Farrin 
2005): This first book in the series con-
tains 25 formative assessment probes in 
life, physical, and Earth and space science. 
The introductory chapter of this book pro-
vides an overview of what formative assess-
ment is and how it is used. This chapter is 
free for downloading from the NSTA Press 
website. Teachers are strongly encouraged 
to read this chapter if they are new to using 
formative assessment probes. The “Is It 
Matter?” probe in this book is useful for 
determining whether students distinguish 
between matter and energy.

•	 Uncovering Student Ideas in Science, 
Volume 2 (Keeley, Eberle, and Tugel 
2007): This second book in the series con-
tains 25 formative assessment probes in 
life, physical, and Earth and space science. 
While there are no probes related to elec-
tricity and magnetism in this volume, the 
introductory chapter of this book will help 
you understand the link between forma-
tive assessment and instruction and can be 
downloaded for free from the NSTA Press 
website. 
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•	 Uncovering Student Ideas in Science, 
Volume 3 (Keeley, Eberle, and Dorsey 
2008): This third book in the series con-
tains 22 formative assessment probes in 
life, physical, and Earth and space science. 
The introductory section addresses how 
formative assessment probes can be used 
for individual or group learning. It pro-
vides valuable information for teacher lead-
ers, preservice instructors, and professional 
developers and can be downloaded for free 
off the NSTA Press website. It also con-
tains three nature of science probes. Since 
many of the electricity and magnetism 
probes involve investigation, the “Doing 
Science” probe reveals misunderstandings 
students may have about “the scientific 
method” and experimentation. “What Is a 
Hypothesis” is designed to reveal misun-
derstandings related to the use of hypoth-
eses in investigations. “Is It a Theory?” not 
only reveals students’ ideas about what a 
theory is, but also reveals how students dis-
tinguish between theories and laws. Since 
there are many laws related to electricity 
and magnetism (Ohm’s Law, Coulomb’s 
Law, Planck’s Law, and so on), this probe 
may be used to integrate nature of science 
into electricity and magnetism instruction. 
This book also includes the probe, “Batter-
ies, Bulbs, and Wires” which can be used 
with grades 3–12.

•	 Uncovering Student Ideas in Science, 
Volume 4 (Keeley and Tugel 2009): This 
fourth book in the series contains 23 for-
mative assessment probes in life, physical, 
and Earth and space science. The introduc-
tory chapter, which can be downloaded for 
free off the NSTA Press website, describes 
the link between formative and summative 
assessment. It also includes two probes that 
target the crosscutting concepts of models 
and systems. Conceptual models and rep-
resentations are included in several of the 

electricity and magnetism probes. The “Is It 
a Model?” probe can be used to learn more 
about how students think about models 
and how they are used. Since many of the 
electric and magnetic phenomena used in 
the probes involve components of a system, 
the “Is It a System?” probe will help you 
determine how your students think about 
systems and the interaction of parts within 
a system. This book also includes a probe 
that can be used with grades 3–8, “Mag-
nets in Water” to reveal whether students 
think magnets work in water.

•	 Uncovering Student Ideas in Primary 
Science, Volume 1 (Keeley 2013): This 
eighth book in the Uncovering Student 
Ideas series contains 25 formative assess-
ment probes in life, physical, earth and 
space science specifically geared toward 
primary grades students (grades K–2). The 
probes use a visual format and are designed 
to be used with “science talk.” The intro-
ductory chapter can be downloaded for 
free off the NSTA website and includes 
way to use “Talk Moves” with the probes. 
These talk moves can be used with any 
grade level. One of the probes in this book, 
“Big and Small Magnets,” reveals whether 
students use a “more A–more B” intuitive 
rule to decide if big magnets are always 
stronger than smaller magnets.

In addition, the third book in this series, 
Uncovering Student Ideas in Physical Science, 
Volume 3: Matter and Energy (tentatively due 
to be published in 2015) will include probes 
related to electrical energy, work, and power.

Website
There is also a website where you can get 
more information about the series and 
access additional resources. Visit www. 
uncoveringstudentideas.org.
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Format of This Book
This book contains 39 probes for grades 3–12 
(and for teacher learning) organized in three 
sections: Section 1, Electric Charge (8 probes); 
Section 2, Electric Current (13 probes); and 
Section 3, Magnets and Electromagnetism (18 
probes). The format is similar to Uncovering 
Student Ideas in Physical Science, Volume 1: 45 
New Force and Motion Assessment Probes.

Each section begins with a concept matrix 
that identifies the main concepts related to the 
probe and the suggested grade level. Grade lev-
els can be moved up or down depending on 
your curriculum and knowledge of your stu-
dents. The suggested grade levels are based pri-
marily on state and national standards.

Related ideas from the 2009 updated ver-
sion of the Benchmarks for Science Literacy 
(which also includes ideas from the Atlas of 
Science Literacy) are included. “Related” means 
the probe is either connected to the learning 
goal as a precursor, is a contributing idea, or 
it may be aligned. Since many states have not 
yet adopted the Next Generation Science Stan-
dards (NGSS), it is important to include these 
Benchmarks learning goals, as they formed 
the basis for most states’ standards. They also 
bring precision and clarity to understanding 
learning goals in any curriculum. 

Links to related the Next Generation Science 
Standards (NGSS) are also included in three 
ways: (1) related disciplinary core ideas (DCIs) 
that describe the content for a given grade span 
based on the Framework for K–12 Science Edu-
cation (NRC 2012); (2) Crosscutting concepts 
that relate to electricity and magnetism; and 
(3) the related performance expectation from 
the NGSS (NGSS Lead States 2013). The per-
formance expectation is included to show what 
assessment might look like but is not intended 
to limit curriculum and instruction. In some 
cases the probe will align to the performance 
expectation. In other cases it will contribute to 
achieving the performance expectation.

The last part of each section includes 
related NSTA resources: books, journal arti-
cles, and collections from NSTA’s Learning 
Center. In searching for resources, we found 
that electricity and magnetism, especially 
electric charge, is an area where NSTA lacks 
a variety of instructional resources. Hopefully 
this collection will grow as teachers, research-
ers, and curriculum developers recognize the 
importance of these fundamental concepts 
and contribute to the research base, develop 
new resources, and publish new articles related 
to electricity and magnetism.

Each probe includes teacher background 
notes. It is essential to examine the back-
ground information for each probe prior to 
using it. The teacher notes include:

1. Purpose
This section describes the purpose of the 
probe—ideas the probe is designed to uncover. 
It begins by describing the overall concept elic-
ited by the probe, followed by the specific idea 
the probe targets. Before choosing a probe you 
must be clear about what the probe is intended 
to reveal. Taking time to read the purpose will 
help you decide if the probe fits the learning 
target you have in mind.

2. Related Concepts
Each probe is designed to target one or more 
concepts related to electricity or magnetism. A 
concept is a one-, two- or three-word mental 
construct used to organize the related ideas 
addressed by the probe and the related national 
standards. These concepts are also included on 
the matrix charts that precede the probes on 
pages 10, 48, and 108. 

3. Explanation
A brief scientific explanation accompanies 
each probe and provides clarification of the 
scientific content that underlies the probe. The 
explanations are designed to help the teacher 
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identify what the “best” or most scientifi-
cally acceptable answers are as well as clarify 
any misunderstandings about the content. 
The explanations are not intended to provide 
detailed background knowledge about the con-
tent or designed to be shared with the student 
(although the explanations may be appropriate 
for high school students). The explanation is 
for the teacher. In writing these explanations, 
the authors are careful not to make them so 
technical that only a science specialist would 
understand them, as many elementary and 
middle grades teachers have limited coursework 
or professional development in science. At the 
same time the authors try not to oversimplify 
the science. The intent is to provide the infor-
mation a science novice would need to under-
stand the content of the probe. If you have a 
need or desire to learn more about the content, 
refer to the NSTA resources listed for each sec-
tion or use your own instructional materials 
and resources to build or enhance your content 
knowledge. Sometimes the answer is not black 
and white—there may be exceptions depend-
ing on how the student considers the context. 
Therefore we always say the best answer is ___ 
rather than the correct answer is ___. Always 
read the explanation before using the probe!

4. Administering the Probe 
Guidance is provided for administering the 
probe to students, including suggested grade 
levels, ways to demonstrate the probe scenario, 
modifications for different learners, or use of 
different formative assessment classroom tech-
niques (FACTs) to gather the assessment data. 
For more information on these strategies as well 
as other techniques you can use with the probes, 
refer to Science Formative Assessment: 75 Practi-
cal Strategies for Linking Assessment, Instruction, 
and Learning (Keeley 2008). FACTs that can be 
used with the probes include:

•	 Card Sorts: Answer choices are printed on 
cards that students sort into two groups: 
examples and non-examples. As students 
sort the cards, they discuss their rea-
sons for why they think it is or is not an 
example according to the probe prompt. 
The teacher can circulate during the card 
sort and listen to students as they engage 
in argumentation and construct their own 
explanations about the phenomena or 
concepts.

•	 Lines of Agreement: This strategy is used 
when there are two answer choices. Stu-
dents stand in two lines facing each other. 
Each line represents an answer choice. 
Students engage in argumentation. After a 
student shares their argument to support 
their answer to the probe, the other line 
can make a rebuttal or offer an alterna-
tive argument. At any time, if a student 
changes their thinking based on a compel-
ling argument from the other side, they 
may cross over to the other line.

•	 P-E-O: This technique can be used to 
launch into an investigation after respond-
ing to the probe. First, students predict (P) 
what they think the outcome will be by 
committing to an answer choice (a claim). 
Second, they explain (E) their thinking to 
support their claim. Third, they test their 
ideas by making observations (O). When 
their observations do not match their 
claim, they need to revise their original 
prediction and construct a new explana-
tion based on the evidence from their 
investigation.

5. Related Research 
Each probe is informed by related research (if 
available). A lot of research studies have been 
published about K–12 understanding of elec-
tric circuits and a moderate amount of research 
on children’s ideas about magnetism exists. 
However, there is much less available research 
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on K–12 students’ ideas about electric charge 
and electromagnetism. Although many of the 
research summaries describe studies that have 
been conducted in past decades, and studied 
children not only in the United States but in 
other countries as well, most of the results of 
these studies are considered timeless and uni-
versal. Whether students develop their ideas in 
the United States or other countries, research 
indicates that many of these commonly held 
ideas are pervasive regardless of geographic 
boundaries and societal and cultural influ-
ences. Even though your students may have 
had different experiences and contexts for 
learning, the findings from the research can 
help you better understand the intent of the 
probe and the kinds of thinking your stu-
dents are likely to reveal when they respond 
to the probe. As you use the probes, you are 
encouraged to seek new and additional pub-
lished research, or engage in your own action 
research to learn more about students’ think-
ing and share your results with other teachers 
to extend and build upon the research summa-
ries in the teacher notes. To learn more about 
conducting action research using the probes, 
read the Science and Children article “Forma-
tive Assessment Probes: Teachers as Classroom 
Researchers” (Keeley 2011).

6. Suggestions for Instruction and 
Assessment 
Uncovering and examining the ideas children 
bring to their learning is considered diagnos-
tic assessment. Diagnostic assessment becomes 
formative assessment when the teacher uses 
the assessment data to make decisions about 
instruction that will move students toward the 
intended learning target. Therefore, in order 
for the probe to be considered formative assess-
ment, the teacher needs to think about how to 
design, choose, or modify a lesson or activity 
to best address the ideas students bring to their 

learning as well as ideas that surface or develop 
during the learning process that are partially 
developed or not scientifically correct. If you 
use a probe and then continue to teach as you 
always have without addressing students’ ideas, 
then you are not using the probe formatively. 
As you carefully listen to and analyze your 
students’ responses, the most important next 
step is to decide on the instructional path that 
would work best in your particular context, 
based on your students’ thinking, the materi-
als you have available, and the different types 
of learners you have in your classroom. 

The suggestions provided in this section 
have been gathered from the wisdom of teach-
ers, the knowledge base on effective science 
teaching, and research on specific strategies 
used to address commonly held ideas. These 
are not lesson plans but rather brief sugges-
tions that may help you plan or modify your 
curriculum or instruction in order to help stu-
dents grapple with difficult or misunderstood 
ideas. It may be as simple as realizing that you 
need to be aware of the drawbacks of the anal-
ogy you have been using or there may be a 
specific strategy or activity that you could use 
with your students. Learning is a very complex 
process and most likely no single suggestion 
will help all students learn. But that is what 
formative assessment encourages—thinking 
carefully about the variety of instructional 
strategies and experiences needed to help stu-
dents learn scientific ideas. As you become 
more familiar with the ideas your students 
have and the multifaceted factors that may 
have contributed to their conceptual devel-
opment, you will identify additional strate-
gies that you can use to teach for conceptual 
change. In addition, this section also points 
out other probes in the Uncovering Student 
Ideas in Science series that can be modified or 
used as is to further uncover and address the 
concepts targeted by the probe.
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7. Safety
Safe science should be practiced in the science 
classroom at all times. This section provides 
suggestions, where necessary, by NSTA’s sci-
ence safety consultant for safely conducting 
activities related to each of the probes.

8. References
References are provided for the standards, 
research summaries, and several of the instruc-
tional suggestions provided in the teacher 
notes. You might use this section to access 
and read the full research paper cited in the 
Related Research section of the teacher notes.
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It is winter in Minnesota, but still warm 
enough to play outside. Lindsay is a third 
grade student, and today she is wearing her 
warm, woolen pants, knowing that she will 
get a chance to use the outdoor playground. 
She runs to her favorite slide, a long blue slide 
made of plastic. She climbs the ladder and 
then slides to the bottom with great joy. When 
she reaches the bottom of the slide, she notices 
that her hair is standing up and she has a pecu-
liar tingly feeling on her skin. Her best friend 
races to help her up and as their hands touch, 
there an audible “zap” and a small spark erupts 
between their outstretched hands. Ouch!

Where did the spark come from and what 
is it made of? Is this spark related to the elec-
tricity that is used to light our houses? And 
where do magnets fit into this picture? We 
are surrounded daily by the phenomenon 
produced by electric charge—these charges 
are what makes things work including all the 
electronic devices we own, from cell phones 
to copy machines to computers. Yet most of 
us have only a vague notion of what electric 
charge is and even less of an understanding of 
where these charges come from, where they go, 
and how they move around. 

The concept of electric charge is a prereq-
uisite for understanding why matter “sticks 
together” (all of chemistry); and subsequently, 
many of the interactions that are studied in a 
typical biology course (such as photosynthesis 
and cellular respiration). However, few science 
courses address electric concepts sufficiently. 
At most, elementary school and middle school 
students are introduced to electric phenomena 
through a single unit on electric circuits, but 
get no exposure to the topic of electric charge 
itself (sometimes called electrostatics). Yet, 

in spite of the central importance of electric 
charge to the understanding of our world, the 
appearance of electric concepts in national and 
state standards remains sparse.

Historical Background
Around 600 BC ancient Greeks discovered 
that small pieces of amber (a hardened natural 
resin) would attract light objects like feathers 
after being rubbed with cloth. (It is interest-
ing to note that the Greek name for amber is 
“elektron”). There is also evidence that many 
years before the Greeks discovered electric-
ity, the Chinese discovered magnetic inter-
actions. They observed that certain types of 
rocks called “lodestones,” displayed an attrac-
tion toward each other. (A lodestone is a natu-
rally occurring mineral called magnetite.) The 
fact that these two different effects are related 
is subtle and difficult to understand as evi-
denced by the fact that it took another 2,000 
years for scientists to learn the details of how 
magnetism is related to electricity. To develop 
an understanding of these effects, it was not 
necessary to understand what was happening 
at the atomic scale. In fact, it is interesting to 
note from both a historical and a pedagogical 
point of view that the discovery of the elec-
tron (one of the fundamental particles with 
the property of electric charge) came at the 
end of the 19th century, after the invention 
of the battery, electric circuits, the lightbulb, 
and electromagnets. Even the famous electric 
and magnetic experiments of Michael Faraday 
and subsequent mathematical formulations by 
James Clerk Maxwell occurred prior to the 
discovery of the electron. 

A careful examination of the historical 
development of ideas often provides a useful 
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road map for understanding student ideas. This 
is certainly true of the topics of electricity and 
magnetism whose long history of discovery 
includes decades of unsuccessful attempts to 
connect electrostatics to magnetism. Histori-
cally, engineers and inventors rushed headlong 
into developing technologies that made use of 
the electric and magnetic phenomena, even 
as the science behind these effects remained 
a mystery. An excellent example that helps to 
illustrate this point is the story of the installa-
tion of the first transoceanic telegraph cable. 
This cable was installed before people knew 
what it was that was flowing through the wires 
and their misconceptions of electricity resulted 
in a catastrophic failure (Bodanis 2005).

Common Instructional 
Difficulties Related to 
Teaching About Electricity and 
Magnetism
Misconceptions and lack of knowledge regard-
ing electric effects are common and research 
shows that few students have even a rudimen-
tary understanding of electricity. One example 
of this lack of understanding is illustrated in 
the video series Minds of Our Own, where Har-
vard graduates struggle and often fail to con-
nect a single lightbulb, a wire, and battery such 
that the bulb will light up (Harvard Smithson-
ian Center for Astrophysics 1997). Additional 
difficulties, just as profound, can be elicited 
by asking people to account for why a balloon 
(when rubbed on your hair) can “stick” to a 
wall. In traditional physics courses, instruc-
tion tends to focus on the mathematical mod-
els used to represent electrical interactions. 
However, research indicates that students 
continue to struggle with even the most basic 
concepts even as they become more proficient 
with calculations. 

Research on Student Ideas 
Related to Electric and 
Magnetic Phenomena
As compared to the topics of force and motion, 
there is considerably less research on student 
ideas related to electric and magnetic phenom-
ena. Much of the research has been devoted 
to an examination of college level students 
(Harrington 1999; Kanim 1999; Rainson and 
Viennot 1992, 1999). Most of the research on 
younger students’ ideas has been on the topic 
of simple circuits containing batteries and 
lightbulbs. The results from this work show 
that students predictably use a simple cause-
and-effect model to explain the lighting of a 
lightbulb—that the battery is the source of the 
“electricity” and the “electricity” is then used 
to produce light. In interviews, students rarely 
differentiate between the words charge, elec-
tricity, energy, voltage, or current. (McDermott 
and Shaffer 1992; Millar and Beh 1993; Millar 
and King 1993). Students also tend to reason 
“locally” rather than “globally.” This means 
that is it very difficult for students to recognize 
that a change in the circuit at one location can 
result in changes everywhere else in the circuit 
(including the battery). Students also tend to 
believe that the battery is a source of electric 
charge, that when the battery “runs out,” it is 
running out of charge, and that the battery is 
unaffected by what is connected to the battery.

Identifying student difficulties with elec-
tric charge is even more difficult because one 
can only observe the effects of charge inter-
actions, not of charge itself. This requires a 
certain level of inferential and abstract rea-
soning, which is made even more difficult by 
the inconsistency of common everyday lan-
guage used to describe these interactions. For 
example, it is common to talk about charge as 
a verb: someone gets “charged up,” which can 
appear as if charge is an “excited state” rather 
than as a property of matter. This incorrect 
view is then reinforced when students discover 

Copyright © 2014 NSTA. All rights reserved. For more information, go to www.nsta.org/permissions.



3U n c o v e r i n g  S t u d e n t  I d e a s  i n  P h y s i c a l  S c i e n c e ,  Vo l u m e  2

Introduction

that they can create a charged object by rub-
bing (for example rubbing a plastic ruler with 
a piece of wool). This gives the impression that 
charge can be “created” and that this “excited 
state” is somehow related to heat and friction. 
The language used to describe the two differ-
ent types of charge is also problematic, as some 
students confuse the words negative with “not 
charged” and positive with “yes, it is charged.” 
Again, this is inadvertently reinforced by the 
observations that charged objects attract neu-
tral objects (this is because the two different 
types of charge in the neutral object separate 
and not because a neutral object is “opposite 
of the charge of a charged object”). As a result, 
it is not uncommon to hear students use the 
words “neutral charge.”

Representations of Charge
Because we cannot see electric charge, we must 
pay particular attention to how this property 
of matter is represented in drawings or pic-
tures. In some curriculum materials, the two 
types of charge are given colors such as red or 
blue. It is more common to see the symbols “+” 
or “–” written on top of or near objects that are 
either positively or negatively charged. 

In one study, students in fifth grade 
observed the interaction between a balloon 
rubbed with fur and the wall (Harrington 
1996). They were then asked to draw pictures 
to show why the balloon is attracted to the 
wall. Specifically they were asked to draw what 
they could imagine as happening if they could 
see the interaction. Overall, the student draw-
ings fit one of four different categories: lines, 
arrows, dots, or zigzags. Most students referred 
to the interaction as due to “static” and the 
most common representation that students 
choose to illustrate why the balloon sticks to 
the wall was straight lines. When asked about 
how many types of charges there are, not one 
of the students understood that there are only 
two types of charge and most thought there 

were many different types of charge, an answer 
consistent with the idea that charge is an inter-
action rather than a property of matter (See 
Probe 4, “What Happens When You Bring a 
Balloon Near a Wall?” p. 27).

These difficulties illustrate how tricky it 
is to understand what students are thinking 
based on the words they use. In some cases, 
students use the word “static” to indicate a 
physical quantity analogous to a scientist’s 
notion of charge. In other cases, the word static 
seemed to be more indicative of the interaction 
itself rather than as the causal agent respon-
sible for the interaction. For example, most of 
the student drawings could be interpreted as 
a representation of ideas related to an electric 
field (an effect) rather than to electric charge 
itself (the cause). Difficulty with differentiat-
ing between cause and effect in the context of 
learning science has been widely documented 
with students from a wide range of ages.

There is little research available on student 
ideas related to magnetic effects. Maloney 
and others have documented the confusion 
that students have distinguishing between 
magnetic poles and electric charge (Maloney 
1985). In addition, several graduate students 
in physics education have examined student 
understanding of magnetism and have discov-
ered similar difficulties that extend to college 
level students (Johnson 1997; Krauss 1998). 
Krauss found that these difficulties were quite 
difficult to overcome, even after professors in 
a college-level physics course addressed these 
difficulties specifically in their lectures and 
demonstrations.

Conceptual Framework for 
Understanding Charge
We have identified seven key concepts that sci-
entists generally agree are basic to an under-
standing of electric charge. These concepts 
provide our starting points for developing the 
probes contained in this book. Most of these 
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concepts are accessible to students from a wide 
range of age groups including our youngest 
students. The seven key concepts are:

•	 Charge is a property matter.
•	 There exist two different types of charge 

called “positive” and “negative.”
•	 Charges that are the same type will repel 

each other and charges that are the oppo-
site type will attract each other.

•	 The interaction between charges decreases 
as the distance between the charges is 
increased.

•	 Neutral materials are composed of equal 
amounts of both types of charge. (Note: 
This concept is directly related to the idea 
that all matter is composed primarily of 
charged particles.)

•	 Electric charge cannot be created or 
destroyed. (Note: There are exceptions to 
this relevant only for physicists who oper-
ate high-energy particle accelerators.)

•	 Charged particles move easily through 
some materials (conductors) but not as eas-
ily through other materials (insulators).

Understanding Electricity
Mass and electric charge are two fundamental 
properties of matter. Most particles that exist 
have both of these properties. Mass is impor-
tant in that it is the property that is respon-
sible for gravitational force (the observed force 
that we call weight) and it is the property that 
resists changes in motion as described by New-
ton’s second law, Fnet = ma (where F is the net 
force, m is the mass and a is the acceleration 
of the object). The property of matter called 
electric charge is responsible for much larger 
forces (as compared to gravitational force) and 
is the property of matter that holds atoms and 
molecules together and gives matter, which is 
mostly composed of space, its feeling of “sol-
idness.” All electronic devices work by man-
aging the motion of particles that have this 

charge property. Batteries move these particles 
around, capacitors store the separation of this 
property into its two different “flavors,” and 
the movement of these charged particles pro-
duces light. 

Conceptual Framework for 
Understanding Electric Circuits
Understanding the movement of electric 
charge through wires that are connected to 
batteries requires students to make a few sim-
ple assumptions, such as the belief that there 
is a flow and the belief that the brightness 
of a light bulb is an indicator of the amount 
of flow. In many cases, the difficulties that 
students experience with electric circuits can 
be traced back to a lack of understanding of 
what it is that is flowing and the lack of under-
standing of charge conservation (that elec-
tric charge cannot be created or destroyed). 
The language of “flow” can also be decep-
tive even though it is common for teachers 
to use a water analogy when trying to help 
teach students how circuits work. The diffi-
culty with the words flow and current is that 
the common definitions of these words are 
associated solely with the speed of whatever is 
flowing. This implies that higher speeds can 
be described as a faster current. However, in 
the context of electric circuits, electric current 
refers only to the number of electric charges 
that pass a given point in a given amount of 
time. This means that a lot of charge moving 
slowly can be the same “current” as a small 
amount of charge that is moving fast. One of 
the principles of electric circuits is “current 
conservation,” which means that the amount 
of current going into a device (like a lightbulb 
or a battery) must be the same as the amount 
of current that is coming out of the device. In 
fact, it is neither current nor electric charge 
that is “used up” in a circuit—a misconcep-
tion that is continually reinforced in the 
media and in books when they refer to electric 
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power plants as producing charge (they don’t) 
and batteries as storing charge (they don’t). 
It is unfortunate that when we “energize” a 
battery it is called “charging the battery” and 
that these devices are called “battery char-
gers.” A battery stores chemical energy that is 
used to separate charge and does not produce 
or store charge (the net charge of a battery 
remains zero—it contains equal numbers of 
both types of charge). In our homes, electric 
current is rapidly switching directions (called 
AC or alternating current). Students are sur-
prised to learn that this means the electric 
charges that were in the lightbulb when it 
was first purchased remains in the lightbulb 
throughout its lifetime (the charge does not 
“come from” the power plant!).

For the purpose of writing the probes con-
tained in this book, we have identified the 
following foundational concepts related to 
understanding electric circuits:

•	 There is a flow around a circuit. This flow is 
called the electric current and is measured 
in amperes. For the flow to exist there must 
be a complete conductive path connecting 
one side of the battery to the other.

•	 Conductors are materials that contain 
charges that are free to move if pushed. 
(These charges are already present in the 
wires and bulbs and do not come from the 
battery.)

•	 The battery is the agent that causes the 
charges that are already in the wires to 
move through the circuit. This “push” on 
the charges is measured in units of volts. 
(The current flows through the battery, not 
from the battery.) Voltage is a measure of 
the energy required to move charged par-
ticles (like electrons) when these particles 
are near other charged particles.

•	 The amount of current that flows through 
a circuit depends on the total resistance in 
that circuit. If the resistance is decreased, 

the flow increases. If the resistance is 
increased, the flow decreases.

•	 A lightbulb represents resistance to the 
flow in a circuit

•	 Connecting bulbs in series (one after the 
other) increases the resistance to the flow 
and causes the total flow through the cir-
cuit to decrease.

•	 Connecting bulbs in parallel (side by side) 
reduces the resistance in the circuit and 
causes the total flow through the circuit to 
increase.

Understanding Magnetism
The study of magnetism is complicated if 
examined at the microscopic level; however, the 
phenomenon itself is quite accessible to every-
one. In fact, it is easier to conduct experiments 
with magnets than it is to conduct experiments 
with electric charge. This is because the two 
different types of electric charge that exist are 
strongly attracted to each other and can move 
around fairly easily (without being seen). This 
means that a positively charged object will soon 
become neutral because negative charges will 
rush to be near the positive charges, essentially 
canceling out any observed effects. However, 
permanent magnets are strong, inexpensive, 
and common. Their magnetic effects do not 
easily subside with time, and students enjoy 
feeling the almost magical force of attraction 
and repulsion “at a distance” between two 
magnetic poles. Because electric charges will 
also attract and repel each other, it is easy for 
students to confuse these two distinct effects, 
making the teaching of basic magnetic and 
electric concepts all the more difficult.

The Connection Between Electric and 
Magnetic Effects
Magnetic effects are related to but are differ-
ent than electric effects, and as such are often 
confused by students (as well as textbook writ-
ers!). The primary source of the confusion 
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arises from the general difficulty that people 
have distinguishing between a quantity and a 
change in that quantity. This is because elec-
tric effects are produced by the presence of 
electric charge and magnetic effects are pro-
duced by the movement of electric charge. 

For example, a balloon that is rubbed with 
fur (or your hair) can cause the two different 
types of charges that already exist on the bal-
loon and in your hair to separate, leaving more 
of one type of charge on the balloon. It is the 
presence of this charge that people called “static 
electricity.” However in a magnet, it is the 
movement of charges in circles that causes the 
magnetic effects (in a permanent magnet, this 
motion occurs on the atomic scale). This is why 
we can make a “magnet” by wrapping wire in a 
circle and connecting the wire to a battery. The 
battery pushes the electric charges through the 
wire, making the charges move in a circle. This 
means that a magnet is not “charged” in the 
same way that a balloon is charged. 

 It is easy to observe that a balloon that 
is charged by rubbing will attract a piece of 
paper but a magnet will not interact with the 
paper. This observation provides evidence that 
the poles of a magnet are not charged. Regard-
less of this simple observation, it is common 
to see bar magnets incorrectly labeled with 
the two symbols for electric charge (positive 
and negative) rather than the correct labels 
of North and South. The North and South 
labels originated from the observation that 
magnets, when allowed to hang freely, would 
inevitably point (approximately) toward the 
“north geographic” pole of the Earth. This 
end of the magnet was labeled as “North 
Seeking.” Eventually this label turned into 
“North magnetic pole” and is usually labeled 
with the letter N. (It is a source of confusion 
to students who study the Earth’s magnetic 
poles to learn that the North geographic pole 
of the Earth is actually a South magnetic pole. 
This is because a “north seeking” magnetic 

pole would be magnetically attracted to a 
south magnetic pole, but would be repelled 
by a north magnetic pole.)

Conceptual Framework for Magnetism
In constructing the probes related to magnetic 
effects, we have identified the following essen-
tial ideas around magnetism:

•	 The movement of electric charge produces 
magnetic effects.

•	 Magnetic poles come in pairs called north 
and south (you cannot separate a north pole 
from a south pole because they are two 
sides of the same phenomena).

•	 The same type of magnetic pole (for exam-
ple, two north poles) will repel each other 
and opposite magnetic poles (for example 
a north pole and a south pole) will attract 
each other. 

•	 The interaction between magnetic poles 
decreases as the distance between the 
poles increase.

•	 Magnets are not electrically charged (they 
do not have more of one type of charge 
than another).

•	 Magnets interact with magnetic materi-
als. Some of these materials are permanent 
magnets with poles. Other types of mag-
netic materials (like iron) attract both the 
north pole of a magnet and the south pole 
of a magnet (but do not repel a magnet).

•	 Magnets do not interact with non-
magnetic materials such as aluminum, 
paper or plastic.

•	 The size of a magnet is not necessarily 
related to the strength of a magnet.

•	 You can make a magnet with poles by 
making electric charges move in a circle 
(for example, a wire wrapped in circles 
around a nail connected to a battery). The 
magnet can be made stronger by increas-
ing the movement of electric charge (called 
electric current) through the wire.
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Stepping Stones: Emerging 
Concepts and Language
There are many challenges to teaching sci-
ence, but one of the most difficult choices we 
face as teachers is to know when to accept an 
emerging concept, called a “stepping stone” 
versus a core scientific idea (those that most 
physicists would agree are important and cor-
rect from a scientific point of view). Stepping 
stone concepts are actually central to effective 
learning. Yet they are not always what come 
to physicists’ mind when they are asked about 
important ideas in physics. In a recent sym-
posium at the National Academy of Sciences 
where a reorganization of K–12 science educa-
tion around core ideas was looked at to inform 
the development of the Next Generation Sci-
ence Standards, it was proposed that candi-
dates for core ideas include both stepping stone 
ideas (emerging ideas) and core scientific ideas 
(Weiser and Smith 2009). 

When looked through the eyes of more 
advanced students, some of these emerging 
ideas could be judged as being incorrect or 
downright wrong. An example of a stepping 
stone concept is the use of the word electricity 
by young students in place of the word current 
or voltage. With older students, these concepts 
are often confused, so it is tempting to differ-
entiate these ideas at a young age. However, 
learning research has shown that it is some-
times best to wait to differentiate stepping 
stone concepts from scientific concepts until 
upper elementary grades or middle school. 
With the support of well-crafted curriculum 
and effective teaching, students can experi-
ence progressively more sophisticated ways of 
thinking about a concept and thus are in a 
better position cognitively to understand the 
scientific idea. Learning progressions, which 
are empirically tested, will provide the much 
needed research that will inform teachers as to 
when to use a stepping stone in lieu of a core 
scientific idea (Weiser and Smith 2009). 

In constructing the probes for the first vol-
ume in this series, Uncovering Student Ideas in 
Physical Science: 45 New Force and Motion Assess-
ment Probes (Keeley and Harrington 2010), we 
have tried to follow this guide: weight, distance, 
and time are generally used as stepping stone 
concepts for probes designed for younger stu-
dent while mass, position, displacement, and time 
interval, the scientifically preferred terminology, 
are used with probes for older students. How-
ever, teachers should be encouraged to use those 
terms that best match their own learning goals 
and student readiness regardless of the wording 
that was chosen for any individual probe. We 
encourage the same approach with the electric-
ity and magnetism concepts in this volume.

Implementing the Electricity 
and Magnetism Probes
The probes contained in this book can be used 
as a window into student thinking before, 
during, or after instruction as a reflection on 
their prior thinking. However, if used before 
instruction, teachers must plan their curri-
cula carefully so students have an opportu-
nity to develop the relevant ideas. If a probe 
is administered before instruction and there 
is not immediate follow-up, students may feel 
frustrated at not knowing the “correct answer” 
and teachers may feel compelled to provide 
students with direct answers without the 
necessary background or experiences. Con-
versely, if the probes are used during or after 
instruction, then the teacher must also plan 
accordingly so there is time to revisit selected 
instructional activities as necessary and build 
in time for reflection. The advantage of using 
the probes after instruction, yet still forma-
tively as opposed to a summative assessment, 
is that students are better prepared to partici-
pate in a classroom discussion. To be effective, 
students must feel comfortable sharing their 
ideas, and the teacher must carefully manage 
these discussions so that all ideas are valued.
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Classroom discussions are also a wonder-
ful opportunity to reinforce the necessary 
components of a scientific explanation by 
requiring students to state their claim, the evi-
dence in support of that claim, and the rea-
soning that connects the claim to the evidence 
(McNeill and Krajcik 2012). If conducted 
during or after instruction, then students will 
have better access to direct evidence to sup-
port their claims. 

Regardless of the who, why, and when 
decisions to use these probes during an 
instructional cycle, it is important to remem-
ber the probes are not formative unless the 
information is used to inform your teaching, 
provide feedback to the learner, and promote 
learning throughout the process. By starting 
with where the student is in his or her think-
ing, your challenge is to use that information 
to build a conceptual bridge from where the 
student is to where he or she needs to be on a 
trajectory of learning and understanding.
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How 
Bright 

Will the 
Bulbs 
Be?

Two students made a circuit with a battery, wires, and two identical lightbulbs. Before 
they connected their circuit, they made a prediction about the brightness of the two 
bulbs. This is what they said:

Herman: I think both bulbs will have the same brightness.

Molly: I think one lightbulb will be brighter than the other.

With which student do you agree the most? ______________ Explain why you agree 
with one student and not the other.

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

13
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How Bright Will the 
Bulbs Be?

Teacher Notes

Purpose
The purpose of this assessment probe is to elicit 
students’ ideas about series circuits. The probe 
is designed to determine what students think 
will happen to the brightness of lightbulbs as 
more lightbulbs are added to a circuit. 

Related Concepts
current, series circuit, resistance, circuit

Explanation
The best answer is Herman’s: “I think both 
bulbs will have the same brightness.” The cir-
cuit shown is a series circuit. A series circuit is 
a circuit in which resistors (i.e., the lightbulbs) 
are arranged in a chain, so the current has only 
one path to take. All the current that goes 
through the first bulb must also go through 
the second bulb, so the bulbs are the same 
brightness. (Note: It is important that the two 
bulbs must be identical for the same current 
to create the same brightness. Bulbs with dif-
ferent ratings could have a different brightness 

with the same current.) In a series circuit, every 
lightbulb (or other device) must function for 
the circuit to be complete. A burned out bulb 
in a series circuit breaks the circuit and acts 
like an open switch, which turns the circuit 
off. The concept of “current” in electric circuits 
refers to the number of electric charges that pass 
through the wire in a given amount of time. A 
lot of charges moving slowly or a few charges 
moving fast could be the same “current.” This 
is different from the flow of water where “cur-
rent” usually refers to the speed of the water. 

Although the two bulbs will have the same 
brightness when compared to each other, they 
will be dimmer than the brightness of a single 
bulb circuit. This is because adding a second 
bulb in series will increase the resistance in the 
circuit, which decreases the current through 
the circuit. 

Administering the Probe
This probe is best used with upper elementary, 
middle, and high school students. Make sure 

13
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students understand they are comparing the 
brightness of the two bulbs to each other, not 
to a bulb in a single bulb circuit. This probe 
can be used with the P-E-O strategy described 
on page xii (Keeley 2008).

Related Research
•	 Students who choose Molly tend to have 

a “consumption model” of current. They 
see some of the current being used up by 
the first bulb so there is less going to the 
second bulb (Driver et al. 1994).

•	 Several misconceptions related to the 
concept of current have been noted by 
researchers such as confusing current 
with electrical energy; current being used 
up as it flows through a resistor such as a 
lightbulb; a lack of recognition that all the 
parts of a circuit influence each other; and 
a belief that current flows “downstream” 
like a river, through the different parts of 
a circuit (Shipstone 1984; Borges and Gil-
bert 1999).

•	 Some students think current is actually 
something physical that flows through a 
circuit. This notion leads to the miscon-
ception that current gets weaker or used 
up as it moves from one part to another 
(Borges and Gilbert 1999).

•	 Student often confuse electric current and 
voltage. Student difficulties with voltage 
can often be traced back to their difficulty 
understanding the concept of energy. (Mil-
lar and King 1993).

Suggestions for Instruction and 
Assessment
•	 If using this probe with elementary stu-

dents, the emphasis should be observa-
tional. At middle and high school, students 
can be asked to construct an explanation 
to describe what happens to the bulbs.

•	 Some researchers have suggested using the 
heart and blood circulation analogy to help 

move students away from the “consump-
tion model.” The blood circulates through 
the heart but does not get used up in the 
process (Osborne and Freyberg 1985).

•	 Although the probe does not ask for how 
the brightness of the single bulb changes 
when you add an additional bulb, stu-
dents can also predict and observe that 
the bulbs are dimmer in a two-bulb series 
circuit than a single bulb in a circuit.. The 
correct inference is that the resistance to 
the flow must have increased by adding a 
second bulb in series.

•	 The probe can be extended by asking stu-
dents what would happen if a third bulb is 
added to the circuit.

•	 One of the most effective models for a series 
circuit is a string tied into a large circle. 
Have three students stand in a circle and 
hold onto the string lightly. One student is 
the “battery.” This student pulls the string 
around the circle. The other students let the 
string slide through their hands. The “flow” 
of the string is the same everywhere around 
the circle. If the “battery” always pulls the 
string around with the same “pull,” the 
string slows down as more students are 
added to the circle. Students also feel the 
heat from the string sliding through their 
hands, which is like the resistance that each 
bulb adds to a series circuit. 

•	 There are several inquiry-oriented cur-
riculum guides that introduce the concept 
of electric current. One set of materials is 
the Electric Circuit Module of Physics by 
Inquiry (Pearson). This curriculum was 
designed specifically for the professional 
development of elementary school teachers. 
For a summary of these instructional strat-
egies, see Shaffer and McDermott (1992).  

•	 This probe can be followed by using 
“Which Burns Brighter,” in which stu-
dents compare the brightness of bulbs in a 
series circuit versus a parallel circuit.

13
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NSTA Safety Notes for Follow-
up Instructional Activities

1. Use caution in handling wires. The 
bare wire ends are sharp and can cut or 
puncture skin.

2. Use only batteries which are in good 
condition. Leaking batteries can burn 
skin.

3. Use caution in handling glass bulbs. 
They are fragile and if broken can cut 
skin.

4. Use caution in handling batteries, 
bulbs and wires that remain connected 
in circuits. They can become hot and 
burn skin.

References
Borges, A., and J. Gilbert. 1999. Mental models of 

electricity. International Journal of Science Edu-
cation 21 (1): 95–117.

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

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

McDermott, L. C., and P. S. Shaffer. 1992. Research 
as a guide for curriculum development: An 
example from introductory electricity, Part I: 
Investigation of student understanding. Ameri-
can Journal of Physics 60: 994–1003.

Millar, R., and T. King. 1993. Students’ under-
standing of voltage in simple series electric cir-
cuits. International Journal of Science Education 
15 (3): 339–349. 

Osborne, R., and P. Freyberg. 1985. Learning in sci-
ence: the implications of children’s science. Auck-
land, NZ: Heinemann. 

Shaffer, P. S., and L. C. McDermott. 1992. Research 
as a guide to curriculum development: An 
example from introductory electricity. Part II: 
Design of instructional strategies. American 
Journal of Physics 60 (11): 1003–1013. 

Shipstone, D. M. 1984. A study of children’s 
understanding of electricity in simple DC cir-
cuits. European Journal of Science Education 6 
(2): 185–198.

13

Copyright © 2014 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  P h y s i c a l  S c i e n c e ,  Vo l u m e  2 183

Index

A
A Framework for K–12 Science Education: Practices, 

Crosscutting Concepts, and Core Ideas
Electric Charge probes and, 11–12
Electric Current probes and, 49
Magnets and Electromagnetism probes and, 109

A Private Universe: Minds of Our Own video series, 2, 
40, 44–45

Action-at-a-distance
Can Magnets Push or Pull Without Touching? 

probe, 111–113
Do the Objects Need to Touch? probe, 15–17

Alternating current (AC), 5
Why Two Prongs? probe, 95–97

Amperes, 5
Andersson, B., 173
APS Physics Forum on Education, 165
Arnold, M., 55, 61
Arons, A., 61
Atlas of Science Literacy, xi, 69
Attraction

Can Magnets Push or Pull Without Touching? 
probe, 111–113

What Happens If You Use the Other End of the 
Magnet? probe, 127–129

Which One Attracts? probe, 135–137

B
Barrow, L., 124, 152, 156, 161
Battery, 5

Does the Weight Change? probe, 99–101
How Can You Light the Bulb? probe, 59–62
How Does the Current in Each Battery 

Compare? probe, 83–85
How Fast Do the Charges Move? probe, 

103–105
One Wire or Two? probe, 53–56

Benchmarks for Science Literacy, xi
Electric Charge probes and, 11
Electric Current probes and, 49
Magnets and Electromagnetism probes and, 

109
Borges, A., 55, 61, 121, 129, 132, 140, 145, 148, 153, 

157, 161
Bradamante, F., 117, 121, 161
Bryan, L., 129, 161, 165

C
Can It Be Electrically Charged? probe, 23–25

administration of, 25
explanation of, 24
purpose of, 24
related concepts for, 24
related research for, 25
safety notes for, 25
suggestions for instruction and assessment 

using, 25

teacher notes for, 24–25
Can Magnets Push or Pull Without Touching? probe, 

111–113
administration of, 112
explanation of, 112
purpose of, 112
related concepts for, 112
related research for, 112–113
suggestions for instruction and assessment 

using, 113
teacher notes for, 112–113

Can You Pick It up With a Magnet? probe, 115–117
administration of, 116–117
explanation of, 116
purpose of, 116
related concepts for, 116
related research for, 117
safety notes for, 117
suggestions for instruction and assessment 

using, 117
teacher notes for, 116–117

Card sort strategy, xii
for Can It Be Electrically Charged? probe, 25
for How Can You Light the Bulb? probe, 60
for How Can You Represent a Magnetic Field? 

probe, 161
for Where Can You Find Electric Charge? 

probe, 40
Circuits, xii, 1, 4–5

Does Electricity Leak From an Outlet? probe, 
91–93

Does It Matter If the Wire Has Knots? probe, 
87–89

How Bright Will the Bulbs Be? probe, 71–74
How Can You Light the Bulb? probe, 59–62
How Do You Think About the Flow of Electric 

Current Through a Circuit? probe, 67–70
How Does the Current in Each Battery 

Compare? probe, 83–85
How Would You Rank the Brightness of These 

Bulbs? probe, 79–82
One Wire or Two? probe, 53–56
Where Do I Put the Switch? probe, 63–65
Which Burns Brighter? probe, 75–78

Classroom discussions, ix, 7–8
Concept matrix, xi

for Electric Charge probes, 10
for Electric Current probes, 48
for Magnets and Electromagnetism probes, 108

Conductors, 5
Can It Be Electrically Charged? probe, 23–25
Conductors or Insulators? probe, 31–33

Conductors or Insulators probe, 31–33
administration of, 32
explanation of, 32
purpose of, 32
related concepts for, 32

Copyright © 2014 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 n184

Index

related research for, 32–33
safety note for, 33
suggestions for instruction and assessment 

using, 33
teacher notes for, 32–33

Conservation of charge
Does the Weight Change? probe, 99–101
Where Does the Charge Come From? probe, 

43–45
Coulomb’s law, x, 11, 13
Crosscutting concepts, xi

for Electric Charge probes, 12
for Electric Current probes, 49
for Magnets and Electromagnetism probes, 109

D
Diagnostic assessment, xiii
Disciplinary core ideas (DCIs), xi

for Electric Charge probes, 11–12
for Electric Current probes, 49
for Magnets and Electromagnetism probes, 109

Do the Objects Need to Touch? probe, 15–17
administration of, 16–17
explanation of, 16
purpose of, 16
related concepts for, 16
related research for, 17
safety notes for, 17
suggestions for instruction and assessment 

using, 17
teacher notes for, 16–17

Does a Magnet Pick up Any Kind of Metal? probe, 
119–121

administration of, 120–121
explanation of, 120
purpose of, 120
related concepts for, 120
related research for, 121
safety notes for, 121
suggestions for instruction and assessment 

using, 121
teacher notes for, 120–121

Does a Magnet Work Without Air? probe, 131–133
administration of, 132
explanation of, 132
purpose of, 132
related concepts for, 132
related research for, 132–133
safety notes for, 133
suggestions for instruction and assessment 

using, 133
teacher notes for, 132–133

Does Electricity Leak From an Outlet? probe, 91–93
administration of, 92–93
explanation of, 92
purpose of, 92
related concepts for, 92

related research for, 93
safety notes for, 93
suggestions for instruction and assessment 

using, 93
teacher notes for, 92–93

Does It Matter If the Wire Has Knots? probe, 87–89
explanation of, 88–89
purpose of, 88
related concepts for, 88
related research for, 89
safety notes for, 89
suggestions for instruction and assessment 

using, 89
teacher notes for, 88–89

Does the Example Provide Evidence? probe, 35–37
administration of, 36–37
explanation of, 36
purpose of, 36
related concepts for, 36
related research for, 37
suggestions for instruction and assessment 

using, 37
teacher notes for, 36–37

Does the Type of Wire Make a Difference in an 
Electromagnet? probe, 171–173

administration of, 172
explanation of, 172
purpose of, 172
related concepts for, 172
related research for, 172–173
safety notes for, 173
suggestions for instruction and assessment 

using, 173
teacher notes for, 172–173

Does the Weight Change? probe, 99–101
administration of, 100
explanation of, 100
purpose of, 100
related concepts for, 100
related research for, 101
safety note for, 101
suggestions for instruction and assessment 

using, 101
teacher notes for, 100–101

Duit, R., 93

E
E & M TIPERs: Electricity and Magnetism Tasks, 81
Electric Charge probes, 9–45

Can It Be Electrically Charged?, 23–25
concept matrix for, 10
Conductors or Insulators, 31–33
crosscutting concepts for, 12
disciplinary core ideas for, 11–12
Do the Objects Need to Touch?, 15–17
Does the Example Provide Evidence?, 35–37
Does the Weight Change?, 99–101

Copyright © 2014 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  P h y s i c a l  S c i e n c e ,  Vo l u m e  2 185

Index

How Fast Do the Charges Move? probe, 103–105
How Will the Balloons Move?, 19–21
performance expectations for, 12–13
related ideas from Benchmarks for Science 

Literacy, 11
related NSTA resources for, 13
What Happens When a Magnet Is Brought Near 

a Charged Ball?, 147–149
What Happens When You Bring a Balloon Near 

a Wall?, 27–30
What Makes It Stick?, 151–153
Where Can You Find Electric Charge?, 39–41
Where Does the Charge Come From?, 43–45

Electric Current probes, 47–105
concept matrix for, 48
Conductors or Insulators?, 31–33
crosscutting concepts for, 49
disciplinary core ideas for, 49
Does Electricity Leak From an Outlet?, 91–93
Does It Matter If the Wire Has Knots?, 87–89
Does the Weight Change?, 99–101
How Bright Will the Bulbs Be?, 71–74
How Can You Light the Bulb?, 59–62
How Do You Think About the Flow of Electric 

Current Through a Circuit?, 67–70
How Does the Current in Each Battery 

Compare?, 83–85
How Fast Do the Charges Move?, 103–105
How Would You Rank the Brightness of These 

Bulbs?, 79–82
NSTA resources for, 50–51
One Wire or Two?, 53–56
performance expectations for, 50
related ideas from Benchmarks for Science 

Literacy, 49
Where Do I Put the Switch?, 63–65
Which Burns Brighter?, 75–78
Why Two Prongs?, 95–97

Electric fields, What Happens When You Bring a 
Balloon Near a Wall? probe, 27–30

Electric force, 11
Do the Objects Need to Touch? probe, 15–17
How Will the Balloons Move? probe, 19–21

Electricity and magnetism, 1–8
difficulties related to teaching about, 2
emerging concepts and language related to, 7
historical development of ideas about, 1–2
implementing formative assessment probes 

related to, 7–8
misconceptions related to, 2, 4, 69–70, 73, 77, 

89, 165
research on student ideas related to, 2–6

conceptual framework for magnetism, 6
conceptual framework for understanding 

charge, 3–4
conceptual framework for understanding 

electric circuits, 4–5

connection between electric and magnetic 
effects, 5–6

representations of charge, 3
understanding electricity, 4
understanding magnetism, 5

Electromagnet
Does the Type of Wire Make a Difference in an 

Electromagnet? probe, 171–173
How Can You Make a Stronger Electromagnet? 

probe, 175–177
How Can You Make an Electromagnet? probe, 

167–169
Electrons, 5

What Happens When You Bring a Balloon Near 
a Wall? probe, 27–29

Where Can You Find Electric Charge? probe, 
39–41

Electrostatics, 1, 2
Does the Example Provide Evidence? probe, 

35–37
What Happens When You Bring a Balloon Near 

a Wall? probe, 27–29
Where Does the Charge Come From? probe, 

43–45
Erickson, G., 153

F
Faraday, M., 1, 105
Faraday Pail, 125
Finley, F., 113, 117
Formative assessment classroom techniques (FACTs), 

xii
Formative assessment probes, ix, xi–xiv

administration of, xii
“best answer” for, ix, xii
concept matrices fir, xi
explanation of, xi–xii
format of, xi–xiv
grade levels for, xi
implementing electricity and magnetism probes, 

7–8
links to NGSS, xi
purpose of, xi
references for, xiv
related concepts for, xi
related research for, xii–xiii
resources for, xi
safety notes for, xiv
suggestions for instruction and assessment 

using, xiii, 8
summative assessment and, ix, x, 7
teacher notes for, xi

Framework for K–12 Science Education: Practices, 
Crosscutting Concepts, and Core Ideas, Magnets 
and Electromagnetism probes and, 109

Copyright © 2014 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 n186

Index

G
Gilbert, J., 55, 61, 121, 129, 132, 140, 145, 148, 153, 

157, 161
Goldberg, F., 165
Gravity and magnets

Does a Magnet Work Without Air? probe, 
131–133

How Would a Magnet Work on the Moon? 
probe, 139–141

What Makes It Stick? probe, 151–153
Grounding, Conductors or Insulators? probe, 31–33
Guth, J., 161

H
Harrington, R., xviii
How Bright Will the Bulbs Be? probe, 71–74

administration of, 72–73
explanation of, 72
purpose of, 72
related concepts for, 72
related research for, 73
safety notes for, 74
suggestions for instruction and assessment 

using, 73
teacher notes for, 72–74

How Can You Light the Bulb? probe, 59–62
administration of, 61
explanation of, 60–61
purpose of, 60
related concepts for, 60
related research for, 61
safety notes for, 62
suggestions for instruction and assessment 

using, 61–62
teacher notes for, 60–62

How Can You Magnetize a Nail? probe, 163–165
administration of, 165
explanation of, 164–165
purpose of, 164
related concepts for, 164
related research for, 165
safety notes for, 165
suggestions for instruction and assessment 

using, 165
teacher notes for, 164–165

How Can You Make a Stronger Electromagnet? probe, 
175–177

administration of, 176
explanation of, 176
purpose of, 176
related concepts for, 176
related research for, 176
safety notes for, 177
suggestions for instruction and assessment 

using, 177
teacher notes for, 176–177

How Can You Make an Electromagnet? probe, 

167–169
administration of, 168
explanation of, 168
purpose of, 168
related concepts for, 168
related research for, 168–169
safety notes for, 169
suggestions for instruction and assessment 

using, 169
teacher notes for, 168–169

How Can You Represent a Magnetic Field? probe, 
159–162

administration of, 161
explanation of, 160–161
purpose of, 160
related concepts for, 160
related research for, 161
safety notes for, 162
suggestions for instruction and assessment 

using, 161–162
teacher notes for, 160–162

How Do You Think About the Flow of Electric Current 
Through a Circuit? probe, 67–70

administration of, 68–69
explanation of, 68
purpose of, 68
related concepts for, 68
related research for, 69
safety notes for, 70
suggestions for instruction and assessment 

using, 69–70
teacher notes for, 68–70

How Does the Current in Each Battery Compare? 
probe, 83–85

administration of, 84
explanation of, 84
purpose of, 84
related concepts for, 84
related research for, 84–85
safety notes for, 85
suggestions for instruction and assessment 

using, 85
teacher notes for, 84–85

How Fast Do the Charges Move? probe, 103–105
administration of, 104
explanation of, 104
purpose of, 104
related concepts for, 104
related research for, 104
safety notes for, 105
suggestions for instruction and assessment 

using, 104–105
teacher notes for, 104–105

How Will the Balloons Move? probe, 19–21
administration of, 20–21
explanation of, 20
purpose of, 20
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Index

related concepts for, 20
related research for, 21
safety note for, 21
suggestions for instruction and assessment 

using, 21
teacher notes for, 20–21

How Would a Magnet Work on the Moon? probe, 
139–141

administration of, 140
explanation of, 140
purpose of, 140
related concepts for, 140
related research for, 140
suggestions for instruction and assessment 

using, 140–141
teacher notes for, 140–141

How Would You Rank the Brightness of These Bulbs? 
probe, 79–82

administration of, 81
explanation of, 80–81
purpose of, 80
related concepts for, 80
related research for, 81
safety notes for, 82
suggestions for instruction and assessment 

using, 81–82
teacher notes for, 80–82

I
Instructional strategies, xiii
Insulators, 4

Can It Be Electrically Charged? probe, 23–25
Conductors or Insulators? probe, 31–33

International Space Station, 141

J
Jacquette, D., 153
Johnson, A., 29

K
Keeley, P., xvii–xviii
Krupa, M., 153

L
Learning goals, xi
Learning process, xiii
Learning progressions, 7
Licht, P., 97
Lines of agreement strategy, xii

for Does a Magnet Pick up Any Kind of Metal? 
probe, 121

Lodestone, 1

M
Magnetic field

Does the Type of Wire Make a Difference in an 
Electromagnet? probe, 171–173

How Can You Make a Stronger Electromagnet? 
probe, 175–177

How Can You Make an Electromagnet? probe, 
167–169

How Can You Represent a Magnetic Field? 
probe, 159–162

What Happens When You Bring a Compass 
Near a Current-Carrying Wire? probe, 
179–181

Magnetic poles, 3, 5–6
Does a Magnet Pick up Any King of Metal? 

probe, 120
How Can You Magnetize a Nail? probe, 165
What Happens If You Use the Other End of the 

Magnet? probe, 129
What Happens When a Magnet Breaks? probe, 

156
What Happens When a Magnet Is Brought Near 

a Charged Ball? probe, 148, 149
What Happens When You Bring a Compass 

Near a Current-Carrying Wire? probe, 179, 
180

What Happens When You Hold a Magnet Near 
a Refrigerator? probe, 144, 145

Magnets and Electromagnetism probes, 107–181
Can Magnets Push or Pull Without Touching?, 

111–113
Can You Pick It up With a Magnet?, 115–117
concept matrix for, 108
crosscutting concepts for, 109
disciplinary core ideas for, 109
Does a Magnet Pick up Any Kind of Metal?, 

119–121
Does a Magnet Work Without Air?, 131–133
Does the Type of Wire Make a Difference in an 

Electromagnet?, 171–173
How Can You Magnetize a Nail?, 163–165
How Can You Make a Stronger Electromagnet?, 

175–177
How Can You Make an Electromagnet?, 

167–169
How Can You Represent a Magnetic Field?, 

159–162
How Would a Magnet Work on the Moon?, 

139–141
NSTA resources for, 110
performance expectations for, 109–110
related ideas from Benchmarks for Science 

Literacy, 109
What Happens If You Use the Other End of the 

Magnet?, 127–129
What Happens When a Magnet Breaks?, 

155–157
What Happens When a Magnet Is Brought Near 

a Charged Ball?, 147–149
What Happens When You Bring a Compass 

Near a Current-Carrying Wire?, 179–181
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Index

What Happens When You Hold a Magnet Near 
a Refrigerator?, 143–145

What Happens When You Wrap a Magnet With 
Aluminum Foil?, 123–125

What Makes It Stick?, 151–153
Which One Attracts?, 135–137

Matter, Where Can You Find Electric Charge? probe, 
39–41

Maxwell, James Clerk, 1
McDermott, L., 69, 73
Millar, R., 55, 61
Misconceptions, 2, 4, 69–70, 73, 77, 89, 165
Models, 2

How Do You Think About the Flow of Electric 
Current Through a Circuit? probe, 67–70

Movement of charge, 6
How Fast Do the Charges Move? probe, 103–105

N
National Academy of Sciences, 7
Newton’s laws, 4, 11, 13, 136
Next Generation Science Standards (NGSS), xi, 7

Electric Charge probes and, 11–13
Electric Current probes and, 49–50
Magnets and Electromagnetism probes and, 

109–110
NSTA resources, ix–x, xi

for Electric Charge probes, 13
for Electric Current probes, 50–51
for Magnets and Electromagnetism probes, 110

O
Ohm’s law, x, 81, 85
One Wire or Two? probe, 53–56

administration of, 55
explanation of, 54–55
purpose of, 54
related concepts for, 54
related research for, 55
safety notes for, 56
suggestions for instruction and assessment 

using, 55–56
teacher notes for, 54–56

P
Parallel circuit, 5

How Does the Current in Each Battery 
Compare? probe, 83–85

How Would You Rank the Brightness of These 
Bulbs? probe, 79–82

Which Burns Brighter? probe, 75–78
Pegg, J., 161
Performance expectations, xi

for Electric Charge probes, 12–13
for Electric Current probes, 50
for Magnets and Electromagnetism probes, 

109–110

PhET at the University of Colorado, 45, 77
Physics by Inquiry, xviii, 69, 73
Physics Classroom website, 37, 77
Piaget, J., 44
Planck’s law, x
Predict-explain-observe (P-E-O) strategy, xii

for Can It Be Electrically Charged? probe, 25
for Can You Pick It up With a Magnet? probe, 

117
for Does It Matter If the Wire Has Knots? probe, 

89
for How Bright Will the Bulbs Be? probe, 73
for How Can You Light the Bulb? probe, 61
for How Can You Make a Stronger 

Electromagnet? probe, 176
for How Can You Make an Electromagnet? 

probe, 168
for How Will the Balloons Move? probe, 21
for One Wire or Two? probe, 55
for What Happens If You Use the Other End of 

the Magnet? probe, 128
for What Happens When You Bring a Compass 

Near a Current-Carrying Wire? probe, 180
for What Happens When You Wrap a Magnet 

With Aluminum Foil? probe, 124
for Where Do I Put the Switch? probe, 64
for Which Burns Brighter? probe, 76

Protons
What Happens When You Bring a Balloon Near 

a Wall? probe, 27–29
Where Can You Find Electric Charge? probe, 

39–41

Q
Qualitative probes, 81, 85

R
Resistance, 5

How Bright Will the Bulbs Be? probe, 71–74
How Does the Current in Each Battery 

Compare? probe, 83–85
How Would You Rank the Brightness of These 

Bulbs? probe, 79–82
Which Burns Brighter? probe, 75–78

S
Safety notes, xiv. See also specific probes
Science and Children, xiii
Science Formative Assessment: 75 Practical 

Strategies for Linking Assessment, Instruction, and 
Learning, xii, xvii

Sederberg, D., 129, 161, 165
Selman, R., 153
Series circuit, 5

How Bright Will the Bulbs Be? probe, 71–74
How Does the Current in Each Battery 

Compare? probe, 83–85
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Index

How Would You Rank the Brightness of These 
Bulbs? probe, 79–82

Which Burns Brighter? probe, 75–78
Shaffer, P., 69, 73
Shipstone, D., 55, 61, 64
Stone, C., 153
Summative assessment, ix, x, 7

T
Teacher notes, xi. See also specific probes
Teaching informed by probes, xiii, 8
Tiberghien, A., 65
Transfer of energy

How Can You Light the Bulb? probe, 59–62
One Wire or Two? probe, 53–56
Where Do I Put the Switch? probe, 63–65

U
Uncovering Student Ideas in Science series, ix–x, xiii, 

xvii, 7

V
Viennot, L., 117, 121, 161
Voltage, 5

Does the Weight Change? probe, 99–101
How Does the Current in Each Battery 

Compare? probe, 83–85

W
What Happens If You Use the Other End of the 

Magnet? probe, 127–129
administration of, 128
explanation of, 128
purpose of, 128
related concepts for, 128
related research for, 128–129
safety notes for, 129
suggestions for instruction and assessment 

using, 129
teacher notes for, 128–129

What Happens When a Magnet Breaks? probe, 155–157
administration of, 156
explanation of, 156
purpose of, 156
related concepts for, 156
related research for, 156–157
safety notes for, 157
suggestions for instruction and assessment 

using, 157
teacher notes for, 156–157

What Happens When a Magnet Is Brought Near a 
Charged Ball? probe, 147–149

administration of, 148
explanation of, 148
purpose of, 148
related concepts for, 148
related research for, 148

safety notes for, 149
suggestions for instruction and assessment 

using, 148–149
teacher notes for, 148–149

What Happens When You Bring a Balloon Near a 
Wall? probe, 27–30

administration of, 29
explanation of, 28–29
purpose of, 28
related concepts for, 28
related research for, 29
safety note for, 30
suggestions for instruction and assessment 

using, 29
teacher notes for, 28–29

What Happens When You Bring a Compass Near a 
Current-Carrying Wire? probe, 179–181

administration of, 180
explanation of, 180
purpose of, 180
related concepts for, 180
related research for, 180
safety notes for, 181
suggestions for instruction and assessment 

using, 180–181
teacher notes for, 180–181

What Happens When You Hold a Magnet Near a 
Refrigerator? probe, 143–145

administration of, 144–145
explanation of, 144
purpose of, 144
related concepts for, 144
related research for, 145
safety notes for, 145
suggestions for instruction and assessment 

using, 145
teacher notes for, 144–145

What Happens When You Wrap a Magnet With 
Aluminum Foil? probe, 123–125

administration of, 124
explanation of, 124
purpose of, 124
related concepts for, 124
related research for, 124–125
safety notes for, 125
suggestions for instruction and assessment 

using, 125
teacher notes for, 124–125

What Makes It Stick? probe, 151–153
administration of, 152
explanation of, 152
purpose of, 152
related concepts for, 152
related research for, 152–153
safety notes for, 153
suggestions for instruction and assessment 

using, 153
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Index

teacher notes for, 152–153
Where Can You Find Electric Charge? probe, 39–41

administration of, 40
explanation of, 40
purpose of, 40
related concepts for, 40
related research for, 40–41
suggestions for instruction and assessment 

using, 41
teacher notes for, 40–41

Where Do I Put the Switch? probe, 63–65
administration of, 64
explanation of, 64
purpose of, 64
related concepts for, 64
related research for, 64–65
safety notes for, 65
suggestions for instruction and assessment 

using, 65
teacher notes for, 64–65

Where Does the Charge Come From? probe, 43–45
administration of, 44
explanation of, 44
purpose of, 44
related concepts for, 44
related research for, 44–45
suggestions for instruction and assessment 

using, 45
teacher notes for, 44–45

Which Burns Brighter? probe, 75–78

administration of, 76
explanation of, 76
purpose of, 76
related concepts for, 76
related research for, 76–77
safety notes for, 78
suggestions for instruction and assessment 

using, 77–78
teacher notes for, 76–78

Which One Attracts? probe, 135–137
administration of, 136
explanation of, 136
purpose of, 136
related concepts for, 136
related research for, 136–137
safety notes for, 137
suggestions for instruction and assessment for, 

137
teacher notes for, 136–137

Why Two Prongs? probe, 95–97
administration of, 96–97
explanation of, 96
purpose of, 96
related concepts for, 96
related research for, 97
safety note for, 97
suggestions for instruction and assessment 

using, 97
teacher notes for, 96–97
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“I have used this entire series for assessing student understanding, for small- and 
large-group class discussions, and to fill those five- or 10-minute ‘unexpected’ 
moments that arise during the day. The prompts are so popular that students beg 
to do them. … This series is so helpful that I would not consider teaching without it.”

—A teacher review of the Uncovering Student Ideas in Science series
from the NSTA Science Store

If you and your students can’t get enough of a good thing, Volume 2 of Uncovering Student Ideas in 
Physical Science is just what you need. It offers 39 new formative assessment probes, this time with 
a focus on electric charge, electric current, and magnets and electromagnetism. It can help you do 
everything from demystify electromagnetic fields to explain the real reason balloons stick to the wall 
after you rub them on your hair. 

Like the other eight wildly popular books in the series, Uncovering Student Ideas in Physical Science, 
Volume 2: 

• Provides a collection of engaging questions, or formative assessment probes. Each probe in 
this volume is designed to uncover what students know—or think they know—about electric 
or magnetic phenomena or identify misunderstandings they may develop during instruction. 

• Offers field-tested teacher materials that provide “best answers”, along with distracters  
designed to reveal misconceptions that students commonly hold. 

• Is easy to use by time-starved teachers like you. These teacher-friendly, ready-to-reproduce 
materials fit easily into all stages of an instructional cycle. In addition to explaining the science 
content, the teacher materials note links to national standards and suggest grade-appropriate 
ways to present material to help your students develop deeper conceptual understanding.

By helping you detect and then make sound instructional decisions to address students’ miscon-
ceptions, this new volume has the potential to transform your teaching.
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