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Preface
Th is 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-identifi ed 
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. Th e second part of 
each probe asks students to justify their answer 
choice, which provides a way for teachers to 
gain insight into students’ thinking.

Th ese 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
Th is volume specifi cally 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. Th ese books include:

• Uncovering Student Ideas in Science, 
Volume 1 (Keeley, Eberle, and Farrin 
2005): Th is fi rst book in the series con-
tains 25 formative assessment probes in 
life, physical, and Earth and space science. 
Th e introductory chapter of this book pro-
vides an overview of what formative assess-
ment is and how it is used. Th is 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. Th e “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): Th is 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): Th is third book in the series con-
tains 22 formative assessment probes in 
life, physical, and Earth and space science. 
Th e 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 scientifi c 
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 Th eory?” 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. 
Th is 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): Th is 
fourth book in the series contains 23 for-
mative assessment probes in life, physical, 
and Earth and space science. Th e 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. Th e “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. Th is 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): Th is 
eighth book in the Uncovering Student 
Ideas series contains 25 formative assess-
ment probes in life, physical, earth and 
space science specifi cally geared toward 
primary grades students (grades K–2). Th e 
probes use a visual format and are designed 
to be used with “science talk.” Th e intro-
ductory chapter can be downloaded for 
free off  the NSTA website and includes 
way to use “Talk Moves” with the probes. 
Th ese 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
Th ere 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
Th is 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). Th e 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 identifi es 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. Th e 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. Th ey 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). Th e 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.

Th e 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. Th e teacher notes include:

1. Purpose
Th is 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 specifi c 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 fi ts 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. Th ese concepts are also included on 
the matrix charts that precede the probes on 
pages 10, 48, and 108. 

3. Explanation
A brief scientifi c explanation accompanies 
each probe and provides clarifi cation of the 
scientifi c content that underlies the probe. Th e 
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. 
Th e 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). Th e 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. Th e 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. 
Th erefore 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, 
modifi cations for diff erent learners, or use of 
diff erent 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. 
Th e 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: Th is 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 off er 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: Th is 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. Th ird, 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 infl u-
ences. Even though your students may have 
had diff erent experiences and contexts for 
learning, the fi ndings 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. Th erefore, 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 scientifi cally 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 diff erent types 
of learners you have in your classroom. 

Th e suggestions provided in this section 
have been gathered from the wisdom of teach-
ers, the knowledge base on eff ective science 
teaching, and research on specifi c strategies 
used to address commonly held ideas. Th ese 
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 diffi  cult 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 
specifi c 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 scientifi c 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 modifi ed 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. Th is 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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