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“The most beavutiful thing
we can experience is the
muysterious. It is the source
of alltrue art and science.”

— Albert Einstein




AN INTRODUCTION TO
PHENOMENON-BASED LEARNING

The pedagogical approach in this book is called
phenomenon-based learning (PBL), meaning
learning is built on observations of real-world
phenomena—in this case of some fun toys or
gadgets. The method also uses peer instruction,
which research has shown results in more learn-
ing than traditional lectures (Crouch and Mazur
2001). In the PBL approach, students work and
explore in groups: Exercises are done in groups,
and students’ conclusions are also drawn in
groups. The teacher guides and encourages the
groups and, at the end, verifies the conclusions.
With the PBL strategy, the concepts and the phe-
nomena are approached from different angles,
each adding a piece to the puzzle with the goal
of developing a picture correctly portraying the
real situation.

PBL is not so much a teaching method as it is a
route to grasping the big picture. It contains some
elements that you may have seen in inquiry-
based, problem-based, or project-based learning,
combined with hands-on activities. In traditional
science teaching, it's common to divide phenom-
ena into small, separate parts and discuss them
as though there is no connection among them
(McNeil 2013). In our PBL approach, we don’t
artificially create boundaries within phenomena.
Rather, we try to look at physical phenomena
very broadly.

PBL is different from project-based or problem-
based learning. In project-based learning, the stu-
dent is given a project that provides the context for
learning. The problem with this is that the student
is not necessarily working on the project out of
curiosity but simply because they are required to
by the teacher. To avoid having students view the
project as a chore or just a problem that they have

to solve, we employ PBL: The student’s own curi-
osity becomes the driver for learning. The student
explores not by trudging through a problem to get
to the correct answer but by seeing an interesting
phenomenon and wanting to understand what’s
going on. This works because interest and enthu-
siasm do not result from the content alone; they
come from the students themselves as they dis-
cover more about a phenomenon. Personal expe-
rience with a phenomenon is always more inter-
esting and memorable than a simple recitation of
facts (Jones 2007; Lucas 1990; McDade 2013).

The goal in project-based learning is for the
students to produce a product, presentation, or
performance (Moursund 2013). PBL does not
have that requirement; students simply enjoy
exploring and discovering. This is the essence of
science, and it is consistent with the philosophy
of the Next Generation Science Standards (NGSS).
Rather than simply memorizing facts that will
soon be forgotten, students are doing real sci-
ence. They are engaged in collaboration, com-
munication, and critical thinking. Through this,
students obtain a deeper understanding of scien-
tific knowledge and see a real-world application
of that knowledge—exactly what was envisioned
with the NGSS. This is why, at the end of each
chapter, we provide a list of relevant standards
from the NGSS, further emphasizing our focus on
the core ideas and practices of science, not just the
facts of science.

The objective of PBLis to get the students’ brains
working with some phenomenon and have them
discussing it in groups. A gizmo’s functions, in
most cases, also make it possible for teachers to find
common misconceptions that students may harbor.
It is important to directly address misconceptions

USING PHYSICAL SCIENCE GADGETS & GIZMOS GRADES 3-5 PHENOMENON-BASED LEARNING
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because they can be very
persistent (Clement 1982,
1993; Nissani 1997). Often
the only way to remove
misconceptions is to have
students work with the
problem, experiment, think,
and discuss, so that they can
eventually experience for themselves that their pre-
conception is not consistent with what they observe
in the real world.

We must also keep in mind that students can't
build up all the scientific laws and concepts from
scratch by themselves. Students will definitely
need some support and instruction. When doing
experiments and learning from them, the stu-
dents must have some qualitative discussions
(to build concepts) and some quantitative work
(to learn the measuring process and make useful
calculations). Experience with combining the two
reveals the nature of science.

PBL encourages students to not just think about
what they have learned but to also reflect on how
they acquired that knowledge. What mental pro-
cesses did they go through while exploring a phe-
nomenon and figuring out what was happening?
PBL very much lends itself to a K-W-L approach
(what we Know, what we Want to know, and
what we have Learned). K-W-L can be enhanced
by adding an H for “How we learned it” because
once we understand that, we can apply those
same learning techniques to other situations.

When you first look at this book, it might seem
as if there is not very much textual material. That
was intentional. The idea is to have more thinking
by the students and less lecturing by the teacher. It
is also important to note that the process of think-
ing and learning is not a race. To learn and really
get the idea, students need to take time to think ...

“Most of the time my students didn’t
need me, they were just excited about
a connection or discovery they made
and wanted to show me.”

—Jamie Cohen (2014)

then think
more—so be sure to allow

and some
sufficient time for the cog-
nitive processes to occur.
For example, the very first
experiment (using a toy
car) can be viewed in just
a few minutes, but in order
for students to think about the phenomenon and
really get the idea, they need to discuss the science
with other group members, practice using the
“language of science,” and internalize the science
involved—which might take 20 minutes. During
this time, the students may also think of real-life
situations in which the phenomenon plays a sig-
nificant role, and these examples can be brought
up later during discussions as an entire class.

HOW TO USE THIS BOOK

This book can be used in many ways. It can be
used as a teacher’s guide or as material for the
students. In the hands of the teacher, the intro-
ductions and the questions can be used as the
basis for discussions with the groups before they
use the gadgets, that is, as a motivational tool.
The teacher can ask where we see or observe the
phenomenon in everyday life, what the students
know about the matter prior to conducting the
activities, and so on. The explorations can also
be used to spark curiosity about a particular area
of science and to encourage students to explore
and learn.

Exactly how you present the material depends
alot on your students. Here’s one approach: Have
students work in groups. Studies have shown this
to be a good way for them to learn. Have the stu-
dents discuss with each other—and write down
in their science notebooks—what they already
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know about the gadget and about the phenom-
enon it demonstrates. If they don’t yet know
what phenomenon the gadget shows, you can
just have them carry out the steps provided for
exploring that gadget. As they perform the explo-
ration, they should write questions they think of
about the gadget or the science involved. If the
students are having trouble with this, you can get
more specific and ask them, for instance, what
they would need to know in order to understand
what’s going on; or ask where else they have seen
something like this. Having students formulate
questions themselves is part of PBL and also part
of an inquiry approach. Asking questions is also
how scientists start out an investigation. Be sure
to give the groups plenty of time to attempt to
answer their questions themselves.

It’s great to let the students pursue the ques-
tions they raise and to encourage investigations
into areas that they find interesting. This is part
of “responsive teaching,” and also part of PBL.
If, after a good amount of time, the students are
unable to come up with their own questions, you
can start to present the questions in the book—
but resist the temptation to just have students go
down the list of questions. That is more structure
than we want to have in view of our goal of pre-
senting learning as exploration and inquiry. A
good use of the questions would be to help guide
your interaction with the groups as they explore
a phenomenon.

Students can then work in groups to answer the
questions, doing more experimentation as needed.
The important point is that they won’t learn much
by simply being told an answer. Much more learn-
ing takes place if they can, through experimenta-
tion and reasoning, come up with some ideas them-
selves. Students may come up with an idea that is
incorrect; rather than immediately correcting them,

guide them toward an experiment or line of rea-
soning that reveals an inconsistency. It is not a bad
thing if the students’ first ideas are incorrect: This
allows them to recognize that, through the process
of science, it is possible to correct mistakes and
come away with a better understanding—which is
one of the main points of PBL.

While the student groups are investigating,
you, the teacher, should be moving among them,
monitoring conversations to determine whether
the students are proceeding scientifically, for
example, by asking questions or discussing ways
to answer the questions—perhaps using the
gadget, through debate, or even by doing web
searches. This monitoring is part of the assess-
ment process, as explained further in the Learn-
ing Goals and Assessment section.

After students have made a discovery or fig-
ured out something new, have them reflect on the
mental process they went through to achieve that
discovery or understanding. This reflection—
sometimes referred to as metacognition—helps
students recognize strategies that will be helpful
for other challenges in the future. The combina-
tion of guidance and metacognition is consistent
with a modern learning cycle leading to continu-
ous increases in students’ content knowledge and
process skills.

LEARNING GOALS AND
ASSESSMENT

The most important learning goal is for students
to learn to think about problems and try a vari-
ety of approaches to solve them. Nowadays,
most students just wait for the teacher to state
the answer. The aim here is for students to enjoy
figuring out what’s going on and to be creative
and innovative.

USING PHYSICAL SCIENCE GADGETS & GIZMOS GRADES 3-5 PHENOMENON-BASED LEARNING
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Combining this with other objectives, a list of
learning goals might look something like this:

By the end of these lessons, students will

¢ think about problems from various angles
and try different strategies;

* demonstrate process skills, working
logically and consistently;

¢ collaborate with others to solve problems;
* use the language of science;

¢ reflect on the thinking processes that
helped them to acquire new knowledge
and skills in science; and

* view science as interesting and fun.

You will also notice that there are no formal
quizzes or rubrics included. There are other ways
to evaluate students during activities such as
these. First, note that the emphasis is not on get-
ting the “right” answer. Teachers should not sim-
ply provide the answer or an easy way out—that
would not allow students to learn how science
really works. When looking at student answers,
consider the following: Are the students basing
their conclusions on evidence? Are they sharing
their ideas with others in their group? Even if a
student has the wrong idea, if she or he has evi-
dential reasons for that idea, then that student has
the right approach. After all members of a group
are in agreement and tell you, the teacher, what
they think is happening, you can express doubt or
question the group’s explanation, making the stu-
dents describe their evidence and perhaps having
them discuss it further among themselves. Stu-
dent participation as scientific investigators and
their ability to give reasons for their explanations

will be the key indicators that the students under-
stand the process of science.

The PBL approach lends itself well to hav-
ing students keep journals of their activities. Stu-
dents should write about how they are conduct-
ing their experiment (which might differ from one
group to another), ideas they have related to the
phenomenon under investigation (including both
correct and incorrect ideas), what experiments
or observations showed the incorrect ideas to be
wrong, answers to the questions supplied for each
exploration, and what they learned as a result of
the activity. The teacher can encourage students
to form a mental model—perhaps expressed as
a drawing—of how the phenomenon works and
why. Then the students can update this model in
the course of their investigations. Students’ note-
books or journals will go a long way to helping the
teacher see how the students’ thinking and under-
standing have progressed. If there is a requirement
for a written assessment, the journal provides the
basis for that. As a further prompt for writing or
discussion, encourage students to form a “bridge
to the future” by asking questions such as “Where
could we use this phenomena?” and “How could
this be useful?” Students might also want to make
a video of the experiment. This can be used for later
reference as well as to show family and friends.
Wouldn't it be great if we could get students talk-
ing about science outside the classroom?

A few of the questions asked of the students
will be difficult to answer. Here again, students
get a feel for what it’s like to be a real scientist
exploring uncharted territory. A student might
suggest an incorrect explanation. Other students
in the group might offer a correction, or if no one
does, perhaps further experimentation, along
with guidance from the teacher, will lead the
students on the right course. Like scientists, the
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students can do a literature search (usually a web
search now) to see what others know about the
phenomenon. (Doing web searches also involves
learning to recognize when a site is reputable and
when it is not.) Thus there are many ways for a
misconception to get dispelled in a way that will
result in more long-term understanding than if
the students are simply told the answer. Guid-
ance from the teacher could include providing
some ideas about what to observe when doing the
experiment or giving some examples from other
situations in which the same phenomenon takes
place. Although many incorrect ideas will not
last long in group discussions, the teacher should
actively monitor the discussions, ensuring that
students do not get too far off track and are on
their way to achieving increased understanding.
We’ve provided an analysis of the science behind
each exploration to focus your instruction.

By exploring first and getting to a theoretical
understanding later, students are working like real
scientists. When scientists investigate a new phe-
nomenon, they aren’t presented with an explana-
tion first—they have to figure it out. And that’s
what students do in PBL. Real scientists exten-
sively collaborate with one another; and that’s
exactly what the students do here as well—work
in groups. Not all terms and concepts are exten-
sively explained; that’s not the purpose of this
book. Again, like real scientists the students can
look up information as needed in, for example, a
traditional science book. What we present here is
the PBL approach, in which students explore first
and are inspired to pursue creative approaches to
answers—and have fun in the process!

PBL IN FINLAND

The Finnish educational system came into the
spotlight after the Programme of International

Student Assessment (PISA) showed that Finnish
students were among the top in science literacy
proficiency levels. In 2009, Finland ranked second
in science and third in reading out of 74 countries.
(The United States ranked 23rd and 17th, respec-
tively.) In 2012, Finland ranked 5th in science and
6th in reading. (The United States ranked 28th and
24th, respectively.) Finland is now seen as a major
international leader in education, and its perfor-
mance has been especially notable for its signifi-
cant consistency across schools. No other country
has so little variation in outcomes among schools,
and the gap within schools between the top- and
bottom-achieving students is quite small as well.

Finnish schools seem to serve all students well,
regardless of family background or socioeco-
nomic status. Recently, U.S. educators and politi-
cal leaders have been traveling to Finland to learn
the secret of their success.

The PBL approach is one that includes respon-
sive teaching, progressive inquiry, project-based
learning, and in Finland at least, other methods
at the teachers’ discretion. The idea is to teach
bigger concepts and useful thinking skills rather
than asking students to memorize everything in
a textbook.

AUTHORS' USE OF GADGETS
AND GIZMOS

One of the authors (M.B.) has been using giz-
mos as the basis of teaching for many years. He
also uses them for illustrative purposes in public
presentations and school programs. The other
two authors (M.K. and ]J.K.) have been using
PBL—and the materials in this book—to teach
in Finland. Their approach is to present scien-
tific phenomena to students so that they can
build ideas and an understanding of the topic by
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themselves, in small groups. Students progress
from thinking to understanding to explaining.
For each phenomenon there are several different
viewpoints from which the student can develop
a big-picture understanding as a result of step-
by-step exploration. The teacher serves only as
a guide who leads the student in the right direc-
tion. PBL is an approach that is not only effec-
tive for learning but is also much more fun and
interesting for both the teacher and the students.

SAFETY NOTES

Doing science through hands-on, process, and
inquiry-based activities or experiments helps to
foster the learning and understanding of science.
However, in order to make for a safer experi-
ence, certain safety procedures must be followed.
Throughout this book, there are a series of safety
notes that help make PBL a safer learning experi-
ence for students and teachers. In most cases, eye
protection is required. Safety glasses or safety
goggles noted must meet the ANSI Z87.1 safety
standard. For additional safety information, check
out NSTA's “Safety in the Science Classroom” at
www.nsta.org/pdfs/SafetyInTheScienceClassroom.pdf.
Additional information on safety can be found at the
NSTA Safety Portal at weww.nsta.org/portals/safety.aspx.

Disclaimer: Safety of each activity is based in
part on use of the recommended materials and
instructions. Selection of alternative materials for
these activities may jeopardize the level of safety
and therefore is at the user’s own risk.
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ELECTRICITY

ave you ever rubbed a balloon on your clothes
or your hair? What happened? Perhaps you

noticed that the balloon somehow made
your hair stand up. Maybe you could then stick
the balloon to a wall or a ceiling. This phe-
nomenon is called static electricity.

The same phenomenon occurs when you
touch a doorknob and get a shock. This
happens because your shoes and clothes
gather electric charges. When the difference
in charges becomes high enough, you can
make a small spark. Clouds can also gather
electric charges. They make a big spark that we
call lightning.

Now you will do some experiments so you
can learn more about static electricity and elec-
tric charges.
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n Let's Explore!

v
SAFETY NOTE

Wear safety glasses or
goggles.

FIGURE 5.1: Fun Fly Stick

FUN FLY STICK

With the Fun Fly Stick (Figure 5.1), you pressed while you are making the
can make science look like magic. The butterfly fly around.)

phenomenon demonstrated here is 5. What keeps the butterfly in the air?

Touch the butterfly gently with your
finger. Does this give you an idea?

something you may have experienced
before.

1. Learn how the Fun Fly Stick works. Do

6. Select some other flyers and make
you see how to turn it on and off?

them fly. Discuss with others why the
2. Find the butterfly flyer and put it on flyers do what they do.

the end of the Fun Fly Stick. 7. Next, you can try to make electric

3. Press the button on the stick. What wallpaper. Depending on the weather
happens? and the kind of wall in your classroom,

4. Shake the butterfly loose from the Fun this might not work=but you can still

Fly Stick. Can you make the butterfly
fly around the classroom? What
happens if the flying butterfly touches
a wall or another student? (Note that
you do not have to keep the button

try. Hold a sheet of paper against a
wall and slide the Fun Fly Stick along
the paper. Do this as though you were
ironing the paper against the wall. Try
to make the paper stick to the wall. If it
sticks to the wall, talk about why it did.
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LIGHTNING GLOBE

In the last experiment, you saw how electric charges
sometimes repel and sometimes attract each other. There
are two kinds of electric charges: positive and negative.
When charges are the same kind, such as two positive
charges, they push each other apart. When two charges are
different kinds, one positive and one negative, they attract
each other. In this experiment, you will use the Plasma Globe
(Figure 5.2) to explore some more about electric charges
and the phenomenon they cause called static electricity.

1. Plugin the globe and turn it on. The gadget
has a switch for three different options.
Choose the one that keeps the globe on
continuously.

2. Explore the Plasma Globe. Touch the top
with just one finger.

3. Next, touch the globe with two fingers and
then with the palm of your hand. What
do you see? Discuss with others what
happened and why.

4. Keep one finger on one side of the globe.
How does the spark move? Discuss
why. How is what is happening in this
experiment similar to lightning?

5. Put your finger very close to the surface
of the globe. Can you make a small spark
between the globe and your finger? If you
did that, you might have been able to
smell a gas called ozone. Sparks of static
electricity create ozone.

6. Now let your teacher take a fluorescent
light tube and bring it close to the Plasma
Globe. Discuss what happened with others

Let's Explorel

v
SAFETY NOTES

* Wear safety glasses or
goggles.

* As with all electrical
equipment, make sure
the lightning globe
is clear of any water
sources.

in your class. FIGURE 5.2: Plasma Globe

USING PHYSICAL SCIENCE GADGETS & GIZMOS GRADES 3-5 PHENOMENON-BASED LEARNING 43



44

Let's Explorel

HAVING A BALL

You have become acquainted with electric
charges. In this experiment, the Energy Ball
(Figure 5.3) will help you make them go
around a circvit. A circuit can be a loop or
a circle.

1. Find out what the Energy Ball does.

2. Make a circle of students in the
classroom. Everyone in the circle must
hold hands or touch elbows. Give the
Energy Ball to two students in the
circle so that each of them touches one
of the metal strips.

\/
SAFETY NOTE

Wear safety glasses or
goggles.

FIGURE 5.3: Energy Ball

You'll know that your group has made
a closed circuit when the Energy Ball
makes a sound.

What can you do to make the Energy
Ball stop making a sound? That is
called opening the circuit.

Now close the circuit again. Did the
Energy Ball start making a sound
again?

Discuss with the class the idea of open

and closed circuits.

How many students can form a closed
circuit so that the Energy Ball still
works?
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what's Going On? n

FUN FLY STICK

All matter consists of atoms. Atoms are very tiny
building blocks for all materials. Everything you
see around you is made of atoms. In an atom
there is a part at the center called the nucleus. Sur-
rounding the nucleus are electrons (Figure 5.4). The
nucleus has a positive charge. The electrons have
negative charges.

If an object has a negative charge, it has been
given more electrons. If an object has a positive
charge, the object has lost electrons. Electrons can
move from one object to another if you rub two
objects against each other. When you rub a bal-
loon against your hair, both your hair and the bal-
loon become charged—oppositely charged.

The objects that have opposite charges attract
each other. You see this when you bring the
charged balloon close to your hair (Figure 5.5).
Your hair gets attracted to the balloon and sticks
out toward it.

Your charged hair might stick out in other direc-
tions too. The charges on your hair are trying to
get as far from each other as possible. There might

even be enough charges on the balloon and your

Nucleus

Electrons forming a cloud
around the nucleus

FIGURE 5.4: A helium atom with its nucleus and
electrons. The electrons form a cloud around the
nucleus.

hair to make the balloon stick to your hair without
you holding it (Figure 5.6).

When two things have the same charge, they
push each other apart. We say that they repel each
other. With the Fun Fly Stick (Figure 5.7, p. 46),
both the flyers and the stick have positive charges.

FIGURE 5.5: When you bring a charged balloon
near your head, it causes your hair to stick out.

FIGURE 5.6: With enough charge, the balloon will
stick to your head without you holding it.
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What's Going On?

FIGURE 5.7: Fun Fly Stick

They got the same charge when they touched each
other. Since they have the same kind of charge,
they repel each other, and the flyer gets pushed
away from the stick. This is why the flyer stays in
the air above the stick.

The flyer gets the same positive charge all over
it, making it spread out as the different parts try to
get as far away as they can from each other.

LIGHTNING GLOBE

The Plasma Globe (Figure 5.8) is a very interest-
ing gadget. It works because of a big difference in
charge between two parts of the globe. A big dif-
ference in charge is called a voltage. (Where there
are dangerous amounts of electricity, you might

see a sign that says, “Danger. High voltage.”)

HIGH
VOLTAGE

Y AR

- A,
/\\' \f\ N
Vet e OB

In the middle of the globe there are many
charges that repel each other. They try to move
farther from the center to get away from the each
other. Putting a finger on the globe creates an
easier path for the charges to follow as they move
farther away. This is why you see a bigger spark.

FIGURE 5.8: Plasma Globe
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FIGURE 5.9: Energy Ball

HAVING A BALL

With the Energy Ball (Figure 5.9), you can explore
closed and open circuits. In the experiment, you
made a circle with your friends. That made the
energy ball work because the circle of people made
a way for the electrons to get from one part of the
Energy Ball to the other. When someone broke the
circle by letting go of hands, the electrons could
not move to the other part of the Energy Ball.
That’s why the ball turned off. It works the same
way with all electrical circuits. If the circuit is all
connected, the electric charges can move. Then we
say that the circuit is closed. If there is a break in
the circuit, it is called an open circuit (Figure 5.10).

The Energy Ball is actually more complicated
than that. The electrons that traveled through
your friends are not the same ones that lit up the
ball. When the Energy Ball detects that electrons

What's Going On?

Closed circuit Open circuit

W

FIGURE 5.10: Closed and open circuits.

are moving from one part of the ball to the other
part, it turns on a second circuit to make the light
and sound.
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What's Going On?

web Resources

Circuits for beginners.
www.bbc.co.uk/schools/scienceclips/ages/6_7/electricity.shtml

A simulation in which students explore why balloons stick to clothes. Images show
charges in a sweater, balloons, and the wall.
http://phet.colorado.edu/en/simulation/balloons

Explore electric charges around the house with a simulation starring John
Travoltage.
http://phet.colorado.edu/en/simulation/travoltage

Compare an electric current to the flow of water.
www.cabrillo.edu/~jmccullough/Applets/Flash/Electricity % 20and % 20Magnetism/Water-
Analogy.swf

See how a light switch opens and closes a circuit.
www.cabrillo.edu/~jmccullough/Applets/Flash/Electricity % 20and %20Magnetism/Light-
Switch.swf

Try to make a circuit to light up a lightbulb.
http://phet.colorado.edu/en/simulation/circuit-construction-kit-dc-virtual-lab

See how the Energy Ball works.
https.//sites.google.com/site/sed695b3/projects/discrepant-events/closed-circuit
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What's Going On?

Relevant Standards

Note: The Next Generation Science Standards can be viewed online at
www.nextgenscience.org/next-generation-science-standards.

PERFORMANCE EXPECTATIONS
3-PS2-3

Ask questions to determine cause and effect relationships of electric or magnetic
interactions between two objects not in contact with each other. [Clarification State-
ment: Examples of an electric force could include the force on hair from an electrically
charged balloon and the electrical forces between a charged rod and pieces of paper....]

4-PS3-2
Make observations to provide evidence that energy can be transferred from place
to place by sound, light, heat, and electric currents.

DISCIPLINARY CORE IDEAS

PS3.A: Definitions of Energy

* Motion energy is properly called kinetic energy; it is proportional to the mass of
the moving object and grows with the square of its speed. (MS-PS3-1)

* A system of objects may also contain stored (potential) energy, depending on
their relative positions. (MS-PS3-2)

* Temperature is a measure of the average kinetic energy of particles of
matter. The relationship between the temperature and the total energy of a
system depends on the types, states, and amounts of matter present. (MS-
PS3-3), (MS-PS3-4)

PS3.B: Conservation of Energy and Energy Transfer
*  When the motion energy of an object changes, there is inevitably some other

change in energy at the same time. (MS-PS3-5)

¢ The amount of energy transfer needed to change the temperature of a matter
sample by a given amount depends on the nature of the matter, the size of
the sample, and the environment. (MS-PS3-4)

¢ Energy is spontaneously transferred out of hotter regions or objects and into
colder ones. (MS-PS3-3)
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INDEX

Page numbers in boldface type refer to
tables or figures.

A
Air Pressure explorations, 31-39
Impressive Pressure, 32, 32, 35, 35
pressure in different places in different
units, 35
Pressure Power, 33, 33, 36, 36
Rocket!, 34, 34, 36-37, 37
standards addressed by, 39
Web resources for, 38
Air resistance. See Friction and Air
resistance explorations
Amperes, 58, 59
Assessment, xvi—xvii. See also Performance
expectations
Atmospheric pressure, 31. See also Air
Pressure explorations

B

Balancing Bird exploration, 24, 24
what’s going on in, 27, 27

Bar Magnets exploration, 72, 72
what’s going on in, 76, 76

C
Changing Speed exploration, 4, 4
what’s goingonin, 7,7
Creating Voltage with a Hand Crank
exploration, 61, 61

Snaptricity setup for, 67
Creating Voltage with a Simple Battery
exploration, 60, 60
Snaptricity setup for, 67
Critical thinking, xiii
Crosscutting concepts
for Air Pressure explorations, 39
for Energy explorations, 93
for Friction and Air Resistance
explorations, 19

D

Disciplinary core ideas, xiii
for Air Pressure explorations, 39
for Electric Circuits explorations, 69
for Electricity explorations, 49
for Energy explorations, 93
for Friction and Air Resistance

explorations, 19

for Gravity explorations, 29
for Magnetism explorations, 81
for Speed explorations, 9

Dragging the Block exploration, 12, 12
what’s going on in, 15-16, 15—-16

E
Einstein, Albert, xii
Electric Circuits explorations, 51-69
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Creating Voltage with a Hand Crank, 61, F

61, 67 Falling Balls exploration, 22, 22
Creating Voltage with a Simple Battery, what’s going on in, 25-26, 25—-26

60, 60 Friction and Air Resistance explorations,
Exploring Conductivity, 57, 57, 65 11-19
Getting to Know the Switches, 55, 55, 64 Dragging the Block, 12, 12, 15-16, 15-16
Having A Ball, 44, 44, 47, 47 Is Running a Drag?, 14, 14, 17, 17
Learning Types of Connections, 56, 56, 65 Sliding the Puck, 13, 13, 16, 16
Lighting a Lamp, 54, 54, 64 standards addressed by, 19
Measuring Electricity, 58-59, 58-59, 66 Web resources for, 18
Snapping Circuits, 52, 52-53 Fun Fly Stick exploration, 42, 42
standards addressed by, 69 what’s going on in, 45-46, 45—-46

Web resources for, 68
what’s going on in, 62—63
basic units of electricity, 63

conductivity, 63 G
electric circuits, 62—63, 62—63 Gadgets and gizmos, xiv—xv, xvii—xviii
Snaptricity setups, 64—67 for Air Pressure explorations
Electricity explorations, 41-49 Air-Powered Projectile, 34, 37
Fun Fly Stick, 42, 42, 45-46, 45-46 Atmospheric Pressure Cups, 32, 35
Having a Ball, 44, 44, 47, 47 Vacuum Pumper and Chamber, 33, 36

100

Lightning Globe, 43, 43, 46, 46
standards addressed by, 49
Web resources for, 48
Electromagnet exploration, 75, 75
what’s going on in, 78, 78
Energy explorations, 83-93. See also
Electricity explorations
Hand Crank, 87, 87, 90, 90
Melting Ice, 85, 85, 89, 89
Music Box, 86, 86, 90, 90
Solar Car, 84, 84, 88, 88
standards addressed by, 92-93
Web resources for, 91
Exploring Conductivity exploration, 57, 57
Snaptricity setup for, 65

for Electric Circuits explorations
Hand Crank, 61
Snaptricity, 52, 64-67, 79
for Electricity explorations
Energy Ball, 44, 47
Fun Fly Stick, 42, 46
Plasma Globe, 43, 46
for Energy explorations
Hand Crank, 87, 90
Ice Melting Blocks, 85, 89
Music Box, 86, 90
Super Solar Racer Car, 84, 88
for Friction and Air Resistance
explorations
Air Puck, 13, 16
Four-Sided Friction Block, 12, 15
Running Parachute, 14, 17
for Gravity explorations



INDEX

Balancing Bird, 24, 27 what’s going on in, 35, 35
IR-Controlled UFO Flyer, 23, 26 Is Running a Drag? exploration, 14, 14
Vertical Acceleration Demonstrator, 22, what’s going on in, 17, 17

25

for Magnetism explorations
Bar Magnet, 72, 76
Box of Iron Filings, 73, 76 J
Compass, 73, 76 Journaling by students, xvi
Electromagnet, 75, 79
Magnetic Compass, 73, 77
Magnetic Globe, 74, 77

for Speed explorations K
Constant Velocity Car, 2, 5 K-W-L approach, xiv
Pull-Back Car, 4,7 Kits of gadgets and gizmos, 95

Velocity Radar Gun, 3, 6
ordering kits of, 95
Getting to Know the Switches exploration,

55, 55 L
Snaptricity setup for, 64 Learning goals, xv—xvi
Gravity, 11, 21 Learning Types of Connections exploration,
Gravity explorations, 21-29 56, 56
Balancing Bird, 24, 24, 27, 27 Snaptricity setup for, 65
Falling Balls, 22, 22, 2526, 25-26 Lighting a Lamp exploration, 54, 54
Propeller Puzzle, 23, 23, 26, 26 Snaptricity setup for, 64
standards addressed by, 29 Lightning Globe exploration, 43, 43
Web resources for, 28 what’s going on in, 46, 46
H M
Hand Crank exploration, 87, 87 Magnetic Field exploration, 73, 73
what'’s going on in, 90, 90 what’s going on in, 7677, 76-77
Having a Ball exploration, 44, 44 Magnetic Globe exploration, 74, 74
what’s going on in, 47, 47 what’s going on in, 77-78, 77-78

Magnetism explorations, 71-81
Bar Magnets, 72, 72, 76, 76
Electromagnet, 75, 75, 78, 78
| Magnetic Field, 73, 73, 7677, 76-77
Impressive Pressure exploration, 32, 32 Magnetic Globe, 74, 74, 77-78, 7T7-78
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standards addressed by, 81
Web resources for, 80
Measuring Electricity exploration, 58-59,
58-59
Snaptricity setup for, 66
Measuring Speed exploration, 3, 3
what’s going onin, 6, 6
Melting Ice exploration, 85, 85
what’s going on in, 89, 89
Misconceptions of students, xiii—xiv
Music Box exploration, 86, 86
what’s going on in, 90, 90

N
Next Generation Science Standards
(NGSS), xiii
for Air Pressure explorations, 39
for Electric Circuits explorations, 69
for Electricity explorations, 49
for Energy explorations, 92-93
for Friction and Air Resistance
explorations, 19

for Gravity explorations, 29
for Magnetism explorations, 81
for Speed explorations, 9

(o)
Ordering gadgets and gizmos, 95

P
Peer instruction, xiii, xvi
Performance expectations

for Air Pressure explorations, 39

for Electric Circuits explorations, 69

for Electricity explorations, 49

for Energy explorations, 92—-93

for Friction and Air Resistance
explorations, 19

for Gravity explorations, 29

for Magnetism explorations, 81

for Speed explorations, 9

Phenomenon-based learning (PBL), xiii—xiv

compared with project- or problem-based
learning, xiii

definition of, xiii

goal of, xiii

group activities for, xiii, Xiv—xv

in Finland, xvii

learning goals, assessment and, xv—xvii

Next Generation Science Standards and,
Xiii

peer instruction for, xiii, xvi

safety notes for, xviii

student misconceptions and, xiii—xiv

use of gadgets and gizmos for, xiv—xv,
XVii—Xviii

use of K-W-L approach with, xiv

Pressure. See Air Pressure explorations
Pressure Power exploration, 33, 33

what’s going on in, 36, 36

Propeller Puzzle exploration, 23, 23

what’s going on in, 26, 26

Rocket! exploration, 34, 34

what’s going on in, 36-37, 37
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Safety notes, xviii. See also specific
explorations
Science notebooks, xiv, xvi
Sliding the Puck exploration, 13, 13
what’s going on in, 16, 16
Snapping Circuits exploration, 52, 52-53
Solar Car exploration, 84, 84
what’s going on in, 88, 88
Speed explorations, 1-9
Changing Speed, 4,4,7,7
Measuring Speed, 3, 3,6, 6
Speed Racer, 2,2,5,5
standards addressed by, 9
Web resources for, 8
Speed Racer exploration, 2, 2
what’s going onin, 5, 5
Static electricity explorations, 41
Fun Fly Stick, 42, 42, 45-46, 45-46
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“The most beautiful thing we can experience is the mysterious.
It is the source of all true art and science.” — Albert Einstein

The authors say there are
three good reasons to buy
this book:

1.

To improve your

students’ thinking

skills and problem-
solving abilities

hat student—or teacher—can

resist the chance to experiment

with Velocity Radar Guns, Running
Parachutes, Super Solar Racer Cars, and more?
The 30 experiments in Using Physical Science
Gadgets and Gizmos, Grades 3-5, let your
elementary school students explore a variety
of phenomena involved with speed, friction and
air resistance, gravity, air pressure, electricity,
electric circuits, magnetism, and energy.

The phenomenon-based learning (PBL)
approach used by the authors—two Finnish
teachers and a U.S. professor—is as educational
as the experiments are attention-grabbing.
Instead of putting the theory before the

Grades 3-5

3.

To make your
physics lessons
waaaaay more cool

2.

To acquire easy-to-
perform experiments
that engage students
in the topic

application, PBL encourages students to first
experience how the gadgets work and then
grow curious enough to find out why. Working in
groups, students engage in the activities not as
a task to be completed but as exploration and
discovery using curiosity-piquing devices and
doohickeys.

The idea is to motivate young scientists to go
beyond simply memorizing science facts. Using
Physical Science Gadgets and Gizmos can help
them learn broader concepts, useful thinking skills,
and science and engineering practices (as defined
by the Next Generation Science Standards). And—
thanks to those radar guns and race cars—both

your students and you will have some serious fun.

PB345X3
ISBN: 978-1-936959-38-9

9

9781

36 9

938

s reserved. For more information, go to www.nsta.org/permissions.






