


they perceived the task to be more difficult, and worked
harder and learned more as a result (Olson 2006;
Salomon 1984). Using a variety of methods allows the
modality of instruction to be appropriately matched to
the content being learned. Learning about sound, for
example, would certainly require using sound, and it
would be difficult to teach about light without using vi-
sual and graphic representations.

Through student feedback (Vonny 2005), a decade’s
worth of experience observing and assessing hundreds of
students trying to learn the same material, discoveries in
cognitive science (Willis 2006), and anecdotal evidence,
it has become clear there is a real need to teach with the
goal of variety in mind. When introducing a new topic—
regardless of what it is and how many class periods will
be spent on it—1I try to present the topic in multiple ways
to make it understandable to as many students as possible.

This article presents a teaching model I use to give
every student in class a chance to maximize their
understanding. This model can be used when introduc-
ing a new topic, such as a unit on resistor circuits, which I
typically use with junior and senior students in AP Phys-
ics (although I have used the same model with regular-
level physics students in the past).

The process

The following steps are introduced in the order in which
I typically use them; however, this order is just a sugges-
tion, and teachers can modify the steps as they see fit. The
important thing is to use multiple methods to engage as
many students as possible while aligning the methods
with the content being learned.

Step 1: Minilab

Before saying anything about the topic, I let students work
in small groups on “minilabs,” which are meant to be done
in one class period or as little as 15-20 minutes. A minilab
has simple, straightforward procedures for allowing stu-
dents to manipulate equipment, do some relatively quick
measurements, and look for trends in the data to discover
a pattern or rule. The idea is for students to look for pat-
terns, and then “discover” the rule or principle for them-
selves. For instance, when getting ready to introduce resis-
tor circuits for the first time in any physics class I teach,
students are allowed to use a breadboard, 10 Q resistors,
and a multimeter. After showing students the basics of
using a breadboard and how to manipulate the resistors to
make series and parallel combinations, they measure the
total resistance for some combinations of resistors, some
of which I require them to set up (so they can compare
their results to other groups’), and some they design them-
selves so that they can pursue their own interests. The data
should clearly show the rules that resistors in a series add
to increase resistance; resisters in parallel decrease the total
resistance.

Depending on the topic and available equipment, I
may replace a minilab with a good demonstration that
involves the whole class. This is usually the case if larger
or expensive equipment is involved, and I do not have
enough for multiple lab groups to use. Or, I may do a
demonstration that involves something with a higher lev-
el of potential danger (e.g., high currents, fast projectiles),
which, for safety reasons, may be better and wiser for an
experienced teacher to do.

The important element is to have a physical example of
the topic to begin the lesson or unit. Bringing the topic to
life tends to grab student attention and immediately gives
a sense of relevancy and importance to new material.

Step 2: Discussion

After students have recorded their measurements from
the minilab, the class comes back together, and each lab
group presents their findings. As a class, we then come to
a consensus on what general conclusions and observations
we can draw from the combined data. This works well
for those students who are comfortable and learn better
while in larger groups and who need the opportunity to
talk things through before the new concept makes sense.

Step 3: Lecture

As a class, we agree upon the preliminary consensus rule
that series resistors add to increase resistance and that the
same resistors in parallel give a smaller total resistance.
We then move into more of a lecture environment, where
I can make sure the conclusions fit with accepted knowl-
edge and principles, and the discussion flows from there.
Often this is more Socratic in practice; I ask questions to
make sure students understand the material, and answer
any student questions with additional questions, lead-
ing to active student discussion. I introduce any relevant
mathematical relationships, and the class works out some
examples of how to apply the math to the experiments
and some practice problems. Although “lecture” is often
a frowned-upon, old-fashioned, and traditional teaching
technique from which many teachers are trying to break
free, there are still some students who are comfortable in
and learn from this setting and some content that is best
presented in this manner. The key is to not rely exclu-
sively on lecture or any other single method and instead
to provide a variety of methods appropriate to the nature
of the material.

Step 4: Models

When possible and relevant, I do additional demonstra-
tions or use a manipulative, model, or example where the
same principle is applied in different situations. This is to
convince students that the topic is important and appli-
cable in everyday life in multiple ways. If students find the
topic relevant, especially if it is clear that the topic directly
affects their lives, they are much more interested in learn-
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ing about it. In the case of resistors, we open up a number
of old radios and stereo systems. We measure the indi-
vidual resistors and the series and parallel combinations to
show the rules students have just discovered hold true.

Step 5: Application

After these activities have been completed, I typically
give students a problem set that allows them to apply
the more abstract mathematical principles associated
with the topic or phenomenon. In these scenarios, stu-
dents use their mathematical problem-solving skills
and apply the same physics to different situations. This
can often further promote the relevancy of the topic to
some students, as they see that the same rule applies in
different contexts. It can also be used to remind them
that with general rules, predictions can be made for new
sets of initial conditions and situations. For the resistor
example, a number of different combinations of resis-
tors in different circuits might be provided in several
problems—students apply the same rules we derived
and defined earlier in the lesson in each case to deter-
mine the properties and behaviors of each circuit.

Step 6: Simulations

During the next class period, I have students do a com-
puter simulation targeted to the concepts being studied.
In the example of resistor circuits, simulations involving
series and parallel resistors as well as combinations of
series and parallel circuits are investigated. The simula-
tions allow students to be asked a question, predict an
answer, and then run the simulation to confirm that their
understanding is correct. The questions can be purely
conceptual in nature or involve a calculation. If students
are incorrect, they ask me or another student or group, or
use an “advisor” option in the simulation that explains the
correct answer.

The simulation experiment allows students to quickly
change parameters and initial conditions of the system,
and then immediately test the changes, making it possible
to complete multiple trials in a short period of time. Of-
ten simulations help with student conceptual learning as
much or more than hands-on activities, at least with some
percentage of the student population (Finkelstein et al.
2005; Campbell et al. 2004). Compared to physical experi-
ments, computer-related technologies and presentations
naturally engage today’s students. In addition, computer
simulations allow students to focus solely on a particular
concept or set of concepts, whereas physical experiments
have added distractions, such as troubleshooting when
equipment is not working properly. While such “dis-
tractions” do give students a better understanding of the
messiness of real science, they may also take some student
attention away from the concept being studied. There are
numerous simulation resources available on the internet
and from commercial sources.
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Step 7: Video

If possible, I show clips from a relevant video. Many
students are visual learners who find success using vid-
eo as a learning tool. In addition, as mentioned previ-
ously, students who are not visual learners can benefit
by being challenged to learn outside their preferred
style. Having visual representations in mind can help
students see the connections between concepts. In the
case of resistor circuits, I use several minutes from the
“Circuits” episode of the classic Mechanical Universe
video series (California Institute of Technology and
Intelecom 1985).

Step 8: Home assignments

At times, an assignment may involve having students go
home and identify several instances of the phenomenon
in their lives, which could include working with parents
or siblings. At home, students may open up a calculator or
other device (I allow students to take class devices home),
show their parents the resistance measurements, and then
try to teach the resistance rules to their parents.

Another possibility is for students to write a short es-
say on a topic such as the role of electric circuits during
the holidays. Convincing students that the material we
want them to learn is truly relevant to everyday life is a
hurdle that, if cleared, engages students and gets them
more excited about the material, which tends to produce
increased learning and understanding.

Step 9: Advanced problems

I then offer advanced topics or problems related to the
material for those who are interested or as extra credit.
For instance, I may provide Maxwell’s equations to an
advanced math student interested in the electricity and
magnetism theory of circuitry. Or, | may have a curious,
hands-on student look into more complicated circuitry,
tinker with the circuit, and figure out what is happening
using some of the experimental techniques and experi-
ence gained in the minilabs and simulated experiments.
Other students may want a set of more difficult problems
and applications of the material. This allows for some
amount of student independence as well as classroom dif-
ferentiation options.

Step 10: Reinforcement

For review, summarization, or retention of what was
(hopefully) learned from the unit, we then do a “Physics
Comprehension Activity” (Vondracek 2005) as a class. A
Physics Comprehension Activity is a graphic organizer
activity in which a central concept—such as resistors—is
studied, and students are asked to think about that topic
in five different ways. If students truly understand the
topic and are approaching mastery, they should be able
to define it in their own words, write down and apply
any relevant equations, understand the physical evidence
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that supports our understanding of the concept, under-
stand the relationship between the topic and some other
related concept, and come up with a situation or event in
their own lives where the topic is relevant. Or, a practice
exam might better suit the class for review. Game for-
mats such as Jeopardy can also offer interesting methods
for test review.

Step 11: Assessment

At some point, | administer a formal test or other similar
summative assessment. [t could be a written test or a lab
practical in which students are provided the opportu-
nity to present what they have learned about the topic
or unit being studied. In the spirit of using a variety of
methods, I make sure my tests allow multiple ways for a
student to show that they understand the material being
studied—tests tend to include a mix of multiple-choice,
short-answer, essay, and free-response problems. Once
or twice a year, I may include an oral component in the
formal assessment.

Additional strategies

Other teaching strategies that could be incorporated in

the learning process include

field trips,

peer tutoring,

formal tutoring with an adult or older student,

research papers,

article reviews,

guest speakers,

internet-based remote experiments,

formal student presentations,

organized debates (e.g., if material is relevant to

climate change, energy policy, or other scientific

issues),

o extracurricular clubs that focus on a topic (e.g.,
robotics, bridge building, rocketry, or electronics
clubs),
class or school science fairs,
independent research,
participation in contests (e.g., the Physics Olym-
piad, Physics Bowl, JETS, WYSE Academic
Challenge, Science Olympiad, Science Bowl, or
Bridge Building Contests), or

¢ having older students work with and teach
younger students about class material.
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This is not an exhaustive list but can be kept in mind
so that we, as teachers, do not fall into the trap of using
only a few strategies throughout the year. Note that some
of these activities are extracurricular events that I spon-
sor or coach, but the important thing is that there are
numerous opportunities for students to get excited about
and engaged in the science we are teaching. The goal is to
provide differentiated instruction and learning opportu-

nities and allow students to personalize their learning as
much as possible.

Conclusion

The process described in this article, or some variation
of it, is useful and productive for every student because
it involves a variety of learning methods that recognize
the multiple learning preferences among students in
the class. Through these steps, students experience con-
nections between theory and everyday life, simulation
and direct hands-on learning, lecture and discussion in
both large and small groups, peer tutoring with teacher
(or other adult) assistance mixed in as needed, Socratic
questioning, as well as chances to work individually.
Nearly all learning modalities are addressed, forcing all
students to think about the same topic in multiple ways.

If a student is able to, on a moment’s notice, talk about
a topic in multiple ways, chances are he or she has gained
some level of mastery. In addition, using multiple teach-
ing strategies is good for robust cognitive development
not only over the course of a school year, but also over the
course of a lifetime (Willis 2006). When we use a variety
of methods in the classroom, we ensure that a// students
have the opportunity to succeed. B

Mark Vondracek (vondracekm@eths.k12.il.us) is a physics teacher
at Evanston Township High School in Evanston, Illinois.
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