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them how experiments could help
provide answers.

What is not required for pre-college
physics? We do not need teachers
who have, think they have or think
they ought to have all the answers.
We do not need science curriculums
that seek to convey a wide range of
physical principles. We do not need
to develop pre-college physics pro-
grams that strive to turn out students
who can readily solve textbook phys-
ics problems. With the right sort of
pre-college education, principles and
problem solving will come readily
later, at the college level. )

KEN DracooN

Bonneville Power Administration

10/91 Portland, Oregon

I greatly enjoyed reading the excel-

lent article by Jose Mestre on intro-

ductory physics teaching using the
constructivist approach.

With superb teachers, more stu-
dents would gain insight under that
new system. However, in the real
world, average teachers frequently
would not have sufficient background
to focus the interactive questions of
the constructivist classroom on pre-
cisely the important aspects of the
problems. I fear that the best stu-
dents might then be hampered in
their stumblings toward insight,
while the lesser students would not be
helped anyway. Let us remember the
“new math” of a few years ago.

Given the bleak picture Mestre
paints of the traditional approach,
how were so many of us able to gain
insight? When I think back on how
my cohorts and I learned science from
the traditional approach, I find that
the presentations were indeed dry,
absolutist and so on. But after a while
some students suddenly noticed the
underlying patterns, said “Aha!” and
made it—they became ‘“Scientists.”
The rest just fumbled along.

In the absence of a preponderance
of superb teachers, perhaps the maxi-
mum overall good might be served by
continuing the present system. Yes,
do encourage those teachers who are
insightful and resourceful enough to
use different systems, such as con-
structivism, to do so. But the attempt
to force it on everyone could, I believe,
result in a situation worse than the
present one.

Kurt Nassau

10/91 Lebanon, New Jersey

How Do Students

| Get Misconceptions?

In his article “Learning and Instruc-
tion in Pre-College Physical Science”

(September 1991, page 56) Jose P.
Mestre discusses in detail overcoming
common misconceptions students
have about physics. He illustrates
several examples of such misconcep-
tions in his figure 1, whose caption
states, “Traditional instruction based
on the ‘transmission model’ is often
inadequate to overcome misconcep-
tions.” He does not point out, how-
ever, that many of our students’
misconceptions have probably been
acquired, in the course of successful
“learning” by the traditional meth-
ods, from incorrect and misleading
presentations in textbooks.

Mestre gives the example of stu-
dents’ believing that a ball shot
through a level, spirally shaped tube
will continue on a spiral path after
emerging from the tube. This does
not seem to be an unreasonable con-
clusion for students who have learned
from their high school physics books
that Newton’s first law “states that a
net unbalanced force is needed to
change the state of motion of an
object,” to quote Physics: Principles
and Problems, by Paul W. Zitzewitz
and James T. Murphy (Merrill, Co-
lumbus, Ohio, 1990). The “state of
motion” of the ball, after all, was
clearly described as coming through
the spiral tube.

The discussion leading to the above
statement of Newton’s law is not very
illuminating either. The students are
told to “consider an object that has no
net force on it. Ifitis at rest, it will re-
main at rest. If it is moving at
constant speed in a straight line, it
will continue to do so [italics added].”
It does not appear unreasonable that
the students extrapolate such state-
ments to “If it is in spiral motion, it
will continue to move in a spiral.”
Why does the almost sensible state-
ment have the restriction “If the
object is moving at constant
speed ...”? There should be no con-
cern with the details of the motion
before the forceless motion is consid-
ered. Nowhere is there any indica-
tion that the forceless motion is a
continuation of the instantaneous ve-
locity of the object at the instant when
forces on the object ceased. All the
examples deal with initially constant
velocity. It is a big step for the
students to develop such generaliza-
tions on their own after they have
seen so many confusing, although not
incorrect, expositions.

Another of Mestre’s examples of
misconceptions concerns the explana-
tion some students give for why, when
two different kinds of light bulbs are
connected in series to a battery, one is
lit and the other is not. These stu-
dents believe that the electricity gets



used up in one bulb before it gets to
the other. This explanation is similar
to a description in the teacher’s edi-
tion of the sixth-grade volume of the
series Science: Understanding Your
Environment (Silver Burdett, Morris-
town, New Jersey, 1972): “In a series
circuit [of presumably identical light
bulbs] the lamps grew progressively
dimmer, reading from the negative to
the positive terminal.” The emphasis
on the fact that the bulb nearest the
negative terminal is the brightest
suggests that the authors want to
convey the impression that electricity
(or perhaps the negative electrons) is
being used up.
Mario Iona
University of Denver
10/91 Denver, Colorado
Z1rzEWITZ REPLIES: Mario Iona might
be correct that some students may
interpret “state of motion” to mean
the spiral motion of the ball when it is
in the tube, and that some may
believe that “If it is in spiral motion, it
will continue to move in a spiral” is a
correct generalization from the two
“If .. .” conditions he cites. My expe-
rience with students, however, indi-
cates that most of them read text-
books with much less care than we
might hope—certainly not carefully
or actively enough to produce such
sophisticated, if incorrect, generaliza-
tions. The 1992 edition of our text-
book makes neither of the statements
Iona quotes. As Richard Gunstone
and Michael Watts write, “Language
which is meaningful to teachers may,
because of students’ views of the
world, have a quite different (even
conflicting) meaning for students. If
we are not sensitive to this, we can
unwittingly reinforce the very view
we want to change.”’ Thus when
cognitive scientists study student
learning, they might include in their
student interviews questions of text-
book interpretation.

Many student misconceptions not
only have obscure origins but also are
extraordinarily difficult to overcome.
My experience with trying to correct
student misconceptions about electri-
cal circuits—specifically, the idea
that a battery produces a constant
current—shows that even university
students find it very difficult to inte-
grate what they have learned in
separate contexts. On an examina-
tion in my engineering physics
course, over 40% of the students
stated that if the current in one
branch of a parallel circuit is de-
creased, the current in the other must
increase to compensate—this despite
a clear textbook discussion of the
independence of currents in the

branches, completion of problems cal-
culating currents, a demonstration
showing the independence, and a
laboratory exercise where students
measured the current in one branch
while changing the current in an-
other.

As Jose P. Mestre describes in the
box on page 59 of the September 1991
issue, overcoming student misconcep-
tions requires not only correct and
clear textbook expositions but an
active teaching technique. All of us
involved in teaching and textbook
writing have an interesting and im-
portant challenge.
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PauL W. ZitzewIiTtz

1/92  University of Michigan, Dearborn

Reward Teaching

as Much as Research

In the September 1991 issue (page 56),
Jose P. Mestre presents a thought-
provoking discussion of the “trans-
mission model” and the “constructiv-
ist model,” the main instructional
practices found in American educa-
tion today. If you recognize a degree
of “constructivism” in your own ca-
reer, then you are indeed fortunate.

That a “constructivist” teacher
would need inordinate skill and talent
goes without saying. Imagine leading
students in discussions such as the
example Mestre gives on page 58.
That would require a fine touch, and
not just for dealing with the technical
aspects of science. In fact, a detailed
knowledge of science may be less
important than knowing when to
insert the comment that maintains an
appropriate atmosphere of inquiry.
Experience suggests that constructiv-
ist teaching is the most effective—but
what would motivate someone to ex-
pend the enormous effort needed to
develop the requisite skills?

Years ago, teachers (never an eco-
nomically advantaged group) were
deemed sufficiently necessary to de-
serve some security. This was par-
ticularly true for those who taught
tenets unwelcome in the political
climate of their day. Thus arose the
concept of tenure. In effect, society
admitted that certain services were
important and needed to be protected
and nurtured. Currently, tenure de-
cisions are not based solely on teach-
ing. Often it seems that research
credentials and grantsmanship are
primary. Some cynics might suggest
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