OPINION

Lessons from Lily on the Introductory Course

ften something can be terribly

wrong about a well-established
practice, but identifying that wrong
can be very difficult—especially when
the practice is ingrained with a tradi-
tion we have a stake in continuing.
Such occurs in the teaching of the in-
troductory physics courses for science
and engineering majors, premeds and
biology students. We all know that
something isn’t right with these
courses, but we can’t seem to put our
finger on it. I suggest the source of
what ails us is what we most cherish
in these courses: the emphasis on
problem solving.

We put a high premium on prob-
lem solving for very good and well-
known reasons. Maybe the best rea-
son is that, to put it simply, solving
problems is quite wonderful. With
straightforward rudiments and the
application of one or more physics
concepts, we can unravel complexities
and make predictions about nature
that would have amazed science-
minded people in previous ages.
Every physicist, without exception,
rightfully places a high value on prob-
lem solving. This activity makes up
the core of our courses. One cannot
do physics without mathematics, a
knowledge of physics concepts and
the ability to apply them to physics
problems. Without mathematics,
physics might well be little different
from the science of the dark ages.

Teaching physics concepts via solv-
ing problems is perhaps the most expe-
ditious way to teach a physics course.
For one thing, lecture notes need be lit-
tle more than a selection of choice prob-
lems whose explanations will fill class
time. There is considerable merit to
this practice, for information that an-
swers a question is highly valued.

How better to make a clear distinction
between momentum and kinetic energy,
for example, than in a thoughtful expla-
nation of the classic ballistic pendulum
problem? How better to introduce Kep-
ler’s third law than to equate gravita-
tion between the Sun and a planet to
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the centripetal force on that planet?

Physics concepts are often illuminated

in the solutions to problems. The cen-

tral role of problem solving in the intro
courses would seem irrefutable.

As a background to countering this
practice, I'll relate the experience of a
student friend whom Tl call Lily.
Lily’s ambition was to become a phar-
macist. She wasn’t very bright, but
she had a keen memory, perseverance
and enough patience to finally and
barely graduate from pharmacy
school. But when it came to taking
the state boards for pharmacy certifi-
cation, she flunked twice. An ad in
the newspaper came to her rescue. It
promised success in passing the state
exam via a three-weekend crash
course. She took the course, which
bypassed all the rudiments of phar-
macy and trained her to answer ques-
tions from previous state exams. She
passed the state exam on her next
try and became a certified pharma-
cist. But she wasn’t able to hold onto
her first two positions, and I lost
track of her after that.

I tell this story not to demean Lily
(whom I admire for her persistence)
but to show the parallel to and danger
of training students to solve physics
problems in crash-course style. Lily’s
“proof”’ that she understood pharmacy
by passing the exam is not altogether
different from our belief that students
who can solve problems understand
physics. Just as one can learn to recite
poetry without understanding it and
one can memorize the periodic table
with no notion of what chemistry is
about, students can learn to solve phys-
ics problems—not all of them or even
most of them, but enough to pass a
course—without the faintest gut feeling
for the concepts that underlie them. I
know this is true, because up to the
time I got my BS in physics, I was one
of those students.

- When I was an undergraduate, it
was problem solving from day one.

We never took time to consider the
qualitative questions at the end of

the chapters. We didn’t even read

the chapters, except to glean informa-
tion that might apply to the end-all:
solving the problem sets. It was
push, push, push, problems, prob-
lems, problems. What was the conser-

vation of energy? Basically little
more than the gimmick for solving
Amgh = AY%muv?-type problems. How
great the course would have been if
the professor had placed as much em-
phasis on the qualitative questions as
on the problems. How richer my en-
counter with physics would have been
if we had learned to articulate con-
cepts, distinguish them from one an-
other, see their role in everyday expe-
riences and view them for what they
are—the foundation of all the sci-
ences. Instead I learned to see phys-
ics concepts as useful devices for solv-
ing problems. Physics itself was ap-
plied mathematics. I didn’t see other-
wise until after graduation, during a
delightful summer spent reading The
Feynman Lectures on Physics, Ken
Ford’s Basic Physics and Eric Rogers’s
Physics for the Inquiring Mind. A
summer of physics without problem
sets—utter joy!

It is unfortunate that this elation
is not the typical outcome of the intro-
ductory courses. I don’t mean to im-
ply there isn’t joy in solving a prob-
lem, for there often is. But the joy
has more to do with celebrating one’s
personal abilities, which is different
from the joy of discovering more
about the physical world. The joy
that comes from learning concepts is
rare in a course that tackles problems
from day one. This is a serious mat-
ter, because very few students who
take the intro courses become physics
majors. What are the chances that a
student who goes on to chemistry, biol-
ogy or the Earth sciences will later
learn physics concepts?

Contrast the way the professor
and the students view problems. The
professor classifies problems in terms
of physics concepts, while the stu-
dents classify them by situations.
There are “pulley problems,” “inclined-
plane problems,” “pulleys-combined-
with-inclined-plane problems” and so
on. Since most students don’t see the
experience of solving such problems
as building the foundation for their
chosen careers (by then, rarely phys-
ics), they yearn for the end of the
course. In her book Theyre Not
Dumb, They're Different Sheila Tobias
tells us, quite convincingly, that stu-
dents avoid physics beyond the intro-
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ductory course not because they can’t
handle it, but mainly because they’re
simply not interested in more phys-
ics—not the way it’s taught.

Would this be the case if concepts
at the qualitative level were given
the same priority as problem solving?
Would bright students who don’t par-
ticularly value solving problems not
value instead the challenge of articu-
lating physics concepts qualitatively,
distinguishing between closely related
ideas and specifying where concepts
do and do not apply in everyday ex-
amples? Would they not value under-
standing that all the diverse phenom-
ena that surround us are tied to-
gether by a surprisingly few relation-
ships? Would they not value the deri-
vations of those relationships and the
formulation of concepts in their own
right—devoid of their usefulness for
solving, say, problems 23-28 at the
end of the chapter?

Qualitative concepts first, problems
second was the credo of now-retired
high school physics teacher Art Farmer,
who year after year had the highest-
scoring students in California. Art
spent the first half of his advanced
physics course going quickly through a
college-level book, covering only qualita-
tive questions. Only in the later part
of the course did he train his students
in problem solving. By that time Art
had them ready, willing and able.

Can’t we do the same in college?

Correcting the overemphasis on prob-
lem solving does not call for any revolu-
tion in the way we teach, nor does it
call for any changes in the textbooks,
which are generally quite excellent.
Most of all, it does not call for pushing
more modern physics into the introduc-
tory course, which would be a most re-
grettable approach if it diminished a
first solid encounter with Newtonian
physics. What is needed is revamped
exams, little else. Exam questions, af-
ter all, define what is important for a
student in a course. If half the grading
weight of physics exams were on quali-
tative questions akin to the many excel-
lent ones already in the textbooks, the
situation would be self-correcting. The
outcome would be a richer, more satisfy-
ing and more sought-after educational
experience.

As physics educators, our first obli-
gation is to see that physics concepts
are learned, in order to provide the
conceptual framework upon which all
the other sciences are based. If
spending more time developing con-
cepts means spending less time apply-
ing them to problem solving, then the
time is wisely invested. Placing con-
cepts before computation is a priority
we owe not only to our students but
to the health of our profession. ]
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