
Physics for beginners
During the early school years we should provide a highly diversified
program based heavily on concrete experiences. The Science
Curriculum Improvement Study is one such program.

Robert Karplus

Take a spring, stretch it an inch or two,
and imagine the force exerted by it.
You will have no difficulty with this
problem, and a layman or child will have
no difficulty either, especially if you use
the term "pull" instead of "force" in
your question. Now take a second simi-
lar spring, hook it to the first one, and
stretch the combination until each
spring is extended to the same distance
as the single spring before. When you
then ask about the pull, most nonphysi-
cists will state that it is obviously twice
what it was before, because there are
two springs instead of one. Try to con-
vince them that the force has the same
magnitude as before, because each
spring is stretched by the same amount!
How would you proceed?

A related conceptual problem was re-
vealed to me when an enthusiastic first-
grade teacher told me of her experiences
while teaching about pushes and pulls
from a teaching outline I had prepared.
To document the program's effective-
ness, she described how two pupils had
applied the ideas outside their science
class, after a brief altercation. Jimmy
had been knocked over in the struggle,
and Tom explained proudly that this
had happened because he (Tom) had
pushed harder on Jimmy than Jimmy
had pushed on Tom. Ergo, Jimmy fell.

These and similar experiences con-
vinced me that the Newtonian force con-
cept, which plays such a fundamental
role in classical physics and is therefore
introduced very early in most general
physics courses, actually has serious
shortcomings as an explanatory device
for beginning learners of physics at any
age. This is true even when the kine-
matic background and mathematical
limiting processes involving velocity
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and acceleration are avoided by basing
force directly on operations with elastic
objects. In the first example above, the
observer may have responded intuitively
to the stored energy in the two-spring
system, which is indeed twice that of the
one-spring system. In the second exam-
ple, the children failed to identify con-
sistently the objects exerting or experi-
encing the forces and appeared rather to
respond to the sense of energy transfer.

What, then, is the scientific concept
one might use when the idea of force is
not directly applicable? My studies in
quantum field theory suggested that
"interaction" is actually a more general

idea than force, or even energy, .useful
in nonclassical problems that defy de-
scription by forces, and also applicable
to thermal, electrical, chemical and bio-
logical phenomena. Evidence of inter-
action may be provided by temperature
change, color change, motion, phase
change, and by other directly observable
effects that can be recognized by a be-
ginner in science as well as by an experi-
enced scholar. The force of interaction
(or momentum transfer) is measurable
if changes of motion are described quan-
titatively, and can then be used for
analysis and prediction. For tempera-
ture and phase changes, the heat input
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or output (energy transfer) is a much
more useful measure of interaction
strength, and work (energy transfer) is
often employed for better understanding
of changes in motion.

The real pedagogical advantage of the
interaction viewpoint is that a qualita-
tive approach is successful. For you
have to recognize that reliable measure-
ment and quantitative descriptions and
relationships are not part of the cultural
environment in which most people (par-
ents, teachers, students) function. Out-
side the sciences—and more particularly
the physical sciences—appearances,
feelings and impressions are much more

powerful than numerical reasoning. I
believe that some progress in overcom-
ing this limitation can be made by intro-
ducing energy transfer and force after
interaction is understood, but I am con-
vinced that the success of the entire sci-
ence-teaching program must not be al-
lowed to hinge on an early understand-
ing of these quantitative concepts.

These remarks are intended to intro-
duce the view of physical theory taken
by the Science Curriculum Improve-
ment Study (SCIS). In the last ten
years, the SCIS developed an elemen-
tary-school science-teaching program
whose objective is the increase of scien-
tific literacy in the school and adult
populations. The general strategy of
this program is to confront elementary-
school children with firsthand experi-
ences of natural phenomena and with
intellectual challenges that will stimu-
late their further cognitive development.
This approach means that the elemen-
tary-school classroom must, in essence,
be converted into a science laboratory
where each child can manipulate appa-
ratus, look for answers to his questions
and observe the outcome of his own ac-
tions. Key ideas that are useful for in-
terpreting the observations are intro-
duced by the teacher or by children.
These ideas include properties of the ob-
jects used, the interaction concept, no-
tions of energy sources and receivers,
variables to account for differences in
the outcomes of successive experiments,
and scientific models to explain obser-
vations. Life-science concepts lead
from organisms and their interaction

These fourth graders are measuring the
location of a flag on their playground as
part of the Relative Position and Motion
unit. One boy is determining the direction
with the aid of a sighting device on the
ground, while the other is about to pace
off the distance from the starting point.

with the environment to the ecosystem.
Many aspects of this program are valu-
able for teaching beginners of any age.

Why elementary-school science?

Just, how important a part science
teaching can and should play in the
elementary school has not been general-
ly recognized until the last ten years.
Previously it was thought that the chil-
dren's ability of rational thinking was
only adequate for a program that em-
phasized the basic skills of reading,
writing and arithmetic. Other areas,
such as science and social studies, were
taught in a context of activities oriented
around the basic skills. In the mean-
time, children's thinking was expected
to develop spontaneously until, in high
school and college, the subject-matter
fields could become significant parts of
the curriculum. But the development
of many pupils did not keep pace with
the school's expectations. They became
frustrated by academic work and lost
interest in education.

The older view of the development of
children held that the early grades were,
in part, a period of waiting for maturity.
Today it is recognized in some quarters
that intellectual stimulation during the
formative years is as important as native
endowment in determining the future
achievement of each child. Such a view
suggests that the elementary school
make a greater, more vital contribution
than merely communicating the three
R's in rote fashion. This re-evaluation
should in time affect all areas of the cur-
riculum. However, its impact on math-
ematics and science programs is being
felt earliest, though very slowly never-
theless.

Let me explain briefly how science is
related to intellectual development.
The present content of science consists
of concepts and relationships that man-
kind has abstracted from the observa-
tion of natural phenomena over the cen-
turies. This content is the outcome of
a long, slow process. During the ele-
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mentary-school years, boys and girls
are engaged in precisely the same kind
of abstracting process with respect to
their own natural environment. They
accumulate experiences, and their
thinking undergoes a gradual transition
from the concrete to the abstract. Yet
it has been found that there are many
gaps and misconceptions in such spon-
taneously developed understandings.

One responsibility of the schools,
therefore, is to guide the children's de-
velopment by providing them with par-
ticularly informative and suggestive
experiences as a base for their abstrac-
tions. At the same time, the children
must be provided with a conceptual
framework that permits them to per-
ceive phenomena in a more meaningful
way. This framework will also help
them to integrate their inferences into
generalizations of greater value than the
ones they would form if left to their own
devices.

The awareness of intellectual develop-
ment just described is due in large part
to the work of the Swiss psychologist
Jean Piaget.1 His ideas have been elab-
orated and applied to problems in edu-
cation by American scholars such as Mil-
lie Almy,2 Jerome Bruner,3 J. McV.
Hunt,4 and Celia Stendler Lavatelli,5

among others. This school of thought
has two related central ideas—that
children's intellectual capacity passes
through a number of qualitatively con-
trasting stages before adulthood, and
that a child's interaction with his en-
vironment plays a very significant role
in his transition from one stage to the
next. [See the article by Piaget in this
issue Of PHYSICS TODAY.]

There is some variation from author to
author in the specification of the suc-

PHYSICAL SCIENCE SEQUENCE

Material objects

J_
Interaction and systems

_L
Subsystems and variables

±
Relative position and motion

Energy sources

Models: Electric and magnetic interactions

The Science Curriculum Improvement Study
program for elementary-school children
includes twelve interrelated units in the
two sequences identified here. Each unit
provides for the introduction of new
concepts and the study of new phenomena
through the children's own investigations.
Figure 1

cessive stages, but they all agree that
children's modes of thinking differ dras-
tically from those used by adults. Pia-
get,1 for example, separates the develop-
ment into four stages. Only in the last
of these, called the stage of formal opera-
tions, does the individual reason about
the relationships and implications of
hypotheses as well as actualities. In the
next-to-the-last stage, that of concrete
operations, the person is able to reason
by using operations, such as classifica-
tion, serial ordering, and time sequenc-
ing, on objects, but he cannot yet apply
such operations to verbally expressed
hypotheses. Preceding this is a stage
that is pre-operational: Objects exist
and their present appearance can be de-
scribed by the child, but changes with
time or as a result of physical transfor-
mations are not comprehended by him.
During infancy there is a sensory-motor,
preverbal stage during which the per-
manent existence of objects and simple
spatial relations are established through
a combination of visual and kinesthetic
explorations.

A few examples, which you may verify
by working with children, will serve to
illustrate this outline.6 Children who
are unable to use "conservation" reason-
ing, for instance, are at the pre-opera-
tional stage: If liquid is poured from
one container into another one of differ-
ent shape, the pre-operational child re-
sponds that there is more in one than in
the other; if a number of coins are re-
arranged from a long line into a circle or
a heap, he says that there is a greater
number in one arrangement than in the
other.

Children who can use conservation
logic are at the stage of concrete opera-
tions. They recognize that an amount

LIFE SCIENCE SEQUENCE

Organisms

_L
Life cycles

_L
Populations

±
Environments

±
Communities

_L
Ecosystems

or number stays the same if nothing is
added or removed, even though its ap-
pearance changes. In other words, they
recognize that the height of liquid in a
narrow container may compensate for
the width of the same amount of liquid
in a wide container. They also serially
order objects according to one property,
and they know that if object A exceeds
object B, and object B exceeds object C,
then object A will exceed object C (tran-
sitivity). However, they are not yet
able to reason about abstractions as ef-
fectively as they can reason about con-
crete operations. Even though they can
divide a whole into parts (1 + 4 = %),
they cannot divide by fractions (1 •*• \
= 4), an operation that has no concrete
analogue. Similarly, they cannot com-
pare the energy of a heavy object a small
distance above the floor and the energy
of a light object a great distance above
the floor. In other words, they do not
recognize in what way energy is a com-
posite of height and weight, even though
they do recognize that the amount of
liquid in a container is a composite of
height and cross-sectional area.

The time of appearance of the stages
varies with the individual. The pre-
operational stage begins about age two;
the stage of concrete operations, be-
tween five and ten; the stage of formal
operations, between ten and fifteen.
It is also known that an individual does
not suddenly pass from one stage to the
next. Instead, the development takes
place in some areas first and then in
others, so that a fifteen-year-old student
may be in the stage of concrete opera-
tions with respect to the concept of
ratio,7 but he may show formal thought
in combinatorial reasoning (how many
dress outfits can you make with two
skirts and three blouses?).

To plan educational programs that
advance children's intellectual develop-
ment, one must know what factors in-
fluence it. Besides physiological matu-
ration, on which the school cannot exert'
any influence, the two most significant
factors appear to be self-directed physi-
cal and mental exploration of a rich en-
vironment and social interaction with
parents, teachers and peers. The for-
mer nourishes the child's experience
with regard to objects, phenomena, and
the control the child can exert over
them. The latter stimulates review of
the experience and representation of it
by words or symbols—both essential
steps in dealing with abstractions. Of
course, the level on which communica-
tion with others takes place must be
appropriate to the developmental stage
of the participating children. Hunt has
summarized the situation in the follow-
ing statement:

"The problem for management of
child development is to find out how
to govern the encounters that children
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Magnetic Held. This girl is sprinkling
iron fillings on a cardboard tray that
conceals a small ferrite magnet. When her
pattern is completed to her satisfaction,
she will spray it with a transparent glue to
(ix it semipermanently for classroom
display and comparison with the patterns
produced by her classmates.

Melting ice. These boys have allowed
warm water to interact with ice cubes in
their foam plastic cups. They are
determining the temperature and later will
measure the amount of melted ice with the
aid of the graduated vials. They will also
compare the melting produced by one and
two film cans full of warm water.

have with their environments to foster
both an optimally rapid rate of intel-
lectual development and a satisfying
life. "8

What about the often-heard recommen-
dation that science instruction be post-
poned until the youngsters have reached
the intellectual maturity of the middle
teens? At this stage, unfortunately,
educational efforts reach only the frac-
tion of the student body that is favor-
ahly disposed toward science because
of earlier positive experience at home or
at school. For the others, many of
whom form a strong dislike for science,
jt is too late. Their spontaneous intel-
lectual development just does not keep
Pace with the expectation of the school,
or does not proceed in the direction of
modern science. As we know from phys-
ics enrollments in recent years, the eligi-
Dleand interested group is very small.

The potential value of an elementary-
wnool science program has been de-
scribed by many educators who have
concerned themselves with the broad
objectives of science courses. Neverthe-

ss> tnere is general agreement that cur-

rent teaching practices do not meet the
pupils' needs. As Charles Silberman9

has pointed out, most schools put more
emphasis on managing and controlling
students than on challenging their
minds or facilitating group activities
initiated and planned by students. One
great weakness of current practice,
embedded in legislation in many states,
is an excessive reliance on textbooks and
other such authoritative sources of in-
formation. These sources for science
learning are quite impotent compared to
the direct experiences that nourish the
pupils' intellectual development of
"common-sense" rationality outside
school. Instead of guiding this develop-
ment in the direction of modern scien-
tific understanding, therefore, the pres-
ent-day science courses create a second,
separate, relatively abstract structure
of "book learning" which is not used
outside the school situation and which
eventually atrophies.

My remarks must not be interpreted
to mean that a young student can learn
only what he himself observes; the world
is too complicated to permit that com-
pletely. It does mean, however, that the

early years of school should provide a
highly diversified program based heav-
ily on concrete experiences. The diffi-
cult part, which is often overlooked, is
that the concrete experiences must be
presented in a context that helps to
build a conceptual framework, such as
the interaction concept and its ramifi-
cations in physical, chemical and bio-
logical systems. Then, and only then,
will the early learning form a base for
the assimilation of experiences that
come later—experiences that may in-
volve either direct observation or verbal
and pictorial reports of observations
made by others. SCIS calls this func-
tional understanding of scientific con-
cepts "scientific literacy." It is the
principal objective of the SCIS elemen-
tary-school science program.

Examples from SCIS

I have already implied that the actual
form taken by the learning materials is
as important for their effectiveness as
their theoretical basis. The SCIS ele-
mentary-school science program is di-
vided into twelve units, grouped into a
physical-science sequence and a life-
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This brain teaser was prepared for
children of age 9 to 11 years studying the
Relative Position and Motion unit. Before
tackling it, the pupils measure distances
in the classroom and on the playground.
Figure 2

Brain Teaser

Paul and Bill were pacing distances.

Here are Paul's paces:

Paul counted 15 paces from the
flagpole to the water fountain.

Bill counted 20 paces from the
flagpole to the water fountain.

Explain your choice

Which are Bill's paces?

Circle A, B, or C.

science sequence (figure I).10 Each unit
is intended to sustain a teaching pro-
gram for approximately one semester,
but it may be extended or reduced de-
pending on the time available for teach-
ing science (usually one to two hours per
week), the inclusion of optional activi-
ties, and the children's interest in pur-
suing investigations that they propose.
The teaching materials for a unit in-
clude a teacher's guide, complete equip-
ment kit, set of student manuals, and
visual aids. (For more information en-
quire with the publisher10 or the author
of this article.)

The children's activities in the early
units are intended to stimulate concrete
operational thinking. First graders,
for instance, classify a highly diverse
collection of buttons and experiment
with floating and sinking objects; second
graders observe schlieren when copper
chloride dissolves in water and then re-
cover the solid in crystalline form after
the water evaporates (conservation of
matter); third graders construct histo-
grams to describe their data on the tem-
peratures of water-ice systems and later
speculate about the variables that may
account for differences in motion of ro-
tating systems powered by rubber
bands.

The more advanced units, designed
for the upper grades (pupil ages nine to
twelve), are directed toward the begin-
ning of formal thought. Beginning of
formal thought is tempting for the
teacher, who may very easily expect too
much of his pupils. It has been difficult
for the program developers at the SCIS
to be realistic in their assessment of
what most upper-grade students can do,
just as it is difficult for high-school and
college teachers to make this assessment
of their students realistically. Because
of the implications for later physics in-

struction, I shall now describe four ac-
tivities taken from upper-grade units in
considerable detail. Keep in mind that
they should stimulate reasoning on the
formal level, but that they must not
frustrate the pre-operational students
and the concrete-operational students
who make up the majority in upper-
grade classes.

1. A brain teaser included in the stu-
dent manual for the Relative Position
and Motion unit is reproduced in figure
2. Before encountering this challenge,
the children pace the distances between
objects on the school playground and
make a crude "map" of the area. Note
that the brain teaser not only requires
an answer, but also an explanation of
how the answer was found or is justified.
Concern with such an explanation is im-
portant for logical development, for two
reasons: First, it communicates to the
learner the concept of an explanation
that things happen for reasons and not
capriciously and unpredictably; second-
ly, it makes the learner aware of his own
thinking, a process he will have to con-
trol consciously if he is to carry out for-
mal thought. In one class of fourth
graders, about half of the students cor-
rectly chose answer C but only a few ex-
plained that more paces for the same
distance meant smaller ones. Other
students chose A, with the explanation
that Bill has more, apparently identify-
ing "more" paces with "larger" paces.
A few students chose B and gave no ex-
planation; they appear to have treated
the brain teaser as a matching activity,
which is the usual type of challenge they
face in school work. Note that match-
ing here is a perceptual task, since both
sets of footprints are illustrated. The
brain teaser is a conceptual task that
requires reasoning about the unillus-
trated total distance. If the total dis-

tance paced and both boys' footprints
were shown, the problem would be per-
ceptual (counting paces).

2. In a laboratory-oriented program,
the students' experimental accuracy is
an important element. To allow useful
inferences, experiments should be re-
producible under classroom conditions
when carried out with the equipment
available and the care taken by the chil-
dren. One investigation in the Energy
Sources unit for fifth graders involves a
comparison of the amount of ice melted
when one or two cans of warm water are
poured over two fresh ice cubes and five
minutes of time elapses. Spilled water,
variable waiting time, misread volume
scales, and poking fingers all take their
toll. Yet in one class in which ten teams
of two children each performed this ex-
periment, seven teams found a water
ratio for two cans versus one can be-
tween 2.2 and 2.8 (theory might lead
you to expect 2.0). The data are fairly
consistent, but it is clearly impossible to
base a mathematical model on such
findings, much as a physicist might be
tempted to introduce a heat of fusion.

What about thermal equilibrium in
these systems? All twenty final tem-
peratures clustered between 33°F and
42°F. Many children, however, expect
that the temperature would drop further
if they waited longer, and they believe
that the time of interaction is the most
important variable.

A brain teaser posed after the above
experiment asked the children to pre-
dict the final water temperature and the
amount of ice melted when three cans of
about 110°F water are poured over two
ice cubes and allowed to interact for five
minutes. All children who responded
predicted final temperatures near 40°,
by citing the cooling in their own experi-
ments. Only two, however, used their
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data on the amount of water for the
second prediction, one adding the ob-
served amounts for one and for two cans,
the other tripling his amount observed
for one can of warm water. The others
either gave no explanation, or said some-
thing like this: "I think that this is a
good prediction. The hot water would
melt the ice more if you add three cans
of hot water."

3. The problem of experimental reli-
ability also arises with sixth graders.
In one activity in the Models: Electric
and Magnetic Interactions unit, the
children use a small Alnico bar magnet
with ends painted red and yellow to
label the pole faces of two rectangular
ferrite magnets as follows: Put a red
dot on the side that repels the red end
and a yellow dot on the side that repels
the yellow end. Thereafter they tested
the interaction of the marked ferrite
magnets. Twenty-two out of twenty-
four children reported that red ferrite
sides repel reds and attract yellows,
while only two reported the opposite.
When testing the painted Alnico mag-
nets, all twenty-four reported the ex-
pected result. One may therefore con-
clude that the ferrite magnets were
marked consistently with two excep-
tions.

4. After investigating the heating of
nichrome wire in a circuit, and then the
effect of varying the length in series or
in parallel with a flashlight bulb, the
sixth graders using the Models unit were
asked how nichrome wire affects the
electricity in a circuit. Of the twenty-
one children who answered, five actually
referred to electricity and wrote some-
thing like: "The electricity will travel
through the shorter (nichrome) wire
better than a long piece of wire." Ten
children described their observations in
clear general terms, such as, "If the
wires are close together, the light is
brighter, and when they are far apart it
dims," but did not refer to electricity or
energy transfer. Four children gave de-
scriptions that were significantly less
clear, and two children said there was no
effect. Many students in this group

'e more advanced answers than con-
crete operational pupils in other groups,
who described their specific observa-
tions ("When I moved the wires apart,
the bulb got dim"), but only a few were
using the model introduced earlier, that
electricity in the circuit accomplished
the energy transfer.

I hope that these few activities,
though taken out of their context in
the SCIS teaching program, have com-
municated some of its scope, depth, and
8tyle. The qualitative activity (item 3)
aPpears to have been more clearly suc-
cessful than the quantitative investiga-
wns in the other examples. At least
that is the way I react, with my stan-
zas of experimental accuracy. And
' e same impression has been conveyed

by many other examples: Most chil-
dren are imaginative and comprehensive
in qualitative descriptions (when testing
a wire coil in an intermittently closed
circuit with a magnet, children wrote,
"It feels like a heart beat and I can feel
vibrations most of the time"), but their
interest and care ebb to low levels when
numerical data are to be analyzed.

The implication is that children, even
eleven- and twelve-year-olds, are not
mature scientists, nor graduate stu-
dents, and that the values they take
from an activity are not the same as a
scientist would derive. Yet this does
not mean the activity is "wasted."
Children need intellectual stimulation
at their level, and that level will differ
widely among the students of one ele-
mentary-school class. In choosing the
specific materials, the children's rea-
soning, manipulative ability, precon-
ceptions and natural interests were
taken into account, as well as questions,
of safety, cost and equipment reliability.

My present feelings about the SCIS
learning materials are that they repre-
sent a challenging resource for teachers
and children. I do not think of them
providing a universal "teacher-proof"
learning experience, whereby every par-
ticipating child develops the same sci-
entific knowledge, understanding, and
attitudes according to the stated objec-
tives. Instead, each teacher and each
pupil will make use of the materials in
his own way, with many common ele-
ments but also with some unique as-
pects. Each teacher, I hope, will be
able to conduct a program that is some-
what richer in providing experiences, in-
sights and intellectual challenges than
the same teacher would conduct without
these materials.

High-school and college science

The study of intellectual development
and its relation to elementary-school
science has important consequences for
science instruction at higher levels. It
is clear from work with college students
and adults that their ability to reason on
the formal level is rarely adequate to en-
compass the results or thinking or atti-
tudes of modern science.11 This is not
surprising, because few schools give sys-
tematic attention to activities requiring
reasoning and explanations. High-
school and college students can be di-
vided approximately into two groups—a
small number who have developed for-
mal thought structures and can use the
mathematical-scientific reasoning re-
quired in physics and chemistry courses,
and the majority who have not de-
veloped formal structures and therefore
can study science effectively only if they
begin with the concrete materials that
are also appropriate for pupils at the up-
per elementary school. In other words,
"beginners" in physics must start with
certain experiences and simple concepts

regardless of their age or educational
level. Even adults entering a new field
of endeavor often pass through a con-
crete stage as they familiarize them-
selves with its rules and procedures.

Unfortunately, many physics instruc-
tors appear to be very reluctant to pro-
vide instruction for beginners. Instead,
they view themselves as dealing pri-
marily with the few elite students who
have successfully made the transition to
formal thought. Two among the many
obstacles for less-advanced students are
the lack of qualitative laboratory work
that might broaden their intuition and
the emphasis of the Newtonian theory of
motion to which I already referred at the
beginning of this article.

Let me give a few examples from my
own teaching experience to substantiate
this claim. One nonscience student,
about to measure the temperature of
warm water in a cup, carefully shook the
small thermometer, then placed it in the
water for two minutes, and finally
picked it up and held it by the bulb
while reading the scale. Another stu-
dent complained that an experiment
with ice and water didn't work, because
"the (Fahrenheit) thermometer was
stuck at 33° as long as there was ice
left, and only went up after it had all
melted." Many freshmen in a calculus-
based sequence were greatly confused by
a rectangular ferrite magnet whose pole
faces were on the wide sides. They
could not reconcile their observations of
a compass needle and of iron-filing pat-
terns near this magnet with their expec-
tation that the poles were at the mag-
net ends. (Though more verbal in their
distress, they did not progress as far as
the sixth graders who labeled the pole

Nichrome wire gets warm when
connected to a battery and can melt rubber
or char small pieces of paper. These boys
are investigating how the length of
nichrome wire in the circuit affects its
ability to transfer energy.
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faces of the very same magnets success-
fully.) Some students in the same class
appeared unable to solve problems that
require more analysis than substitution
of numbers into a memorized formula.
Surely these observations are not
unique, though they may be embarrass-
ing to an instructor at the University of
California!

I believe that most of us have closed
our eyes to the actual level of student
understanding in our classes. We have
allowed the rapid progress of a few learn-
ers—those using formal thought in Pia-
getian terms—to overshadow the diffi-
culties of the many. Most of the new
secondary-school courses primarily serve
this special population. New college-
level sequences are even more demand-
ing. Selection rather than education of
students has been the result.

Very recently a more tolerant attitude
has become noticeable. Community
college teachers in particular try to
reach their students at the level where
they are, rather than wishing they were
more able. A few texts such as PSNS,
An Approach to Physical Science,12 the
college-level Introductory Physical
Science,13 and Introductory Physics, a
Model Approach14 present a conceptual
structure and related investigations
more appropriate to beginning students.
Take-home laboratories for beginners
are being developed to circumvent the
lack in facilities at many schools.15 The
special needs of prospective teachers,
many of whom are themselves beginners
and will have to face beginners in their
work, are beginning to be recognized.16

And the Council on Physics in Educa-
tion of the American Association of
Physics Teachers has recently called for
a special effort to meet the needs of non-
specialist students of all ages.

You may wonder whether programs
designed for concrete operational stu-
dents can develop formal thinking at the
senior high school or college level. I am
not aware of any work in this area, but I
believe that progress can be made once
;he problem is recognized rather than
being ignored. That is one of my cur-
rent interests. Yet I also believe that a
sound and challenging elementary-
chool program will help greatly in this

task, for it significantly extends the
period of time during which develop-
ment is stimulated.
What can you do?

In concluding this article, I should like
:o appeal for assistance. Improved sci-
ntific literacy is a must if mankind is to

achieve a concensus on the compromises
;hat are necessary if we are to benefit
rom technology while maintaining a
labitable ecosystem. Educational in-
stitutions as well as mass media have to
contribute. Use your special knowledge
and understanding to participate in this
;igantic task. You might contact the
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schools or colleges in your community to
find what physics or science they offer
[or beginners, you might encourage
them to make use of some of the new
iurriculum materials that have become
vailable, you might offer to assist their
achers in what may be a very difficult

sk] you might invite beginning stu-

ents to learn about your laboratory,
ou might write nontechnical articles
oncerning your area of work for stu-
ents or wider audiences, or you might
f you are in a fortunate position) pro-

/ide financial assistance for innovative
ducational efforts.

The development of the SCIS materials has
mn supported by grants from the National
Science Foundation.
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