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Psychologists have been aware of the stages of intellec-
tual development for some time. Piaget’s work, as avail-
able in English translation (1, 2), categorized the develop-
ment of intelligence from birth through age 15 into three
major stages: (1) a sensorimotor period from birth to age
two; (2) a concrete operations périod from ages two to 11;
and (3) the commencement of formal operations in the
age range from 11-15. Although the age ranges are ap-
proximate the same sequence of development occurs in
every child. Stages two and three are of great importance
to chemistry teachers because stage two children are
found in abundance at the freshman level in college (3, 4).
Those students have crossed the thresholds of high school
science and mathematics without learning to conceptual-
ize and theorize, the skills of a formal operational child.
Instead they deal with concrete reality of a problem and
make only limited extrapolations from it (5). They deal
with the “content of the problem rather than the form of
relations within it.”

If a stage two child is asked to deduce Archimedes’
principle on giving him a bucket of water and several
objects of varying size and weight, he might conclude that
objects of stone will sink “because they are stone” or that
wood floats “because there is air inside.” But he will not
reduce the problem to one of comparing the weights of
equal volumes of water and an object unless told to do so.
Further, if given the formula for density he will not de-
duce the requirement that (wobject/Von.2ct) <1 if the object
is to float. If he were able to deduce the relation he would
be operating on the operations, the first step toward for-
mal thought.

We have all seen students who dutifully perform ‘““cook-
book” experiments in the laboratory. They take data, fill
the blanks in a prepared form, and then leave the labora-
tory confused and frustrated. At the introductory level the
confused and frustrated student may be concrete opera-
tional or operating on operations. If he is concrete opera-
tional the instructor may have failed to help him toward
formal thought through a progressive question-answer ses-
sion during which the student is led to the relationship
and its general application. If he is at the stage of operat-
ing on operations, he may have been led too quickly in his
training to the Archimedes’ experiment. In either case the
instructor has failed to grasp and apply Piaget theory to
his course.

The concrete student can become formal by careful ex-
perimentation and critique as Renner (4) and Karplus (6)
have reported. The key to the transformation is an exten-
sive critique during which the student deduces the princi-
ple. If the flowsheet for the experiment is a typical, fill-
in-the-blank form (7, 8) however, the student flounders
down his concrete path. A performance test of one or two
questions would indicate only that the student had found
answers to those questions during the laboratory period. It
would not necessarily test his knowledge of the theory
underlying his experimental studies, nor would it distin-
guish between lack of motivation and stage of intellectual
development for cases where no learning occurred.

The student advanced enough to be operating on opera-
tions would grow toward formal operational thought
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through a “cookbook approach” if the experiment devel-
oped with optimal discrepancy. The Archimedes’ experi-
ment can be formed in a manner that develops a chain of
new knowledge of sufficient association to prior learning
that it can be assimilated. The order of testing the objects
is critical here and so is the link between the Archimedes’
experiment and previous experimentation. That is, weight
and volume measurements on the objects must be demon-
strated prior to the current experiment. Only then can the
student amend his cognitive structure to accept the new
inputs and build hypotheses from them. Finally, even the
pre-formal operational student must be tested thoroughly
at the conclusion of the experiment if he is to progress in
intellectual development during the laboratory period.

One should conclude from the above that when teaching
principles in the laboratory, we can aid a student in his
intellectual growth and that his intellectual growth may
be one of our ultimate accomplishments as teachers of
science. The student cannot hope to grasp formal concepts
such as acidity or electrochemical potential unless he is
formal operational. Neither can he consider the tetrahedra
and octahedra of molecular structure unless he can visual-
ize without the aid of models. I submit that when a stu-
dent fails or drops an introductory, laboratory course such
as general chemistry the fault may lie in our haste to pro-
cess him toward higher, “more interesting” topics (and
not because “he was lazy’’ or “had a poor background in
mathematics”).

We err in both our cookbook laboratories and the or-
dering of topics in our lectures. Typical freshman texts
such as Rochow (9), Sienko and Plane (10) and Dillard
(11) begin with atomic structure, reviews of basic mathe-
matics, and similar, formal concepts. The concrete opera-
tional student is thrust far beyond his intellectual level
from the beginning of the first semester. Unrelated labo-
ratory experiments in qualitative or quantitative analysis
add to his predicament and he either drops quickly or
fails.

If the course had begun with the gas laws, he could cope
with lecture and laboratory in concrete terms. He could
then progress to other bulk properties such as solution
theory (vapor pressure relationships and other colligative
properties) before proceeding to the microscopic level and
onward. A suggested list of topics is shown in the table. It
recognizes that not all entering freshmen are formal oper-
ational and helps the concrete operational student become
formal under the guise of “review.” It is not the final solu-
tion to the problem of selecting topics for a first semester
of general chemistry, but could be a constructive step
toward the solution.

We made the initial step years ago when we reduced the
general content of beginning chemistry to the mole con-
cept. General chemistry gives many applications of the
mole concept, so much so that one can unify the course
for the typical freshman by pointing out that fact from
time to time. According to Piaget if one revisits a concept
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Syllabus for the First Semester of General Chemistry,
Optimized to Stimulate Intellectual Development

Lecture Topics Laboratory

Gases—Boyle’s and Charles’ laws, Boyles law, compressibility of
ideal gas equation, Dalton’s law, a gas, molecular weights of
van der Waal’s equation and real gases
gases (no kinetic theory here)

Solutions—vapor pressure,
boiling point elevation-
freezing point depression,
osmosis, electrolytes
(no structure at this time)

Changes of state—phase
equilibria for one and two
component systems, the
concept of dynamic equilibrium

Thermodynamics—heats of fusion
and vaporization, heat capacity,
internal energy and work,
Hess’s law, free energy

Equilibrium—equilibrium pH of weak acids (derivation
constants and their inter- of an acidity scale), pH
relationships, gaseous of salts
equilibria, acid-base
equilibria, solubilities

Boiling points—pure solvents,
dilute solutions of molecular
species and electrolytes

Derivation of the phase rule

Heat of vaporization—
derivation of Trouton’s rule

from many routes, recognizing the need to maintain opti-
mum discrepancy if learning is to occur, he will obtain
maximum benefit from his efforts.

Further, one can stimulate intellectual development in
lecture by applying the Piagetian techniques of Karplus
(6). Those include the introduction of new topics in con-
crete terms, the occasional unsatisfactory hypothesis or
incorrect conclusion that is provided for student evalua-
tion, the creation of discrepant events, the description of
reversibility for a process or concept, and so on. One does
not appear foolish to the student audience as he blunders
through a fallacious argument if the student expects an
occasional deception. In fact, the superior (formal) stu-
dent thrives on the opportunities it affords.

The selective, liberal arts college need show little con-
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cern for a Piaget approach unless it accepts a percentage
of minority students ir the freshman class, as some do.
Care in text selection is more appropriate for the public
college and university, required by law to admit marginal
students and thankful for their numbers in many cases.
The list of freshman on probation might be reduced at
those institutions if instructors were cognizant of Piaget’s
studies of some 40 years ago. Perhaps the annual Proceed-
ings of the Jean Piaget Society should be required reading
for authors of texts on general chemistry as well as for psy-
chologists and physical science teachers such as Renner
and Karplus.
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