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About the Author...

As a research biologist, Paul F. Brandwein, Ph.D., probed the host-parasite relationship
of plant pathogens. He taught in various universities and later turned to schooling. Early,
as chair at Forest Hills High School (New York), he directed and taught in its science
talent program in originative inquiry.

He was Burton Lecturer at Harvard, Abbot Lecturer at Colorado College, Urban Scholar
at the University of Houston, and director of education at the Conservation Foundation
(Washington, D.C.). While co-director of the Pinchot Institute for Conservation Studies
(Milford, Pennsylvania), he was also adjunct professor at Pittsburgh University.

He served on the Steering Committee of the Biological Sciences Curriculum Study
(BSCS), as chair of its Gifted Student Committee, as consultant to the Physical Science
Study Committee (PSSC). Both committees developed programs of originative inquiry
designed to interest high school students in science. He continued his work as an author
and international consultant in science education until his death.

Before and during the development of curriculums and instructional materials, he turned
to publishing. He became president of Harcourt Brace Jovanovich's Center for the Study
of Instruction (San Francisco) and its director of Research in Curriculum and Instruction;
later, he was director and editor in chief of the School Division; finally, he was co-
publisher of Research-Based Publications.

Dr. Brandwein was author and coauthor of some 50 books and studies, numerous
research papers in science and science education, particularly in relation to the science
shy, the science prone, the science talented, and the humanities. His biography appears in
American Men and Women in Science and Who's Who in the Humanities. He was a
member of Phi Beta Kappa, Sigma Xi, the New York Academy of Sciences, and a fellow
of the American Association for the Advancement of Science. His awards included
several honorary degrees and a number of citations and honors from organizations
devoted to science, the humanities, and teaching.

When he died on September 15, 1994, Dr. Brandwein had completed an expanded
version of this volume. The revised and shortened edition presented here was nearly
ready for publication. It was edited by Evelyn L. Morholt, Ed.D., and Deborah C. Fort,
Ph.D., who had been working with him on the manuscript. They take responsibility for
any errors Dr. Brandwein would have corrected, had he been able to give the manuscript
a last careful reading.
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Table 4

Science Talent Search Finalists: Science Schools and General Schools by Communities,
1942-1988

Total
for
Borough Public Schools Finalists Boroughs
Bronx Bronx High School of Science 106 106
Manbhattan Stuyvesant High School 63 63
Total Special Science Schools 169
Brooklyn Abraham Lincoln High School 11
Erasmus Hall High School 31
Midwood High School 20 62
Queens Benjamin Cardozo High School! 25
Forest Hills High School 42
Jamaica High School 19
Martin Van Buren High School 15 101
Total General Schools 163

IBenjamin Cardozo High School—late entry (1967).

Thus, between 1942 and 1988, within the area of New York City, the two science
schools garnered a total of 169 finalists. Seven neighborhood schools, accepting the
heterogeneous population of their communities and offering differentiated programs for
their smaller cohorts of science prone students electing to undertake originative inquiry,
produced 163 finalists.

Table 5

Science Talent Search Finalists and Runners-Up: Westinghouse Data, 1944-1954

School Finalists Honorable
Mention
Bronx High School of Science! 17 79
Stuyvesant High School! 17 53
Forest Hills High School 17 57
Midwood High School 8 34
Abraham Lincoln High School 8 19
Evanston Township High School 8 incomplete

ISelective science high school.
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The numbers of Science Talent Search winners coming out of these different kinds of
schools stay close to each other both across the decades (Table 4) and within the first 10
years of the Search's creation (Table 5). While the means of selection of their populations
differs enormously, somehow they must both be creating ecologies of achievement.

Inferences

The Science Talent Search, which is based on an originative inquiry resulting in a
work, may be considered a valid test of adolescents' expression of science talent.

Select science schools, particularly instituted to carry on enriched and accelerated
programs for the gifted, offer differentiated advanced programs in science and mathematics
within a full enriched college-preparatory program; they also furnish models of programs in
originative inquiry.

Similarly, schools with heterogeneous populations from their surrounding
neighborhoods and committed to programs of general education can and do invent
differentiated, enriched programs in curriculum and instruction to give students opportunity
to carry on originative inquiry. Thus, they provide models of differentiated courses for
other general nonspecialized schools.

In short, select science schools and heterogeneous schools constitute different
ecologies of achievement, both capable of encouraging significant originative work in
science.

It is probable that select science schools may offer the initial model or paradigm of
originative inquiry that stimulates the invention of other models within the programs of
general education in heterogeneous schools. The paradigm of originative inquiry is a way
of identifying promise in students who might tend in the future to choose a career in
science. As such, it deserves a firm place in differentiated curriculums in science.

For Further Inquiry

Does a test of ability in originative inquiry probe elements of intellection not
embraced in IQ tests?

Do the procedures demanded by originative inquiry described here and in other
studies encompass the various categories of critical thinking skills?

Can a work coming out of originative inquiry define a unity of supporting
intellective, nonintellective, and facilitating environments characteristic of a desirable ecology
of achievement?

Is it conceivable that an originative work be a test of science talent?

The invention of a modern program of general and special education is among all
nations' major priorities, because of the need for a thoroughly schooled and educated
citizenry as well as for programs of benefit to its citizens. Are not, therefore, differentiated
programs enabling gifted and talented students to fulfill their worth as citizens and as
contributors to society necessities rather than options?
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Should not all approaches to encourage science talent mirror the epistemic and
empiric portrait of science inquiry and its critical thinking, as well as the acquisition of
knowledge?

Is it not clear that the time required for originative inquiry is well spent in a high
school program in light of the observed commitment and persistence of science talented
young, who work hard and effectively on their total curriculums as well as their inquiries?

Some Assumptions

A model in education is designed to further decisions advancing teaching and
learning. In planning further inquiry, theoretical constructs turn out to be most practical:
They are rich in hypotheses, with designs for self-testing, and, thus, they reach for foresight
and understanding.

My direct observation of the behaviors of the young undertaking originative inquiry
in the environments of teaching and learning led me to discard the Cartesian concept of one-
to-one correspondence of cause and effect and to develop a triad as a working hypothesis:

High-level ability in science is based on the interaction of several factors— genetic,
predisposing, and activating. All factors are generally necessary to the
development of high-level ability in science; no one of the factors is sufficient in
itself. (1955/1981, p. 12)

While I stand by this hypothesis, I am pleased to make modifications in the
considerable light shed by studies now available.

Relevance to Present Studies

My commitment to originative work as an essential index of science talent accords
with Renzulli's (1992) subtriad of input, process, and product. My conviction also
complements Sternberg's (1985) call for real-world tests of intelligence.

My point that science talent is indicated and supported when the young select
themselves to undertake a demanding study and long-term originative inquiry (and persist,
as 75 percent of the entry group did, to sustain it) is parallel to Sternberg's assertion that
behavior is intelligent to the extent that it is used to adapt or shape the environment. These
young undertook and adapted the "automatized" and "nonentrenched" behaviors necessary
to undertake and complete a novel task of originative inquiry.

In reflecting on the nature of science talent or on giftedness in general, one is
inclined to question how far the intellective factors in the present study on science talent are
constrained by the nonintellective ones. MacKinnon (1962) wrote that "our data suggest,
rather, that if a person has the minimum of intelligence required for mastery of a field of
knowledge, whether he performs creatively or banally in that field will be crucially
determined by nonintellective factors" (p. 493).

My study seems as well to second Tannenbaum's (1983) facilitators in the
intereffective play of the general ability (the "g" factor—as a concept, not an empirically
defined entity) with its sliding scale in all high-level talent areas. Tannenbaum writes of the
special ability apparent in particular aptitudes, such as outstanding performance in
originative inquiry; of nonintellective factors, such as ego-strength, dedication, and will; of
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environmental factors, such as a stimulating home, school, and community; and of
chance —the unpredictable events in a person's life—including luck (pp. 87-89).

Originative inquiry calls on general and special abilities. One of the nonintellective
factors is persistence, which Roe (1953) noted in selected working scientists and I
(1955/1981), in the young. Tannenbaum pointed particularly to dedication and will.
Environmental factors are also important, including, of course, the chance to attend a school
whose opportunities included originative inquiry.

If the evidence here supports the studies of Renzulli and Sternberg, both asking for
reality-based intelligence tests, as well as Tannenbaum's psychosocial theory, then
producing a work through originative inquiry may well measure science talent. Perhaps this
finding has broader applications. Perhaps the procedures of originative research by
adolescents could also measure talent in other domain-specific fields open to originative

inquiry.

If the opportunity doesn't come in high school, certain evidence suggests that the
undergraduate years may not be too late to awaken science proneness, which may bloom to
talent. Writes Colwell,

One characteristic of a significant number of winners of the Nobel prize and
winners of other prestigious awards in science and engineering is exposure to
laboratory research as an undergraduate —that is, having the opportunity to work in
the laboratory with a faculty member on a research project while an undergraduate
student. . . . It can be concluded that hands-on experience in the laboratory can be a
key factor in the decision of a student to pursue a career in science and engineering.
(1992, p. 210)

The National Science Foundation has reemphasized such undergraduate research
opportunities and provided funds for undergraduate students to work in research
laboratories, and, in 1993, the National Association of Biology Teachers reported on a
projected study uniting a high school teacher and a university scientist in developing
methodologies for originative inquiry ("New NABT grant," 1992).

The experience of originative research in high school may motivate a decision to
pursue a career in science and thus qualify students for continued research in their
undergraduate years. Thus, in practice, a science talent expressed early may eventually
define itself in a profession that enables one to engage in originative inquiry.

A sustainable paradigm begins to emerge. As it matures in wider usage in the
double experience of further discovery and the uses of the discovered, it may furnish a
predictable mode of knowing in advance. Originative inquiry can lead to early expression
of science talent in the young; it, therefore, is a worthy practice in the quest of the young
scientist-to-be fashioning a unique identity.
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Construct VI:
Within an Ecology of Achievement— A Conception of
Science Talent

Bateson's tautology — "What remains true longer does indeed remain true longer
than that which does not remain true as long" (1979, p. 228)—is nowhere more appropriate
than with regard to the life of a concept. Even when a theory, the apparent terminus of
inquiry, converts into another more comprehensive theory, when this resulting skein of
numerous acts of discovery becomes a full, satisfying explanation and fits into an inclusive
conceptual scheme, the all-encompassing conception nonetheless often remains elusive.
Thus, since Copernicus we have moved from an earth-centered to a sun-centered, to a
galaxy-centered universe. Then, we have gone beyond into expanding galaxies and into the

Einsteinian concept of E=mc?, and then into modes of energy called black holes. Each
theory, while at first satisfying as an ending, has turned out to be only the beginning of a
series of investigations which led to larger, more encompassing areas for trained intelligence
to spawn new investigations.

Science Talent in Practice

Bell meshed present and future, scholars and teachers, in his paradigm of knowledge
as "new judgments (research and scholarship) or new presentations of older judgments
(textbooks and teaching)" (1973, p. 175). Conant (1947, p. 35) has also seen a continuity
in the nexus of new and old judgments with the exploration, explanations, and judgments of
scientists. He capsuled scientific foresight and understanding as being embodied in a series
of conceptual schemes arising out of experiment and observation and leading to new
conceptual schemes. In this way, the cycle of thoughtfulness and contribution in science
intermesh.

Bell's and Conant's paradigms (in their contexts) show that new judgments and/or
conceptual schemes do not spring Minerva-like out of the brain. Scientists practice an
intereffecting collaboration; they are a gathered community, operating in distinctive domain-
specific areas, to advance given fields of study. As such, scientists make comprehensive
efforts to gain understanding and foresight about the way the world of life, matter, and
energy works.

Scientific judgments, concepts, and findings of fact must be testable, and thereby
verified, falsified, or amended through commonly accepted processes within a community's
structure. Thus, scientists and scholars seek to transmit, correct, conserve, and expand the
substance of a field to achieve a continuity of cumulative knowledge. The community is
usually tightly knit, given over to a particular subset of a domain (say, astronomy,
biophysics, zoology, ecology, organic chemistry, ophthalmology, computer science,
psychology, genetics, and the like).

Talent in science is not general. Even in the young, it may be centered in biology,
physics, or chemistry, and later it is almost always shown in works undertaken within
matrices —often extremely specialized ones—in given fields. Then, as required, the findings
are communicated to a body of scientists through specific modes: Say, journals,
associations, and meetings. These procedures are self-energizing: The substance in all
scientific works coming out of originative inquiry is subject to a well-understood style.

Thus, any findings are subject to the selection and variation of the "discovered and
the uses of the discovered" (Whitehead, 1929, p. 25). The facts, hypotheses, laws,
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theories—any conceptualizations —evolve through continued inquiry into a product, a work.
A theory or fact in science, and in any field of scholarship, is subject to test after test as it is
used in the continued evolution of a field of study (Ravetz, 1971; Toulmin, 1961).

A Skein of Discovery: Heredity as Exemplar

One of the most striking features of science talent identified in the acts of discovery
is the scientist's unrelenting persistence over time. Succeeding generations create their
works in part through building on prior findings. Scientists stand on the shoulders of
others even as they stand shoulder zo shoulder within the life-sample of a generation of
discovery: Examine, for example, the field of heredity.

In a sense, the field was born in the 1660s with Hooke's discovery of cells. In the
intervening years, massive searches revealed the network of cellular components of
unicellular and multicellular organisms. A century and three-quarters later in the 1830s,
Schleiden and Schwann offered their cell theory —cementing prior observations,
speculations, and theories. Then, in the next centuries, appeared a torrent of studies—on the
architecture of the varieties of cells and their organelles; with descriptions of mitotic division
and the equal division of chromatin network; as well as researches into the biochemistry of
the cell, singly and within its network of tissues and organs in a variety of organisms. Each
work built on prior works and cemented further theories.

In the decade of the 1850s, Mendel did his classic experiments on heredity in
garden peas. Twenty years later, Miescher's inquiry into the chemical composition of cell
nuclei resulted in a published a description of nucleic acid (a base of present DNA
research). In the 1880s, Fleming observed the longitudinal division of chromosomes and
implied its relationship with nucleic acid. In the next decades, many researchers including
Morgan, Bridges, Sturtevant, and their colleagues developed the chromosome theories of
inheritance. In the 1920s, Feulgen and other investigators documented a capstone that
coordinated a variety of researches: Two types of nucleic acid (DNA and RNA) exist, side
by side, in many cells. This discovery led to the further discovery by Avery and his
coworkers in the early 1940s that DNA underlies inheritable functions in certain bacteria.
By the late 1940s, persistent inquiry by several investigators indicated that the amount of
DNA is constant in a variety of organisms.

In the 1950s, after Watson and Crick proposed a theoretical model of the DNA
molecule, Kornberg discovered the replication of DNA and learned that it carries
information about inheritable characteristics, that is, the genetic origin of organisms. Now,
genetic intervention is beginning to treat some diseases, and Watson heads a team of
scientists plotting the human genome. This sequence of discovery — of theories leading to
inquiries upon inquiries to further theories and conceptual schemes still incomplete —has
spanned centuries. The process continues to move toward a still incomplete conceptual
scheme about how specific environments affect the expression of DNA.

The great number of scientists and scholars, acting over many years in a specific
field of inquiry, express their various talents differently and are not always fully appreciated.
The weight of the history of discovery (or creativity) in various fields, particularly in science,
that make society and culture possible is not open to citizens active in the business of life
and living. We redact detail, reduce complexity, in order to make sense—to make a certain
confidence possible. Thus the culture may, and often does, reify a body of knowledge and
inquiry in an eminent person. The impulse is perfectly understandable. But in so doing, the
metaphor of "giant" and "dwarf" persists: The maxim, usually attributed to Newton, is that
"Even a dwarf can see further if he stands on the shoulders of giants." But here too the
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work of centuries stands as evidence. As decently translated from the Latin, the idea goes as
far back as Lucan (A.D. 30-65). Newton seems to have stood on Burton (1577-1640) who
topped Lucan. (For a history of the maxim, see Merton, 1965/1985.)

Thus, the past—in literature, in aphorism, in inquiry (and in its terminus,
theory) —changes as it melds with past and present and affects the future. The indexes of
modern discovery suggest that, generally, a giant sees further after a number of respectable,
hard-working dwarfs produce analysis and inquiry on which s/he can stand. Indeed, Crick
responding to the biochemist Stent (1974; in Stent 1989), agreed that "if Watson and Crick
had not existed, we would have had the DNA double helix anyway" (p. 107). That is, given
the course of scientific discovery, which uses the past to uncover the future, their finding
and theory were within the course of steadfast change.

Recognizing Early Expression of Science Talent

The foregoing implies a base for the conception of science talent: It doesn't lie only
or mainly in the fast-paced acquisition of knowledge, however significant as an index of
individual intellection. Science talent lies in a combination of knowledge with the capacity
to undertake originative inquiry.

The life samples of students doing originative inquiry reflect, as in a mirror, images
of scientists working in real-life scientific inquiry. Construct III attempts to describe
realistic learning situations and productive and creative approaches that can contribute to
originative inquiry expressed by developing science talent.

An Operational Definition of Science Talent

A number of theoreticians call for definition of talent through productive work. For
example, Renzulli (1992) urges,

We need to explore new research paradigms that focus on the intensive study of
young people at work in practical and realistic learning situations that place a
premium on creative productivity rather than structured lesson learning, regardless
of how advanced that learning may be. In this regard, we must learn to view special
programs as places that make giftedness rather than as places that merely find and
nurture it. (p. 181)

Siegler and Kotovsky, summarizing some of their findings in Conceptions of
Giftedness, imply that an "end-state of giftedness should be embodied in a model of gifted
performance" (1986, p. 435). Perhaps in a work signifying a talent? Recall that the
students undertaking originative inquiry have to use research-productive ability as evidenced
in their papers which makes them "creative contributors to a field."

In the spirit of Bridgman's "methods of intelligence" (1949), then, this operational
definition follows: Science talent in high school students is demonstrated in originative
works rooted in the self-testing and self-correcting code of scientific inquiry.

The definition stems from the essential methodology of the scientist: Originative
inquiry leads in its successful end state to a work that encompasses the methodologies that
inspirit it—and quarrels with none. This is the premise that has affected practices within 48
states and a large body of teachers and their colleague-scientists and 50-odd years of
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judging by the many panels of scientists who have evaluated submissions to the
Westinghouse Science Talent Search.

Talent in science is unlike that in music, art, or mathematics —where specialized
aptitudes can be readily recognized in the young (Csikszentmihalyi & Robinson, 1986).
Science proneness begins, I believe, in the base of a general giftedness and develops its
component skills in verbal, mathematical, and, in time, the nonentrenched tasks of problem
seeking, finding, and solving in specialized science fields. Eventually, given favorable
ecologies, science proneness can shift to an expression in a work showing science talent.
Prodigies in scientific research on the order of Mozart in music, Leonardo in art, or Courant
and Newman in mathematics have been rare (Feldman, 1991); although perhaps the 15- and
16-year-old finalists in the Science Talent Search could be so designated.

This definition of talent in science calls for identification through in-context
evaluation in long-term inquiry without reference to 1Q or standardized tests of achievement.
It provides for testing of science talent through a criterion sample of work of the young as
predictive of their future accomplishments (Feldman, 1974, 1986; McClelland, 1973;
Renzulli, 1992; Tannenbaum, 1983; Wallach, 1976). Support for this definition is strongly
implied in Sternberg's (1985) conception of real-world testing.

A Shift in Self-Identification

A search for these young may then begin early, well before they express a talent in
research-productive activity. The methodology enables identification—by adults and by the
young themselves —of those students who exhibit the desired attitudes and abilities in idea-
enactive, inquiry-oriented behaviors early on before their entry into high school. A similar
process of self-identification is inherent in the operation of the revolving door identification
model (Renzulli, Reis, & Smith, 1981). Both methods engage the teacher in a mode of
qualitative research; teachers observe as students during lessons select themselves for
further involvement. See Walters and Gardner (1986, p. 36) and Feldman (1991, p. 223).

There may be an early set of sequences of observable activities in learning, unlike,
but similar in consequence, to those in music, in art, and mathematics (see Csikszentmihalyi
& Robinson, 1986). Originative contributions in science require the acquisition of a broad
knowledge base experientially impossible even for the most precocious child; however, a
general giftedness mays, if the activating environment is encouraging, eventually choose to
express itself in a career in science. The following sequence shows a portent of science
talent in young demonstrating focused high-level ability in both acquisition of knowledge
and a capacity for inquiry:

First, during the early school years, some children exhibit raw, unfocused
giftedness: Their amorphous potential seems in search of a purposive expression of
talent.

Second, like others' signs of a preference for music or art, some students exhibit a
definitive focus towards science (see indexes in idea-enactive, inquiry-oriented
lessons and identifiers through correlative activities). Thus the science prone may
shift from showing raw ability to demonstrating domain-specific interests, not
necessarily excluding their attraction to other fields.

Third, given a choice later in high school (without pretest), such young may select
themselves for participation in a course of study that calls for rigorous acquisition of
knowledge and offers opportunity for research-productive originative inquiry.
Fourth, such young may complete an originative work and submit it to a definitive
test: The scrutiny of a panel of scientists.
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Such students have a solid conception of themselves, are secure in their self
constructs, and employ transformative power (Gruber's terms, 1986). They make a choice
among the potentialities claiming their recognition within self. Further experience may
highlight other choices—for there are talents still to be discovered in individuals seeking
excellences as yet unknown or untested. (On this see Gruber, 1986, p. 255.) This
conception embodies giftedness not as a free-floating, generality-seeking definition but as
an end state in a domain-specific talent. It is easier to measure talent expressed in a work,
talent that presupposes a certain giftedness, than to try to infer from general giftedness
raw traits that will project a specific talent.

In this position, I concur with Sternberg and Davidson's introduction to Conceptions
of Giftedness (1986). They write that if ever there were "a field that needed 'bringing
together' this one is it." Their book, a vade mecum to all who would do research in the field
of giftedness and domain-specific proneness and talent, "provided 17 different conceptions
of the construct, that, although distinct are interrelated in certain ways." In their original
propositions on the difference between implicit and explicit theory, Sternberg and Davidson
state,

Explicit theories presuppose definitions, and seek to interrelate such definitions to a
network of psychological or educational theory and data. Such theories are testable
by the usual empirical means, and thus may be falsified. But the definitions upon
which they are based cannot be falsified, so it is important in evaluating the explicit
theories to be sensitive to the underlying conception of giftedness that has generated
the theory and data, and to evaluate whether this conception is a useful one.

Ultimately, usefulness may be the only test we have of what makes for a better or
worse conception of giftedness. (1986, p. 3)

The last sentence is significant. Toulmin (1961) in Foresight and Understanding
suggests that the usefulness of inquiry to the evolution of science be measured by its
"adequacy," saying "science as a whole, its activity, its aims and ideas evolve by variations
and selections." Ravetz also suggests that scientific solutions need to "be assessed for
adequacy" (1971, p. 153). Perhaps the broadest criterion to be applied in evaluating a
conception (or theory) is its adequacy. A conception of science talent is useful according to
its adequacy in meeting specific human needs; if viable, this talent develops and, as a matter
of course, evolves by variation and selection.

A Feasible Catalyst?

A newer sequence in curriculum and instruction is possible and should be tested in
long-term use and research.

First—Elementary school sequences within the revolving door identification model
and idea-enactive, inquiry-oriented teaching and learning may be complemented by
computer-assisted interactive videodisk technologies. The early grades (up to grade
five, perhaps) should be open to all for purposes of self-identification and self-
selection.

Second—Middle schools might well offer a sequence of curriculum and instruction
combined in science and mathematics, in idea-enactive, inquiry-oriented, and
computer-assisted methodologies, beginning with the fifth or sixth grades. Entering
this sequence should require no pretest; instead, free choice of curriculum and
instruction could identify the science prone. They could select a fast-paced program
in science throughout the middle school grades. After self-identification and self-
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selection, they might then wish to continue with fast-paced science-math programs
in the late middle school or in the high school, or . . .

Third—Science prone students might select themselves for a program of originative
inquiry in the late middle school or high school years, coupled with a rigorous
program in acquisition of knowledge planned with those students who demonstrate
commitment to science careers.

The critical thinking and behavior demanded by originative inquiry, testable and
falsifiable in the course of the program and in the completion of a work, should then be
adequate indexes of an early expression of science talent.

In Sum

A powerful program of teaching and learning can be—or should be—a
transforming experience and engage as catalyst the young in the shifting from gifts into
talent. This conception lies within the postulates of Feldman's stage-shifts in the
development of talent (1959), Gruber's formulation of "transformative power" (1986) as
comprising giftedness into creativity, Renzulli's enrichment model (1977), and Borland's
(1989) and Tannenbaum's (1989) conception of curriculum as identifier of talent. It also
accords with my tracing of a path from giftedness to science proneness to science talent
facilitated by idea-enactive, inquiry-oriented research-productive teaching and learning.
Gruber's theory about the function of exemplary teaching and learning in catalyzing
transformative power seems promising.

The definition of talent may be sought within the open opportunities of the
transformative power inherent in teaching and learning, active in a full exposition of fields of
human endeavor. Let the child in optimum modes of instructed learning in all fields
demonstrate initial proneness and find opportunities to turn it to talent. Surely, early
schooling is meant to give children a try at all worthwhile knowledge, skills, and attitudes, in
order to allow them the experience to hold on to those creative aspects of life and living that
they find good.

Complementing the Conception

My search for a conception reflecting the complex of science talent began early in
1937; my hypothesis, published in 1947 in the Scientific Monthly, and my findings in The
Gifted Student as Future Scientist (1955/1981), described science talent in the young as
encompassing genetic, predisposing, and activating factors. The genetic factor predicates an
interaction of heredity and environment that underlies high-level ability in the student's
learning in general and in science in particular. The predisposing factor first appears in the
"questing" that seems to stem from dissatisfaction with common explanations of reality.
The activating factor comprises the ecologies of achievement described in this study.

The predisposing factor is readily apparent in the distinct difference between the
high-ability young who choose differentiated instruction and students in classes who take
science to fulfill a graduation requirement. As indicated earlier, once a concept is under
preliminary discussion, the science prone tend to go beyond the information given through
deeper study: They find texts more complex than usual in high school, often more
sophisticated than books intended for freshman in college. The desire of the science prone
to know in advance is like that of scholar-scientists; so is their precocious awareness of
ambiguities in past history.
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Out of this probing and desire to predict comes a concurrent conclusion that science
is in constant advance, that most (if not all) explanations are temporary and replaceable by
others standing on surer facts and theories. Thus, the science prone young's predisposition
to understand discrepant events. Thus, their desire to seek and find that which would fit the
as yet unknown.

The interpenetrating collaboration of teacher and student as scholars and as lifelong
learners, along with the three ecosystems that form the enabling environments of teaching
and learning, make up a whole. As noted earlier, in any ecology, particularly in language-
communicable human structures, the parts are not severable; in the human ecology as in any
other, even apparent opposites within a given environment interpenetrate each other. The
interconnectedness central to an ecology cannot be set aside —even when factors seem
distant and separate.

We are not limited by inherited behaviors. Learned behaviors can engender
connection and interpenetration of seeming opposites; the brain can hold alternatives
(Bateson, 1979; Toulmin, 1977). Human behavior cannot be posited either as pure
hereditarianism or as pure environmentalism; the two mingle inextricably (Gould, 1981).
Because the brain can hold alternatives, it and its product, mind, can engage in constant
interconnected probes generating new conceptions in discovery and its indistinguishable
correlate, creativity.

In sum: A triad of inseparable factors can result in the expression of science talent:

1. students with promising intellective and nonintellective factors (MacKinnon,
1962; Tannenbaum, 1983)

2. teacher/mentors with the high-level abilities and personalities necessary to
develop the optimum instructional and curricular environment

3. the three ecosystems that support necessary curriculum, instruction, and
physical facilities

One teacher at Forest Hills remarked on how thoroughly "life affirming" such
students were. And, as students often noted on questionnaires, the teachers were
"inspiring." Students also checked that "the teachers act as surrogates for parents."
Parents, board members, visitors, scientists —the members of the family-school-community,
cultural, and college-university ecosystems —saw the profound bonds between teachers and
students.

Links and Pauses Within the Sequence of Discovery

If the skein of discoveries in genetics described earlier were severed for any reason
(lack of a necessary technology, for example), the result would have been woefully
incomplete. In every year, many noteworthy links were forged. During the years between
Hooke's discovery and Crick and Watson's findings, thousands of scientists, seasoned
researchers, neophytes, and artisans wove the skein of discovery that came to be
summarized as the work of a select number of eminent scientists. Now, however, Science
(the journal of the American Association for the Advancement of Science) frequently prints
multiple papers identifying different genes and their functions as interpreted by numerous
biological and biochemical disciplines. The probe into DNA continues to be based in an
increasingly surer conception that rests, for the uninitiated, in an amazing technology.

There is little doubt that a good number of scientists are deservedly eminent because
of their major insights in seeing a field whole. Such men and women contribute major
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discoveries that create new scientific fields for thought and action. Some of their names
become eponyms for a period of discovery: Aristotle, Plato, Ptolemy, Copernicus, Mendel,
Newton, the Curies, Darwin, Einstein. Further, certain of these eminent persons showed
high ability very early. Some turned toward science after what Walters & Gardner (1986)
call "crystallizing experiences." Others constructed their extraordinariness themselves
(Gruber, 1981, 1986). On probes of child prodigies, see Runco and Albert (1990) and
Feldman (1991), who postulates

By the definition I have used to identify early prodigious

achievement— performance in an intellectually demanding field at the level of an
adult professional before the age of ten—there has never been a bona fide physics
prodigy, or for that matter, a prodigy in any for the natural sciences. There are a
number of fields that do not seem to produce prodigies by this strict definition, but
in which individuals do show extraordinary promise and capability at relatively
young ages. (1991, p. 16)

Possibly among the last are certain of those who chose over the past half century to
participate in the Westinghouse Science Talent Search. At ages 14-16, many of the young
at Forest Hills showed research-productive behaviors typical of the kind of critical thinking
of substantially older graduate students aspiring to their Ph.D.s.

A coherence of events and factors in the ecology of achievement appears to coincide
with the lives of prodigious scientists. Given forceful goals, time, educational facilities, and
support from the family-school-community, cultural, and university ecosystems, gifted
young give promise of becoming talented. If their experience is fortunate, it can intersect
with the enabling environment that will catalyze their ability. If not, their potential may
remain untapped. Gray's "Elegy Written in a Country Church Yard" laments that "some
mute inglorious Milton here may rest." What would have happened, asked Julian Huxley
(grandson of the Thomas H. Huxley who was an eloquent exponent of Darwinism during
the latter's lifetime), to a Darwin born a hundred years earlier or later? Aristotle could not
have asked, however keen his observation, "Is polio caused by a viral or bacterial agent?"

The discoveries of the eminent and their supporters can unite a number of fields into
a new interconnectedness. For example, the work of Crick and Watson on the structure of
DNA, steeped in genetics and biochemistry, linked the two fields. The substances DNA
produces ameliorate certain errant body chemistry; the injection of DNA sequences alters
organisms' development; and an entire field of discovery (creativity) is initiated through the
discovery of hidden likenesses in the interrelationships within cellular chemistry.

Hiatus in Individual Discovery —Forging Links

Davidson (1986) posits that "many insightful scientists are able to fit their findings
together into a coherent package or story. Less insightful scientists often seem not to
realize how their various findings are related" (p. 205). Two of Davidson's theories have
particular implications for scientists' thought processes: She cites Darwin's theory as an
example of the "selective combination" of many preceding theories, and she describes
Kekule's vision of the hexagonal structure of the carbon ring (which sprung from his dream
of a snake catching its own tail) as "selective comparison."

Davidson's experimental finds on "insight" are testable through experiment. Her
discussion of the problem and her thrusts in solution give meaning to anecdotal accounts of
scientists in quandaries. For example, my data compiled about the scientists with whom I
worked from 1930-1937, 1958-1962, and 1967-1970, record that, in response to the
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question— "What happens when you're blocked during research?" —many, in effect, said
that they quit for a while: "I take off for a few days"; "I play chess"; "We take a vacation";
"I sometimes find the way out after a deep sleep." The young who were part of the
experimental group at Forest Hills High School responded somewhat similarly: "I go back
to sports awhile"; "I play the piano"; "I read detective stories" (as did Poincaré when he was
stymied).

This anecdotal account serves Davidson's probes. Perhaps time away from the work
is essential to reach a point of "selective combination" and "selective comparison" of hidden
likenesses. Archimedes is said to have discovered the principle of flotation of heavier-than-
water objects in his bathtub with a triumphant "Eureka!"

Einstein suggests the play of insight in this remark:

In the light of knowledge attained, the happy achievement seems almost a matter of
course, and any intelligent student can grasp it without too much trouble. But the
years of anxious searching in the dark, with their intense longing, their alternation of
confidence and exhaustion, and the final emergence into the light—only those who
have themselves experienced it can understand that. (Hoffmann & Dukas, 1972, p.
124)

Briskman (1981) emphasizes Einstein's telling phrase— "the years of anxious
search in the dark." He conceives the "searching" in terms of a case of blind generation of
variants coupled with the selection of successful variants, all under the control of the "job
specification of the problem and of the standards required of a solution" (p. 147).

Toulmin's probe in Foresight and Understanding in science (1961, p. 10) is again
relevant here. Throughout, he posits that the aims and ideas of science evolve "by variations
and selections." Davidson's "selective comparison" and "selective combination" within the
processes of insight prodded by inquiry describe a similar process. (See also the
description of "seeing" or "imagery" of young in inquiry and those of adult scientists
described by Roe [1953].)

One could cite endless models of acts of creativity, discovery, conception, all
activities of the brain, turned into mind. What remains obscure is this: How does the three-
pound brain, in the complexity of its tissues and cell assemblies of neurons and synapses,
produce a thought? A concept? Animage? Are these not initial and incontrovertible acts of
discovery (synonym: creation)? Or to put it another way, how does the mind discover what
is not yet obvious to it? Is this an act of our tantalizing "black box" beyond IQ? (Guilford,
1977; Sternberg, 1985).

We know the answer to none of these questions. But it seems that the path both to
insight and science talent may be through originative work guided, in constructive affection,
by mentors. Then, as Szent-Gyorgyi put it, it may become possible to see what others see
but to think what others had not thought. This study postulates that science talent may
emerge early in response to the catalyzing functions and the transforming powers of
beneficent teaching and learning. The corps of scientists as talented individuals might
increase if all the young had cumulative experiences in modes of seeing, by observing
through inquiry. Then, they might early on be equipped to see the world of discovery in
wider context, to think for themselves in wider dimensions, and to think what others have
not thought.
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The Role of Discovery in Fostering National Eminence

As Gruber (1985) posits, creativity is closely associated with human survival. But
so is a criterion of national eminence. In relation to this, Rotberg (1990) offers a criterion
of excellence in research that rests in part on the determination of rates of production of
works of research as measured in scientific publications. U.S. publications in science and
engineering from 1973 to 1986 have remained nearly steady at about 35 percent of the
world's production. The next highest ranking nations: Japan, the former Soviet Union, and
the United Kingdom, each provide approximately 8 percent. Rotberg, using National
Science Board data (1989), sees America's numerous publications as indicators of
leadership in many disciplines: clinical medicine 40 percent; biomedical research 38.4
percent; biology 38.1 percent; chemistry 22.2 percent; physics 30.3 percent; earth and space
sciences 42.6 percent; engineering and technology 37.3 percent; mathematics 40.3 percent.

"Indeed, it is generally acknowledged that no other system of higher education
offers breadth and quality of the research opportunities available to students in U.S.
institutions," Rotberg continues. She quotes Servan-Schreiber and Simon (1987) as
asserting "For the first time in modern history, one country seems to serve, in the advanced
sciences, as the university of the world" (p. 300).

In studies and researches in giftedness and talent in the making of "human-made
capital" the United States' total demonstrates its leadership. Present increases in the flow of
publications, as well as in new scientific fields in the postindustrial era, may be indexes of
an influx of the young. Students flock here to study from countries across the globe. At
the higher levels, America's colleges and universities are world class in training talented
scientists and technicians. Not all will become giants —but neither are they dwarfs, a
pejorative term perhaps best abandoned.

What of the future? Lederman, warns that "From one institution to the next, across
the demographic categories, across disciplines of research, the nation's scientists are sending
a warning. Academic research in the United States is in serious trouble." He adds that "this
troubled mood is so pervasive that it raises serious questions about the very future of
science in the United States" (1991, p. 4).

And the excellent training in science and engineering at the graduate level is not at
present generally manifest in the nation's precollege science education. Lederman (1992)
and Saltman at the University of California, San Diego (Barinaga, 1991) have mounted
initiatives to retrain science teachers—in the hope this precedent will spread over the nation.

Toward a Foothold Conception of Talent

Bell (1992), addressing "American Intellectual Life 1965-1992," posits that
"intellectuals today —those who shape and transmit words and ideas—are all within the
social structure" (p. 79). A huge number show talent in finding and conserving knowledge.
They and their organizations constitute what Bell calls "the institutional life of the society."
Briefly, he counts about 350,000 social scientists (of whom about 200,000 are
psychologists and 120,000 are economists); 395,000 natural scientists; and 730,000
mathematicians and computer scientists. In the nation's approximately 3,600 institutions of
higher learning work some 700,000 college and university teachers; more than 10,000,000
students are enrolled in degree-credit programs; an additional 5,000,000, in other college
courses. These numbers do not include the some 200,000 librarians, the more than 80,000
authors, the approximately 60,000 technical writers, and innumerable artisans.
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They discover new facts, correct them, and place them in conceptual contexts in new
knowledge. They conserve the new knowledge as it is converted into larger conceptual
schemes and then expanded through new research and revisions of older judgments. They
then redact the conceptions that remain stable for a time in publications, lectures, textbooks,
and gatherings of scholars. Then, they watch and, in the course of discovery, turn by
paradigm shifts into newer directions. This advance, these changes, can be disconcerting to
those who think of science as the discovery of steadfast truths. I cannot think of a scientist
who would not agree that the only certainty is uncertainty.

In Sum: A Surer Conception of Talent?

Human talent leaps out of its definition and redefines itself in more formidable
expression. In time, the community of scholars engaged in research will probably decipher
the human genome, particularly in its specificity in identifying the DNA components of
intelligence. In time, the newer insights of the neurosciences will uncover how the meshing
of physical, chemical, and physiological functions of neurons, synapses, and neurohumors
function in intellection and how they create a thought, an idea, a letter, a musical notation, or

a concept. In time, scientists will unearth how the three-pound brain with its 10!2 or 104

neurons and, possibly, 10?4 synapses creates the encompassing mind. In time, researchers
will develop a social invention that assures equitable access to fulfillment of human
worthwhileness to unimpeded limits in pursuit of individual powers of excellence.

In time, then, we will see that what seems to remain true longest in the human
scheme is that the young keep coming. And, in time, one or more of the young—always
together with one or more of the old— will discover how to do what seems to escape us
only to the time of its discovery. As long as the young keep coming, a surer conception of
talent is foretold. As long as the young keep coming, so does the permanent agenda to
search for superordinate ecologies of achievement.

Epilogue

Renzulli and Reis (1991) warn of the "quiet crisis" in the schooling of the gifted.
This time, the crisis is accentuated within a general crisis in schooling and education
compounded by the turbulent postindustrial era.

Some 60 years ago, Alfred North Whitehead, distinguished mathematician and
philosopher of science, gave us a warning, which is still relevant:

When one considers in its length and its breadth the importance of this question of
the education of the nation's young, the broken lives, the defeated hopes, the national
failures, which result from the frivolous inertia with which it is treated, it is difficult
to restrain within oneself a savage rage . . . . Today we maintain ourselves.
Tomorrow science will have moved forward yet one more step, and there will be no
appeal from the judgment which will then be pronounced on the uneducated. (Aims
of Education, 1929; p. 25)
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Postscript: Writer to Reader
My Path to This Study

Half a century of observation and study of school-communities have led toward the
conclusions I have offered here about certain ways of stimulating students prone to science
to expressing talent in its wide-ranging fields. During those years, I was fortunate in
opportunities to study both scientists at work and scientists in the making. Generous
latitude in time and resources for studies of methodologies in scientific research and for
pertinent observation and testing of curriculum and instruction in school, college, and
university allowed me to study in-depth programs and practices for the science prone and
science talented.

Toward Early Expression of Science Talent: "Crystallizing Experiences"?!

My entry into university study after high school (finished in 1929) was interrupted
by an illness that led serendipitously to years of early experience in scientific research.
During treatment in hospital laboratories, I became acquainted with a chemist who
befriended me, encouraged my interests, and sponsored me for a summer job as boy Friday
in the Littauer Pneumonia Research Laboratory. Fascinated both by the work and the
biochemists ready with explanations, I asked to stay on, was hired, and earned my
baccalaureate in evening, afternoon, and summer classes. During my four years in the
laboratory, first as an apprentice and then as an assistant in research, I was credited in
several research papers.

Thus, before beginning my doctoral studies, I had spent four years observing and
assisting in a variety of researches on the biochemistry of Pneumococcus and had practical
experience in the well-ordered empiricism of research, including the processes and
protocols of problem finding and solving. My individual research in the microecology of
protists and in the ecology of host-plant fungus relationships in the Plant Pathology
Laboratories of the Brooklyn Botanic Garden gave me foothold knowledge into the
complexities of micro- and macroecologies. While gathering my data and teaching biology
at New York University, I made time to visit several high schools to give presentations to
science clubs. In some of the students who attended these secondary school seminars, I
thought I saw burgeoning science talent.

I had always wanted to teach and was able to do so both by day at New York
University and in the evenings at Teachers College, Columbia University. I was persuaded
that, as I had learned research methodology through experience, so could student volunteers
in high school. Thus, with the help of George Washington High School's dedicated science
teachers, I inaugurated an afterschool program (1937-1938) with a junior-senior science
society. In 1944, after several years of pilot study, as chair of the science department at
Forest Hills High School, I instituted a similar program, which lasted 10 years.

Early Feasibility Studies

In 1951, Harvard president J. B. Conant and science professor F. G. Watson invited
me to assist in a course on the teaching of science there. Fifty selected teachers and 32

21Gardner's term.
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supervisors from across the country attended courses and seminars in 1952 and 1953 (see
Brandwein, 1955/1981, pp. 63-70, "Who Teaches Them"). As part of the course, it was my
responsibility to repeat and demonstrate to the class experimental procedures and research
techniques of certain historical figures (Lavoisier and Boyle, for example) in juxtaposition
to Conant's case histories of discovery and in relationship to his conceptual-schemes
approach to the sciences. The Conant experience motivated me to undertake similar work in
curriculum and instruction throughout the country.

At the same time, [ was gathering data for my 10-year study (1944-1954) of
Westinghouse Science Talent Search participants; this research led me to conclude that
programs to evoke early expression of science talent were as feasible in strongly
differentiated curricular and instructional strategies located in general public high schools as
in special science high schools.

In 1954, I left teaching in high school for wider opportunities. I continued to
develop materials for curriculums and instruction; I taught and conducted seminars at
various universities and schools; what I learned, I applied to my understanding about
stimulating interest in and evoking talent in science. Three experiences were particularly
formative in this regard.

First, my work with 14 scientists (biologists, physicists, psychologists) in the
Sputnik Science Talent Project (1958-1962) clarified my understanding of science talent. I
was a member of the Committee of Biological Sciences Curriculum Study (BSCS) team
that developed curriculum and instruction in biology. The BSCS Gifted Student
Committee, which I chaired, gathered research investigations from 40 scientists for high
school students. I also served as a member of the Science Series of the Physical Science
Study Committee (PSSC), assisting in development of programs for the science prone and

science talented.22

Second, in 17 television programs (National Broadcasting Corporation, 1962), I was
able to ask 17 young experimenters about their work and the kind of teaching that had aided
them in the West and Midwest; then, in consultation, I worked on an additional four
programs. I particularly learned from the students (through the questionnaires they
completed as part of their admission) and from informal discussions of their respect and
admiration for their teachers.

Third, at Colorado College (1963-1970), I had the opportunity to plan and direct
four summer programs for some 30 selected talented science students.

From Classrooms to Publishing and Back

After leaving virtually full-time work in schooling, I turned for the next three
decades to publishing, mostly in the area of science education. From 1957-1981, I had the
opportunity and obligation to observe and investigate teaching, learning, curriculum, and
instruction throughout the country and overseas for Harcourt Brace Jovanovich. While at

22Both the biology and physics groups published volumes of background materials and investigations
supplied by researchers throughout the United States. Resulting were four volumes: Research Problems in
Biology, by 40 contributing scientists. These were later republished as Investigations for Students, (first
edition 1965; revised edition 1976). Some 12 volumes by individual scientists in the Physical Sciences
Study Series were published by Anchor Books, Doubleday and Co. over a number of years beginning with
Magnets by Francis Butter (1959).
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Harcourt, I spent as much time as possible in classrooms in schools and colleges,
maintaining close contact with students, teachers, and their wider communities. As required
by the Code of Standards of the Council of American Survey Research Organizations, |
have maintained the anonymity both of the students and their schools. When teachers and
university collaborators have published their reflections or otherwise made them available,
however, I have cited them.

During this period, I studied instructed learning in its variety of modes of
presentation. With the aid of consultant-teachers, I observed a core of 600 schools from 44
states. The objective—to learn first-hand about policies and practices in curriculum and
instruction. I watched and learned, we discussed, and I taught many demonstration lessons.

I worked, first as senior science editor for the College Department (1954-1968), to
develop undergraduate programs in biology, chemistry, and physics based on my visits to
92 colleges.

Then, as president for the Center of Study of Instruction (1967-1970), I directed the
development of a complete preparatory elementary program in the sciences, the social
sciences, and the humanities. With a group of consulting teachers, I taught its uses for self-
identification and self-selection for various abilities. Next, as director of the School
Department and director of research in curriculum and instruction (1970-1976), and, finally,
as copublisher, (1977-1981), I visited schools on five continents to observe advanced
programs in instructed learning.

During these years, I also, upon invitation, conducted seminars in various
universities and school districts. Over a third of a century, making an average of 36 school
visits per year of observation and investigation to about 1,000 schools, I clarified the
conception that underlies this study of the ecology of achievement that is the result of the
family-school-community ecosystem acting in mutualism with the cultural and university
ecosystems. Further, through my study of 600 institutions representative of the broad
spectrum of American schooling, I saw directly the disparities in resources and factors that
affected curriculum and instruction, teaching and learning, within limiting and enabling
environments.

In intensive visits to these 600 schools, I noted frequently the presence of what the
National Science Teachers Association summarized in 1983 as the 10 "commonly recurring
problems" in science education, which I am calling the Syndrome of 10. The major
practices: Lecture-textbook-laid out laboratories in high school and the general absence of
science programs in the elementary schools. The exceptions: The advanced practices of
about 130 secondary schools, some of them represented in listings of select science high
schools and heterogeneous high schools with differentiated science programs listed in
Tables 3 and 4. Both kinds of schools are discussed in this study. Some of them were
practicing the revolving door identification model enrichment programs.

My observations and field research guided at Harcourt the development of the idea-
enactive, inquiry-oriented, and research-productive modes of nonentrenched teaching and
learning implemented in a number of the schools I visited. The conceptual schemes
approach to instructed learning also served as a means of encouraging students to identify
themselves for further work in a number of fields.

In the planning and start-up operation of some 93 programs designed to evoke
science talent, I refined my understanding of the major problems and first solutions in the
conduct of family-school-community programs for the talented in the sciences and
humanities in the United States and overseas.
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A distillation of my studies and observations over 50 years come together on these
pages. Here I have offered certain of the tested, revised curricular and instructional policies
and practices useful in planning programs for developmental stage-shifts from general
giftedness —> science proneness ——> an early expression of science talent in the
secondary school years.
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Paths to Science Proneness and Talent

This short list rests on the belief that science programs with effective curricular and
instructional modes can help the young identify and select themselves as science prone with
the capability of eventually expressing science talent. Thus, a high-caliber science
program—coupled with effective training in literacy and numeracy —can act to promote
stage shifts as the raw experiences of generally gifted children develop into self-
identification of their science proneness.

Teachers of science prone and science talented young are called to develop
curricular and instructional learning materials that offer paths to research-productive activity
in early and late elementary, middle, and secondary grades.

Materials for Beginning Instruction

The following does not offer an inflexible curricular or instructional sequence but
suggests laboratory activities and materials that can evoke science proneness. These
frameworks may be adapted in many ways—compacting, fast-pacing, and the like—to
individualize teaching and learning for children who have identified themselves as science
prone. They may also be used up to grade four to evoke this kind of self-identification.
Such curriculums at their best provide raw experiences in hands-on, minds-on processes
that elicit the enactive-iconic-symbolic activities that enable identification.

1. Insights: A Hands-on Science Curriculum for elementary and middle
schools is available through the Educational Development Center Inc., 55
Chapel Street, Newton, MA 02160.

2. The Science Curriculum Improvement Study (SCIS), a program of
laboratory studies which was developed during the Sputnik crisis,
emphasizes activities that evoke early expression of science interest. A
revised version is available through Delta Education, Inc., P.O. Box 915,
Hudson, NH 03051.

3. An updated version of The Elementary Science Study (ESS), written at the
same time, is available through the same company.
4. See my discussion with Morholt and Abeles of originative work directed in

concept seeking and forming (Brandwein & Passow, 1988, pp. 273-305).
In the same volume also appear studies of identification through curriculum
and instruction by Passow, Sato, Tannenbaum (all 1989), as well as a
bibliography for theory, practice, and procedures in the field of giftedness by
Morholt and Crow.

5. See also the reference list to this study.

Beginning Experiences to Evoke Science Proneness

1. Science programs built on idea-enactive, inquiry-oriented teaching and
learning methods have been found effective.
. Programs using the revolving door identification model (Renzulli,
Reis, & Smith, 1981) work well to identify the science prone.
. Programs based in the conceptual-schemes approach that
emphasizes the interconnectedness of science also help.
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Bruner's theoretical base (1966) and the philosophy underlying the
programs developed by the post-Sputnik groups prove useful. See my
relevant publications (1979, 1981).

A number of the current curriculums under construction, while —as is

appropriate—aimed at all students, could be modified to encourage the

science prone to express their identification through science talent. The

American Association for the Advancement of Science's Project 2061 :

Science for All Americans (1985/1993/1994) provides a broad framework

for all students' study of science and widely related fields K-12. Several

other developing science curriculums aim at students at particular levels.

Among them are

. Scope, Sequence, and Coordination from the National Science
Teachers Association (1992, 1993), while intended primarily for
middle and high school students, could be adapted for the science
prone at any grade level.

. The Biological Sciences Curriculum Program in Science (Colorado
Springs, CO, 1993), intended mainly for middle school students,
works from a new paradigm based in computer and videodisk
technology. This BSCS project too could serve science prone
students at any level.

. High school students can consult new editions of the PSSC Physics
and also the BSCS Molecular Biology, both available from
commercial publishers.

. High school science teachers intending to help the young express
science talent through originative inquiry should encourage their
students to supplement their assigned reading with college textbooks
and laboratory materials. The science talented are voracious readers
in independent study; however, general high school texts offer a
quick study of the chosen field and enable students to select specific
topics that interest them.

Existing Approaches to Foster Science Proneness and Talent

Teachers and administrators developing programs intended to encourage the
young toward science through fast pacing may wish to follow patterns
suggested by Lynch (1992), Southern, Jones, and Stanley (1993), the Texas
Academy of Mathematics and Science, or Advanced Placement courses.
Those intending to stimulate originative inquiry should consult Kopelman,
Galasso, and Schmuckler (1989). They should also become familiar with
the programs run in nearly every state and dependency by the Westinghouse
Science Talent Search and administered by Science Service, 1719 N Street,
N.W., Washington, DC 20036. The latter provides annual listings of the
names and high schools of winners and runners up in the Search.
Developers of work-centered science programs may wish to visit (and
perhaps emulate) programs in those schools that produce disproportionate
numbers of Search finalists; they may also wish to meet with the state
Search directors and coordinators.

Another valuable source of information is the information bulletin describing
new programs offered by the Educational Resources Information Center
Clearinghouse for Science, Mathematics, and Environmental Education
(Ohio State University, 1929 Kenny Road, Columbus, OH 43210-1080).
The publisher of this study, The National Research Center on the Gifted and
Talented (University of Connecticut, 362 Fairfield Road, U-7, Storrs, CT
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06279) provides general information and holds conferences on education for
the gifted.

Those who would nurture the young who show early promise in science
fields may consult The Gifted Student as Future Scientist (Brandwein,
1955/1981) and Gifted Young in Science: Potential Through Performance
(Brandwein & Passow, 1989).

In the main, however, nonentrenched students and their nonentrenched
teachers will have to craft the programs and research that will lead to
originative work.
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