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- Foreword.

\

California public schools are making great efforts to provide equal
educational opportumties for all children. Thc schools are accom-

. plishing ‘this by ensuring that every child is given the opportunity to
profit to the full extent of his ability. Such an “accomplishment
becomes possible only when the educational program of the schools
is diverse and flexible enough to meet the needs of every individual.

The State Department of Education has conducted a project to
develop adequate guides and other instructional materials for
teaching mentally gifted students, This pubhcatmn is one of a series
from that project.

Teaching Gifted Children Science in (,rades Seven Through Twelve
contains information that may be used by consultants, administra-
tors, teachers, and other professional personnel who are working
with gifted children. .

. Itis my hope and belief that this publication, dcsigzled especially
for use in the teaching of the mentally gifted, will be most useful to
teachers in their efforts to challenge mentally gifted students in
science.

‘Supcn'nlendenl of Public Instruction
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Teaching Gifted Children Science in Grades Seven Through Twelve:

was planned and completed as part of a project under provisions of
. the Elementary and Secondary Education Act, Title V. ]t is intended
to be used as a guide by administrative and consultative perSonnel.

This project included the development of a series of curriculum
materials under the direction of Mary N. Meeker, Associate Professor
of Education, and James Magary, Associate Professor of Educational
Psychology, both of the University of Southern California.

The federal fum‘z provided by this Title V project also made
possible the publiga of a series of curriculum guides for use by
teachers of the mentally gifted in grades one through three, four
through six, seven through nine, and ten through twelve. The guides -

, . were prepared under the direction of John C. Gowan, Professor of
\ Education, ant'Joyce Sonntag, Assistant Professor of Education,
) “f‘bothiof California State University, Northridge.
' The Elementary and Secondary Education Act, Title V, project,
“Curriculum Evaluation and Development for Mentally Gifted
Minors,” was conducted during the 1968-69 fiscal year.

WILLIAM E. WEBSTER ‘ "~ SIEG EFKEN

‘ Deputy Supkrintendent »  Manager, Gifted and

\ for Programs Talented Education

_ / . 5 Management Team

PAUL D. PLOWMAN

Consultant in Education

of the Mentally Gifted: and

. ¢ Principal Profect Coordinator




] “
! [
¢
. \ ; e
Contents
K,
Foreword ............... O i
Preface ............. e Ce ettt v
1. Introduction ........ e . L1
Skills of Interdependence ................. e Lol
-Skills of Independence .......... e e e 2
School Environment e N 3
2. The Gifted in Jupior and Senior High Schoo] ...... [P 7
Characteristics of the Gifted .......... M rw e g e 7
Identification of the Gifted ...........,.............. 8
Influence of the Teacher ............ e, 9
- Conventional Versus Singular Giftedness . ................ 11
Lecture in the G){ted Curriculum ..............cc0..... 13
3. Curricular Strategies ........ P . 17
. Types of Curricula for the foted ettt 17
Conceptual Basis for the Curriculum .. .................. 20
Curriculum Development for Junior High School .......... 23
Instruction in the Arts of Investigation .................. 25
Prototype for a Conceptually Structured Curriculum ....... 29
4. Development of Independence!.................. PR 31
. " Background for Creativity.. ............. ... . .ol 31
ot Independence Training in Junior High School .. ..... P 32
Curriculum for Junior High School ............ e .. 35
Senior High School Science Curncula ................... 43
EPHOBUE v vvreeeieeeeieeeanannn, e e 51
Selected References .. .............oooviiiiiinnn... 53




Chapter 1

Introduction

The gifted are in a sense originals, one and only, the mold made

. and broken, fulfilling their powers in the pursuit of exé&llence. They
do what they do because they must. When at last they have learned
to “stand on the shoulders of others,” they may go too far in their

- private ‘field of excellence so that others may go far enough=far - \

enough in the interests of civilization. And when they have taken-
upon themselves the variety of the disciplines of science and its
methods of intelligence as well, they are still idiosyncratic; it is their

" powers they muist fulfill; their excellence is private.

The concern of this publication is with engineering an environ-
ment for the gifted, an environment that encourages diversity in a
broad swath of excellence. To be dealt with is the special kind of
“libcity and justice” the gifted require, even as they share the
“varieties of liberty and justice in common with all children, with all
the young. The focus of study is on a kind of liberty in learning, that
idiosyncratic behavior so characteristic of the young who may
commit their gifts to science. The study also embodies that htiman /
activity known as science, to examine how it enables those with-
special gifts to meld these gifts with opportunity and destination. To
ennoble as well as enable is the goal at hand.

‘
~

Skills of Interdependeﬁcé S

In developing skills of interdependence, the gifted encounter the
curriculum as a means of reducing random experience, without
reducing opportunity for the creative act. In this process are involved

the factors of instruction, instructed learning, and systematic inquiry -
that lead to the self-identification and continued development of the ~ .
gifted. Even though individual, independent” creativity is very ‘
important, there is no assumption that thé gifted are apart from the
legacies of science. Scientists know their dependence on and
interdependence with scientists now alive and of the past. To exist,
science depends on free communication with other scientists; science
exists best in an environment in. which individuals have the freedom

to think; to innovate, to pursue their own excellence in fulfillment of
their powers, and to fail intelligent®Y in.their search for the hidden
likenesses in nature. '

-




. work of the‘gifted-as an adult is “supported by all: he must be

~ ence.” Gifted chlldren often have individual lifesstyles in “sciencing

- 1011,

“The curriculum as platform and matnx, as enhancmg the group
and the individual, and as' a base for creativity is the concern in - / .
developing skills of interdependence. In effect, the gifted child must

- live a kind of apprenticeship before being cast out into thé warm but - ?

demanding "world" of independent study, the latter (for primary
children at least) under fhe liealing eye of a teacher. To be
considered are concepts ahd content, with the curriculum being .
viewed as a continuum that ‘makes.room for all varieties of - I'
excellence. And, of course, the currjculum is viewed out of particular
concern with - the “gifted. These considerations are based on the
awareness that_the child, beginning_‘in his adolescent ye'lrs, has
already begui to make choices in career. .
Nevertheless, ‘the gifted are not to be ezccluded from the .
common experxenw For, if - they are, they may not form a
common on(Lof sympathy so necessary . in an open society. The

understood.” 'urther, a fundamentyl skill of the scholar ind .the
scientist is his vyses of mterdependence ; '
But the skills of interdependence are only a base for the true work
of the gifted: ndependent study: For the gifted, the junior- and -
scmor-lugh-school years .may well be the years for pérsonal testing of
thexr ablhty to mamtam mdcpendent study and inquiry. :

-

Skills of Tndependence

In the curricular model to bé- presented is developed particularly| -
the cdse of the idipsyncratic child. Dealt with are the fulfilliitent o
fantasy and. the encouragement of the ‘probe and the quest.’
variety - of methods .and techniques is designed to create a
environment in which the gifted fulfill themselves -coming out of th J
special seekmg (concept seeking), which & the art of investigation.
Science is a vérb masquerading ds a nouns.it is an active verb, “to sc- |

Over the years of science edilcatlon in the public schools, tl e [

that will glve relative emphasxs to mterdependence in its meslu g
with mdependence (Fxgure b. . j

sequentml program for the glfted Taken alone, eacl'n curric lum es /

Y / dent |
and His Commitment fo Sclence. Now York: Harcourt Bmce Jovanovich, lnc 195 pp. |
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Fig. 1. Relative growth of the gifted in independence snd interdependence.*
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* not fulfill the purposes of a program for the gifted. A program for
. the gifted should be continuous and ifiterlocking so that the students
will not be lost along the way. The curricular bonds are not coercive,

. for the teacher of the gifted must be free to develop a prograin that

is effective and idiosyncratic in its own right.

School Environment

Several assumptions should be made relating to the curriculum and
_ the environment of the school as they affect the developed aptitudes
. of the gifted child. By developed aptitudes is meant the knowledges,
I - gkills, and attitudes developed as a result of continued growth in the
total educational environment, including home, school, and commu-
, nity. Those developed aptitudes in science of concern are mainly in
! the area of developing the skills of interdependence that come out of
i .the habits gained in independent study, as well as in developing the
/ - 'gkills, attitudes, and knowledges useful in the arts of investigation.
: Assumptions that should be made regarding the curriculum include
_ ~-the following: . :

1. Opportunities for early identification of children gifted in

science (those who are potential investigators) will oceur best in

those communities in which the schools make o%ortunities for

“ independent work early in the school years; that is, in the
- g elementary school. However, this should bﬂ an articulated

ERIC .. . i /
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‘program continuing through the high school. For this reason, it

“is well that high-school science teachers should serve as

| S

consultants to the elementary school

. Where there is a broad approach to the curriculum, the better

will be the environment required for the full bloom of the

- developed aptitudes that characterize potential investigators in
.science. (Underlying this assumption is the_acceptance of still

another assumption: that to become an investigator in and a
contributor te science requires a c.ertam level of “singular
giftedness.”)

A broad approach to curriculum dxsquahﬁes the conception
of a curriculum as equxvalent to the course of study: Thus, a
course in physics per sé is not the curriculum in physics. The
curriculum consists of all the activities in which teachers and
students (and, where possible, the commuhity) take part in
fulfillment of "their purpose. Thus, a science club, individual
investigation in a univ
recognized authority/a lecture by a visiting scientist, and a
science fair (if it is ddne well) are all part of the curriculum.

. The more nearly the pattern of the school encourages and

rewards individual responsibility for personal behavior and

stimulates development of independent study, the greater will

be the opportunity for the formation of developed aptitudes of

the potential investigator. The pattern of the school is charac-

teristic” of the tone of the school. As the result of ae
long-sustain® investigation, the following have been noted as

being gcncrally characteristic of a desirable school pattern:

a. At least one teacher m the department was a seholar in the field; he
maintamned ccholarship through advanced university courses, or .work
toward a degree, or Tesearch, or serious reading. He alsy had the energy
“and the desire to work with individual students.

b, The guidance program tended to give emphasis to individual interviews
and, where possible, 1o indiwvidual te$ting (after group tests have been
given). Also, it was generally true that the home-room and svience
teachers would function as counsellors as well, in the speaific arca of
the collgse of studies.

¢. Therp” was clear emphasis on intellectual attainment ay the pnme
objective of the school, scholarship did not take <econd place to sports.

“But physical fitness was held as one of the prime goals for all.

d. The curriculum was up to date; cxperimenmmn with the *“newer”
curriculums was going an in at least one “experimental™ clags.

. In the laboratory the leaning was toward individual rather. than 5mup
work. Demonstrations by the teacher did not roli students of the right
to discovery, g

. 1

hospital under supervision of a

[ 4
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f. There was an emphasiy/on problem-solving in addition to the traditional
problem-doing. (Opefationally: Problem:sofying implies that the solu-
! tion to the problem is deferred over a relafively long perind; 1t may not
be in a readily availabl® reference, or it may not yet be published.
Problem-solving implies originaliyg”. 1n problem-doing, the solution 15 to
be experienced within a rcasmg)lc. predicted period, say within o
laboratory period or-perhaps dusing the period assigned to homework.)
g. The teaching pattern, the curriculum, the kinds of nstructional
materials all tended to stress conceptual schemes and: concepts rather
than memorization and recallron-demand. Books were chosenfor thenr
tendency to ofganize content around major concepts. The texts that
organized their wnlcnl around an anthology of longs were not in
favor.

h. The administration was sympathetic to science and to mndwidual
* investigation; funds and space were made available without sacryfice of
» other parts of the program. At the sume tume, the admimistrators and
supervisors tended not to be laissez-farre in their attitudes towards the
seience pmgmm. thcy showed active tnterest and took an active part in

-planning.? : .
These assumptions lmply another assumption: the greatest pos.m-
ple amount of freedom is permxtted students, consistent with the
ideas of competence and comparison, with health in mind and body,
and with insight into the skills of interdependence and independence.

[y

2paul 1°. Brandwein and Others, Tceaching High School Biology A Guide to Working
with Potential Biologists. Biological Sciences Currtculum Study BulleunNo, 2. Washington,
D.C.. American Institute of Biologica) Sciences, 1962, p. 47, llcpnnlcd by pcrmmmnan the

publisher, Lo
. , "
ERIC
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Chapter 2
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The Glfted in J unlor
dnd Senior ngh School

The gifted child i is a-questing ch11d He is the 1d10 ;
the scientist of the future who travels his own road fro orgagxsm to °
person and becomes at last.an ongmator, ! contribUtar, and an”
- innovator, because he “inust. At ages nine to ten,q,teachers eed not
judge who is who is not gifted. By the junior- and seni -hlgh-'
» . school years, thd contributors (the singularly gifted) who will add
knowledge wﬂl generally have identified themselves A

“«, .

‘ ;"’ L Characfenstlcs of the Gifted

. In junior and senior hlgh school, the children who were identified
as gifted.in the elementary school years might be said to be more
quiet, more reflective, and more inward looking as compared with )
the notm .They are also characterized by questing, which is

. dlscontent with explanations of the way the world of objects and
events works, and by a disposition to commitment.?

Below is a list of, traits.characteristic of children gifted in science
“in elementary school. Fhese traits are also characteristic of gifted
children in high school. While no one child possesses all these traits,
the possession of several thay indicate a potential in science. This is
particularly true if their possession correlates with better—than-
average number skills and with high phys1010g1c vigor. e

% A Checklist fon; Identifying Glfted Children in Science .- "
oo Interest in science during the pre- -school years.
Curiosity as to what makes things work.
Ability to understand abstract ideas at an early age o
Strong imagination in things scientific. LI
Alove ofcollecting, &
"‘Abundance of drive—willingness to work on a science prolect for long periods
of time in the face of difftcult obstacles.
Better-thap- -average ability in reading’

- Better-than-average ability in mathﬁmatxcs
Unusual ablht);}f&&hze ideas about science.

b .
, ‘High intelligenc of 120 or more.
Tendency to thihk quantitatively—to use numbers to help express ldeas

3Anne Roe, The Makmg of a Scxentixt New York: Podd, Mead and Co., 1953 pp‘“
237 8.
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thlmgness to master the names of scientific objects
Willingness to pass up sports and other games in fayor of scientific pursuits.

Tendency to relate sto;res about scrence mcludmg the writing of $crence <

fiction. - ,

Creativity in sciepce projects, -mcludrng wntmg AP

Evident discontent with reasons whrch other children readily accept for
things scientific.

Unwillingness to/ ccept explanatrons about things scientific without proof

Exceptional memory for details.

Willingness to spend long periods of time working alone

Ability to generalize from seemingly unrelated details.

Ability to perceive relationship among ‘the various elements in a situation®

As the gif ild approaches the junror-hrgh-school years, the
_tendency to be open to experience is characteristic of the singularly.-
grfted In the }ugh-school years, the tendency to be open to

—we.x)penence remains particylarly characteristic of the singularly gifted.

In’ studies of high-school students, it has been found that gifted
students have a wide variety of interests, an- enormously varied
repertoire of tools and act1v1t1es, a tendency to-embraee a vanety of
hobbies, and, “above all, an ability to maintain an‘interest in science
(as shown by hobbies, reading, and projects) over.the elementary and

: jumor-hrgh-school years, Other boys and glrls show interest, in-

_ gifted in science per se :
interest in science and their

science, but this is an interest coming out of the pressure of a culture
that is sclence oriented; these .are passmg mterests thdt are not

. sustained.’.

In thé junior- and semor-hrgh-school years, three of the 1dent1fym
characteristics of the gifted in science are the folowing:

T Sustained interest in ﬁme%ce as shown by hobbies and contmued
‘work »
2. Response to invitation to join a scrence club that meets after
* . schoaql
3. A choice of three or more projects from a list of twenty

Identification of the Gifted

What seems clear is that in the primary years, 1dent1ficatron of the
d their selection is a function of their -
ntmued activity over a span of years in -

. P 4
4J Stanf'ey Marshall, “Science in the {lementary School,” in Curriculum Planning for
the Gifted, Edited by LoursA Fliegler. Enlewood Cliffs, N.J,: Prentice-Hall, Inc,, 1961, p.
137%-Reprinted by permission’of the publisher.

sl’aul F. Brandwein, “The Selection and Training of Future Scientists,” The Scientific
Monthly, LXIV (March, 1947), 247-52. See also Paul F. Brandwein, The Gifted Student as
Future Scientist: The High School Student and His Commirmenr to Science. New York:
Harcourt Brace Jovanovrch Inc,, 1955, pp. 54-8.
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the. area. One may easrly defer final identification of th¢ glfted to
5 laterf years (certainly ‘to grades five and six, if .not to the
*  junior-high-school ye ), if only because the children do remain in -©
- school.-The emphasis in the primary and middle years is.not so much -

then on their selectioh as on the|mode and manner: of instruction’
that enable sczence-pm(re hildren Yo sustain their ere and interest.

Ine describing children i the primary (grades ong through three)
and middle years (grad f ur through srx), the term “science prone”
should be. used rather “gifted in science.” For the gifted in
science are identified no mamly by high IQ (whether 130 or higher),
but by their remarkable’ achievement; that is, by deeds, not by .

o promise. In fdct, achievement (usually, but not always, coupled wrth

high IQ) presages promise. In the elementary school, the concern,

. then, is with the curriculum, methods, and“materials (in short, the
school environment) \thft sustain the science prene.

4

By the junior-high-school #ears, and with greater sureness by the
- junior year of high school, the record of|achievement (in fhe '
* *»  cumulative record) will begin to show whether the child 1s tendm%
. towards conventional or singular giftedness. In the j Jumor- -schoo
years, the child is beginning to probe into career choice. This
becomes a particularly keen search in the high-school years. The
teacher, who is the key figure in fostering giftedness, begins to take
on increading significance. It also seems to be observable that
children with smgular giftedness profit from teachers who prize
singular giftedness; i.e., teachers who are not uncomfortable in the
. face of idiosyncratic behavror
* While the term “conventional giftedness” designates that syn-s -
drome of activity that is characterized by high IQ (130 or so), it also
indicates that the child depends highl{® on the teacher’s constant
advice and approval. The tendency of the child is not to take risks.
- RBrojects are ‘done (with a conclusion vouchsafed) rather than
A experiments (in which there is risk). In conventional giftedness, the .
«child courts success. It is perhaps possible for the teacher to develop .
suchj a child’s ego strength sufficiently (as shown in independent
* activity that courts risk) so that the child begins to lean tQwards
activities that characterize singular giftedness. ,
The child who is singularly gifted usually has high IQ (130 or
more) but may not reach that level. However, he or she may be
. highly innovative and creative and undertake work that is truly
experimental in nature. Children who are smgularly gifted often take
- - the innovative “leap in the dark.” They are the ones pf the bold .,
2_-77314 i e i

e \ | R

Influe? of the Z’eacher




“. s 5.Fatheror mother surrogate
Ne——— . .
“. \Y‘ arcella R. Bonsall, “Gurrent School Programs for Developing Creativity,” in
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hypothesis. Nevertheless, they are well put together intellectually,

i physically, and emotionally. Furthermore, they are beginning to give

-some clues about their idiosyncratic life-style.

With these and other guides, which come out of personal.

"gbservation of the gifted, the teacher can plan more xffectwely the’

" kind of program suggested for the intermediate years—a program
based on progressively A personal and independent work In"the
intermediate years (grades four through six), the teacher in such a
program takes on more and more the behavior and attitude of a
guide, rather than guardian of the archives. The teacher orchestrates
what is called a Learning Activity Package. .

In this environment, the teacher is the key, for the teaching
environment is crucial to the display of the traits of the gifted.
Without an environment that sustains the singularly glfted the child
may become that pitiful terror of the school known as a problem.

Some of the more frequently noted attitudes and traits of teachers.

who aid rather than hinder creativity include the following:

1. Realize skills, information, . an@ rich experiences are the texture—the
“mulch,” the “stuff”«from which creativity develops.

2. Provide a focus agrthe se;?rch for answers and do not expect “right answers.’

* In other words, the process of search is valued, welcomed, and rewarded.

3. Help children dare to be themselves through providing a classroom
‘atmosphere free from premature external evaluation of the creator..

\4. Are willing to keep “hands off” and are willing not to judge and not to
always teach with a large T.

5. Are themselves interested in continuing to develop their own creative

. potentials.® .

In a study of the chdracteristics of 82 teacl'lers who had.inspired
boys and girls td commit themselves to a (¢areer in science, it was
found that more tha 90 percent of the teachers had these

characteristics: ' : 8

. Cobmpetence in the field of sclence (more than 90 percent had a
master’s degree in science, in addition to requrred work in

education) = .
2. Had published at least one paper in sc1ence or.4n education
3. ngh physiologic vigor N

4. Decisive in manner (firm but not coercive or authontanan)

v

an"nx the Gifted: A Book of Readings. Edited by Joseph L. French. New York: Holt,
Rlneh\and Winston, Inc., 1964, p. 451.

Tpauly. Brandwein, The Gifted Student as Future Scientist: The High School Student and
His Commi (Qsdencc.‘Ncw York: Harcourt Brace Jovanovich, Inc.,; 1955, pp. 65-8.
. ’ “
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Similar cliaracteristics have been noted of science teachers at the
college level.8 Of course, subject-matter competence is a sine’ qua
non at .college, but not all teachers, not even the majority of
teachers, with subject-matter competence are found among the key
figures who can work with and stimulate the gifted to devote

* themselves to a career in science. ‘\

Investigations of the career commitments of the gifted in science

oclearly indicate that a key figute,was significant in their choice of a

s career in science. The prime period of influence of this key figure has

been found to occur in the early years of the gifted child, in the
junior- and senior-high-school years, mainly in the former.’

Of course, the experienced observer will note that the preceding is
really a description of the characteristics of the good teacher of
science. But the term “teacher” describes quite a different person
from the term “instructor.” An instructor is ag large as his subject,
and this perhaps is honor enough. But a tedcher is not only
competent in his subject but is larger than life, His students see him

- as model and goal. The teacher knows the meanings’ of both
comyetence and compassion. The teacher not only stimulates his
studeg to go far and deep into the subject, but to go as far as they
can in self-fulfillment.'? .

B

A
>~ s "
Conventional Versus Singular Giftedness

At one time, the National Mangower Council could maintain that
half of the persons with an Army General Classification Test (AGCT)
score of 120 or higher do not enter college and that only about
one-third with scores 120 or above graduate from college. Further, .
the Council has declared that, “An AGCT score-of 120 is certainly -
high enough to justify using it as a minimunr for-estimating the
number of individuals capable of college work.”'! In other words,

* half the number of gifted students enrolled in high school were not
.. sufficiently convinced that they should nurture their gifts. A report

BRobertH. Knapp and Hubert B, Goodrich, Origins of American Scientists: A Study
« Made Under thé Dircction of a Committee of the Faculty of Wesleyan University. Chicago:
University of Chicago Press, 1952, pp. 266-7. .

9Stcphcn S. Visher, “Starred Scientists: A Study of Their Ages,” American Sclentist,
XXXV (October, 1947), 543, See also Paul ¥, Brandwein, The Gifted Student as Future
* Scientist: The High School Student and His Commitment to Science. New York: Harcourt
. Brace Jovanovich, Inc., 1955, pp. 634.

K—\'opnul I, Brandwein, Substance, Structur@land Style in the Teaching of Science
(Revised edition). New York: Harcourt‘gr wmnovick, Ing., 1968, pp. 2897 :

“Nati(_)nnl.Mnnpowcr Council, A Policy for Scientific and Professional Manpower: A
. «-Statement by the Council with FFacts and Issues Prepared by the Research Staff, New York:
¥ Columbia University Press, 1953, pp. 78-86. .
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_of thy’ Commission an Human Resources and Advanced. Training
agrées essentially. with this.!'? But thes; studies were in the early
ﬁt/tles and the situation has changed. There are now programs that
attract students with high ability, bu perhaps it is still possible to
postulate that these programs are de/}:.loped for the conventxonally
gifted and not the singularly gifted.

~ The essential differences betwecyf the two types of glftedness may
be compared as follows:

/ N 1.The LOnVentlonally glfteﬂ have high - IQs (over 130) and

, ' conform in gereral behdvior “as expected.” These children

;’ prefer guidance; they wint to please the ‘teacher and generally
achieve the ‘‘high expottancies™ of the teacher.

2. The singularly gif’ Vareone of the following types:

a. High 1Q; conforfiing in keneral behavior but creative. These
children are wi -bt.hav d but also do remarkably inventive
things.

b. Modest 1Q; confi mung :md creative as in (a)-but with IQs

- from 1050 115.

. ¢ High IQ; nonconfornting ai aw creative.

“

d. Modest IQ; nonconforming ind creative.

Children of groups (¢) and (d) of the singularly, gifted are
sometimes béhavxor problems (mostly\because of excessive energies
and strong innoyative tendencies). They cannot ‘sit and listen” but
excel in m(hvndu\ily contrived, innovative work requiring penods of
high concentratio 'I‘hey do “original” things.

Observations of science education, (and other dreas) throughout
the country‘indicate the following: SR

1. Programs for the gifted are presently contrived z{md organiZed
for the groups that are, conventionally gifted. )

2, In areas other than science (art, music, athletics, and creative
writing), programs have been contrived for the singularly gifted.
These areas lend themselves to w_}l innovation, but so does
science.

3. Where programs for the singularly gifted have been devisyy,

"

AT studehts do create; that is, they do innovate,'invent, and carry

+ out true experimental work, true inquiry. (Inquiry as the tefn
is normally used is not “true inquiry,” since the results are
known and normally obtained within a predicted period.
Inquiry as it is generally carried out in our schools is related to
problem doing rather than problem solving.)

1205001 Wolfle, America’s Resources of Specialized Talent. A Current Appraisal and®—
Look Ahead, New York: Harper and Row, Publisherd, 1954, pp. 269- 7l
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idiosyncratic mode. This, in essence, means to stimulate inflependent
study. For the curriculum for the gifted in science, a 12-year
program is proposed that increases independent study and that offers

One major objective of education of the gifted is to Eneet their

+-instructed learning in interdependent study. The curriculum is

devised for all students; the program offers a constructive study of
the legacy of science (ordinarily thought of as courses in science
with a system of class attendance, formal lectures, discussion, an&
formal laboratory work). The independent study refers to the™
experimental work, true mquliy as well as to carrymg out those
studies into the legacy of scn.nce independently; that is, without
attending formal work. ,,
: Lecture in the Gifted Gﬁrncul}lm 7
Investigations throughout the country - hav led to some 1mportant
revelations about science instruction. It has‘been found that although
teachers using the courses. developed by the various federally funded
committees (BSCS, CHEMS, PSSC, ESCP, and so on)13 emphasize
use of the ‘‘inquiry-process appx‘oach in their science tedching,
roughly 80 percent of the teachers in grades nine, ten, eleven, and
twelve lecture 80 percent of the time. Physics and chemistry teachers
lecture approximately 80 to 90 percent of class time: Furthefrmore,
the laboratories are organized in such a manner that stpdents
“develop” the correct answers within the stipulated time spanlof the

. period. Rarely do students perform a single expenment a year, in the

true sense of the term experiment. o ~
This is not to say that administrators, supervisors, and teachers are

honorable in their basic, fundamental, and overarching desires to
de lop a strategy in which th§ methods of intelligence (inquiry
prodesses) are used in instructiof. Even casual observation would
show that it is tactically impossible to teach five classes a day,
individualize instruction, and thus plan for the varieties of
approaches and eqmpmcnt characteristic of true experintental
inquiry, within the. purview of the present facilities and course
structures. In fact, it. can be hypothesized that given the present
faciities .and present schoel requirements, the investigational
approach will not flourish. (Hence are suggested Learning Activity
Packages and research approaches [see € hapter 4]).

It is estimably clear that gifted students can read and read very
well. Therefore, there is little need to lecture on material already in

131he committees mentioned are Biological Sciences Cugriculum” Stud)} (BSCS);
Chemistry Education Materials Study (CHEMS); Physical Sciences Study Committee
(PSSC); and [arth Science Curricutum Projeet (ESCP).
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- life-styles as follows:

" are beginning to give cluesf'to their lifesstyles. Individualistic

lifestyles begin to show themselves earlier than the ideological

/
/

-

14 /
books. ‘de lecture is most useful when it brings syntheses of data, or.
data only, otherwise unavailable to the students. In effect, a program
for the" gifted in the senior high school should place the student in
the position of securing his potential as an independent scholar, this
of course being done with the fullest cognizance of his maturational
level. The emphasis then is on activity of the student in relation to
his gifts, opportunities, and life-style. N
There are several kinds of life-styles that can be observed amongst
gifted students and that can be related to the kinds of independent
study the gifted prefer. Eli Ginzberg and John L. Herma designate

s

1. Individualistic™ or autonomous life-style. The -attitudes and
behavior towards work of those with an individualisti¢ life-style
are characterized by an emphatic desire to design their own
activities and to be as free as possible from the pressure or .
interference of others. More than anything else, they want to

_work without directional dictation. e N5 S

27 Leadership or authoritative life-style. The attitudes and
behavior towards work of those with a leadership life-style are
characterized by a sgrong drive to/direct and guide the work of,

““others. They are not mainly concérned with securing-autonomy
for themselves but rather with seduring positions of leadership.

3. Social or group-oriented life-style, The attitudes and behavior
towards work of persons with a social life-style stand in contrast
to those of the individualistic or leadership types. The social or
group-oriented type feels good in his membership in a group, is
a good member of the “team,” and is concerned neither with
optimizing his freedom of choice nor with dominating others
and aggrandizing his own power. His basic orientation is to gain,
hold, and increase acceptance by other members of his work
group. ‘ .

4. Ideological or idealistic life-style. The attitudes and behavior
towards work of those with an ideological lifestyle are
characterized by dedication to a system of ideals, such as social,
religious, - political, or .scholarly. The ideological type is
concerned with relationship within ,the group, but mainly

*.""because he shares the cause for which he is working.*

-Children in junior high school (twelve through fifteen years of age)

a

(autonomous), leadel’?ship (authoritative), and social (group-oriented)

Mg (anb‘crg and John L. Herma, Talent and Performance, Ne)v York: Columbia
University Press, 1964, pp. 113-22, .

- paY)
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_V (idealistic). The singularly gifted tend to be more autonomous and

idealistic than others. The social and leadership types tend to seek
the approval of the teacher and the group more than do the
autonomous and idealistic types. -

+

These different lifestyles manifest themselves in students’ .

preferences for research work. Thus, the autonomous type prefers a
problem “on his own”; he is a loner. The social type many times
prefers to work in group researcly; he likes to be part of a team. The
ideologic type tends to want ‘his work to be useful.

These obsetvations of life-styles are tentative’ and must be..- - -
considereq as clues only. But, if nothing elsg, the terw;zf‘u in

describing the early gttitudes and behaviors of gifted children for
pu,rﬁo;,eg gf gaillince. They are not meant to be used as labels, for
labels are often libels. . _

It should be’kept in mind that the field of work with the gifted is
only at the very beginning of acquisition of hard data. Life-style
dédignations therefore serve merely as one type of* clue for
identifying and working with'the gifted.
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Chapter 3\ : {

g "' .

Curricular Strate'gie} . . ,

# If the basic thesis is accepted that the -gifted in science in high
school are to’be encouraged in as much independent study as they
‘can take, then a gifted program assumes different form and different
. dimension than that normally found in most of our schools. Under
; this thesis, the gifted student is to be encouraged to fulfill his
| giftedness. This does not-mean that he is to be cast adrift into pure
inquiry, for the life of the scientist is not independent. A scientist is
/ interdependent; he “stands on the shoulders of others.” So does the -
gifted student. . v =
;- A gifted child does not live alone. He is part of Lis culture, afid he
needs an “intellectual umbilical cord” to the community of scholars.
He finds this umbilical cord in the curriculum. The curriculum not
only gives him the apprentice learnings that furnish the feedback his
mental activities require, but also the feedforward his special gifts,
his ingenuity, require.
Furthermore, in a completely gbjective survey of the nature of the
* scientist’s inquiry processes (methods of intelligence) and the fiature
of scientific contribution, the techniques of interdependence are
highly significant. For example, a scientist’s report always credits
those whose work preceded his, even in the most tentative of ways:
A scientist does not rush to the laboratory to begin work; he
probably first goes to the library to find clues to his hypotheses,
theorjes, or designs. He reads and analyzes the work of others (his
predecessors and peers) as much as he engages in experimental work.
A scientist .is interdependent with his past and present, and so is a
child, gifted or not, and so is a teacher. A.scientist does‘not start
. with a problem; he starts with his knowns. -

- Types of Curricula for the Gifted

The suggested curricula for the gifted have at least three
parameters, which are the following:

1.The gifted student shall have access to all information, course-
work, and the like that will ensure him of opportunities for
- further study (presumably in college). . ot

ERIC . 17 e
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2. The gifted student shall have opportunity and a¢cess to such
types of independent study as will avail him of the work
assumed in (1) above -and- that will morebver, give him,
instruction in the arts of investigation (in true inquiry and
research). ’ | ;

* 3. Within his junior and senior years, the gifted student shall have
opportutiity to do at least two investigations of a truly original
nature. That is, he shall have experience in research and in true -
problem solving. Through a demonstration of true problem-
solving ability, he will demonstrate his. talent or high-level

--ability or developed aptitude in science.

There/are three types of ‘organization of high-schoo! curriculum
that have’ been observéd that permit the above opportunities. They
are described in the first three following models. An additional
model, Model 1V, is presented as a suggested program for optimal

»development of gifted students.

Model I, The Traditional Curriculum ‘ 7
The simplest oriertation towards meeting the needs of the gifted
in science in a majority of schools seems to come out of the "
pregently most-common high-school curriculum (Table 1). In each of
the courses in Table 1, the most able students are given opportunity
to do project work. This project work often leads to involvement in a
science fair or in the Westinghouse Science Talent Search. In many
instances, the gifted are the best students in the school (as
determined by high 1Q, reading score, mathcore. and achjevement), =
| Table 1
i " Ordinary High-School Science,Curriculullr;
| Grade ] Course , )
| 9 General science of earth science or / ,
| physical science or biological scienge
‘t 10 Usually biology _ - /
; 11 Usually chemistry ~ ‘ «
12 Usually physics /

Frequently, the gifted are permitted to take “honor courses,”
which often are the courses developed by the federally sponsored /

) sy /
LS . ?/Q:‘ / ‘ - .

7
/
;
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committees (e.g.; PSSC, CHEMS, BSCS, and ESCP).! $ Thus, for the -
talented or gifted studengs’ (usually the convemtjonally gifted), the
: course in biclogy is oxye of the BSCS aourses, usually the blue
- .version;'® the chemistry course is usually the CHEMS-course;' 7 and
the physics course is P$SC physics.!* Working on a project, then, is,,

the significant differe7 e in the treatment of the gifted in. this type

+ . of school.

Model II. The Special S¢hool (or Special Honor School Within a School)

In the special schgol, students with high-level ability (ability to
pass a special entrange examination and high IQ, reading score, and
mathematics score) ‘are offered a rich science curriculum that uses
the BSCS, CHEMS, and PSSC programs. In addition, the students are
offered opportunities to do science projects of a complex sort. The
other coursework (language arts, social studies, mathematics, music,
and art) within the school or within the special honor school are also
all honors courses.. : Yo
Model 11, The Tracking Program |

A school with tracking miodifies its program by offering several
curricular paths instead of JFZM one. The tracks are specially designed
for different groups (Figure 2). Students who do research (track Din
Figure 2) have a sponsor who is a teacher in the school, but their

- special research problems are determined by consultation with a
university scientist, who acts as their consultant. The students in
research are required to maintain an average in all areas (whether
they are in the normal B track or the mathematically oriented C
track) of 85 percent. Those in research are not required to attend the
-coursework, but they are required to take the examinations.

157he committees mentioned are Physical Sciences Sn}dv Committee (PSSC); Chemistry
Education Materials Study (CHEMS); Blological Sciences”Curricalum Study (BSCS); and
Earth Science Curriculum Project (ESCP). B CET :

N x,

163508 courses were first developed in 1960 and have sincs.been revised scveral times.
For a first high-school biology course, texts were prepared with three differentericntations,
The blue version (Biological Science: Molecules to Man [ Third edition] . Boston: Houghton
Mifflin. Co., 1973) was prepared by biologists with major Interests in biochemistry and
physiology. The yellow verzion (Biological Science: An Inquiry into Life {Sccond edition].
New York: Harcourt Brace Jovanovich, Inc., 1963) was prepased by biologists with major
interests in development and genetics. The green version (High &chool Biology: BSCS Green
Version. Chicago: Rand-McNally and Co., 1963) was prepareyd by biologists with major
interests in ecology and cvolution. A text for an advanced, seednd bioldgy coprsc has also
been prepared (Biological Sctence: Interaction of I:xperiments a\d ldcas [Second edition].
Englewood Cliffs, N.J.: Prentice-Hall, Inc., 1971). . 1

”Chemlsrry.' An Experimental Sciehce. Edited by George C. Pimentel, éan Francisco: .
W.H. Freeman and Co., 1963,  © *~ 4

.18 Ui Hager-Schaiin and Others, PSSC Physics (Thisd cdition). Boston: D.C. Heath Co.,
1971- . '\A‘

v

fa
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- Seaior High School ,
[ Track A Track B | ‘ . Track C Track D |
\ For nonmathemati- | “Normal*’ apprbach For mathematically | Research for stidents
| cally oriented | for majority of stu. | oriented students oriented in mathe. .
nts dents (passing mark | and for students in- | matics and’science ne
N [ in slgebra axpoy(‘:nd) terested in science “ ]
- = t
. thqicaT Ph su:sr [ 10lugy .
. science  ,  Cher istgy . Chémistry
Biol r{ ' Bi(imqy Ph/sim
‘Junior High School :
Careful observation of students in a program
*\ . rich in science that offers project, laboratory,
[ field, and individual experiences
A ;
| Fig. 2. Diagram of curricular tn.cking
Model IV, Learning Activity Package Program . ;
The model that portends to provide maximum development of the
gifted is based on both Learning Activity Packages and tracking: A
synthesis of Model III ‘and LAPs, such a program is suggested for the

development of the aptitudes of the gifted in science. -

’L,SK‘Z‘ ﬂ/,/
;

Conceptual Basis for the Curriculum ~

z@”‘Whatever the model, the necessary ingredient of all the programs is
the opportunity’ to undertake coursework based on a conceptual
rather than a topical orientation and, at the same tiie, to undertake
development in the arts of investigation (inquiry). These arts of
investigation include all varieties of investigations, including “trie
experiment.” In other words, the skills of interdepéndence are to

+ feed the skills of independence. o
. Science i3 experience in search of meaniné {Albert Einstein’s
definition).!? And a cusriculum is an orchestratipn of meanings and
. the nonrandom experience, the instructed learnings, that seeks out
the meanings. Yet, a gifted child scintillates, probes, and scans; he
. often is given over to swéet, wild, nonregulated thought we call
imagination or fantasy~A program for the gifted offers experience’in
, search of meanin d, at the same time, gives rich opportunity for
i the individual idiosyncratic probe, for the unexpected, for the flash
of insight, for the insightful “leap in the dark.” _ .

,'gAlbcrt Eanstein, “Considerations Concerning the Fundaments.of Theoretical Physics,” o
Address piven before the Eighth American Scientific Congress, Washington, D.C,, May 185,
1940. For' a copy of the address, see Albert Einstein, “The Fundaments of Theoretical
Physics,"” in Jdcas and Opinions, New York: Crown Publishers, Inc., 1954, p, 323.*
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¥ Gcience, as Percy Bridgman maintained, means “doing Qne’s

" variety, diversity, and’ the idiosyiicratic mode? What science’

LRIS b

damnedest with one’s mind, no holds barred.””?? It is precisely this
“no holds barred” activity that is especially characteristic of the
gifted, The junior-high-school child who is singularly gifted in science
can, for example, understand calculus, and he can do original work.

What kind of curricular framework gives solace to all children so
that they communicate witi common bond and yet gives scope to

curriculum is a -continuum that makes room for a variety of
excellences and also is a home for the idiosyncratic mode that
permits a free thrust into the unknown? The answer appears to be a
curriculum based on conceptual themes. Such a curriculum reduces
random experience and also permits random probes. At the same
fime that it reduces random experience, it enriches the scope of the
gifted child; even as it teaches the -skills of interdependence, it
enhances the skills of independence. It gives the gifted child access to
the legacy of science so he can build on it and contribute to it.

There is at least soge agreement on the basic conceptual themes,
although there is diversity in their statement. The agreement is inher-
ent in the conceptuﬁlly based statements developed in newer curricula,
whether sponsored by the federal government or private institutions.

The California State Adyisory Committee on Science Educatjon
has stated the following concerning curriculum:

The curnculum in scicnce Bt all levels can be ogganiced around
representative conceptual systems, their mayor supporting coneepts, and the
processes of science, since concepts aid mquiry processes are econonueal and
tughly transferable forms of learning,

The sequence of instructional materals from kidergarten through high
school can be efficiently ‘vrgamzed around (a) the prevesses of science with
continuitg growth in meaming and use at suceessive levels, and (b) the major
conceptual systems of science to provide vertical eolicrence [itaties added] to
the curnculum. Supporting concepts should be introduced at several levels to
increase the comprehensiveness and the interpretive puwer of cach mucepl?‘

BSCS, CHEMS, CBA, PSSC, and ESCP courses are based generally
on a conceptual orientation, not a topical one.?? The California

2Ol’cuy W, Bridgman. Reflectiny of a Fivstast, New York Phtlosnpheeal 1ibrary, Ine,

1955, p. §138.

2 gcrence Framowork for Caltfornia Publie Schouls Kdergarten tsrades One Through
Twelve, Prepated by the Californn State Advizory Commitice on Sieme Lducation,
Sactamento  Caltoran State Department of 1 ducatiog, 1979, p. 16,

‘ i

. ~ ) “
A2ppefull names of the ¢ourses are os follsws  Biolugial Suenies Curricalum Study -~

(BSC'S); Chemistry Fducation Materials Study (CHI MS), Chenneal Bond Approach (CBA);
Physical Sciences Study Committee (PSSC); and Fasth Suence Curstzulum Progoct (ESCPY,

h
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‘  parti ight afe m/:onstant r/n/ation. /
fstyin a vériety of converfible forms. - ’ /‘f

energy are mamfes_ tions ?f a smgle entlty, th?/ sum in'a

/. stem is const?t K
gh classificatio: systgms, e/ntlsts brifig ‘order//and - unity tg y
appfrently dlssmulaf and diyerse nat ral phenomena, o«

/Matter is ofganized/ into gmts whlch/ can He classlﬁed /nto
organizational levels.

2." Living things are highly organ)Zed syste Tfof atter and energy.

nd fupétion are often iriterdépendety
G. Umts ofma er intéract. /

1. The b f all interac ons are elecfro etic, grawtatlonal and ‘

»  nucle f tes whose fie gextend ey ang /the vicinity of their erigins#

2. Interdepéndence and n/iteractlon ith {the en 'royment are univ sal
rejationships.
3. Intéraction and regrgafnzétlon of un% of matter are always S oc1ated

ith changes in energy. y »

/4he Committee recognizes ‘that ther¢ are other ways of describing these ™
/" conceptual systems. In this coptext coficeptual systems 1(1;}1 ify the content
“ of the curriculum; they are learnabjé But riot'teachable, Selected concepts,
principles, and processes of inquiry’ provide the subject matter in areas of
- study. Conce tual systems represent the long-range goals of instruction; it is
3 * thes¢g that” an individual should appreciate at increasing levels of
] © - und rstandmg throughout his lifetime. Specific concepts and inquiry skills
serve as the more immediate objectives i areas of study or courses. Through

an /undexstandmg of contributing concepts /and relevant processes a
conceptual system acquires meanmg fora stud/ent B -

I v

|

~ N

~

The Courses of the curricula suggested in this publication are f
- exphcatlons of these conceptual themes in the1r special order. While
the order of the conceptual themes is not of special significance, the
conceptual themes’ themselves are eslgmﬁcant for they are “guys to
the curricular tent,” The concepts are in effect surimaries of
work of smentls —the legacy of science. j .

\
Scfence Fram work for Cahforma Public Schools: Kmdergarten GradesO e Throug&
Twere Prepared by the California State Advisory Committee on Scierice Education, '
Sacramento -Califgrnia State Depart{nent)of Education, 1970, pp. 34 and 91-108, \ \

\)‘( - . '("‘,7 - . )
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Percy Bridgman, referring to coficepts as basic to t
understanding, -has said, “In general,” we mean “by a
nothing more than a set of operations; the concept is synel
with the corresponding set af operations.”** For exa ’
meterstick measures length, not intelligence. The concept of len

-synonymous with the experience of using the meterstick. If one uses
eterstick f® measure ,,intelligencd:e, one comes out with a useless
cept. . , ) . ,

. fonceptu’al thinking {concept seeking.thrpugh reformulation of
" \gtderly. explanation) is not easy to come by. Children whose
_ concept-seeking experiences are continuous in a curriculum have the
wopporttmity to dévelop the habitual tracks of association that are h/?)
~ -products of concept seeking. Therefore, the hypothesis is that in
N gnceptually developed curriculum, children ?{:rove their ability‘to

(A}

-

ink donceptually.

A ¢urriculum is not

redudes random experien

reduces random éxperience 3

coufse, is based on inquiry. 1

N ‘,/2 . L ) ) *

v / - s '-‘ . Y \ : . . - .
. /. Curfi e ent for Junior High School \ ¥
/ . -~ ¥ ' -

,./; When the/ teaching of c-'ldren based on concepts tl%l; are

sed on random experience; a curriculum
A conceptuaﬂy organized curriculum
d supports concept -seeking, which, of * ]

N [

/

ulum D

' /synonymous with their corr sgondi’hg operations, children can and

do come to fairly accurate conceptualizations or preconcepts. But it
is the manner of teaching that ocm‘nestrate concept and operation.?® ’
Tgachers who recognize the di tinction between cgnventional and /
ingular piftedness will come tp know that he singularly gifted in -

science show their 'gifédness/not only in a \arief! of intellectual .
behaviors but charactéristically in the invention /operations. In the -

// junior high school, the gifted child often invents fiis own oper: ions,

/ and \this is most true of the ingularly gifted. following is an
 example.of an inventive pupil. [+ :

/ . 1.L., thirteen years old, in mi roscoi)e work in dlass, noted\that Daphnia (a
- tiny crustacean) have food tubes that are transparent. He wentfo his teacher
with an ?(perimental design that would enabie him to -study the food

5

. preferences of Daphnia. In essence, he wanted to stain with a haymless dye
the various\organisms Daphnia feed upon and then observe food p\farence.

o W\
‘\rhe Logic of Modern Physics. New York: Macmillan Co., 927,

- p.5. -\
25p,u1 FJ Brandweiti;\Teaching Gifted Children Science in Grades One Through S
_ Sacraménto: California Stale\Department of Education, 1973, pp. 8-10.
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He planned to dothis in ‘'work before schodl, during his frée period, after
school, and athofne, | ™« - ‘ '""

Considerations fundamental to the development of a conceptually
based curriculum in the junior high schoel include the following:

1. The. curriculum ‘should -be developed tq fit the stage_ of
development of the. knowledges, skills, and abilities (the
developed aptitudes) of the boys and girls coming to the juniors
high school. Particularly for California, where the penulation is
mobile, the school gifted population may be composed of
children with widely diverse backgrounds, some rich in science,
some very poor.

"Not  only must there be adequate information .on the.
chjldren’f'».d\eyﬁ?.lrc.)ped aptitudes (from standard tests), but clues
to their achieyement in science should also be obtained. It is for '

- this reason that it may be desirable for a faculty to determine
where the boys and \girls are along the lines of the concept
development in the cuﬁcdar grid in Figure 5 (page 36). \

p 4

. If nothing else, simple, conceptually oriented tests can be
develoggd to determine the relative positions of students along
the grid.. Or a period jof time, up to two months, at the

\beginning of level sev«i; iglit be spenf in discussion to

. determine t}iéxﬂclass' post '051 along the conceptual arrow (the

Adeveiopment lohgit_gdina y Yalong a ‘toncgptual theme). Once
his is done, the curricul mll for the particular group of gifted
under consideration ¢an be planned. But it will be recalled that .
t}}is curriculum is designed to evelop.a ase in interdependence. ‘

2. Once the character of:}:the group is detérnﬁned, the strlicture of
the curriculum can beé developed. It ¢an be devised -along a
longitudinal structure or in a horizontal structure. The horizon-
tal grid is oriented towards disciplines, but its internal structure
is still conceptual. The basis on which this is reasoned is a§ .
~ follows:

a. Since the boys any girls coming to the school may have had
either a conceptually organized curriculum or d sparse \
pr.ogram or a topical one, it is well to bring them together in
a program thai affords equal opportunity to'develop the

“ skills of interdependence. ’ . . :

b. Whatever their origins, children in the junicr Ligh schools are

" beginning to develop career choices. A view of the sciences as AN ,
disciplines (matter, ‘energy, lite, earth, and space) may assist N\
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m the career choice. Each horizontal development under the
discipline is conceptual. s :

3

~ c. Whether the design 1s vertical or horizontal, the tecﬂniques

d'procedures for grades one' through six still apply. These

cbnsist of developing either cuiricular modules of ajsequen-.

. "ti‘al ‘type or the curricular module known ds a earning
 Activity Package, depending on the desires of the faculty.2®
d. For the juniof-high-school years, whether a design, in non-
gtaded progression or enrichment is Jcsired, the {Learning
Activity Package is most desirable. For the junior-high-school
program must emphasize independent activity in learning.
The lecture is at best to be used only when it alone can fulfill

a function. « : : ‘ , .

e. If desired, one can organize a curricu(um based on process
themes, but observations of the work ‘of scientists indicate
that they begin their work with understandings or concepts,

/ not with processes. In practice, once a model based on
cognitive themes is ‘deyeloped and  the operations that

support the concepts are chosen, the processes fall gracefully .

into the plan.

Instruction in the Arts of Investigation

The teacher of science should create a new environment in the
classroom in which the student is encouragéd ty do the following:

e Explore the material universe. = n
® Seek-orderly explanations (conceptual orderings) of objects ‘nd N

. events. .
® Test the explanat[ons using the methods of iritelligence (inquiry
processes) of the scientist. S \

. To explore, to seek, to test, to be active in concept seeking, to be

4

écti{g in learning, to respond, and to inquire: this is what children do

as they work in science. “Sciencing” means all these things and more.’
It means to seek orderly explanations out of the chaos of data. It

means value seeking for the values of hones search, honest reporting,

and truth seeking. These are the values of the scientist and of science..

A theory of instruction that embraces qll children but that does
not deny the gifted might be stated as follows: in the classroom, the
teacher . originates - different environments toward which students

must respond, thereby gaining new abilities. For all children, this

- -

26p,u1 ¥, Brandwein, Teaching Glf}\rd Chlldrcn“Sclencc in Grades One Through Six.
Sacramento: California State Departmentiof Education, 1973, pp. 1319 and 51-57.
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theory emphasizes activity on the part of the teacher ds she develops. ~
an environment of ponrandom experience for the children. But,
nénrandom or not, the experiences are new and stimulate innovative-
ness. A curriculum consists of nonrandomized -experience, of
instructed learning. But within its framework, the random experience
coming out of thie nonregulated thought, or even fantasy, of the
gifted child does have central play. .

Thé emphasis on new environments (nevy experiences) is impor-
tant, for the gifted child is bored with-doing things he has already
done or 'known. Moreover, all children fhould not waste time with
things they have already done. To learm means to be faced with a
new environment, for to learn means prinarily to learn new things,
even though review has its place in fixing skills. .

The significant aspect of this theqry of instruction is its emphasis
on response of the learner. Lecture tells the child, but, at the same
time, there must be opportunity for the child to do telling based on
his activity, and his experience. In teaching, it is the teacher who
creates the' nonrandomized, new environment; it is the child who
responds by activity in learning. This learning includes all manner of
activity: invesﬁga;ion, discussion, demonstration, project, fiel
experience, the rare expériment, libiary research, and reporting. i

- If plain, ordinary, garden-variety information is needed, what the
child is to learn he can get by reading. The teacher should not under
ordinary circumstances “tell,” unless it is impossible for the child to
aquire the information by direct, individual work. Gifted children do \
read and read. well, and the text can safely be left to them if

y "opportunitiqs/are also given them to review their concept seeking and

3 concept forming and to seck advice in prosecuting their original

researth. © | | . .
When the lgcture is minimized (when it is reduced to less than 50

-percent of the class sohedulq), the gifted are given greater opportu-

nity to do imgvidual laboratory work+and original work in true

experimentation. At the ,same‘»timg, high standards of scholarship are
maintained. For students who are given. freedom to- carry on their
work do so with the understanding that they need fully to
é understand the fundamental legacy of science basic to their work.
The coursework of'the models, which is based on the conceptual
themes proposed by the California State Advisory Committee on °
Science Education ang similar themes, is such a legacy. - A
Essentially, a program for the gifted In science orchestrates the
skills. of interdependence with those of independence. In presénting
’ indivigual research work, the gifted student not orily undertakes to
come to terms with the labomt\ory hut with the ljbrary as well.
1 Q « .o . S
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/ The lesson of inquiry and the lessons taught the researcher
~ /indicate that an experienced inquirer starts with the known. The
lesson is that mental activity ‘basic to science is not generally directed

! by problems but by objects and events. If the object or event is not
/. recognized, a problem is not recognized. And if a concept is not
available, the problem cannot be clarified. A scientist and a child
bring their concepts with them. As did Newton, scientists “stand on

. the shoulders of others.” So does a child.

It is a truism that it would be foolish to disregard what is knawn,

-to discover it all anew. The scientist, in “standing on the shoulders of
yothers,” is interdependent with other scientists. He starts with the
accumulated store of discovery; his is the legacy of ll scientists. The
student also has this legacy, but he learns to investigate primarily by
investigating. A process of investigation, such as illustrated in Fi;\g::s/

3, should cmphasize the following:

2 1. Inquiry is a mix of human activity in search of meaning. Inquiry’
is not synonymous with laboratory work, not for the scientist™
nor in the science classroom. A scientist thinks; he consults his
resources (books, magazines, and so on); he confers with friends

«. “ and colleagues; and he attends meetings. The library is as impor-
tant as the laboratory, but the primary tool is his brain, with the
armchair often being a significant locus for scientific activity.

- 2. Almost always, problem solving and problem doing are based on
a body of knowledge. There is no need to have the student
rediscover the unknown; this is inefficient even to teach him the
arts of investigation. As Robert Gagné has put it, “To be an
effective problem solver, the individual must s mehow have
acquired masses of structurally organized- knowledge. Such
knowledge is made up of content principles, not heuristic

ones.”?? This is not to say that the laboratory work common

4 to BSCS, PSSC, CHEMS, and similar courses should not be
done, as they provide for empirical confirmations-of knowns. In
teaching the essences of science, one should keep in mind (a) .
the need| for accuracy through assessment of error, (b) the
empirical {base for certain aspects of science, and (c) the nature
of problerh doing as apprentice investigation. . :

3. The student in junior high school learns to investigate by
investigating. Twa aspects of investigation that should be
stressed are (a) the neéd td apprehend the legacy of science (the
need to develop skills in the methods of assessing-the known)
and (b) the techniques of attacking the unknown (the arts of

2"Rob«:rl M. (}_a;ané,' The Cozuliﬁnns of learning, New York: Hoit, Rinchart and
Winston, Inc,, 1965, p. 170. - .-
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investigation). Both to apprehend the legacy of science and to
attack the unknown, one uses the techniques of inquiry. These
simply are all methods of civilized man to find what is known
and unknown. The known and the unknown are inextricable; to
separate them is to contravene science and the scientist, for -
both depend on the past to probe the future.*®

Feedback and feedforward in the gifted are thus one because they -
are inextricable. Even as the gifted student probes the past, his mind
leaps forward. For the brain is one organ; the neurons are
interconnected; thus, concepts are the ground for the probe through
investigation. :

Prototype for a Conceptually Structured Cugriculum ‘

What is known can be structured, and, as has been demonstrated,
this structure should be conceptually based. The thesis (or hypothe-
sis) of the California State Advisory Committec on Sciehce Educa-
tion is that if such a structure is developed frorh the primary years

_on, the legacy of science wil] more surely be part of the development

of the gifted Ehild. By high scheol, the legacy will then be assimilated
into his fiber of thought. . A :

A curricular structure that is based on the conceptual themes of
the State Advisory Committee and that has been developed for use as
a guide-in curriculum plannirig is presented in Figures 5 through 7,
which appear on pages 36 through .38.2° Twa structures of the

. Committee’s themes are presented: (1) a longitudinal development

through levels (Figures 5 and 6); and (2) a horizontal development
through grades (Figure 7). Both of these approaches to.-.the
curriculum are conceptually based.?® Methods for implementing the
curriculum are éxplained in Chapter 4. A -
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- 2B3ames B. Conant, On Und f'.fmndlng Science: An Historlcal Aiiproach. New Haven,
Conn.: Yale Univcrsity Press, 1947, pp. 101-6. ° :

29[-‘9r the curricular grid for the primary schoo} years (grades one through three), sec

" Paul l-'.‘“%!imndwcin, Teacking Glfted Children -Sclence in Grades One Through Six,

Sacramento: California State Department of Education, 1973, p, 12..

30l-’or a similarly ‘develnpqd curriculumand a dlscussio;l of conceptually based cun'iculgr
structurcs, sec Paul F. Brandweéin} Substance, Structure; and Style In the Teaching oft
Sclence (Revised cdi!i?h). New York: Harcourt Brace Jovanovich, Inc., 1968, pp. 6-17.
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Chapter 4 R | a

Development of Independence

[ 4

foted cluldren must foilow thelr own pace and their own thrust
»;,,’"(or it is not only their work but also their work habits that are
crucial. Certain gifted children may becone the scientists of the -
future; in fact, all the scientists of the future are or will be in-our
classrooms. If i the junior and senior high school there is/’ a
curricular design in which gifted children can demonstrate tlieir
mde.pendent style of life and their arts of investigation, -the gifted .
students in science, our future scientists, will not only be 1den’txfied
but their talents will be carefully nourished.

_ In a horizontal development, an example of such nounslxme /IS
teaching advanced mathematical aspects of bxology, cheml,étry nd
physics. Gifted children® can work and do<qujoy the mathematxcs
involved in Mendelian ratios, the Hardy-Wein law, quantxtatlve
problems in chemistry and physics, M rcalculus. JIn a program for
the gifted, the tone of the science can be different, as well as its
content. .

¥ Background for Creativity,

Bernice Eiduson has.remarked, “As I listéned t0 the scientists’
opinions on happiness, I was impressed with two thmgs Most of the
scientists carve out degrees of freedom for themselves with marvelous
ingenuity and imaginativeness.”?! A gifted child, particularly one
who is to be a scientist, must learn to “carve out degrees of freedom”
for himself. This is one of the skills of independence. How is this to
be done? ,

In a study of creativity, Thomas Sprecher discovered that both
ideas and work habits (independence to plan owg activities) are
considered by engineers and psychologists to be essentxal charactens- ,/‘”
tics of creative individuals. Those who were surveyed rated indep
dence, ability to generate novel ideas, and the liking of problemsffp
on »the scale®of creativity.>? Whichever study of creativity is

-

z/ .

31Bernice T. Hduson. Scientlsts: Their l’sychological World, New York Basic Books,
Inc., 1962, p. 164,

. 32 rhomas B. Sprecher, “A Proposal for Idcnufylng the Meaning of Creatlvity,” in
* Sclentlfic Creativity: {ts Récdgnltion and Development. Ydited by Calvin W, Tﬁylor and
Frank Barron. New York: Johs Wilcy and Sons, Inc., 1963, pp. 77-88. .
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examined, independence is found a$ a primary virtue of the creative
individual. lhdeed, it characterizes the vast majority of gifted
¢ children, for it is a syndrome trait combmmg a variety of intellectual

, and emotional traits.

o - The function of the school is clear: to develop an environment in
which 1ndependen¢e can flourish. Related elements that should be
fostered ar¢ curiosity, courage, individual style, the capacity for hard
concentrated work, the ability to make decxsmns, the skill .of
1solatmg problems, and soon. -

- The alchemy of mdependenee, of mdmdual creative ncts, comes

, out of past experience and comprises the skills achieved from

© interdependence. Independence- stands on a pyramid of the- WOrk
done in the past; even Newton “stood on the shoulders of giants.’

Theories are blurted out and are guessed at from rich acquai

with the data. Creative acts are in effect based vn a prior life rich in

- experience. Far this reason, it is crucial in the earliest years .to

provide an appropriate background for creativity.

" Most of the scientists in an in-depth investigation conducted by

Anne Roe were found to be firstborn children. A useful explanation

seems to be that ‘independence training is-part of the life of the
firstborn.®? A similar: study by this author had similar results,
indicating that giftedscience students are independent in their work
habits.?* Contributors in any field are in large part autonomous, and
autonomy requires the work habits and personality traits categorized
as indepgndence For this reason, and others, independence training
is perh

instrucz

s as important as any other aspect in the curricular and
onal program for the gifted.

/ Indcpcndcnee l‘rmnmg in Junior High School
Ing{ependane training of ‘children in the junior high schoot can be

hY ‘accomplished in either of at least two curricular progressions (Figure
° * - 4). The two types of progression are the following:
r ' 1, Nongraded progression (con tinued progress). Each gtudent

" progresses as surely and as rapidly as his giftedness permits. At
i each stage of expcnence, interviews and demonstrations of lis
™ activity det wermmc his growth in concept secking. For example,
. a stude t \10 has accomplished a Learning Activity Package at

. 33 Anno Roe, wa Maklng of a Scientist, New York: Dodd, Mead and Co., 1953, pp.
70-4.

3paul 11, Brandweln, The Glifted Student as Future Sclentist: The High School Student
and His Commitment to Sclence. New York: Harcourt Brace Jovanovich, Inc., 1955, pp.

54-60, - ) ) D
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Levet Seven can advance to Lev :1 Eight and undertake the nexf’

mini-LAP. * g

2. Enrichment within the grade. [Each student is grouped in and

-progresses by grades. The gifted children are given opportunities.

to proceed in depth in any module of activity or LAP that is

based on a concept. They do not proceed to the next level but
probgkmore deeply into concept seeking at that level.

Which strategy is chiosen depends on the school, but the weight of
evidence seems to favor continuous progression (nongraded) as the
most useful for developmg independent activity of the gifted and
rewardmg it. /Advance in learning activity apparently constitutes a
mijor reward for the gifted child. John Goodlad has pressed this
point again afid again, as have other psychologists.?

In essehce, what is being suggested for a curriculum and its

. component_instructional devices are (1) activity comimon to all
children that is part of a determined level of learning and (2)
mdcpendent idiosyncratic activity for those who can profit from it.
The latthr is of course for the gifted child, who is characterized

¢ mainly (by his ability for independent, idiosyncratic, mnovatnve,
1magm#hve activity.

In the primary years (grades one through three), in the environ-
ment Of a rich program combining the skills of interdependence with
thosgrof independence, children are beginning to develop their ego
strengtll As they make their way, they need to hold the hand of the

E teaélier, relinquishing it from time to time. It is assumed that the
: school staff will fashion its own curricular instrument based on
’F evaluation of the children’s background. Nevertheless, there is still
available a host of curricula (with concepts, generalizations, princi-
;'ples, and facts) in the same family of curricula as that sponsored by
the California State Advisory Committee. In addition to -a basic
conceptual structure, these curricula have instructional materials
adapted to the “norm” and to the gifted.?®
In the end, the children are to be freed from their dependencc on
the teacher, and the teacher is to be freed from the burden of
assuming that everything children are to learn is to be learned from
- her. Gifted children should be allowed to learn some things (by high
school, most things) without supervision and without direction by
the teachier. They can of course ask for direction or supervision, or

3550nn I Goodlad and Robert H. Anderson, The Nongraded llementary School
(Revised cdition). New York: Harcourt Btace Jovanovich, Ine., 1963, pp. 154-5.

304 varicty of new, conceplisaily oriented proprams are being developed by federal
committecs and private groups. Many of these programs are now avadable from publishers
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direction can be provided when it seems indicated for the physical or
mental welfare of the child. But generally for the gifted, the less
intervention by an adult, the better. In junior high school,
intervention of the teacher should be reduced s the student grows in
ego strength. But he grows in ego strength as he is,given opportunity
to do so, and this requires encouragement and retward. ‘

Curriculumn for Junior High School t e

'Whether student progres§ is based on nongraded progression or
enrichment, the curricular module in the junior high school should
stress and encourage both independent activity and growth in the art

.of investigation. Towards this end, the curricular module of choice in
the junior high school for the gifted student might well be a form of a .

Learning Activity Package (LAP). LAPs can be developed for each
major concept in the vertical and horizontal grids of Figures §
through 7. To demonstrate how a LAP can be used to instruct gifted
in the skills of inté®dependence and independence and the arts Gf

investigation,’ the following LAP. (see Figure 8) hds been devised,

. ba}scd on the §tate Advisory Committee’s theme F-1.37

Designing a Learning Activity Package

Assume that the boys and girls entering the junior high school
have been assessed for their knowledge and’skills as shown in thejr
cumulative records and through interview, tests, discussion,-and

achievement in the first few months of the year. Assume that a

currieular organization (either longitudinal or horizontal) has been
developed on the basis of the evaluation results. Assume further that
this operational goal is accepted: to create an environment in which
the gifted student takes increasing responsibility for his own learning.
A curricular module in which this operational goal is\realized is the
Learning Activity Package (LAP). (For students of any\age, a LAP in
science requires an adequate library and laboratory. There is little
oint in_developing a program for the gifted in science unless books,
%t, and working space are available.)

The fundamental qutlines for developing LAPs are shown in
Figures 5 through 7.°It should be noted, however, that there are

significant differences in LAPs designed for the intermediate years

" (grades four through six) and those designed for the junior- and

3sctence Framework for Callfornia Public Schools: Kindergarten- Grades One Through

Twelve, Prepared by the California State Advisory Committes on Scienco Education. -

Sacramento: California State Department of Education, 1970, pp. 34, 100, and 101,

1
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b of objects is a result | the atom affects the effects change in the | the genetic code af- | movement and dis- {the movement of
of forcesacting | | manner of combina-Y] environment. fect the charagteris- | tribution of the landmasses.
i PR upon them. tion of atoms. ‘tics of organisms.’ organisnis. g
‘ ’ B - - N - )
: ‘ 2 : N " .‘F" P ;
i - . ¥ . S - . . ..,_._4 :,~J -
| i . Fig. 6. A vertically dovolop.od conceptual structure for the |umor~h|gﬁ7-sqhopl curriculum . ;
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of objccts is the
resy of forces act- -
‘ﬂ'ﬁg upon thcm.

are the result of -
forces acting upon

them,

magnetic waves are a
rcsult of forces act-
ing upon thcm :

!

<. ) e [y A v - : .
' \/ L Unig A Unit B Unit C Unit D, | Unitf
e - J S N
. Level 9 | The ,pbhavlor (mo- ] The motion and The motion and di- / Mass-energy is
Energy - | tion:and direction) |]direction of particles | rection of electro- conserved.

.4

| Thc prcsent Earth

(the planet) is the .
result of continuing
change. ,

‘Constructive and
chtmctive forces

(change) of land-
masses.

v

affect the movement

The behavior of at-
mosphéric masses
effects change in the
environment.

Matter—whatever

forms it takes—is

particulate in nature.

Combinations and
recombinatiops of
atoms are thc{resu}ts
of the behavior of
outer electrons of
the atoms. (In chem-
ical change, matter
is neither created
nor desrﬂroycd.) T

Changes in the/
nucleus of the atqms
result in changes/int
the properties pf
the atoins. (In/nu-
clear change, the .
sum total of matter
and energy is
const:&nt.)

u

.. [Life

Levei 7

Organﬁrns are ,

adapted to a variety
of environments,

Organisms are 2
adapted by strueture
and function to their

: Organisrhs inter-
change matter and
engrgy with each

Organisms in great
« variety are distrib-
uted in a variety of

The characteristics,
of organisms are
affected by com-

N cmgixonn.lents. other and with environments. binationsand recom- | (change) through
A e their environments. binations in the the ages. ..
ot . .1 genetic code.

Modern’ spcclcs of
orgamsms are the
result of spcclatlon

Aruitoxt provided by Eic:
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semor-mgh-school years. In Jumor high school the followmg ple—
ments are emphasized (pver and above those for: the mtermedlate
years: ' P

s More independent laboratory work (clearly the laboratory is an /
mtegral part of the work in the junior high school).
2. More® extensive reading and emphams on the skﬂls of using the

N hbraw o

: 3, A variety of projects, pro\ndmg routme pro;ects for the

! conventiondlly gifted andt.\t;ulyn expenmental work for the
“singularly gifted. &

4. A truer attempt at experimental work for the smgular gifted,
‘with all the earmarks of originality;, thus, the arts of investiga-
_tion are learned. (In the senior-high-schéol years, truly ongmal
research can be practrced by the smgu@‘ly gifted.)

N

R v !
\

. ASample LAP . s

i . The following example of a LAP (Figure- 8) for the Jjunior gh

‘ “school consists of extensive directional outlines (%r one aspect of -

Etate Advrsory Committee’s<“theme F-1, which 'states, “Matter is> ‘\\
rgam ed into units wh10h can be class1ﬁed into orgamzatlonal

ti] vels.’® The exaniple LAP is in effect’a mini-LAP. It is bdsed o
F fo]l /ing subcoLlcepts of theme FAl; _ \ \

e Earth’ tmosphere is orgamzed into partlcles that can be
+ ' chassified

«-\ \ #-Y The Earth’s minerals' have charactenstlc physwél oper-
. ties

¥ /\a-2%The Earth s mmera\.\ have charaotenstic chemlcal

R N roper_t1es \ X N
Co Sfemming "from subconcept a-k above the following concept \ '
statement hay been derived and used as the basis of the example

mini-LAP: thé-orderly arrangement of atoms, ions, or molecules that
makeup a crys*(al determines-the form of the crystal.
' «In the minixLAP that follows, ditections are for the student.
ments for the.teasher are mterspersed to aid in developing LAPs
.the junior high school. It is of interest to note at this point that a
complete LAP for the junior high school.is approximately 6,000
“words 16ng (about 32 double-spaced pages) The follawing rmm-LAP
is' not a completé LAP, but jt does- indicate how a LAP can be
cteveloped -

. Al o n £ . A . i N " ;
-0 38g ience Framéwork for California Public Schools; Kindergarten— Grades One Through /
Twe{ve Prepared by the California State Advisory; Committee on Science Education,

“’.  Sacramento: Cahforma State Bepartment of Lducatlon 1970, ppf 34, 100, and 10

S
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The Crystalline State :
(LAP 17, % School)/
Intro Jct/on !

You are an inhabitant of the planet Earth. You are got a Martran nor an 4
inhabitant of Venus. Could you prove you inhdbit Earth? How AThis is an
.inteyesting question, and you may want to look into it.)

,’ First, what dg you know about the Earth? Could you describe it to a

Martian if onp visited you or°you visited him? What would you say?
You may Wat, to review your notes for your work in LAP 15 (The-
Earth}) and LAP 16 (The Racks of the Earth). Or perhaps you wou
Irke‘(o reviewjpagés._.__in your basic text or one of these books: !
“[TEAGHE R—Provide at laast three refsrences here.]
After youlare satisfied that you know. how to describe your | Ear‘g
jpr

~

R

-
&)
&

and its majpr forms-\mouptains, —oceans, seas, rivers, the ‘ma
rocks—begin fo examine \vhat is meant by the “‘crystalline state.” *. 4
2. For hIS stufly, you will\want to grow several kinds of erystals. Phan

your waork sp that as you'\grow your crystals, you wijll bereading aboqt ,
the nature of crystals. The growing of a‘crystal ma take two daystgda |°
week. Plan viour time carefully. A few suggestions may be in order.

. a. surk you have your\apparatus and materials. For ®Bxample, you f
 wil{ need jars to grow your crystals and substances such as copper
sulfatq and potassium alumlnum sulfate (alum}. You may want to
grow sugar crystals. =
b. You way want to plah your work wrth the help of your

consultant In any event, you are to be algle to ‘show your v
- consultant a crystal you have grown and to explain how\(ou grew
it. [TEACHE R—The teacher is-the consujtant.] . - \,

c. In addition, be certain to do the appréntice mvestlgatlons on, .

pages____and.___of your text.
d. Some references you may want to consult on the growth Sfx
crystals are thase: |
- 1. Pough, Fredﬂrick H. A Field Guide to Rocks and Minerals. |,
. Cambridge, Mags.: Houghton Mifflin Co., 1960. N
" \2. Holden, Alan, ahd Phylis Singer. Crystals and Ctystal Growmg K
_ Garden City, N, v Doubleday and Co., Ific., 1960, | i \
* Pough’s book is one of the mors useful references (Of course, by \
now you know that you are to begin all ‘reference work by
" consulting your basic texts or'any other basrc reference suggested

' by your consultant.)

3. When you have grown a crystal and when you Lhave tested your
understanding of crystalline structure and growth by taking self-
.. appraisals 19 and 20, go on to step 4. (Be sure you make an appointment
~ with your consultant to take these tests.) [TEACHER—By this time the
Students will be quite clear in their understanding that” the self-
appra/sa/s are for their guidance and that there is.no pomt in ‘stighting

[
\
\

Fig. 8. An sxample mini-LAP




- Experimental designs S .\ .-

- student has the ady

an drea in which their knowledge is not secure. Many times students go
' k to review further and ask to take the self-appraisal again.]
.:Now perhaps—if you are interested in doing experimental work with
-grystals—this. section is for you. If not, if you wish to proceed.to tha
iext LAP (The \Lifc State), arrange with your consultant for an
A

interviesw on your\progress. [TEACHER-At this point, students
working with a LAP may come to the colsultant for an interview-
appraisal. In one school, the intarview-appraissl is conducted as follows.
Students have available to them several files Qf cards with questions
(recall, analytlc_al,' problems, formulas, item king, reasoning, and
concept analysis). A number of the cards contain dxperimental data and
itams concerned with methods of intelligence (inquiry grocesses). These
files may be studied at any time. During the intervie w-appraisal, the
student may be asked to select a card at random and answer the
question.: Thus, concept-seeking and subject-matter competence

under constant scrutiny.] . _
For the Investigator \ ' . /
. These investigations are on yo\.!r own. Follow the laboritory pr.%o{dures in
LAP 21,-which includé developing an experimental design, presghting your
experimental design to your coniultant, getting approval, o/nfering equip-
ment, and so forth. \‘ 4 st

Profects . i\ a ,

1. What is the smallest crystal of copper sulfate or potassium aluminw?/
sulfate you can make? ['/

2, Many years ago, crystal radios were made. Whgf‘ is a crystal radio? How
does the crystal work? \ .

¥

You will recall that one of the major advantagés of.\rvorking independently
through the LearningiActivity.Package is plarining and prosecuting at least
one experiment or original investigation in,tfw year. The arts of investigation
are learned through engaging in fairly original investigations. .

" if you have not already made youg‘selection from the list suggested, you
may want to do so now. i you argd eveloping an experimental design with a
scientist outside of school, pleas certain to inform the chairman of your
Investigator's Group and your gonsultant. :

When you are fairly csftain of ‘your results, present them to your
Investigator's Group. If ydur investigation holds up to the challenge of the
analysis of .your group, ou may want to present your paper to the Monthly
Science Cor"mress, Ygur consultant will arrange khis. [TEACHER—Each |
e of his Investigator’s Group (five students). The Science
ting of the entire class for suite) at which the student

Congress is & |
“Investigators preéent papers.]

With you /consultant’s approval, you may organize team rasearch over a
period o%ar or more. ‘ ' .

Fig. 8. An example mini-LAP (contlpuod)

30
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Evﬂugting Stt}dmt Progress ’ v

- Af children\ do the learning, through the curricular modul¢ of a
LAP, if.it is they who do the responding, and if it is they who are_
engaged in acq\iring the skills of interdependence and independence,
then thieir acts' give constant opportunity for evaluation of their
growth, In o,ther\words, the children *“test” themselves each day by
their own\performance. -~ - ) ‘

In obseyvations of children learning by means of the LAP and

, Similar *devies,"it has been-found that self-evaluation and oppor-
tunity for ‘more: or less objective evaluation by the teacher is

constant. Furthermore, not only is subject-matter competence

evaluated, but also growth in the utilization of the methods of.

telligence (inquiry processes) is part and parcel of the appraisil.

~ For the student is constantly at work, truly “learning by doing.”

~Of course, standard tests for comparing achievements may be
desirabley and written tests may ‘be useful for helping children
determine their own progress. The gifted have ‘prodigious memories
and analytical qualities, and grades are reaffirmations of known
bility. Gifted students, make high grades easily; their base grade is
‘ysually A-. If their grade is less, students should not be in‘a class for/
the gifted, unless they are potentially gifted children who need timé

d oppartunity to develop background.

_ clﬁeverq’ent per se is not the sole, nor .possibly the most
im ortant, eloment in the development of ego strength and self-
esteem. Stanley Coopersniith considers the elements that underlie’
self-esteem to be'the following: - .

1. igniﬁcancca‘-\:) ceptance, attention, and affection of others

2. Rower—ability to influence others . :

3. Viirtue~possession,of moral and ethical standards

4. Competence-successful performance in meeting the demands
for achievement 3° )

The kind of program recommended in this publication is based 65
the mutyality of interdependence and indepen]lence and engenders
an envirl&nment in which competence, power/ virture, and signifi-
cance are' nurtuted. The building of self-esteem in the gifted.is the
aim of nodrishing their potential in such a progfam.
~ To illustrate the inadequacy. of grading, the'following example of
student work is presented..To have to decide on a grade for the
student’s achievement would be at best ap arbitrary and/or perplex-
ing task. - -t : o

Il

|

) .
l\, The Aluécgdcms of Self-esteem, San Francisco: W. H. Freeman

39 tanley COOpergmi‘
and Co., 1967, n 38,
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¢ RM/ (age 14 years 6 months) noticed ‘a few small beetles in a sack of
¢ whéat flour her mother had brought homg. She identified them as Tribolium
o " confusum; she decided to grow them. Shie assumed that the flour.fhust be full
-\ . of the'eggs of the beetle or that there were females with eggs. In six rponths,
- the meal was rich in the Beetles; her assumptions were apparently correct.
] . On examining the beetles with a hand lens, she found some with
' abnormalities, e.g., an extra appendage. She tried to produce more abnor-
- alities by various devices, including ‘warmth, ‘cold, light, and’agitation. -
" Agitation was most effective. . a N C
- -\ By consulting with scientists, and through her own well-designed experi: -.
ments, she hypothesized that when the beetles are disturbed, a gas is
produced by the beetles. This gas produces abnormalities. What grade does
one give such a student? - :
3
Senior.High School Science Curricula

Present curricula in the high school are usually based on a coursg
module: that is, courses such as biology, physics, and chemistry dre’ :ﬂé
- the basic modules in tlale curriculum. For the gifted, this may not be -
the choice curriculum. A curriculuin for the gifted might be better
based on a consortium module, ‘which has the “following basic
elements: : *

1. A consortium of individuals from university, community, and
high school to plan for the gifted C
2. A curriculum that is the result of the planning of the
consortium and that is-planned for a particular cadre of gifted -
) 3. A series of learning activities (Learning Activity Packages) and a
- body of research activities from which research problems are
derived . : .

~ The model Learning Aqt}vitx Packages developed for the interme-
diate (grades four through six) and junior-high-school years indicate
how a consortium can plan somewhat different course modules.*°
The choice of approach depends on the population of the school and
* -on the life-styles of the teachers, supervisors, administrators, and
community. As the California State Advisory Committee on Science -
> Education suggests, it is the teaching staffs that need to decide which
variety * of. curricular modes (or combinations of ‘curricula) and
approaches to instruction provides the widest base or orchestration
of experiences. * - ‘ -7
© A curricular and instructional mode that fostgrs the skills ‘of
interdependence is, for the gifted at least, nonfunctional unless it

. 40L:or the model intermediate LAP, sec\;,’Paul F. Brandwein, Teaching Gifted Children
Sclence in Grades.One Through Six. Sacramento: California State Department of Education,
1973, pp. 51--7. Lo ‘
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also’/f';sters the skills of independence. Furthermore, any curricular
mode selected as usefulin a program for the gifted should support
acceleration and/or enrichment in \a variety of administrative forms; |
i.e., in graded or nongraded (continuous progress) organizations of
schools. The gifted can proceed at their own rate, and a nohgraded
program, where feasible, serves them well. ‘

In the high school, provision needs to be made for both the
‘conventionally gifted and the singularly gifted. This distinction
needs making, for the singularly gifted may require greater freedom.
The conventionally gifted may be those whose range of accomplish-
ment is highly commendable, but theirs may not ever be original
work. They may not ever be contributors of new knpwledge. The

. singularly gifted, on the other hand, are unique. ﬁleir work is
idiosyncratic, and, if properly nurtured, it is expected they will make
original contributions. ’ '

Creative or new work is of at least two kinds. It may be new to the
individual and. to the class and to the commurity, or it may be new
to the world. THg work of the conventionally gifted may be
remarkable, lauda e, and admigable. Nevertheless,’ their future is-
generally in new 6rchestrations ¢f the known. The singularly gifted
broach and breach the -unknewn. Of course, whether work is
considered original or not depends on many judgments. of the
progress in growth the child makes. One may be satisfied with/what
is considered original (that is, new to the child and the school) but
not new to science. . g

At least two approaches in the uses of the curriculum are possible:
(1) acceleration and (2) enrichment. It is probable that in thé high

- schqol acceleration can presently be provided mainly through the
Lgarning Activity Package rather than nongraded instruction per se.

‘The curricula that are the orchestrations of legacy and adventure

-are hierarchiés of concept-seeking patterns. For gifted children,

" hierat®hies and intellectual orchestrations break down. Even the

most explicit curricula and hierarcliies are in truth milieus in which
‘the gifted ¢hild roams and jumps\predictable sequences. For the
gifted child, a curriculum of-conceptisecking patterns is mainly and
merely_a taxonomy of cognitive tooly, It is a map that enables the
teacher to plan a course, but, in the lend, it also is a tool through
which the teacher and the gifted child’s peers communicate with him
and understand him. !

A concept cannot be divorced from:the processes that give it life,
A concept cannot be told to children. It comes out of their activity,
some of which is inquiry oriented. But all activity in the classroom is
not, and cannot be, inquiry process in the sense of experimental
inquiry. Concept seeking is inquiry. Recall that Bridgman, a Nobel
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laureate in bhysics, insists that a “‘concept is' synonymous with the
_ corresponding set of operations."‘./’ Clearly, then, one should not
\ separate concepts and inquiry processes; they are two sides of the
~ same\coin, two.faces of unified activity in thought, a single result of

2 1 .

v, “sciending ‘ '
» What the gifted need is to acquire a life-style in their own thinking
and work, a life-style that from the viewpoint of the intellect
embodies the overwhelming desire to defeat one’s own hypothesis.
This-is recognized to be a behavioral objective of instruction for all
children, but it is critical for the gifted, whose hypothesis may be
central to the advance of knowledge. It is for this reason that in the
h;éh school, part of a curriculum for the gifted should encourage
research in the truest sense; gifted students should do a bona fide
experiment or original investigation. This fesearch can be accom-
plished in either of two curriculum modyles, a course module or a
consortium module. ,

The Course Module. - | 0

In the high school, the traditional curricular module, even for the
' gifted student, is the course. As has been indicated, in recent yeags,.
/ federally funded committege)S/ﬂave developed course structures in
biology, chemistry, 'geology (earth science), and physics along
conceptual lines. The traditional course sequence is still biology in
grade ten, chemistry in grade eleven, and physics in grade twelve. In
other sequences, biolo and/or earth science are given in grades nine
d ten, followeéd#by chemistry and physics..
1USually, for the gifted, the biology course is Biological Sciences Cur-
ri¢ulum Study (BSCS) biology.** Chemistry is the course developed
by the Chemistry Education Materials Study (CHEMS).#? (There are
very few Chemical Bond Approach [CBA] courses given.) Physics is
the course of the Physical Sciences Study Committee (PSSC).** The
g:erall structyye of BSCS biology is based in part on the following

%

onceptual themes, which are related to the California science
ramework:

* 1. Organisms are interdependent with each’ other and with their
environment (theme G-2).

o

"Pcrcy W. Bridgman, The Logic of Modern Physics. New York: Macmillan Co,, 1927,

P- o« . o,
- 429.4 footnote 16 concerning BSCS blology courses,

\

4:’Chemlﬂry: An Experimental Sclc?cs. Edited by George C. Pimentel. San Francisco: !
W. H. F'reeman and Co., 1963, ! ’

un Hager-Schalm and Others, PSSC Physics (Third edition). Boston: D.C, Heath Co.,
1971 S
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- consortium module is used in the high school, emphasis should be
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2. Organisms are the product of thelr heredity and ermronment
(themes F-1, F-2, and F-3). .

3. Modern organisms are the result of”’ development ovér p{st ages
(themes F-1, F-2, and F-3). )

' 4, Structure and functxon are often interdeperident (theme F-3).4%

<

’I’hc overall structure of CHEMS chemistry is based in part on the
followmg conceptual thcmes

1. Matter is composed pbf particles wluch are in constant motion
(theme C).
* 2, Units of matter interact (theme G).
3. Matter and energy are manifestations of a smglc entxty their
sum in a ¢losed system is constant (theme E).A¢

The ovérall structure of PSSC physics is bascd in part on the
following conceptual themes:

1, Matter and-energy- are manifestations of a single entity: their
sum in a closed system is constant (theme E).

2. The bases of all interactions are electromagnetic, gravitational,
and nuclear forces whosc f“xelds extend beyond the vicinity of
their orlgms (theme G-l) .

Laboratory work (rich in potential for individual effort), field
work (rich -in mdividual research problems), and mathematical
analysis (rich in potential for synthesm of concepts) are pervasive

through the courses.
In current practice, most courses are centered n the .teacMer’s
efforts, rather than on the student’s. The, teacher symthesizes,

presents, and clarifies; the 'student is often p:{sswc 2 It other words,
‘the teacher essentially lectures. Whether the course mogdule or the,
put on the skills of independence. The method that appears most
useful is the Learning Activity Package (LAP).

- Gifted students in science (who are usually gifted in mathematics
as well) can take a sequence of physics, chemistry, and biology,

4SScIence Framework for California Public Schools: Kindergarten Grades One Th ou:h
Twelve. Prepared by the Californla State Advisory Committco on Scierico lducz
Sacramento: California State Department of Educatlon, 1970, pp. 34 and 994106,

46/bid., pp. 34, 94-99, and 102-108.
“71btd,, pp. 34,97-99, and 103-104.
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rather than the usual sequence of biology; chemistry, and physics
(Table 2). It seems reasonably: clear that chemistry uses' concepts:
© basic in physics, while biology uses concepts basic in physics and
chemistry. Further, it is expected that high-school work for the
gifted will be closely articutated-and based on work in the areas of
life (biology), matter (geology and chemistry), and energy (physics),
_and that the courses will receive mathematicaltreatment.

o .+ Table2 ’ . .
Suggested Course Sequence for the Science Curriculum ' -
, ' B Course Sequence
= Grade A Gifted ' Other students
| 10 | Physics--highly mathematical treatment Biology \
11 | Chemistry—based on physics, with con- Chemistry
comitant mathematics .
12 | Biology—based on physics and chemistry, | Physics
with concomitant mathematics
NOTES: Required mzthemalics can be given concomitantly with the physics course for \

gifted. Preparatory mathematical work can begln in ;r;dc seven, In grado ten, gifted
students can do calculus,

”

Students in the “othes students” category often do not complete the c“:\liro coutse scquence.
‘The majority do not take chemistry and physics,

r

The Consortium Module 'l‘ ‘ . i \‘;

The -course module is the curricular device most commonly in
Operation in the United States, even for gifted and slow students.
~ The advantages of the consortium moilule are that it makes optimum
use of resources of the community and is more facile for planning for
the idiosyncratic nature of the gifted. As.observed in operation in
one locale, the community resources of the consortxum included the
, following:

1. Umversxty and college representauves from physics, chemistry,
biology, géplogy, psychology, and ¢ducation departments

2. Community w\presentatlves from engmeermg, medicine, and
industry . -

3. High school science and mathematxcs staffs b

4, Assistant princxpa} and/or curriculum<director .

5. Assistant superinténdent of instruction and Jmembers of the
Board of Education®. RS

6. Members of the press.

o
.)N,»
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The responsibilities and functions of the consortium orgariization
in the example being cit d were the following: b

1, High school staff;
a. To develop asgstance of other members of the consortium
b. To develop /general eurricular and methodological policy,
including (f) structure of the curriculum, (2) nature of
instruction, (3) nature of evaluation, and (4) special methods a
of instruction for individual students . '
c. To design special faclhtxes and, when necessary develop
instructional materials
2. College and communxty component
a. To make available special facilities and equipment such as
" hospital, college, and industry laboratones and libraries
- b. To make special guidance avaiable to gifted students

-After a series of meetings over a six-month span, the consortium
organization made the following decisions:

1. The biological science course was to be basically the BSCS blue

! version - (with sfrong emphasis on molecular biology). The

g biology fcourse was to be mathematically oriented and basedon - /

Le

2. A two-year physical science course combmmg physics, ‘chemis-
try, and geological physics should be given in grades eleven and
twelve. This course should be based on. Learning Activity
Packages. At least three of the Learning Activity Packages
should jniclude* dspects of blochemlstry and biophysics (these
“biological” LAPs deal with inquiry systems, photosynthesns,
and molecular biology).

3. At least one expenment preferably two, was to be desxgned by
each student in research science. Research science was to be
open to any student with a B average in all subject areas.and
with a percentile score above 90 in a standard test in verbal
and mathematical reasoning. Other students could enter
research science (whatever their records of achiéevement or
scores on tests) upon recommendation of a panel of science and
mathematics teachers (including a guidance counselior). The
research problems in biology were to“be based on the BSCS
publication Research Problems in Biology.*® Problems in
physics and chemistry wére to be developed in consultation
with the university and college members of the consortium.

P .

Activity Packages = /

oS

/
e

, // .
48Blological Sciences Curri%ﬂ Study, Research Problems in Blology: Investigations
Jor Students, Garden City, N.Y.¢ Doubleday and Co., Inc,, 1963,
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The consortium did not base LAPs on preex1stmg courses but
synthesized. its physical science course. For example, while PSSC and
CHEMS courses were used, some LAPs were also based on Harvard
Project Physics.*® Further, the consortium was able to convince the
administration® (including the Board of Eductation) to institute "

. modular scheduling—permitting a variety , of time schedules for
instruction.. Thus, there could be lectures (50 minutes), double
laboratory periods (120 minutes), discussions (45 minutes), planning
periods (30 minutes), and so forth. ‘

e. consbrtium was able to raise.funds through mdust/ to °
advance the library fund, the fund for aydiovidual aids; and for
equipment. )

¢ consortium proyided special seminars m which gifted sgudents
met chentlsts at work. Thus, students had greater opportunity  to
meet the surrogate fi igure, the key figure who is so important-to the
poteﬂtlal scientist. The _gifted ' students were- alsos able to develop
-insight into the ways of the scientist; into the character and
comxmtment of those who probe the universe. A
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Scientists have a commitment similar to that of teachers. They are,

" in a sense, immortal because their work is eternal.’Just as a teacher

fives in the students who have accepted his life as mode and model,
so the work of the scientist lives on in the continuity of the work of
those who come after him. Moreover, science, like teaching;, like the -
ministries of scholarship, does not fatigue thos® who are committed

- to it. Sciencgy like .teaching, is an act of cbnscience. And like -

teaching, it is suptemely -a moral response to the questions of life.
The gifted student, once scientist, has not only informed his
conscience buf informed the world. . o
For this plrpose, it is not enough to develop a curricular scope
and sequenge that promotes intellectual development tonfined to
normal expectancy and that is graded in the usual Way. What is - -
needed is.a curriculum that promotes and catalyzes the independent
activity of <hildren. Cymulative récords describing kinds of activities
of gifted students are significant; in them, the present grading .
systems are found to be totally inadequate. For the aim for the
gifted is superordinate: to devglop independence of grading and
appraisal by others and to stimulate self-appraisal and the develop-
;ment of self-esteemn through independent, idiosyncratic activity.. . -
- Howdver, ongé independent activity is encouraged, instructional
problems may occur since children engaged in independent activity
probé their®own personalities to the limit. Even as- they are
idiosyncratic, original, and independent, the gifted must be taught to
“suffer” intellectual constraints and restraints. The gifted,chaving
ch¢sen their parents propesly, tend not to suffer restraint gladly. But
the child needs to learn humility and to learn it through example; |
whgl; the teacher does speaks so loudly, the children cannot hear '

- wht she says.

e teacher needs to play. the role written in the single behavioral /
objective, which undergirds the methods of intelligence; The behav-
joral objéctive is this: between impulfe and action, to interposd
evidence, reason, and judgment.’® This is the ﬁrime objective oﬁ'

i

: a . | |
5°Pgul . Brandweln, The Permanent Agenda'of Man. °The Humanities, New YO!XQ:
Harcourt Brace Yovanovich, Ine., 1971, p. 49. . ‘




' science teachmg It has felevance and power and meamng for human
endeavor. 4 T
' -Imagine a world in whlch evidence, reason, and Judgment %ould be
ot the - tribunal to. which pérsonal behavior is Wrought. Imagine
- individials reducing ® compylsiveness- and the reflexive action of
prejudice and hate and substituting compassion in thelr place. ~-.
Imagine the children commg out of our schools interposing evidence |
between impluse and action. What % reason le world this would be. - i

Anda compassionate one.
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