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PREFACE
As I began my work on this bOok, the title Teaching the

Gifted and Talented in the Science Classroom worried me a
little. My approach here does not lend itself entirely to the
word "teaching" as conventionally defined. As I started to
type "T-e-a-c-h-i-n-g" the word "R-e-a-c-h-i-n-g" appeared.
Was this a simple slip of the finger? After all, "T" and "R"
are next to each other on the keyboard, and both are struck
with the same finger. Or was this a "directed" mistake, a
purposeful redirection of my finger by some preconscious
autopilot? Whatever the origin of this "mistake," it is an
example of what Carl Jung called "synchronicity." (28) In
simplest form, synchronicity is a coincidence in time and
space of objects, things, or ideas in which a person finds
meaning. Once we are open to such happenings, we find
many instances in our lives--small coincidences of all sorts.
Some people think of these coincidences in terms of
"destiny" or seek a cause behind them. Jung, on the other
hand, thought of them as "acausal." That is, their meaning
is one we assign to them rather than an objective, inherent
meaning that is a result of their cause-effect relationship.

But what does this have to do with teaching science to
gifted and talented students? For one, it challenges the
cherished scientific notion of "causality." Most traditional
science instruction is based or. the notion that the function
of science is to seek causes. Synchronicity stresses questions
that ask "How?" rather than questions that ask "Why?"
"How" questions deal with relationships and processes and
do not demand justification and explanation. They tend to
accept the world as given.

Progoff (28) suggests there may be a high incidence of
synchronistic events in the lives of people classified as "crea-
tive." My own preliminary tests among practicing creative
scientists tend to confirm this idea. This carries important
implications for education of the gifted. Progoff notes the
need to create an environment of mutual trust, caring, and
support in order to deepen the quality of group and individ-
ual experience. Only when individuals have no fear of "ex-
posure" and ridicule can they become fully sensitive to
synchronistic experiences and willing to share them.
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Activity: Isn't It a Coincidence?
Ask students to keep a log of the coincidences that occur in

their lives over a week. Keep a log of your own coincidences
to share with students. Once you show you are willing to share
some personal coincidences, ,'our students will feel free to
share theirs.

Keep a "coincidence box" in the corner of the classroom.
Students can jot down reports of their coincidences on a piece
of paper and drop these anonymous notes into the box. Set
aside time to read the contents of the box aloud to the group.

Whenever a cause-effect situation presents itself ask stu-
dents to analyze whether one event really caused the other.
Perhaps the events just happened to be associated :n time or
space.

Find some "coincidences" in biology, chemistry, physics,
and the earth sciences. How are these related?
Several points relating to gifted students emerge from

the implications of my typing "error." Gifted students often
have a different view of the world. This is why we work with
them in ways that are different from what goes on in or-
dinary classroom situations. A first point is that an idea
or solution may be the result of a "mistake" rather than a
result of "correct" work. A second point is that ordinary
diligence and attention to detail may actually deprive one
of a new idea or lead one away from a promising direction.
Third, one needs to be fully attentive to what one is doing
rather than what one should be doing. Fourth, trust pre-
consicious instincts ; the unexpected things that emerge may
be useful. Fifth, let behavior follow natural channels of
energy flow, the channels the body chooses to follow rather
than the ones the "rational mind" tries to impose. Sixth,
look closely and nonjudgmentally at "mistakes" to see what
hidden messages may lie within them ; sometimes correcting
a mistake leaves you with an ordinary product rather than
something more creative and more to the point. Seventh,
move ahead on ideas, get them down, play with them, and use
them as a springboard for progress and growth. Eighth,
remember that small happenings can lead to bigger and
often more useful ideas. Teachers who follow this approach
will be helping gifted students move rapidly and surely to-
ward realizing their potential.

William D. Romey
East Orleans, Massachusetts
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ON BEING GIFTED AND TALENTED
According to Goethe, "If you treat an individual as he

is, he will stay that way, but if you treat him as if he were
what he could be, he will become what he could be." Every
person is probably gifted or talented in some way. It is the
primary job of an enlighted system of education to help
individuals discover and develop their areas of latent gifted-
ness. (50) If this objective i& not met, both the individuals
and the society are denied access to an invaluable resource.
Sad to say, educational systems have, to date, been notori-
ously inattentive to this responsibility.

Excellence
Bertrand Russell 102) laments the American concep-

tion of democracy in which all people are regarded as alike
and people who demonstrate excellence in some areas are
regarded as setting themselves up as superior to others. In
this system practically the only people allowed to be real
"aristocrats," especially in school situations, are outstanding
competitive athletes. Of course there are a few other areas
where people compete for prizes. In general, however, the
prevailing desire is to "blend in," to be like everybody else.
People tend to hide special talents rather than display them.
As a result, talents often atrophy from lack of use. This
phenomenon has been especially well documented in the
case of girls and women who downplay their intellectual
power. Although the situation is changing now, our sexist
society to some degree still specifies a largely submissive
and passive role for females. Consequently, many persobs
overlook or even deny the exceptional abilities of women,
especially in mathematics and science.

Activity: Looking for Hidden Excellence
Put an "excellence box" in the back of your room. Invite

your students to deposit anonymous notes indicating what
they feel they do well. Invite them to also deposit notes indi-
cating what a classmate does well but doesn't advertise.
Check the box periodically and let the class know that there
is someone in the group who can do (whatever
it is) well.



Assignment to class : Do something you do well during
some class activity. Don't tell the others you are going to do
it; just do it and enjoy doing it well. Afterwards drop an
anonymous note in the "excellence box" to let the class know
what thing you did excellently but without fanfare.

Testing, "Normal" Distributions, and Giftedness
Ironically, within this democratic ethic of students,

where no one is supposed to be better than anyone else, has
grown the devastating "scientific" notion of "norms'. distri-
bution." Beginning with standardized testing and moving
down into the evaluation systems of ordinary classrooms,
we have come to believe that 10 or 15 percent of the students
must be labeled "best" and an equal percent must be labeled
"worst." All the rest occupy a never- never--land of "better-
than-average/average/less-than-average." Worse still, per-
formance in areas as diverse as music, athletics, literature,
language, arts, communication, science, and social studies
all get lumped together to form a meaningless general aver-
age for each student, and these averages are used to establish
equally meaningless group norms. Many of the tests that

9asure performance examine people for a narrow range
of skills and neglect other skill areas that may be of equal
or greater significance both to the individual and to society.
These testing systems traditionally penalize people for what
they don't know or don't do well rather than seek to help
people discover what they do know and can do well.

This testing system ultimately labels 25 percent of the
population as good or excellent ; 75 percent of the population
are left to regard themselves as only average, below aver-
age, or poor. Fortunately this approach to testing has come
under serious challenge, at least for the big standardized
tests such as the SAT, LSAT, GRE, MCAT and so on.

(11) has summarized the New York legislation
that requires test preparers to open the curtain of secrecy
that has shrouded them for years to explain exactly what
their statistics mean and disclose how great are the errors
that so strongly affect the lives of virtually every student
in the United States. Fiske reports 'that in October 1979 a
Federal district court in California ruled against the use
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of standardized intelligence tests as criteria for labeling
children as mentally retarded. An equally compelling argu-
ment could be made against using such tests as a basis for
deterMining who is "gifted." (50)

Some peoplc, clearly are gifted ; the,. do some things
bettei!.and more easily than other people. Of course no one
does everything better than everyone else. Some people,
however, manage to do many things very well. The Olympic
athletes who compete in the decathlon and pentathlon show
exceptional skills in several sports. Yet their scores in any
one of those sports generally lag behind those of front-
runners in the individual sports. Even br.ing a jack-of-all-
trades is a "special talent."

Giftedness cannot be defined in a blanket way for the
population at large. IQ tests, standardized tests, and statis-
tical treatments may be convenient for sorting people into
groups and avoiding the appearance of chaos and infinite
individuality, but they are false indicators. They accomplish
more harm than good both for the individual (especially if
he or she is at the lower end of the distribut; on) and ulti-
mately for society. In general, the only people they really
benefit are those in personnel departments and school ad-
missions offices.

Activity: Normal Distribution
Have :students gather a large number of similar objects

(leaves, pebbles, books, or something that is part of your
regular lesson). Ask groups of students to mark each object
in some way so that each has its own special mark. (Number
them, for example.) Then ask each group of students to
"grade" the objects A, B, C, D, or F, so that 10 percent get
As, 15 percent Bs, 50 percent Cs, 15 percent Ds, and 10 per-
cent Fs, with A being "the best" and F being "the worst."
When all groups have had a chance to do the grading, com-
pare the grades for specific items. Did a particular item re-
ceive the same grade in each group? Discuss how value judg-
ments affected the assigned grade.

Ask students to gather a large number of different objects.
Mark these objects and go thrcugh the same procedure. What
happens when one tries to compare and assign grades to very
different things?

This exercise demonstrates the fallacy of normal distribu-



tion when applied to individual items. It also shows the Pita-
ity of trying to compare "apples and oranges" (that is, unlike
items) on the same grade scale.
Teachers must assume that each student who comes

their way, no matter what age or grade level, is gifted or
talented in some way. Whether we are teachers in a local
Head Start program or in the most elite of graduate schools,
we must not ask, "Is this studeLt gifted ?" but rather, "In
what areas is this student gifted, and how can she or he
use the areas of my 'course' to express that giftedness. in-
crease the vitality of the classroom environment, and work
toward personal growth and maximization of individual
potential ?"

Teachers who espouse this view of giftedness can boost
students' self-concepts. Rosenthal and Jacobson (41) have
shown that students tend to behave according to the expecta-
tions of the people around them. When teachers treat stu-
dents as "gifted," the youngsters tend to behave like gifted
students. It is equally clear that students treated as stupid
will behave that way.

A student may appear to be gifted mainly because she
or he has already had practice in that specific area. Another
student who initially seems less apt may, after becoming
familiar with the task or area, perform better than the first
student. It is a mistake to reward the first and take no
notice of the latter, because without encouragement the late-
bloomer may never exert the energies necessary to develop
that particular potential This brings us to the matter of
motivation.

Motivation
One of the basic criticisms levied against standardized

testing is that it takes no account of motivation. A person
may have a "natural" facility in a certain area but may not
be interested in developing that skill. A student should not
be pushed to develop an ability on the basis of test scores or
other such criteria ; this may not help the learner and could
even do harm.

On the other hand, some students are highly motivated



to excel in an area even though their test scores are low.
When these students do well we mistakenly label them as
"overachievers." Telling a student that he or she really
hasn't the ability to do so well is one of the most gratuitous
insults perpetrated upon students in the name of standard-
ized testing.

The development of any part of a person's potential de-
pends on two basic factors : aptitude and motivation. I be-
lieve that motivation is by far the more important. A third
factor, the environment, is perhaps the equal of the other
two. The environment can help the student by providing
freedom to develop in a given direction and by offering
appropriate encouragement, assistance, and necessary re-
sources. However one must be watchful for conditions in
the environment that push children further in a direction
that they have temporarily or Dermanantly abandoned, be-
cause failure to acknowledge changes in childrens' motiva-
tion can have a serious negative impact on their growth.

Activity: Motivation
Ask students to keep track of how long it takes them to do

10 different things they really don't want to do. For each
task, ask them to write a few sentences describing the activ-
ity. Have them keep the same kind of record for 10 activities
they really want to do.

Randomly select some of the papers (they can be sub-
mitted anonymously) and discuss with the group some of the
differences found. Are there any instances where one student
really wanted to do an activity that another student was
totally unmotivated to do? Note the time differences reported.

Consider several of the :-asks people really didn't like to do
and discuss ways in which these activities could be made in-
teresting and desirable. Then consider some tasks people en-
joyed and discuss how these could be made undesirable.

A Model for the Growth of Intellect, Skills, and Giftedness
Each person brings to a learning environment certain

areas of -Anowledge and skills developed in previous experi-
ences at school, home, play, and elsewhere. Skill in a particu-
lar area does not always signal a high level of interest in
that area. Another dimension might be termed level of
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aptitude. These three factors are charted for a typical stu-
dent named Jane (see Figure 1). Teachers using "standard"
approaches to determine giftedness would probably channel
Jane toward work in music and science. Is this the best
course for Jane? She has spent a good deal of time in music,
has developed her skills to a moderate degree, but has low
interest. Her prior experience mainly consists of piano les-
sons she was forced to take. But music is a whole universe
of related activities. Perhaps Jane loves to sing or might
do well with guitar or another instrument. So it is not really
valid to say that she is not interested in music at this point
in time, based only on her limited experience with piano. A
generalization of this sort may cause us to ignore an entire
field in which Jane could excel.

Now compare the "science" chartings in Figure 1. Jane
shows high "aptitude" in science but has spent little time in
that area and has developed few skills. Perhaps the low in-
terest in science is elated to her lack of experience.

Aptitude tests can probably be trusted when they give a
high score. A low score, on the other hand, probably should
be viewed with suspicion. Telling a student that he or she
has "low aptitude" in any area probably is enough to destroy
any budding interest in that area. The best route to encour-
age growth is to stress the positive factors and leave all
other factors open. Any attempt to force students into areas
where they appear to have talent, in the absence of demon-
strated interest, is likely to destroy rather than boost mo-
tivation.

Figure 1 shows then that for each student a spectrum
of factors apply : level of development, level of interest,
aptitude (as indicated by testing or as "sensed" by parents,
teachers, or others), and amount of energy previously spent
in the area. Each subject area considered in such an analysis
is open to great expansion. A person shows up low on
"science" may show up high on "insects" or "dinosaurs" or
"electricity." In my own case, I hated "science" as an ele-
mentary student, high school student, and undergraduate.
Yet my graduate training eventually led me to become a
professional scientist. A F tuclent low in "reading" may be
high "dramatics" or "science" or some other area in
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FIGURE 1. FACTORS FOR ASSESSING GIFTEDNESS
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which reading plays a significant part. The analysis of even
one student is highly complex, and the possibilities of finding
an area of giftedness are enormous.

Activity: Where is the Gift?
Have each student prepare a set of four charts similar to

those in Figure 1. The students can use these charts as a
basis for an exercise in self-awareness and as a way to find
out more about each others' interests and backgrounds.
It probably is possible to keep track of several different

factors that relate 1:0 the appearance of "giftedness" in
learners. But the common system of recordkeeping, based
on letter-type grades, cannot provide the information needed
for a full analysis. If anything, the present grading system
can mislead more than it can help. However, a teacher intent
on completing a full analysis would have to spend so much
time keeping track of the various factors that little time
would be left to work with students. Better to leave this
kind of research to the psychometricians (who are "gifted"
in the manipula %ion of numbers and curves) and devote
teaching time to the positive facilitation of learning, based
on the assumption that each student is gifted in more areas
than we can imagine. The discovery of a new area of in-
terest and talent can be a source of excitement and joy for
the student, for the teacher, for the parents, and for class-
mates. Each such discovery merits its own special cele-
bration.

Activity: Party!
Organize a brief celebration in your class when a student

or students dim -:.over a new interest. In a larger "unit party"
students might come dressed to represent their new interests
or dramatize, draw, or otherwise exhibit their interests. En-
courage student participation but don't require it. Participate
yourself; this may help timid students become willing to
celebrate more openly.

Some Myths to Explore
There are two sorts of myths to expose here : some that

deal with the nature of giftedness in science and some that
deal with the nature of science itself. One common myth is
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that boys have more aptitude for science than do girls. The
evidence from many studies supports this view, but when
the assumptions behind the research are analyzed, one comes
to doubt the validity of those studies. Such studies are based
on standardized tests that do not take into account the sex-
related conditioning that leads young boys and girls to be-
have differently from one another. Girls' toys, clothing, and
games all conspire to orient them away from the kinds of
activities traditionally associated with science. Thus the
gender differences in science aptitude and skills are likely
to be related to upbringing rather than to latent potential.
When we treat girls as if they are less capable in science than
boys are, we ensure that they will perform less well. The
prophecy fulfills itself.

Another myth is that boys do better than girls in
mathematics, mechanical skills, and three-dimensional vis-
ualization. I recently worked with a college woman in a
geology program. This woman talked about her lack of
aptitude in these areas. Nevertheless, a letter from a pro-
fessional geologist who supervised the work of this woman
praised her ability to see things in three kiimensions,
talent which she resolutely denied having "since she was a
girl." The best place to explode these sexist myths is in the
home, during the first years of life. Elementary school teach-
ers also have a good chance to catch these attitudes early.
Each of us, however, at whatever level, is obligated to
recognize and deal with these attitudes if we are serious
about recognizing latent giftedness and helping students
develop their potential.

A myth related to the nature of science is implicit in
the previous example. This myth holds that scientific ques-
tions and their answers are value-free : if you ask a question
"scientifically" the answer can be "believed" until proved
wrong. There is a basic flaw 5n this kind of reasoning. We
must look at the assumptions that precede the asking of a
scientific question before we look at the results. The range
of answers possible in any scientific study is limited by the
nature of the initial question. Major scientific advances are
the result of asking supposedly "old" questions in new ways
that expand the range of possible answers.



Activity: Seeking the Hidden Assumptions
Ask students to choose any major question presented in

their textbook. Have them determine what assumptions led to
the framing of that question. Then suggest that they start
from a different set of assumptions. What would the question
look like then?

(Examples: Any question that asks, "How does X affect
Y?" assumes causality, which may not exist. "How do radio-
active atoms decay?" assumes the existence of "atoms" and
that they "decay" when radioactive. The words themselves
are metaphoric labels, which, if changed, present the question
in a new light. "Where do the worms go in the winter?" im-
plies that they do go somewhere. It also assumes the validity
of the classification "worm." And what about "winter"? It's
a valid concept in some northern areas, but how about the
equatorial regions?)

The Problem with a Narrow View of Giftedness
One problem with a narrow definition of giftedness is

that it makes certain occupations seem more worthy than
others. The common emphasis on academic giftedness is
reflected in the status accorded to certain professions : medi-
cine, law, engineering, and to some extent science. As a re-
sult schools tend to neglect students who have special talents
that lead them in other, less favored directions. This is
particularly true in the United States ; in some parts of
Europe each profession has its own standards and traditions
but does not consider itself superior to other professions.
(42) What would the world be like if everyone managed to
get into that "highest" profession ? It would be like an
orchestra in which everyone was the concertmaster. As
Bertrand Russell says, "There does not seem to be an
adequate understanding of the fact that society should be
a pattern or an organism, in which different organs play
different parts. Imagine the eye and the ear quarrelling as
to whether it is better to see or to hear, and deciding that
each would do neither since neither could do both." (42)
Society cannot function effectively without gifted practi-
tioners in all areas; each person has a place.

Activity: The Non-Co-op
Assign the class a complex team-oriented job such as put-
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ting out a science journal or a newspaper. Tell students you
are passing out team assignments but that no one is to tell
anyone else what assignment he or she received. Then hand
everyone a folded slip with the word "editor-in-chief" written
inside. Tell the group they have one or two class periods to
produce a first draft. Afterward discuss the process and im-
plications.

Activity: The Body
Have students perform drama called "The Body." Assign

each person the role of some organ or cell type. Ask them to
research in advance exactly what their role in the body is.
Then have the students aci-. out "the body at work." They
might try such plots as "circulation," "digestion," or "injury
and recovery." Each person is to play a cooperative role that
benefits the body as a whole.

Now ask half the class to perform a single vital part (for
example, the heart). Do not replace their previous functions
Then ask three quarters -af the class to perform a single vital
function, with additional functions going undone.

Discuss the nature of differentiation as an essential quality
of any complex organism, with all parts being equally impor-
tant in the long run.

Try other plays usin4 other metaphors in which all parts
are necessary to the functioning of the whole. These exercises
offer important scic-ntilo content as well as emotional and
physical activity.

13
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CHARACTERISTICS OF THE GIFTED
Two other myths about science relate to qualities

teachers might think signify giftedness in science. The first
myth is that science is an orderly discipline that progresses
logically from one step to another. Many scientists claim
this is true and belong to a group T.S. Kuhn (21) has
labeled "normal scientists." But not all scientists share this
view. Kuhn points out that science makes its major ad-
vances by leaps and jumps rather than in a simple, linear
fashion. Giftedness in science often reflects a willingness to
break the rules rather than follow them. Of course, it takes
orderly people to do much of the work of science, but we'd
be nowhere without those gifted rule-breakers. Paul Feyera-
bend (3) is another philosopher of science who shares
Kuhn's view, taking it to further extremes. In his view the
advance of science depends not only on rational argument,
but also on propaganda, rhetoric, and subterfuge. F eyera-
bend (10) believes in a strong methodological pluralism in
science. Thus, giftedness in science might go hand in hand
with such qualities as craziness, playfulness, argumenta-
tiveness, explorativeness, and resistance to authority. A
strong creative bent is as important in science as in theater
or art. The environment in which gifted students work on
theft science should encourage the expression of these quali-
ties as well as the demonstration of rational analysis, sys-
tematic observation, and the other virtues traditionally asso-
ciated with science.

The second myth concerns neatness in science. In ad-
vertisements, in journals, and in television we are con-
fronted by the image of the scientist in a clean white lab
coat. Some scientists do dress this way. But it is more realis-
tic to show a cluttered laboratory populated by people in
highly informal dress, who joke around a good deal, and
whose lab notes might be written on odd scraps of paper.
The standard image of the neat scientist is not necessarily a
wrong one ; it is merely incomplete. The scientist must be
seen as a complete person if we ire to recognize potential
for giftedness in messy second-graders or untidy teen-agers.
We must create environmentsoften messy and dis-
orderlyin which this giftedness can flourish.
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Activity: The Scientist as a Person
Ask students to describe "the typical scientist." Does a

stereotype emerge? What is it like? List these characteristics
and keep them. Now ask students to gather from newspapers,
magazines, films, TV, novels, and other sources information
about scientists as people and about their laboratories and
their work. A book like Watson's The Double Helix (54) can
be useful. Does this new information change students' as-
sumptions about scientists as people?

A "Catalog" of Types of Giftedness
1. The all-around genius. To many people, the student

who fits this stereotype is highly precocious, temperamental,
and difficult to get along with. In truth few students fit this
extreme, but in those who do, psychological problems prob-
ably derive from the way they are treated by others and not
from their giftedness as such. In dealing with these students,
the best course is to encourage their growth and keep out of
their way while they pursue their own strong interests.
Teachers can help them find balance by introducing into
their environment elements and people who can help broaden
what might otherwise turn out to be narrow "genius."

2. The person gifted in science but not in other areas.
Such students play science games all the time, pay little
attention to other schoolwork, and are continually told by
others that they are good in science. They pose a problem in
that they don't get put into a special class for the generally
gifted and yet clearly need special resources and expertise
to guide and encourage their talent in science. Often stu-
dents who show exceptional precocity in a single area may
use their recognized abilities in this area to get out of other
things. Parents and teachers may acquiesce and stop pro-
viding challenges and opportunities that may bring out
talents in other areas. The students continue to do what they
already know they can do better than others and become less
willing to risk trying new activities in which they may ap-
pear less advanced or less special. Sometimes it helps to
broaden the definition of science to introduce the very risks
the student has tried to avoid. Or introduce a. "non-science"
activity as part of -a regular science class ; gifted students
may find themselves doing well before they realize that
they have mr.de the jump to a new area.
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3. The person gifted in other areas but apparently not
gifted in science. A student's apparent lack of giftedness in
science may be due to lack of aptitude, lack of motivation,
lack of interest, or prior bad experiences. Usually, however,
the problem is one of semantics. The word "science" may
induce "science anxiety," a state of mind similar to the well-
known "math anxiety" or "reading anxiety." A way to ex-
plore for latent giftedness is to encourage other teachers to
introduce c',ntent that is in fact "science" but does not carry
that name. If students can be placed in a gifted program
without specified class times and without classes labeled by
discipline, content and skills normally the province of sci-
ence can appear in literature, environmental work, art,
music, and other areas. Later, after students have become
competent in several areas, they are often amazed to realize
they've been doing "science" all along and actually now seem
"gifted" in this area, too.

4. The "average student." Most students fall into this
category. They are well-balenced, follow the rules, do what
they are supposed to do, get average grades, and don't
make trouble. They never attract much attention. They fit
in and pose no special problems. Yet there is a great reser-
voir of hidden giftedness within this group. It is the unmet
challenge of public education to find and encourage the
growth of this untapped talent.

5. The handicapped and "retarded" as "gifted." Re-
search indicates that many students currently classified as
handicapped or retarded are actually gifted in certain areas
but lack the "balance" that makes other children seem
"normal." Thus special education teachers may also find the
suggestions in this book helpful in reaching those special,
submerged areas of giftedness in students who are deprived
or "different" or thought to be retarded. In the long run,
it is essential to avoid any labels that might adversely af-
fect any child's self-concept.

What Makes a Practicing Scientist Gifted ?
Teachers who are 'iterested in assisting students gifted

and talented in science rebably should have some idea of
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what constitutes "giftedness" among scientists. Is it pos-
sible to isolate some of these qualities from looking at
scientists who have made important contributions to science?
What about those scientists who are regarded by their peers
as gifted even though the complex circumstances of scientific
discovery have not blessed them with precedence or fame ?

Giftedness manifests itself in so many different ways in
the actual practice of the sciences that one might despair of
ever coming up with a general list of qualities. Many of the
most gifted scientists were never recognized as having any
particular gift during their schooling,. This suggests that
attempts to discover and coach those students who are des-
tined to become gifted future scientists may be a waste of
the teacher's time, since it is so difficult to predict who these
people will be. But because we are committed to helping
students uncover and use their gifts, we must proceed.
Abraham Maslow (25) recommended that we not shirk from
a task because it is difficult. Unimportant tasks are not par-
ticularly worthy even when done well. On the other hand,
important questions need to be faced no matter how diffi-
cult they may seem or how slim the chances of getting a
satisfactory answer.

The most important scientists have been risk-takers.
They enter "where angels fear to tread." They are often
r;ngleminded in their pursuit of a goal, even to the point
of neglecting other responsibilities. Sometimes they appear
unwilling to listen to what other people say is "reason."
While Einstein was developing his most important theo-
retical contributions, he told people not to confuse hin.,
with the facts. (6)

Gifted scientists tend to jump over steps in the reason-
ing process ; they make intuitive leaps. Many gifted scien-
tists of the past have admitted that their dreams have pro-
vided routes to their discoveries. (18, 52)

In spite of their singlemindedness when "on a track,"
many scientists have also showed considerable gifts in other
areas. Einstein was a fine violinist and beca-ne an active and
persuasive figure in politics. Linus Pauling earned a Nobel
Peace Prize as well as the prize in chemistry.
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Many gifted scientists have shown themselves to be
meticulous in their recordkeeping and careful testing of
ideas. Thus it would seem that some combination of easy
access to =intuitive powers and an ability to attend to the
ofzen tedious task of gathering and testing information has
been important to many scientists.

A well-developed sense of curiosity is another charac-
teristic common to gifted scientists. This includes an alert-
ness not only to the immediate world around them but also
to w Drk that other people are doing and its implications for
their own work.

Gifted scientists recognize the interconnectedness of
events and relationships that casual observers fail to notice.
This is what discovery really is : the bringing together of
elements previously thought to be separate, the new com-
bination of ideas or events.

Gifted scientists often demonstrate a strong sense of
purpose in their work and tend to become impatient with
authority, trivial requirements, or factors that stand in
their way. Although many gifted scientists have been good
collaborators, most are characterized by a strong streak of
independence, and much of their best work comes when they
can work on their own without too much interference.

Although gifted scientists are somewhat different from
gifted poets, artists, novelists, and other creative people,
the similarities between these groups far exceed the dif-
ferences in subject matter and approach. Gifted scientists,
as portrayed in the history of science, in their own auto-
biographies, by other biographers, and in the public media
approximate other "self-actualizing people" as character-
ized by Maslow. (14)

Kuhn's (21) analysis of how scientific ideas develop
suggests that scientists can be divided ;nto two very differ-
ent groups. In the first group are the so-called "normal
scientists." Much of their work is deductive, and they tend
to operate within a group of theories or ruling ideas rather
than challenge those theories. The great majority of work-
ing scientists belong in this category. Another smaller group
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includes those scientists who introduce the big new ideas
that challenge and contradict the ruling ideas.

Science progresses, say Kuhn (21) and Feyerabend
(10), not by following method but by breaking it. Science
moves ahead by leaps rather than in a tidy, slow, progres-
sive way. Certain times are more favorable than others for
"scientific revolutions." Once a new idea becomes estab-
lished and acquires the status of dogma, it takes many years
of information gathering before the problems posed by the
new idea show up. There must be a certain body of data in
hand before discrepancies or anomalies can be seen. A dis-
crepancy by definition implies a big body of information
already exists. No revolution can occur if there is no pre-
existing idea against which one can revolt. It takes special
courage to propose that a widely accepted idea no longer
holds true, especialli when you have only a few discrepan-
cies in hand as a basis for challenging the prevailing idea.
Kuhn suggests that these iconoclasts are very different from
"normal scientists," (21) and even though most scientists
combine some of each element in their personalities, they
probably lean strongly toward one pole or the other. In fact,
the two types may not get along very well. In looking for
giftedness we must remember these two different models.

Another factor that complicates the recognition of gift-
edness among scientists is the extraordinary -variety of hu-
marl activities that fall under the heading of science. Even
the "approved" disciplines of physics, chemist :y, biology,
and earth sciences can be broken down hit° many sub-
disciplines that require very different human qualities from
their practitioners. A great difference exists between the
observational field naturalist and the theoretical physicist.
Yet these two occupations are lumped together as scientific.
It is ce-nparable to putting automobile mechanics and con-
cert violin playing under the same heading. When we add
psychology, economics, and the social sciences to the physi-
cal and biological sciences, the picture becomes even more
muddled. Yet the National Science Foundation supports all
of these fields. What about astrology, parapsychology (24) ,
acupuncture, and other fields? Feyerabend (3) , Rogers (31),
and others agree that scientists must be open to develop-
ments in an increasingly broad range of disciplines.
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Because of the wide range of opinion about what con-
stitutes giftedness among professional scientists and be-
cause of the extraordinary br( adth of science itself, it is
clear that teachers interested i i helping students gifted in
science must be open to a w' de range of behaviors and
attitudes. Giftednes: appears In many forms and in many
kinds of people. Because giftedness can manifest itself in
so many different dimensions, we must be alert to recog-
nize it and ready to encourage its development. Where we
sense imbalance, we must help learners find their centers.
We must provide learning environments that foster the
risk-taking necessary for growth and balance. Talents that
are buried serve no purpose. Those that are uncovered and
used multiply. Our job is to encourage that multiplication.

Activity: The Catalog of Gifts and Giftedness
Have students prepare the kind of catalog sent out hy de-

partment stores for special sales. Their catalog will advertise
various types of exceptional skills "for sale." For each skill
they should prepare an advertisement that might "sell" that
particular skill. In a second section of the catalog, have them
prepare statements about how those skills might show up,
especially in science. Prepare ads for this section, with each
person trying to sell his or her skills.

Then have an auction. Some skills can be grouped in "pack-
ages"; some can be sold separately. Give each student some
"currency" to be used for buying the skills. Have one student
act as auctioneer. After the auction students can discuss how
they feel about what they wanted to buy, what they were
able to buy, the categories of skills available, etc.

Activity: Whcft Makes a Scientist Gifted?
Ask st .tdents to research biographies of scientists. (You

may wish to limit this assignment to a specific area the stu-
dents are presently studying.) Ask students to list the per-
sonal characteristics of these people. Their scientific work
aside, what were they like as people?

Ask the group to watch science-oriented television pro-
grams like "Nova." They should list the persona.' character-
istics of the scientists represented.

Finally, ask st .dents to read parts of The Night Is Dark
land I Am Far From, Home. (20) This book shows how the
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images of many well-known personalities are "sterilized" for
student consumption so that the real, human qualities of. the
people a::e lost. Several scientists, Thoreau among then:, are
represented in this book.

Giftedness as a Burden
Once we identify a person as gifted, we must be careful

to make this designation a help and not a burden. When the
designation carries with it obligations and responsibilities
the strdent has not asked for, we risk inhibiting rather
than facilitating the giftedness. Gifted people must be en-
couraged to develop their gifts. However, when this en-
couragement takes the form of coercion, as it often does,
students may find ways of demonstrating that they are not
gifted as a way of escaping the burden. Or they may develop
unhealthy resentment against the per ple who are coercing
them, even as they go on to develop the gift. it's a matter
of simple psychology : people often resist what they're told
they must do. The environment must be one of invitation
rather than one of expectation and coercion.

Being gifted also can seem like a burden when persons
who have been "set up" as "gifted" learn that the ability
isn't so extraordinary. For some, this shock comes when
they are suddenly transferred out of the gifted class back
to a regular class. Or perhaps through competing in science
fairs or meeting people from other schools, students see
firsthand that their work pleases them much less than what
others have produced. Of course it is possible that these
situations might make students work harder to "prove"
continuing giftedness. But it is equally possible that the
students will experience a sense of failure and inadequacy
they never would have felt had they not been ..-reated as
someone of whom great things were expected. Labeling
students gifted and then later telling them, "Oh, yoL're not
really gifted after all," is the worst kind of destructh e and
unearned put-down.

"Giftedness" is a quality to be borne lightly. Taking 14
seriously carrie ; great peril. Better by far that we treat all
students as if they were gifted, taking delight in excellent

cork they do, without the need for labels.
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TEACHING SCIENCE
Progress in Science Through the School Years

David Hawkins (17) stressed the importance of allow-
ing young children plenty of time for "messing about" in
science. Hawkins recognized the importance of play in help-
ing children find areas of interest. Alert teachers, by pro-
viding materials with which a child can extend play, can
encourage more focused activity. In response to Haw kins,
projects such as the Elementary Science Study (ESS) group
created a wealth of aids, kits, and pamphlets to help teaches
encourage the diverse play that must precede focused ac-
tivity in the very young. The best of "serious science" also
includes much unfocused "messing about," a fact over-
looked in science classes for older youngsters. Other fed-
erally supported projects for elementary schools, "Science
A Process Approach" (SAPA) for one, provided some
opportunity for play but attempted to focus the child onto
a narrcwer track. SAPA appears now in few elementary
schools, and usually kits remain unused in the back of the
classroom as window-dressing for parents.

Beginning in the upper elementary years and into
junior high school, students receive progressively more
focused science content, much of it repeated year after year,
with emphasis on vocabulary and memorization and little
time for play and exploration. If these children had had a
really good chance to play with science materials in the
earliest grades, this approach might be all right. But since
at least several students in any given class will not have
had that opportunity, the upper elementary or junior-high
teacher who wants to reach the known gifted and help others
find their gifts must allow this kind of preliminary play.
Teachers may balk and say, "We don't have time for that !"
But the important goal is not to present material but to
help children learn. If play can be a bridge to learning, we
cannot exclude it.

Students learn efficiently and rapidly when they are
interested in a subject and motivated to learn it. Yet they
can be incredibly slow when faced with something they find
boring or uninteresting. Well-meaning teachers often waste
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enormous amounts of energy trying to teach material stu-
dents do not find interesting. Far better to let them explore
until they are ready to learn that "other content" so dear to
the teacher. Students can learn this material in perhaps a
quarter of the time when the content is placed before them
at the "right" moment. That moment may be different for
each student, reinforcing the need for individualization.

High school science instruction takes two principal
forms. The first is ordinary classroom instruction. The sec-.
-)nd is independent project work. In some courses these two
rrt-w be mixed. Attempts to "liven up" the regular curricu-
lum have employed so-called "guided inquiry." Contractual
instruction, audiovisual-tutorial methods, and mastery-
learning approaches have been the most widespread means
of individualization. Thes,- approaches do not generally ac-
commodate the need for "play" and truly independent work.

University level work presents the same problems found
in high school science courses. Most instructors assume that
playtime is over and solid learning can begin. But they are
wrong to assume that most students are already motivated
and will work at or near their potential, given ordinary
assignments, tests, and papers. There are a few programs
that recognize that exploration in an open and unfocused
mode will motivate gifted students and enable them to
emerge and progress. One used for several years at St.
Lawrence University has been label,,d "a kindergarten" by
colleagues who apparently feel that there are enough tal-
ented people around without having to "mine the tailings
dump" or look around in the waste pile for any gifted stu-
dents that lie buried there. They maintain that Examinations
sort out the already motivated, regardless of their giftedness
or lack of it, and that the 75 percent with grades below a
solid B are rightfully left to their own devices, relegated
to the "average" pile. But many of the truly gifted fall into
this category. (48, 49) We cannot afford to neglect these
people.

Activity: "Whadathyuh Know ?"
Ask students to describe their background in science, what

topics they have "covered," and how many times they have
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studied various material. Whenever students mention a new
topic, stop for a moment and ask students to discuss whether
this is the first time they have thought about this idea. If
not, where have they heard about itschool? TV? radio?
books? newspapers? magazines? How much do they know
about it? How interesting is it? Do they want to spend more
time on it or should it be left aside?

Scientific Literacy and the Gifted
Much of what is written about teaching the gifted in

science focuses on the gifted student who might one day
end up in a science-oriented career. Too often, science has
been considered the special preserve of professionals rather
than a normal human interest that all people can share.
The increasing complexity of our technologically-oriented
world makes it imperative that every person be literate in
scientific matters. Voters will be called upon to make choices
based on an understanding of the consequences Of scientific
and technological work. Problems posed by energy, nuclear
power, medicine, drugs, conservation, forestry, agriculture,
nutrition, healthall require clear and inventive thinking
that takes advantage of useful scientific approaches and
viewpoints. Thus programs for gifted students will serve
those students better if they contain elements that encour-
age the consideration of environmental and social issues.
Moreover, an awareness of one's world can provide a life-
long source of extraordinary enjoyment and recreation for
every person. Any balanced program for gifted students
needs to incs,rporate opportunities to learn about, appre-
ciate, and value the natural world and develop a powerful
and sophisticated awareness of how things work and of
natural processes, limitations, and possibilities. The ulti-
mate goal might be to see every learner want to spend time
in active pursuit of "scientific understandings."

Science as "Serious Business" or "Play"?
At its best, science is pursued the way small children

play. Children try something, and when it doesn't work they
just try it again, or try it another way, or introduce some
variation. Instead of thinking of "failure," their attitude is
just, "Oh ! That didn't work. Now let's see what happens
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when we try this." Without getting frustrated, children can
apply dozens and dozens of permutations and combinations
to a problem they are working on in their play.

The best scientists keep their work in perspective and
do not take it too seriously. Such detachment is es: ential to
exploration and quality. If science is treated too :.eriously
in the classroom it can become very dull and boring. Science
requires a quality of playfulness. When one is seeking con-
nections and relationships many avenues of exploration are
bound to be dead ends. If one took each of those "failures"
seriously, depression would surely result_

Competition and Giftedness
Americans thrive on competition. According to one pre-

vailing idea, schools must foster competition among students
in order to prepare them for a world in which everyone is
out to win, but most will lose. The existence of prizes in
science (the Nobel prizes and the hundreds of others that
are equally or less prestigious) supports this idea of win-
ning. Such prizes fail to take into account that great dis-
coveries are never made by a single person acting alone.
Science is a collective, cooperative enterprise. The last per-
son to place the final piece in a jigsaw puzzle could never
accomplish this had not the rest of the puzzle already been
assembled. The history of science is replete with stories of
several people working independently, yet coming up with
a major discovery at about the same time. The concept of
evolution that serves as a cornerstone of modern biology
was "discovered" not only by Darwin, but at exactly the
same time and in essentially similar form by Wallace. Dar-
win was just a better publicist. Consider an Olympic contest
in which everyone remembers the name of the gold medal
winner, but all soon forget the name of the person who came
in a fraction of a second later. Is the runner-up really less
skillful than the person who happened to fall across the
finish line first?

One unfortunate result of the competitive drive has
been increased falsification of scientific data. A good deal of
cheating has been uncovered recently, even among sup-
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posedly distinguished scientists rushing pell-mell for the
finish line. (44) Industrial firms have introduced more big
prizes for which scientists can compete. Not surprisingly,
there is a strong movement among many scientists against
further commercialization. This is bound to increase com-
petitive feelings, increase cheating, and diminish the dis-
interestedness which is an essential quality of good science.

At the same time we see an increase in competitive-
ness, we are also seeing more science done on a cooperative,
teamwork basis. Today's problems require the use of sophis-
ticated technology and the combined effort of many special-
ists working together. This rise in teamwork and the
diminishing of the old "star" concept has been one of the
most significant recent developments in science.

Competition often surfaces in the schools, sometimes
with dire effects. Science fairs are one manifestation of this
competitiveness. The gifted are expected to come up with
elaborate science projects that bring the same kind of glory
to their schools as does athletic achievement. Science fairs
should be a place for sharing knowledge, serving the same
important function as scientific professional meetings. It
surely seems that science fair prizes are inimical to the
growth of student potential and destructive to overall pro-
grams for the gifted and to "science" in general. By the
time students reach competitive college science programs,
especially premedical programs, it is not uncommon to sabo-
tage each others' work in order to get to the top of the pile.
This is an extraordinarily destructive situation.

Teachers of gifted students should emphasize science
as a cooperative function. Parents and administrators may
pressure teachers to push for the science fair prizes, but in
so doing teachers stand a strong chance of inhibiting and
destroying giftedness rather than nourishing and devel-
oping it.

Activity: Competitiveness Versus Cooperation
If you give tests in class, try the following procedures for

a test: Tell the students that you only want one paper turned
in for the whole class and that every student will be scored
on the basis of that paper. Alternatively, separate the class
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into two groups. Have half of the people take the test indi-
vidually; have the other half work as a team toward a group
score. Have the two groups compare the "best" of the indi-
vidual papers with the group paper.

Ask students to look through scientific papers in several
issues of Science magazine. Have them tally the number of
papers by a single author and compare this with the number
of papers written by more than one author.

Ask students to read about cheating in science and discuss
this problem. Some suitable papers are those by St. James-
Roberts (44), Gillie (13), and Wade (53).

Using Programs for the Gifted as Routes for Change
In general it is difficult to bring about changes in -U.S.

schools today. In most cases the "regular programs" are so
well entrenched that no real changes have occurred for many
years. During the 1960s the National Science Foundation
invested several hundred million dollars in curriculum re-
form projects to touch all the sciences at all levels from ele-
mentary school through early college. Now, only a few years
after the last of these projects completed its primary work,
a visit to most science classes shows that science is being
taught in essentially the same way it has been taught for
the past 50 years. Schools are extraordinarily resistant to
change. There have been changes in emphasis and in subject
content, but few changes in basic patterns of authoritarian
classroom instruction.

Even though there is some danger in labeling individual
students as "gifted" and thereby singling them out as
more special than their peers, programs for gifted students
can provide routes for change. As such they warrant sup-
port.

All people are gifted in some area of science if one
accepts a broad definition of science. If one accepts only
a narrow definition, one would also have to exclude large
numbers of science "heros," as even a casual look at the
history of science would show. (6, 54, 18)

The specific activities suggested in this book can be
applied successfully with any students, whether or not they
are labeled as "gifted." These activities involve a large

31



amount of individual, project-oriented work, and such work
has always been acknowledged as appropriate for "bright"
students. Some of the more unusual games and approaches
presented here are especially appropriate for creative peo-
ple. Teachers who believe that giftedness is latent, some-
where, in everyone, can introduce these activities in any
or all of their classes.

Giftedness and Advance Placement in Science
Many school administrators and parents mistakenly

believe that conventional "advance placement" courses pro-
vide a satisfactory vehicle for all gifted students. In a ma-
jority of cases, these programs designated for students
gifted in science end up as attempts to bring first-year col-
lege science content into the high school, complete with col-
lege-type lectures and college-type labs. These advance place-
ment courses cater to those students who are "course-wise"
and know how to give content-bound teachers exactly what
they want. The courses do little, however, to help develop
the special qualities of creativity and inventiveness that are
the mark of giftedness in scientific work. The programs
largely stifle students rather than provide an environment
for growth. Most university science instructors would pre-
fer to work with students who have not become intellectu-
ally bound-up in advance placement courses. With such stu-
dents, the teacher's first job is to free them up to think
creatively. If teachers who are seriously interested in help-
ing gifted students are assigned an "advance placement"
group and given a college textbook with which to work, they
can use some of the procedures suggested in this book to
convert a standard advance placement program into one
that can keep the creative spark alive and still deal with
"appropriate content." The primary focus needs to be on
the asking of questions and not on the finding and "learn-
ing" of answers. One approach is to convert standard place-
ment sections into genuine research-based seminars.

4 "1
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THE LEARNING ENVIRONMENT
In any program for gifted students the general feeling

of the educational environment as a whole is more importanI
than the particular curriculum and materials. How things
are done is of greater importance than what things are
done. Above all else, the learning environment must be
nourishing.

An essential quality for the classroom is what Bertrand
Russell (43) characterizes as friendliness : "What is wanted
is neither submissiveness nor rebellion, but good nature, and
general friendliness brth to people and to new ideas. . . .

If the young are to grow into fliendly adults, it is necessary,
in most cases, that they should feel their environment
friendly."

In schools that already have special programs, teachers
may work with groups of students who are specially desig-
nated as "gifted." It is important to help these gifted stu-
dents find out that other classmates are also "gifted." They
need to recognize that all of their peers are special, but in
different ways. Students need to feel good about their own
gifts and comfortable in letting other people see them exer-
cise these gifts. At the same time, they need to develop an
appropriate degree of humility so that they recognize that
everyone participates and is able to make contributions, each
in the way he or she can offer most. The group should be
led to realize that every human being is unique.

The Group and the Individual
The American insistence on the "efficiency" of in-

structing students in groups is based on the questionable
need to "cover ground." This may be one of the single most
harmful attitudes that has long hindered the growth of
gifted students. Students learn best when they are moti-
vated to learn, and individual students are motivated to
learn different subjects at different times. A first essential
aspect of a nourishing learning environment is that when
students become interested in a subject they must be al-
lowed to continue to follow these lines of interest on an
individual basis or in small groups. Later there must be
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ways of allowing them to rejoin the whole group. At any
point in time, the teacher will have an ongoing sequence of
activities in progress. But individual students or groups of
students may "get off the train" whenever they wish to
make a "side trip" or, in Renzulli's terms, "conduct an in-
vestigation." (51) At times, the majority of students in a
group may be on their own side trips. When this happens
the teacher's role becomes that of facilitator, helping stu-
dents to complete their own work. Usually the teacher's role
changes back and forth between that of generator of ideas
and leader of activities and that of helper, assistant, facili-
tator. In both roles the teacher has a responsibility to pro-
vide feedback, ideas, and evaluations when students request
these.

There is another reason for allowing students to opt
out of activities suggested in this book. Teachers who try
to force students into awareness exercises, meditations,
creativity games, and other special activities lack sensi-
tivity to student needs and feelings. These exercises have
psychological ramifications. Misuse of standard cognitively-
oriented exercises can be destructive, but misuse of exercises
that make use of perceptual skills and abilities can be an
invasion of a student's privacy. Students must participate
voluntarily in such exercises or not at all.

Teachers should recognize, too, that a student who
wants to work independently at a given time does not neces-
sarily wish to avoid a particular exercise. It may simply
reflect the direction of the student's energy and interest at
that moment. Teachers wishing to work effectively with the
gifted must be sensitive to their students' needs.

An Open-Access Educational Environment in Science

An environment that fosters giftedness in science
should provide open access to,resources and ideas. This does
not necessarily mean a big open room without walls, al-
though that might be helpful. It does mean maximum free-
dom for students to use resources at any time. Science often
involves the measurement and study of "things." The en-
vironment must provide a wide range of things left out in
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the open most of the time. Cupboards and shelves should
be open so that all resources are easily and quickly available.

An open envii-onment also implies access to the school
library, to other teachers (with the understanding that this
requires their permission first) , and especially to the out-
doors. Regular access to the schoolyard or arrangements
for walks into town or for field trips may be difficult in
some schools, but a teacher of gifted students should be
ready to apply continuing pressure to gain this access.

The materials provided depend to a large degree on the
particular "discipline" the class is studying. Almost any-
thing goes for teachers in the elementary grades and in so-
called "general science" classes through most or all of the
middle-school or junior high school years ; teachers need
not feel restricted by traditional content boundaries. As it
works out, teachers in elementary schools generally have
limited funds and must make do with more ordinary, every-
day items. Secondary teachers can generally afford more
"scientific" equipment.

A wide variety of excellent curriculum materials espe-
cially suited to gifted students is available as a result of
the large curriculum development projects supported by the
National Science Foundation over the last 20 years. Every
area of the science curriculum has been affected by these
projects. Unfortunately, as a result of their emphasis on
materials rather than on teacher-student relationships and
student learning needs, these projects did not have the great
impact they might have had. Nonetheless, they provide a
remarkably useful resource bank of materials and ideas that
can easily be transformed for use in student-centered, prob-
lem-cent6red programs. Detailed information about the
availability of these materials (including extensive teacher-
preparation materials) , can be obtained from the National
Science Foundation, Washington, D.C. 20550.

Whenever possible it is advisable to use funds to pur-
chase single items of man:- different kinds of equipment
rather than be lured by some "package deal." When pos-
sible, avoid buying 20 or 30 expensive microscopes or bal-
ances. Be satisfied with a couple of microscopes or even
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with hand lenses or simple magnifying glasses. Use the re-
maining money to buy a wide variety of materials. Often
the "official" science kits sold by commercial suppliers con-
tain materials of poor quality, sold at high prices. Examine
these kits to see what they contain and then visit the local
hardwalre store or junkyard for better and less expensive
substitutes. If possible, try to arrange for a "contingency"
budget that allows purchase of items from local merchants
during the school year. This is better than stocking up on
advance-ordered material from science supply houses. Such
"stock" materials often gather dust on classroom shelves.
Each year's new materials should enrich the total environ-
ment so that possibilities grow as time goes by.

Another way to help stock the classroom-laboratory is
to ask gifted pupils to act as "purchasing agents." Once
students decide what they need for their activities, let them
help acquire needed materials. This lessens students' de-
pendency on teachers. Gifted students understand that the
questions they can study and the precision they can obtain
depend upon the equipment they use. If money for equip-
ment is not available, students can improvise and innovate.
Inventing balances and magnifiers demands more sophisti-
cated skills and greater involvement than going to the shelf
for a standard item. Pickle jars, old pots and pans, and
junk provide countless possibilities for much scientific ex-
perimentation. Letting students participate in organiz-
ing and equipping the laboratory makes them full partners
and opens doors for the development of unexpected talents.

Activity: The Equipment Game
An equipment game can help both teachers and pupils get

past the objection, "I'd love to study that, but I just can't
afford (or get) the equipment we need to do it." Have stu-
dents make individual lists of all the ways they can think
of to use a hinge, a paper clip, and old automobile, or other
common object. First students can do this individually with-
out talking to each other. Then ask students to combine all of
the lists, keeping track of how many repeats there are.
"Opening a door" is not a very imaginative way to use a
hinge, but "wearing it for a hat" would be unusual. After the
initial listing, the assignment can be expanded by asking,
"Now let's list all of the craziest ways to use a hinge."
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Often people begin by giving conservative answers, out
of fear of being laughed at. However, when they learn that
the most unusual answers count the most, their fluency in-
creases. Ability to perform in this kind of exercise is not a
"given" gift. Fluency and skills can be learned. A group
that cooperates can always come up with many more ideas
than any individual or even groups of individuals working
separately. In the group one "silliness" trigge.s another.
And every now and then a really interesting idea emerges.

So far the game may not seem relevant to a science
class. Remember, though, that the goal was to figure out
how to get equipment for the lab.

Allow sufficient time for play, even a couple of periods if
students get excited by the game. An important rule is never
cut off a good game too soon, and never let it drag on if inter-
est slackens. A new focusing element can be introduced into
the game: "All right, now I want you to think of all the
ways we can use that hinge in an experiment for which we
haven't been able to get the equipment." In think-tank ter-
minology this approach is known as "force-fitting." (15, 29,
35) Once students have become fluent in generating many
different kinds of ideas, they can then focus on a direct prob-
lem of the lab. If the hinge doesn't produce any useful ideas,
move on to another item: "All right, what other items might
we think of that we could use instead of a hinge?" The
teacher, although acting as leader, should participate when-
ever possible. Perhaps a student might be asked to be a "leader"
or "recorder" while the teacher joins the group as an idea
generator.

Creativity games like the previous one profit from a
device on which ideas can be recorded. Most teachers let
classroom activities revolve around chalkboards and over-
head transparencies. The trouble with chalkboards is that
good ideas get erased before long. A pad of newsprint or
butcher paper provides plenty of cheap sheets on which
ideas can be retained for further examination. Science is
mainly a game of connections, a chance to see that things
are in some way related to each other. The recognition of
unusual and unexpected connections is called discovery, and
out of discovery come major advances in both learning in
general and in science' in particular. Jean Piaget has said,
"Nothing is ever learned except to the extent to which it is
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discovered or rediscovered." (38) If ideas are kept avail-
able for inspection, students are more likely to make asso-
ciations. During a session with gifted students, tack up
sheets of newsprint covered with words derived from games
and discussions. Some of these words and ideas may call
forth an idea directly related to the "science problem of
the day." After an investigation has been completed, stu-
dents can review the sequence of ideas by looking back
through the newsprint sheets.

Activity: The Bag of Tricks
Have each student bring in a "bag of science tricks"a

collection of exciting things they like to do, things related to
science. Leave the bags somewhere in the room and open them
at random to present as "gifts" to the class. Later combine
all the tricks. Add your own tricks. When a student is bored
and looking for something to do allow the student to work
on a trick from the bag. Keep the bag going over the school
year and through successive years. Each addition to the col-
lection may help some future learner. You can ask that tricks
be related to a given study area if your class has a specific
disciplinary focus. Better still, ask the class to "force-fit"
whatever tricks they come up with to a given task or assign-
ment (see p. 37).

Problem-Centeredness and Student-Centeredness
All science is interdisciplinary. It wasn't until 200 to

300 years ago that people began to separate biology, chem-
istry, physics, and other areas. Now the differentiation has
gone so far that most scientists understand little of what
colleagues in even adjacent fields are doing. A1s soon
as someone starts to do work in one of the "cracks" between
two areas, a new area of specialization arises, followed soon
after by a new professional journal.

Despite the degree of specialization, there is a great
deal of overlap between these specialities. In fact the early
training of all scientists covers much the same ground. A
high school student taking biology, chemistry, physics, and
earth science will find that as much as a quarter to a third
of the subject matter is repeated. Students keep going over
the same so-called "fundamentals." By the time science-
oriented students have completed twelfth grade, they have
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probably been over the same material, at the same level of
sophistication, as many as five or six times. Small wonder
that s' many studentsespecially the bright onesreach
college already bored and "turned off" to science.

Small children draw no distinctions among scientific
specialities. They ask general questions that pay no heed
to boundaries. Gifted students tend to do the same thing.
They ask "How does this work ?" rather than limiting their
questions to the ones permitted in a fixed discipline. This
is the difference between problem-centered science and
method-centered science.

Most science as written in textbooks and taught in
schools is method-centered. First the student works through
the fundamentals of biology, learning its methods and its
subject matter. If an unrelated question comes up (con-
cerning soil, the atmosphere, chemistry, or rainbows) , it
is usually disqualified as being off the subject : "You'll learn
about rainbows next year in physics."

Gifted and talented students are often frustrated by
a method-centered approach. Those who are well "social-
ized" may be content to wait until later to deal with the
questions that really interest- them. But many children, in-
cluding many intellectually gifted children (50) , simply
"tune out" of class, occasionally coming to life when by
chance something interesting captures their attention. Most
working scientists tend to be method-centered, too, since
they've been trained to think in that manner. Faced with a
problem outside of a particular field, the method-centered
scientist might either farm it out to some other expert or
ignore it completely. This despite the fact that in science
the most significant answers to questions often come from
an adjacent or even distant speciality rather than from the
investigator's own garden patch. Most of the really inter-
esting and vital ideas are hybrids resulting from cross-
fertilization. That's what "hybrid vigor" is all about.

Problem-centered science encourages students to ask
any question that interests them. Teachers and students can
use any method to work out the problem. Of course, time is
spent looking around in search of ways to approach the
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problem. At first glance this might seem like an inefficient
way to proceed. How can you work on a problem when you
don't know how to proceed? This attitude leads people to
the same "safe" questions over and over questions
they know will lead to satisfactory and acceptable answers.
This is the low-risk approach to science. It produces few
new insights and little excitement or discovery. In contrast,
working in a problem-centered manner is fraught with the
peril of possible "failure," but the potential rewards are
enormous. Many of the most gifted students work especially
well in a problem-centered mode.

The teacher who has worked mainly in method-centered
modes may find it frightening to ender the world of prob-
lem-centered studies. Teachers can expect to be "out of
their depth" often. They become coinvestigators with their
students and will less often be "one up" on them. Of course,
the teacher has several advantages as a result of method-
ology, life experience, and maturity. Teachers working in a
problem-centered environment must be ready to learn from
the provocative questions of gifted six-, eight-, ten-, or
eighteen-year-olds. Teachers also must be ready to have
students take a greet deal of responsibility for finding out
things on their own. In a problem-centered mode, students
may be asking que:1,;,ions that cannot be answered as yet.
Teachers should expect not to know the answers to many
of their questions and, more important, perhaps not even
able to find out the answers. In a problem-centered environ-
ment teachers must be ready to say, "I don't know, and I
don't know whether anyone knows. Why don't you go see
if you can find out for us." The responsibility for learning
must be passed from the teacher to the students. The teacher
no longer serves as an encyclopedia, although the teacher
does not, of course, deny information. The teacher becomes
an equal par,.cpant in the exploration of science.

Activity: Finding the Problem
Have students take any activity from the textbook or

laboratory book. If the exercise focuses on biology, ask them
to find the physics, chemistry, and earth science hidden within
it. (For the other subjects do the same.) Now have students
Find the literature, music, poetry, and social studies hidden in
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the science exercise. If they have trouble completing this
task, ask them to modify Cie exercise as necessary to add
these dimensions.

Have pupils keep track of class assignmeitts and textbook
assignments to see whether these begin from a real problem
or question or whether they simply provide practice of a skill
or technique. Gather science reports from the newspapers
and popular magazines and have students rate these as to
whether they are centered around a problem or are confined
by a method. Are the newsworthy reports "bound" by inter-
disciplinary lines? What differences are there between sci-
ences as practiced and science represented in textbooks?

If I am truly interested primarily in the growth of the
learner, rather than setting myself up as a defender of my
scientific profession or a gate-keeper of the "standards" and
"certificates," I understand th4t no item of information or
no skill is so important that any certain learner needs to
learn it on any given day of any given year. I also under-
stand that no one piece of :earning need necessarily precede
any other or be prerequisite, so varied are the backgrounds
and mental processes of different and unique human beings.

No matter how hard teachers try to make their class-
rooms "student-centered," they are bound to try to "lead"
their students from time to time. Because teachers are more
experienced and know how some aspects of knowledge are
stacked together, they also will want to share their expertise,
shortcuts, and approaches with their students. Surely there
is room for teacher-centered needs and content-centered
ideas. However, teachers should focus primarily on learners
and their needs if they wish to foster maximum growth of
the gifted.
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SCIENCE ACTIVITIES FOR THE GIFTED I

The first sections of this book have already presented
several activities to use in exploring with students the
nature of giftedness and the nature of the learning environ-
ment. All of these activities involved "scientific content" in
areas such as statistics, population studies, pe-rceptual psy-
chology, and human biology. The sections that follow suggest
other activities that can be directly applied in work with
gifted students. Many of these activities even can be used
in classes for the so-called handicapped or "educable men-
tally retarded," since some of these students often show
advanced abilities when given the opportunity to perceive
concepts and demonstrate ideas in nonacademic forms.

It is important to remember that the kinds of activi-
ties proposed in this book are intended for voluntary par-
ticipation. Many can be counterproductive if students are
coerced to participate. All require a higher-than-normal de-
gree of mutual trust between students and teacher and
among students. The activities also can be used to build
trust Teachers must judge which exercises they and their
class can be comfortable using. If teachers are in doubt,
they should talk it over with their class first. Always allow
an out for students who choose not to participate. Remem-
ber that growth and change usually require departures
from what one is accustomed to, and thus involve some risk,
uncertainty, and apprehension.

The activities presented here have been divided into
three categories : (1) general comments about the teaching-
learning environment (preceding sections), (2) activities
and exercises on perception and values, and (3) activities
and exercises related to the development of science skills
and concepts.

Exercises in Perception, Awareness, and Observation
The nature of "reality" becomes an important sub-

ject in science programs for the gifted. Science is supposed
to deal with what is real. Yet how real is an atom? An atom
is a concept, not a physical entity. No one has ever seen an
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atom before. Atom is only a word, coined to represent some-
thing of vast complexity.

We perceive things only within the restricted limits of
our own "instruments." We see and hear within narrow
limits imposed by the nature of our eyes and ears. We invent
instruments that let us sense and infer the existence of other
physical things. There are whole areas of strange phenomena
for which we have no explanations. Some people are at-
tempting to explore these difficult areas, such as parapsy-
chology, just as other "conventional" scientists try to dis-
credit them. Rockwell (30) describes how respectable scien-
tific journals have made systematic attempts to exclude
publication of work in parapsychology. (24) This phe-
nomenon is common at the beginning of any scientific revo-
lution. (21, 3) Galileo had to deny his certain knowledge
that the earth was not the center of the universe or face
probable execution at the hands of the Inquisition. People
cling to old beliefs about the nature of reality. Gifted stu-
dents in particular are likely to challenge dogma. It is essen-
tial that teachers encourage the growth of this critical,
challenging attitude.

Exercises in awareness can enrich every group of gifted
learners. These exercises help students gain new perspec-
tives by seeing things from different viewpoints. Careful
observation is one of the traditionally important values of
science, whether the subject is physics or archaeology. Ques-
tions are generated through observation and because stu-
dents notice unusual things they wish to understand. An-
swers to these questions come from further observation
and the searcli for relationships that may explain what is
happening.

Athletes never compete without first warming up. The
warm-up promotes efficiency and helps the athlete avoid
injury. Yet professional scientists rarely warm up their
observational skills, and teachers rarely warm up their
students. The warm-up is an important skill for gifted peo-
ple. Many gifted students have a great deal going on in their
minds at any one time ; careful observation depends on their
ability to clear their minds of extraneous thoughts that stand
in the way of seeing what they wish to observe.
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Activity: Warming Up
1. Awareness exercises can be done by the whole group or

they can be done individually. The body must be relaxed be-
fore one can hope for good observation. Thus before be-
ginning an awareness exercise, it is a good idea to have
the group stand and loosen up physically. Students should
shake their arms, rotate their heads to loosen their neck
muscles, and breathe deeply and quietly for a while. Next
suggest that they gaze steadily at some nearby object and
study this as carefully as possible. Anything will do: the
corner of the room, a crack in the wall, the front desk, the
door.

2. Have students assume comfortable positions (even prone
on the floor if this is possible in your teaching environment).
Once the group members are relaxed, have them close their
eyes and lead them through a body and mind relaxation exer-
cise. The following is typical: "Breathe deeply and quietly.
. . . Now tense your body up so that all of your muscles feel
tight. . . . Now relax your muscles completely. . . Be aware
of your big toes now. . . . Let them relax just as much as you
can. . . Now be aware of the rest of your foot. . . . Let it
relax. . ." Continue this progressive relaxation exercise un-
til the whole body has been instructed to relax.

3. Hand each person an object or have them select one
from nearby: a book, a leaf, a pebble, a pencil. Lead the
group through a description of the object: "Notice the stem
of the leaf. . . . Really look at the details of that stemits
color, whether it is smooth or rough, whether it is mottled or
even in color, whether it is thin or fat, tapering or straight.
. . . Now look at that stem to see what else you can see on it
and in it. . . . Now look at the margin of the leaf itself. . . .

Be aware of whether it is smooth or jagged. . . . How jagged?
. . Look now at the veins that radiate from the center of
the leaf. . . ." After each instruction, give students plenty of
time to inspect their leaves. At the end of the exercise, collect
all of the leaves in a pile, stir them up, and then ask each
person to retrieve his or her own leaf. How well have they
examined their leaves? Well enough to recognize their own in
a pile of similar leaves?

Activity: LookSee
Give each student an object pertaining to what is being

studied (plant, animal, rock, star chart, crystal). Ask each
student to spend a whole period writing down. all that they
see in the object and all that it makes them think about. The
teacher can also participate! No questions should be asked
or answered. The task is intended to force people to observe.



Activity: WIGO? (What Is Going On?)
Ask students to stop whatever they are doing and notice

in detail what is actually happening at that moment in the
classroom or learning environment. Have them list these
events on sheets of newsprint Discuss these events.

Bois (2), who invented WIGO, points out that a person
brings to any task a load of "baggage" from outside. If that
person is to deal effectively with that task, he or she must
first be aware of what is going on (WIGO) both within and
outside the person. This awareness makes it possible to set
that baggage aside and move ahead. WIGO can help people
regain the spirit of the fascinated child wh.) pauses in the
middle of a walk to stoop and admire a tiny blue flower grow-
ing among the ivy. Teachers must help students retain or
regain this quality of naivete and delight.

Whenever you sense confusion, tension, or lack of focus in
the group, just call out "WIGO!" Let this word signal stu-
dents to stop for a moment, take stock of what is going on,
and discuss it briefly (in nonjudgmental terms). Students
can then return to other activities with renewed awareness.

Activity: Clearing the Mind
The purpose of this activity is to quiet the mind, reduce

preoccupation with extraneous events. Some of the most per-
ceptive observers of nature have been Zen monks and others
who chose the quiet, contemplative life. (40, 23) Ask the
group to sit quietly for a few minutes and count their own
breaths (one . . . two . . . three . . . four . . . one . . . two
. . . three . ., etc.) or sit quietly and repeat "one" over and
over on alternate breathe.

Fantasy Exercises
Inventiveness and the ability to fantasize are other

qualities that need to be freed up in students who are usually
told "Pay attention !" rather than "Daydream !" By focusing
attention on imaginative play, teachers emphasize that this
is as much an element of intellectual activity as is problem
solving. Fantasy exercises can prDvide springboards to more
formal investigations in particular areas of interest. Many
fantasy exercises have been described elsewhere. (46, 35,
34, 9, 4) An example follows :
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Activity: Daydream!
Relax the group with a short relaxation exercise (see

p. 44). Now slowly narrate directions for a fantasy excur-
sion: "Imagine yourself as a molecule of water in the middle
of the ocean. . . . Get in touch with what it feels like to be
that molecule. . . . Be aware of all the other molecules that
are around you. . . . You are moving back and forth in a
wave. . . Gradually you approach the shore as you travel
along in a current. . . . Experience the feeling of movement.
. . . As you approach the shore you feel yourself caught in a
wave moving rapidly forward. . . . You are in the white,
frothy foam riding on top of the surf.. . . Your wave crashes
up onto the shore. . . You feel the sand underneath you. . .

Now you percolate down into the sand...."
This kind of fantasy exercise could lead into questions

and answers, readings, experiments, and other activities
related to water and waves. Any science process or object
lends itself to treatment through fantasy. Let your students
suggest and lead their own fantasy exercises.

Values and Perception
Students come to the learning environment heavily

loaded with values. Weeds are bad ; litter is bad ; pollution is
bad ; conservation is good ; natural foods are good. A pri-
mary job for teachers of the gifted is to call attention to the
fact that these values are culturally determined. How do you
encourage students to look at the wonder of a dandelion or
explore the patterns and colors of trash in a dump? A
rumpled piece of paper in a gutter, when seen for the variety
and interest of its folds and texture against a background of
rough concrete, can also be an object of beauty. One teacher
had students collect litter at Christmas and make a "trash-
mas tree." Much modern art challenges the dogma of good-
bad value judgments by focusing on objects as seen for
themselves. Students need to learn to see objects just as they
arejust thereand not through value filters. The smell of
a skunk is thought of as disgusting because we have been
taught to dislike it. If you learn to perceive it as just another
smell, the sense of disgust goes away (although the smell
certainly does not!) . The same is true for food preferenceE,
color preferences, and many other areas of perception. We
approach objects full of biases that lead us to judge and
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categorize. The ultimate problem in science is to try to see
things as they are, in what is often called their "suchness"
their value-free essence. We cannot totally escape evaluation
and judgment, but by being aware of our attitudes, we are
able to decide what we wish to believe rather than merely
accept a set of beliefs we have acquired from others. This
freedom of observation is essential to scientists, and teach-
ers need to lead gifted science students in this direction.

Activity: Evaluate!
To emphasize the influence of values on perception, ask

students to list the characteristics of several items they
strongly dislike and strongly like. Then have them "rate"
aspects of their environment in terms of likes and dislikes.
Ask them to look at items they especially dislike and try to
describe them as things of great value and beauty. Then take
objects or ideas that are highly valued and list all their pos-
sible bad points. Finally, compare the various lists, looking
for differences that are a result of viewing the items nega-
tively or positively.

Making the Strange Familiar and the Familiar Strange
Once an object becomes familiar, people stop looking at

it carefully and just assume that they know what it looks
like. Yet everything one sees is, in some way, different each
time one sees it. Most schooling involves familiarizing stu-
dents with things they don't know"making the strange
familiar." When we try to make the familiar strange, we
enhance seeing. A favorite technique of forgers is to forge
signatures upside down. That way they can see each letter as
it really looks, and they are not influenced by their own
familiar concept of how that letter looks. This is similar to
the way that scientists see differences in organisms that lead
to the differentiation of new species, types, and theories.

There are other ways to make the familiar strange :
magnify an object many times, shrink it drastically, or look
at only a part of it. Under rnl..gnification a small portion of a
butterfly's wing or a section of wood grain looks not at all
like the object itself.

Another way to see things differently is to make your-
self switch the relationship between what is called the "fig-
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ure" and the "ground." An object is seen in relationship to
the background upon which it is superimposed. No object
exists without a background, and no background exists with-
out an object in front of it. This concept is in all scientific
observation, in art, and, in a metaphoric sense, in literature
as well.

In observing objects, you can look either direct:y at the
object or at what surrounds the object. The space filled by
the object is called "positive space." The space that sur-
rounds the object, completely enclosing it and filling up its
open space is called "negative space."' Any time we look at
an object we see either the object itself or the space around
it. When we switch our perception back and forth, the rela-
tionship between figure and ground reverses. Examples of
exercises and puzzles are in Adams. (1)

Activity: Making the Familiar Strange
1. Choose any object under study and ask students to look

at it as something strange, something they have never seen
before. Have them describe the "new" object.

2. Go through magazine photos and cut out photographs
of common objects. Present these to students and ask them
to figure out what they represent.

3. Have each student bring in several fragments of pin-
tures the other students can study. Ask students to guess
what the fragments represent.

4. Have students draw a desk or chair placed in front of
them as a "model." Now have students draw the space
around the modelnot the chair, but the space around it!

5. Ask students to look at a map of the United States.
What do state boundaries remind them of? (Cape Cod is often
seen as an arm, Lower Michigan looks like a mitten, etc.)
What figures do they see in clouds?

6. Have students copy a drawing, first right side up, then
upside down. Discuss the results.

7. Magnify or reduce objects or parts of objects and have
students work with these "changed" materials.

Hard EyesSoft Eyes
The human eye is a fascinating device. It has a ver3
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narrow band of sharp focus surrounded by a wide zone of
somewhat hazy peripheral focus. We learn to value most
what is dead-center in our focus. All eye tests deal with the
acuity of that central focus. Athletes, bird-spotters, and
foresters learn the importance of peripheral vision, which
locates objects so that they can then be brought into focus.
George Leonard (22) has pointed out the importance of this
peripheral focus in "seeing" the world and suggests an exer-
cise called "soft eyes." Because our normal focal vision is
"hard," Leonard suggests that after a process of loosening
up the body (see p. 44)-, we massage our eyeballs gently until
they feel "soft" rather than "hard" as they feel when we are
tense. (Try it if you don't believe it!) Then, consciously
avoiding direct focus on any single object in the environ-
ment, we open our eyes only partially and move our whole
head and body around to "take in the scene." Colors are
enhanced and we become much more aware of what is going
on around us. This kind of exercise is just one of many that
helps learners realize what powerful instruments their
bodies are.

Activity: Soft Eyes
After a relaxation exercise guide students to a state of

"soft eyes." Have them circulate around the room with eyes
half-closed, trying to keep their eyes soft. Show them various
objects while their eyes are soft. Ask students describe
any differences in perception or unusual things they have
noticed with their soft eyes.

Activity: The Visitor from Outer Space
Ask students to imagine that their spaceship has just

brought tleem to a planet they have never before visited.
They have only the time of one claws period before blast off,
and people from their planet will never have another oppor-
tunity to visit this place. They are to assume that they have
never before seen any of the objects they see now in the class-
room or learning environment. Ask them to gather all of the
information they can about this new planet, so that they can
report back to fellow aliens what this place is like.
We can learn a great deal about our perceptions when

we look at the world from a completely different point of
view. When we put ourselves outside of our usual perceptual
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framework, we notice things we have heretofore overlooked.
This approach not only helps perception, but also helps us
find interesting ways to communicate these perceptions to
others. The ability to describe something in detail requires
that we see the object as if for the ,first time.

Science and Interconnectedness
Many gifted people are especially good at seeing connec-

tions and relationships. (50) This quality, if not already
visible, can be developed in people. The television series and
book, Connections (5) , is based on the unlikely chains of
connections responsible for the advance of science and tech-
nology. An important process within science is what has
been called "synergy," the coming together of many circum-
stances, the combined action of which produce innovation,
progress, and understanding. Teachers who wish to promote
students' ability to see and appreciate interconnections must
learn to accept, encourage, and value ideas and processes
that initially may seem unrelated to the subject being
studied. The exploration and examination of seeming irrele-
vancies may lead to unexpected insights.

Activity: Connections
Have students prepare two lists of words: one a list of

vocabulary and concepts from a science unit, the second a list
of words selected at random from a dictionary, from another
course, or from a ncvvspaper or magazine. Have them draw a
random series of lines to connect -words from the two lists
and then ask them to invent 07 find a connection between the
two words. Later ask them to find or invent connections relat-
ing three, four, five, or more words from the two lists. Can
they suggest ways of testing the connections they have pro-
posed?

Exercises in Applications of Skills
Science, as defined in this book, is primarily a process

an activity that people do rather than a subject that they
learn. The whole environment that surrounds us is the "con-
tent" of science. Thus everything that a student does or sees
can become a subject for study and analysis, a valid point of
departure under the rubric "science." Fundamental skills to
be developed among gifted students include skills in explora-



tion, creativity, problem solving, observation, synthesis, and
the formulation of questions.

Activity: Finding the Science Around Us
Make any of the following assignment:: Find the science

in your physical education class. Find science in Hamlet.
Find the science in your locker. Find the science in: :,our
breakfast, your ;oft drink, your girlfriend, your parents, your
walk home, your favorite TV program. . . .

To make the assignment more specific, change the word
"science" to "biology," "chemistry," "geology," "astronomy,"
"physics," "medicine," or any other field of interest.

Repetition of this assignment emphasizes that science is an
ongoing activity that touches every moment of every human
life, whether or not we acknowledge it.

Language, Classification, and Semantics
Science instruction continues to be based If.rgely on

language. In the Preface we discussed the idea of words as
metaphors. Every word in science is only a symbol or meta-
phor for what it represents.

In one geology class I carried in a big hunl- of a rock
classified as "anorthosite," a widespread rock-type f-1--at has
been an object of my research for some 17 years. I told the
group, "This is an anorthosite." A student raised his hand
and asked me, "What is an anorthosite ?" I put the 10-pound
chunk onto his desk and said again, "This is an anorthosite."
Said he, "Yes, but tell me what it is." Again all I would say
is that this was an anorthosite. He wanted a set of verbal
symbols when I was insisting on offering him the whole
thing, the real thing, a thing beyond words, the very rock
itself. We tend to seek substitutes for things rather than
accept the things themselves.

A colleague gave some students a group of thin-slices
(thin sections) of rocks and directed the students to describe
what they saw. They resisted and asked to be told what to
describe, what was acceptable to say. This was one of the
hardest assignments they'd ever had in science, because they
were asked to describe what they saw in whdtever terms
they could, without relying on someone else's directions. In a

51



similar exercise, I challenged a group to spend three full
hours describing a single rock sample. They wen: unable to
complete , he exercise, however, so bound up were they by
their past experience and by the expectations of previous
teachers.

It should be one of the primary goals of teachers to help
the gifted begin to see with their own eyes. The develop-
ment of primary awareness as experienced through their
own uses and as opmmunicated in ways that they them-
selves invent is a prerequisite to the effective expression of
giftedness.

Classification has become one of the primary activities
of scientists. They have felt the need to group things to-
gether to make an apparently chaotic world seem simpler. A
principle of general semantics (19) is that every object is
unique. That piece of anorthosite I showed to the student
was unique when compared to all other pieces of anor-
thositejust as every human being is unique. For complete
accuracy from a semantic point of view, I would have had to
label that piece of anorthosite " anorthosite,." A second piece
would be labeled "anorthosite.,," etc., with each piece given
an identifying number. But life would be difficult if every
pebble we picked up had to have a different name and if we
couldn't talk about "the raccoons that feed outside our win-
dow every night," but had to come up with a different name
for each of them.

Preoccupation with classifications instead of with
what they represent leads us not to look at an object or indi-
vidual. If we see an object and identify it as a Canada Goose,
then we are excused from really looking at that Canada
Goose. Once we have assigned a name we are excused from
further involvement. Most children have been conditioned to
group together objects that look or act in much the same
way. Exercises that help show the wide diversity within a
"class" can be of great interest to students. The recognition
of the real diversity within the world is exciting. The discov-
ery of something new is an important part of science and
often the subject of scientific papers. Teachers have the
chance to share with students the secret that each blade of
grass differs in visible ways from any other blade of grass



that has ever existed. What wonder there is in this kind of
revelation !

Activity: Classifying!
Have each student take 10 pieces or samples of a material

or organism related to current study. In biology, asq plants,
animals, cells, etc. In earth science, use rocks, fossils, maps,
folds, models, etc. In physics, chemistry, or general science
have them choose a process or a measurement to he repeated.
Ask students to find as many similarities as possible in the
10 different samples of the "same thill;,." Then have them
find as many differences as possible.

As students begin to explore similarities and differences
among given items in school, they should also be encouraged
to adapt this skill to their other environments outside school.
Take any 10 objects in the room. Write the name of each at
the top of a piece of newsprint. Ask students to write down
all the metaphors or analogies that can be used to label this
object. Leave the lists up for several days so students can add
more and more.

Have students gather several other objects that have the
same "name" or label and that look as much alike as possible.
Have them find the differences between these objects. Then
have them find a large number of objects that have the same
name but look as different as possible from each other. Next
have them find a large number of objects which have dif-
ferent names but which look as much alike as possible.

Creativity Exercises and Games
Often people equate giftedness with creativity. Yet

every person is far more creative than we think, and all peo-
ple can be inventive under circumstances that honor and
foster inventiveness. It has been established by numerous
researchers that creative abilities increase with practice,
support, and training or instruction. (26a, 15, 29, 35, 52)
There are many creativity games (see the sources mentioned
above) , and the goal of these games is to increase the fluency
with which people generate ideas and combinations of ideas
when confronted with a "starter" idea. All of the games
stress the need for cooperation and support and downplay
competition. All require the deferral of evaluation and judg-
ment. Teachers interested in promoting creativity must
recognize and avoid "killer statements" (such as "What a
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crazy idea!") which inhibit the freewheeling and playful
generation of ideas. Later there comes a time to select and
elaborate on a few ideas taken from a large pool of possible
ideas, but a long period of play precedes this stage.

This notion may contradict instructions found in many
"teaching methods" books which tell teachers how to side-
step any "irrelevant" questions and ideas brought up during
a discussion. These "traditional" methods suggest subtle and
not-so-subtle ways of manipulating discussion to follow the
teacher's lesson plan. But teachers who wish to promote
creativity in the gifted must listen to each idea contributed,
no matter how remote it seems at first. The teachers' task is
to find tl'e relatedness of the response.

Activity: Looking for the Bright Side
One approach to finding the "germ" of every idea is to re-

strict your own and student responses to positive comments.
Before beginning a discussion say to students, "Tell us the
things you like about every idea that is proposed." Give each
student a point for every thing he or she can find to say about
an idea. Subtract two points for every "killer statement" (a
statement that ridicules, criticizes, puts down, diminishes, or
adds a negative element). The person with the greatest num-
ber of points wins. Or have students propose the stupidest,
dumbest, course-related idea that they can. Then take this
"stupidest" iclea and find as many good points as possible us-
ing the point system described above. Or have students pro-
pose some truly worthwhile course-related ideas. Now find
bad things to say about one of these ideas. (Reverse the point
system: now "killers" win.)

A focus on positive responses brings out the best and most
imaginative ideas as students lose their fear of being ridi-
culed, challenged, or evaluated. Competition can hurt, and
use of a point system in this activity can be counterproduc-
tive. Try the activity without the comp-;Ation!

Illustrating Ideas Through Other Media
Singing, writing poems, drawing, play-acting, and

reading nonscientific material are not usually thought of as
science-related. However, all disciplines are interre iated.
Because these and other activities expand a student's view-
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point, they can help generate scientific ideas, ease the devel-
opment of scientific skills, and promote the learning of sci-
ence content. Encourage students to pursue these activities,
as suggested by the following examples.

Activity: Sing-a-Song
Ask students to listen for songs with science content. If

possible, have them bring in recordings of these songs to play
to the class as a basis for discussion. Biological and earth-
related subjects may be easiest to find, but ask them to
"stretch" to find chemistry and physics. (Some classical
pieces such as Ho lst's The Planets, and Grofe's Grand Canyon
Suite are obvious choices. Learning to "stretch" and "force-
fit" can be more interesting, however. "Geographic" songs
are common (e.g., "Old Cape Cod," "Oklahoma," "California
Earth Quake"). Students might also enjoy some of the humor-
ous science-related music of Tom Lehrer. Ask students to
compose their own science lyrics, netting the next day's lesson
to music. (Setting facts to music ur poetry can be a useful
device to help students men:- . science information.)
Franck (12) suggests the use of drawing as a way of

"seeing." Drawing and sketching can help science students
get a better sense of how items are related to each other. The
object is not to create the loveliest drawing, but rather to
understand.

Activity: Draw-a-Picture
Rave students draw cartoons and rough sketches of what

they observe. Have an "art show" (no judging or prizes) of
the concepts in a day's lessons. Include sketches of things
observed as well as metaphoric drawings that illustrate con-
cepts.

Have students look for the scientific content in paintings
seen in an art museum or in an art history book. Seek both
"intentional" science content (of which the painter must have
been aware) and "unintentional" science content. Do the same
for magazine photos.

Activity: Play-acting and Reading
Invite students to act out natural processes: "Some of you

be the ocean, some be the beach, some be the waves. Now act
out the surf rolling onto the shore." Students might enjoy
acting out a nuclear chain reaction or a migration of Canada
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geese. Exercises that involve body, mind, and the emotions
can have maximum impact on growth and learning.

Ask students to find the biological aspects of any piece of
literature: for example, Hair let or the writings of Dr. Seuss
or Mark Twain. Or ask them to discuss the scientific realism
of the James Bond stories.

Activity: Metaphor Game
List the most important vocabulary and ideas covered in a

lesson, a unit, or the whole course. Ask students to develop
an extended metaphor for each word or for a certain number
of words in a longer list. Types of metaphors include poems,
plays, pieces of music, essays, and puns and witticisms. Use
the metaphors submitted as a basis for discussion.

Metaphors can reveal a new dimension or provide a new
viewpoint and can sometimes illuminate a concept, word, or
idea better than a simple definition or direct statement can.
Many major scientific ideas have originated in the minds of
their creators as metaphors, as "streamlined" models which
were later tra slated into technical, "scientific" language.
One outstanding example is the double helix (DNA) of Wat-
son and Crick. (54)

TVIf You Can't Fight 'Em, Join 'Em
Much has been written about how television destroys

children's minds. Postman (27) believes that television now
constitutes the major educational enterprise in the United
States and calls it "the first curriculum," relegating schools
to second place. Teachers just cannot compete with tele-
vision when it comes to presenting information in dramatic,
exciting ways. Television, with its attractive graphics and
its ability to go "on location," has incredible potential for
conveying information about distant places, complex proc-
esses, and rare specimens.

Activity: Finding Science in the "Soaps"
Suggest that students look for science-related information

on television. Once their "science antennae" are up, it's amaz-
ing how much information can be retrieved from even the
"worst" of soap operas, cowboy films, cartoons, or situation
comedies. Recommend that students also watch quality science
programs such as "Nova," specials produced by the National
Geographic Society, and others.



Mental Maps
Almost all knowledge exists in some kind of spatial

framework. Maps help us visualize relationships between
people and things. In addition to highway maps or topo-
graphic (contour) maps, there are geneology charts, orga-
nizational charts, and gene maps. Virtually all information
lends itself to some kind of map representation. The follow-
ing exercise helps students formulate various conceptual
maps. Have students draw these maps and then use them as
vehicles for discussion.

Activity: Maps in Minds
Draw a conceptual map of "where you are coming from"

today.
Draw a conceptual map of your home town. (Do not re-

strict the dimensions of the town they choose to represent.)
Draw a "smell" map of your classroom, from memory.
Draw a map of your school, indicating places where you

feel good and bad.
Draw a conceptual map of the United States.
Draw original conceptual maps of molecules, atoms, and

other things you have been told exist. Do you believe these
maps?

Ask students to write a set of detailed instructions that tell
how to get to some point in the school building, school
grounds, or town. Then ask them to draw a map based on the
written instructions. Turn the students loose and see if they
can find their way using the instructions and maps.
Further details about mental mapping are available in

Gould and White (16) and in Downs and Stea (7) . Students
might like to discuss a point about which the general seman-
ticists (19) continue to warn us, that "the map is not the
territory." Maps are representations, abstractions, and sym-
bols, just as words are. They are only metaphors and must
not be mistaken for the places or things they represent.

Answers and Truth
Pablo Picasso once said, "An answer is a lie that makes

us feel we've heard the truth." In most science classes the
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general focus is on getting answers. Yet many science his-
torians agree that there is no sure correlation between
"truth" and the scientific answers in vogue at any point in
time. Kuhn (21) , in a statement that bothers many scien-
tists, points out that when scientists' beliefs shift from one
major theory to the next in the supposed evolution of knowl-
edge about an area of interest, it does not necessarily consti-
tute a shift toward "truth." In the complex universe we
inhabit, "truth" is relative, whether we like it or not. Our
perception and understanding are limited. Imagining that
we can really find "answers" and understand "truth" is not
only futile, it also is impractical. Better to admit these lim-
itations and help students recognize and accept them. Rather
than pretend that we can become omniscient, we are free to
hypothesize, to accept science as "another human game," to
enjoy our work without taking it too seriously, and to make
greater progress toward some ultimate truth, if such a truth
exists.

When teaching science to the gifted, by shifting our
emphasis away from answers we are better able to focus on
the process of questioning. If there are no final answers, stu-
dents can question without fear of getting "wrong" answers.
Open-ended questions leave us free to wonder.

Activity: Questions, Questions, Questions
Give the class any stimulus (e.g., object, process), and ask

students to spend a whole period asking questions about that
stimulus, with the understanding that no time will be spent
on seeking answers. Such an exercise allows students to ex-
press the extraordinary, far-out curiosity that's a hallmark
of gifted learners.

Activity: Would You Believe . ..?
Take a passage from any conventional textbook and have

students read it aloud, placing a question mark at the end of
every sentence. Use these exercises to begin a discussion of
the nature of questions and answers in science. What is it
really possible for us to "know"?

The following chart suggests another topic for discussion:
It is estimated that throughout history knowledge has doubled
in the following pattern:
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6000 a.c.-1650 A.P.-7,650 years
1650- 1800 150 years
1800- 1900 100 years
1900- 1950 50 years
1950- 1960 10 years
1960- 1967 7 years
1967- 1972 5 years

(Source: Robert Thompson, Union Graduate School)
What do these figures really mean? How could they have

been derived? What are the implications of this chart for
science, questions, answers, and truth?

Ambiguity and Uncertainty
Teachers have been advised to make assignments as

clear and unambiguous as possible. In that way they can be
sure that students will work toward a limited range of
"right" answers. But with gifted students, we are looking
for a wide variety of highly diverse responses. If unambig-
uous instructions tend to generate highly convergent re-
sponses, then perhaps ambiguous instructions and questions
will elicit divergent and creative thinking.

Activity: Divergent Thinking
Typical "ambiguous instructions" used in the Environmen-

tal Studies Project (8) are represented in the following ex-
amples:

Figure out what kinds of things people expect you to do
without asking your permission.
Go outside and map something you cannot see.
Go outside and find a million of something and prove it.
Go outside and do something you really want to do.
Go outside and find a change that is predictable.
Find who in your community are predators and who are
prey.
Go outside and find two things, one of which is responsi-
ble for the other.
Go outside and locate the three most biological (or geo-
logical or astronomical or physical) things you can find
in the environment.

59



To extend the last suggestion, we once asked a group of stu-
dents to take Polaroid photographs of the three most "ungeo-
logical things" they could find. Later we gave these same
photos to another group, telling them that the first group
had taken these as representative of the three most "geo-
logical things" they could find. The second group had no
trouble at all in finding geological factors in the supposedly
"ungeological" photos. Try it.
Ambiguity is one of the certainties of any scientific

work. Yet in schools we typically search for clarity and give
the impression that the world is well organized and unam-
biguous. If we acknowledge this ambiguity and play with it
through exercises such as those suggested above, we can
help students understand the scientific process and the
nature of scientific results.

A department chairman in a geology department where
I once taught told me I should focus more on what we know
rather than "confusing" the students with stories of all of
the uncertainties of science. But it is within these uncer-
tainties and ambiguities that the excitement lies, and it is
this excitement that can stimulate the creativity of the
gifted student.
Stepping Outside the School Environment

Any classroom or laboratory is an impoverished envir-
onment for learning science, especially for gifted students.
Whatever you can do to arrange observational and other
research work outside the school will probably be a strong
motivator for gifted students. The ES materials (8) men-
tioned in this book usually begin with the phrase : "Go out-
side and. . . ." Excursions need not necessarily be elaborate
field trips. Field trips are helpful, but many teachers are
paralyzed by the planning and logistics of such trips. They
fail to recognize the many possibilities immediately adjacent
to 1-1.1: school, whether in the inner city or in a suburban
park. Museums, galleries, factories, and businesses are
other excellent places to visit. Additional suggestions on how
to organize trips for gifted students can be found in Romey.
(38, 34)

Local internships and work-study programs can also
provide great opportunities for gifted students. If these

CI 60



alternatives cannot be arranged as a regular part of course-
work, teachers can often help students find such oppor-
tunities on an extracurricular basis. Participating students
can bring back to the classroom accounts of their experi-
ences. Such sharing helps enrich the science program.

WHAT ABOUT THE BASICS?
Everywhere in education we hear about "the basics."

Yet we have mentioned this word only in passing. What
about teaching essential content and essential skills to gifted
students?

In a well-functioning learning environment, vital skills
will be learned as an integral part of normal activities. If
the skills are "basic," learning them is more or less in-
evitable. Anything "fundamental" cannot be overlooked, be-
cause it forms part of the fabric of everything else.

When you isolate basic skills from their context to focus
on the skills themselves, learning them becomes deadly dull.
Students turn off their attention. Focusing on the basic skills
is probably the surest way to alienate students, especially
gifted students who can easily differentiate between sense
and nonsense.

By taking a problem-centered approach to science con-
tent and by encouraging creative behavior, playful attention,
and student self-responsibility, we provide the best possible
environment for students to master basic skills. We need to
encourage but not to force them to write, calculate, reason,
analyze, and synthesize. Our primary focus must be on the
interests students bring with them to the learning environ-
ment. By giving careful attention to student interests, learn-
ing styles, and special gifts we provide them with the best
chance to emerge with the basics well in hand.
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Ask students to keep a log of the coincidences that
occur in their lives over a week.
Have students prepare two lists of words : one a list
of vocabulary and concepts from a science unit, the
second a list of words selected at random from a dic-
tionary, from another course, or from a newspaper
or magazine.
Draw original conceptual maps of molecules, atoms,
and other things you have been told exist.
Take a passage from any conventional textbook and
have students read it aloud, placing a question mark
at the end of every sentence.

These are the beginr!rg steps of only a few of the
numerous "Science Activities for the Gifted" presented in
this publication. The author provides a myriad of stimu-
lating, practical ideas for the science teacher to help gifted
and talented students achieve their potential.

Teaching the Gifted and Talented in the Science Class-
room poses (and suggests answers for) an extremely wide
range of teacher and student questions. Among these con-
cerns are the following : What makes a scientist gifted?
How is giftedness a burden? Should science be approached
as "serious business" or "play" ? How do gifted and talented
students react to the Problem-Centeredness approach? to
the Student-Centeredness approach? What are some ways of
developing perception, awareness, observation? How can the
Strange be made Familiar, and the Familiar, Strange? Is
there science in the "soaps" ? What about the basics?

The author, William Romey, is Professor of Geology/
Geography, St. Lawrence University, Canton, New York.

ea.
Stock No.: 0736-0-00


