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Wetenschap.

Birth Order and Its Sequelae

Ordinal position among siblings is related to
potential eminence and educational attainment.

The relation of order of birth to
achievement has been investigated for
nearly a hundred years. The first
known data appear in Sir Francis Gal-
ton’s English Men of Science, pub-
lished in 1874. Galton selected his sci-
entists according to objective criteria,
such as being a Fellow of the Royal
Society, and then asked them for bio-
graphical data, including their order of
birth. He found more only sons and
first-born sons among them than his
calculations showed chance should
have allowed. This finding he thought
easy {to interpret: Through the law
of primogeniture, the eldest son was
likely to become possessed of inde-
pendent means and to be able to fol-
low his own tastes and inclinations.
Further, Galton argued, parents
treated an only child and a first-born
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child (who is also an only child for
a period of time) as a companion and
accorded him more responsibility than
other children were given. Thus first
arrivals on the family scene were
favored from the start.

A generation later Havelock Ellis
(I) published A Study of British
Genius, based on 975 eminent men
and 55 eminent women selected from
the 66 volumes of the Dictionary of
National Biography. In the main, he
chose those to whom three or more
pages were devoted in this dictionary,
but excluded those who were of the
nobility and also those whom he
judged to be notorious rather than fa-
mous. Among those eminent people,
Ellis found some striking linkages to
order of birth: The probability of ap-
pearance was much greater for a first-
born than for an intermediate child,
and the youngest likewise was favored
over the intermediate child, though not
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magnetic effects in this part of the discus-
sion,
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to the same degree. Ellis does not
interpret his finding; he merely reports
that it is congruent with an American
study (2) published a decade earlier:

This predominance of eldest and youngest
children among persons of genius accords
with the results reached by Yoder in study-
ing an international group of 50 eminent
men; he found that youngest sons occurred
oftener than intermediate sons and eldest
sons than youngest.

About the time Ellis published his
survey of eminent Britishers, the
American psychologist Cattell (3)
published data based on 855 American
scientists, which showed the same re-
lation between birth order and emi-
nence, the eldest and then the youngest
being favored.

In 1915, Corrado Gini (4) showed
a linkage between order of birth and
being a university professor. From
445 replies to a questionnaire he sent
to his fellow professors in Italian uni-
versities, he found that twice as many
were first-born as would have been ex-
pected from chance, and that all the
other birth orders were below ex-
pectancy or no higher than expectancy.
Gini’s published data do not allow com-
parisons between the youngest and the
in-between. 1 report these data with
considerable diffidence, since most of
us have had personal experience with
university professors who would not
qualify as eminent people, no matter
how lax a criterion one employed.
Still, it is of some interest to know
that the first-born also takes prece-
dence in the academic milieu, if data
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gathered a half century ago in Italy
have generality beyond that time and
place.

In his dissertation, on the nature
and nurture of American men of let-
ters, E. L. Clarke (5) reported that
eldest and youngest sons appeared in
greater than chance numbers. He ra-
tionalized his findings in a somewhat
different way from his predecessors:
First-born and last-born children frequent-
ly enjoy greater educational opportunity
than do their intermediate brothers and
sisters. First borns often succeed in getting
a start before adversity befalls the family,
or before the expense of caring for an
increasing family of young children be-
comes so great that it is necessary to cur-

tail the education of some of the older
children.

He also notes that the youngest comes
along when older brothers may be
grown up and in a position to help
the youngest through school.

In 1938, the American geographer
Ellsworth Huntington published a book
(6) primarily concerned with what he
felt were sequelae of one’s season of
birth. He collected data on 1210 Amer-
icans whom he thought to be the most
distinguished of those whose vitae he
found in genealogical works. Of those
who came from two-child families, 59
were first-born and 33 were second-
born. While his finding is typical of
all those reported thus far, his expla-
nation of the linkage is not typical:
He argued that the first-born probably
tend to be physically stronger and
healthier. The more vigorous eminent,
he claimed, tended to be born early
in the vyear (perhaps, though he
doesn’t say so, as the first fruits of the
traditional June wedding). One may
safely accept his data on the birth or-
der of the eminent without accepting
his explanation.

In a study of the birth order of
Rhodes Scholars, mainly those from
the United States, Apperly (7) found
the first-born to be overrepresented.
Among two-child family representa-
tives, 144 were first-born, 91 second-
born. He also found the youngest child
to take precedence over the in-between
one.

Jones (8) gives some statistics on
birth order of persons listed in Who'’s
Who. Some 64 percent of the repre-
sentatives of two-child families were
first-born; if inclusion in Who's Who
were a strictly chance affair, one
would expect, of course, a 50-50 distri-
bution of the older and the younger
from two-child families. Of the three-
child family representatives 52 percent
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were first-born, instead of the 33 per-
cent to be expected. ’

The last of the studies relating to
eminence to be reviewed here, though
it is by no means the latest, is that
by Anne Roe (9), who published in
1953 her researches on 64 eminent
scientists, selected for their distin-
guished contributions by the elder
statesmen in their respective special-
ties. Thirty-nine, or 61 percent, were
first-born. But the evidence for primo-
geniture of talent is even more over-
whelming, according to Roe:

Of the 25 scientists in my groups who were
not first born, five are oldest sons, and two
of the second born were effectively the old-
est during their childhood because of the
death "of older sibs, one at birth, one at
age two.

Therefore, Roe concludes, some 46 of
the 64—72 percent—were actually or
effectively ‘the oldest sons in their re-
spective families. Roe’s data corrobo-
rate in an accentuated way all the
evidence which has been marshalled on
the topic of birth order and eminence,

beginning with Galton’s study in 1874.

I have found no study that shows
trends divergent from those here re-
ported.

Birth Order and Intelligence

Forty years ago Lewis Madison Ter-
man published the first volume (10)
of his studies of 1000 “gifted” school
children—that is, children with 1Q’s of
140 or higher, which is the IQ of the
top 1 percent of the general popula-
tion. Most of these children came
from small families; only a few came
from families of five or more children.
Among those from families of two,
three, and four children, Terman
found the eldest the most numerous,
followed by the youngest, and then by
the in-between children. Terman noted
that the breakdown was quite similar
to the one Cattell had found for emi-
nent American scientists some 20 years
before, but he did not attempt to bind
these separate studies together by the-
ory.

Terman’s findings, which indicate
that—at least among the very bright
—birth order may be of some signifi-
cance, have to my knowledge never
been checked on a large sample until
quite recently. In June 1964, Robert
C. Nichols, of the National Merit
Scholarship Corporation, sent me some
data (//) on 1618 high school stu-
dents who were finalists in the National

Merit competition and who earned
exceptionally high scores among this
restricted group. Nichols reports the
average score of this selected group of
finalists to be “almost three standard
deviations above the mean of the gen-
eral population,” which would imply
an aptitude at least in the top 0.5 per-
cent of the general population. This
level of aptitude is superior to that
of Terman’s gifted group. Nichols re-
ported that of the 568 representatives
of the two-child family, 66 percent
were first-born. Of the 414 from
three-child families, 52 percent were
first-born; the other two ranks obvi-
ously contributed 48 percent. Of the
244 students from four-child families,
59 percent were first born, the other
three ranks contributing 41 percent.
Of the 85 representatives of the five-
child family, 52 percent were first-
born, the other four birth ranks con-
tributing 48 percent. In summary,
nearly 60 percent of the Merit Final-
ists who came from families of two,
three, four, and five children were first-
born. Here is intellectual primogeni-
ture with a vengeance! But Nichols
shows that birth order is effectively
linked to aptitude only at the top
level. In the very large number of high
school students who took the first
round of tests before any were elimi-
nated, birth order does not appear to
be related to the scores earned. In
one respect Nichols’ data do not cor-
roborate the findings on eminence:
Youngest children are less numerous
among his restricted Merit Finalists
than the in-betweens. In fact, Nichols’
data show a stairstep progression
downward, from the first-born to the
last in each family group, whether of
two children, three children, four chil-
dren, or five children. ‘

I have found birth-order linkages to
aptitude-test data among students in
the University of California (12),
about whom I have been collecting
statistics since 1959. Students at this
university are a select group, since in
general only those applicants who rank
in the top 10 to 15 percent with respect
to high school grades are eligible for
admission. In two samples, one con-
sisting of 1800 undergraduates and an-
other of 2500, the first-born scored
higher to a small though statistically
significant degree than did the later-
born on tests of verbal intelligence,
which measure such things as the size
of general vocabulary and the ability
to infer correctly the right. words to
make sense of statements from which
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key words have been omitted. On the
other hand, measures of quantitative
ability were not found to be associated
with birth order per se. However, when
birth order is linked to another pa-
rameter, the sex of the sibling, cer-
tain correlations are noted. First-born
students, either male or female, from
two-child families earned a significant-
ly (.05 level of confidence) higher
mean score on a test of quantitative
ability if their siblings were male. This
finding corroborates in part an earlier
study by Helen Koch (/3), who found
that 5- and 6-year-old boys and girls
in two-child families earned higher
scores on the Primary Mental Abili-
ties Test if the other child in the
family was a boy rather than a girl.
Koch’s finding is independent of birth
order: Having a brother for a sibling
helped both the younger and the older
in the two-child family. My data on
college students show a facilitating ef-
fect only for the first-born with a
brother and only in a measure of
quantitative ability.

Nichols’ data on the National Merit
Scholarship contestants suggest that
there may be hierarchies of aptitude
related to birth order and family size.
For instance, the first-born with three
siblings had the highest mean aptitude
scores of all birth ranks among those
who came from families of two, three,
four, and five children. The mean score
of contestants with two older siblings
was the lowest of all these ranks, sig-
nificantly lower (.01 level of confi-
dence) than that of the first-born from
four-child families. My data from the
University of California confirm these
findings: The first-born in the four-
child family is significantly brighter
(.01 level of confidence) in verbal
aptitude than the youngest from the
three-child family; he has the highest
verbal aptitude among all students who
come from families of two, three, and
four children—a group which accounts
for four-fifths of the student popula-
tion. The only child scores even high-
er, but he is eliminated from these
comparisons because Nichols did not
include the only child in his reported
data. Schachter (/4) shows the only
child to be markedly overrepresented
among graduate students at the Uni-
versity of Minnesota. These two items
of data may be related: The only child
may be the ablest and thus persist
longer as a student.

It seems reasonable to infer from
the foregoing that order of birth may
well be associated with aptitude if the
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population is quite bright. Terman’s
findings, Nichols’, and mine all point
in this direction. The data are obvious-
ly neither conclusive nor definitive, but
they are consistent and compelling.
There is, additionally, some evidence
that the sex of the sibling, where there
is only one, may affect one’s aptitude
score. Finally there is a suggestion that
there may be hierarchies of aptitude
levels among the intellectually able re-
lated to birth order and family size.

Birth Order and College Attendance

Given the data on birth order and
eminence and birth order and apti-
tude, one would expect to find some
degree of correspondence between birth
order and college attendance. I first
became aware of the correspondence
in tabulating the birth ranks of cer-
tain of the students on the Santa Bar-
bara campus in 1959. During the
next 4 years, 1960 through 1963, 1
gathered annual data for all—or nearly
all—students who matriculated there
for the first time. Of the 1817 repre-
sentatives of the two-child family, 63
percent were first-born. The figures for
men and women are almost exactly
alike. During the same period, 1299
representatives of the three-child fam-
ily matriculated; 50.5 percent of these
were first-born, 30.8 percent were sec-
ond-born, 18.7 percent were third-born.
Matriculants from four-child families
numbered 538, of whom 50.5 percent
were first-born, 25.8 percent second-
born, 14 percent third-born, 9.7 per-
cent fourth-born. We noted this down-
ward progression by birth order also
in Nichols’ data for Merit Finalists.
Here the data on college attendance and
Merit Finalists part company with the
data on eminence: The youngest is not
favored over the intermediate sibling;
he is at the bottom step in the pro-
gression. ’

Are the data on college attendance
and birth order thus far reported mere-
ly a parochial accident? Sufficient data
are not at hand for a definitive an-
swer, but there is some evidence that
it would be no. At Yale, 61 percent
of an undergraduate sample proved to
be first-born (I5); at Reed College
(16), 66 percent; at the University of
Minnesota, slightly over 50 percent
(I4). The differences in percentages
may be a function of the degree of
selectivity exercised by the various in-
stitutions—the more stringent the stan-
dards for admission, the higher the

percentage of first-borns. This infer-
ence is based, of course, upon what
has been found in the realm of apti-
tude testing. If the inference proves
to be correct, then public junior col-
leges should have the lowest percent-
age of first-borns, since in most states,
if not all, their entrance requirements
are least stringent. Cal Tech, Rice Uni-
versity, and Harvard should, accord-
ing to this hypothesis, enroll a very
high percentage of first-borns. It does
not seem likely, however, that in any
college the percentage should much ex-
ceed the 66 percent of the Reed Col-
lege sample.

Mary Stewart, in 1962, reported
(17) .a study of 7000 boys and girls
in grammar and modern secondary
schools in a London borough. The
grammar school is mainly college pre-
paratory and is entered by virtue of
passing a state examination, the “11
plus.” Those who do not pass may
attend the modern school. Stewart
found the first-born to be overrepre-
sented in the grammar school, and the
later-born in the modern school. How-
ever, of those who remain in school
after the legal attendance requirements
have been met at age 15, roughly the
same proportion of first-borns is found
in both schools, when the ratio of the
first- to the later-borns becomes slight-
ly greater than two to one. It seems
clear that birth-order influences on
schooling are present in England and
are just as sharp as they are here.

Schachter (I4) reported data from
colleges and certain professional schools
in the United States which show that
at the graduate level, also, the first-
born is overrepresented. This overrep-
resentation holds not only for the ratio
of all first-born to all later-born, but
also for families of any given size.

Several studies (/8) in the psycho-
logical journals show that birth-order
linkage to college attendance goes back
at least to the ’20’s. Bender (19) re-
ported some data in 1928 which show
that the first-born were clearly in ex-
cess at Dartmouth at that time. His
focus was on something other than the
relation of birth order to college at-
tendance; consequently, he missed the
significance of this aspect of his data.
In this he was like all others who re-
ported birth-order data for college stu-
dents, until Schachter, in 1963, (I4)
finally noted the connection between
order of birth and going to college.

The evidence is of course not all
in. The reports- are fairly numerous
by now, and they are consistent in
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their findings. Since the evidence is
congruent with what has been consist-
ently found for various degrees of emi-
nence for nearly 100 years, and also
with what has recently been found con-
cerning the linkage of verbal aptitude
and birth order among the very bright,
it seems a fairly safe assumption that
there is a kind of academic primo-
geniture operating at the college level.

Birth Order and Personality

Alfred Adler believed that order of
birth was influential in the channeling
of the socially very significant power
drives. The first-born, he said (20),
is a “power-hungry conservative.” The
foregoing data suggest that the later-
born may come out poorly in com-
petition for position in our technologi-
cal society, but it does not necessarily
follow that industrial or professional
achievement derives from a hunger for
power. As to the allegation that the
first-born is a conservative, I have been
unable to find convincing evidence on
the college campus. 1 have found at
Santa Barbara that the first-born is
somewhat more likely to say he at-
tends church services than is the later-
born, but this bit of evidence is about
all T have found linking the first-born
with conservatism. None of the mea-
sures of liberalism-conservatism I have
tried out thus far show consistent
trends related to birth order.

Sears, Maccoby, and Levin (21)
came to the conclusion that the first-
born shows greater ‘“conscience” de-
velopment than does the later-born.
They thought that the differences they
found in children were probably due
to differences in handling of the first-
born by parents, that the first-born had
more metes and bounds set to his be-
havior and was more likely to be
punished for transgressions. The father,
it was noted, often participated in the
disciplining of the first-born, a practice
he did not usually continue with the
later children. Dean (22) found the
first-born to be more cooperative and
more given to curiosity, the later-born
to be more pugnacious and also more
affectionate. This latter finding—that
the later born are more affectionate—
may have a sequel in a recent report
by Schachter (23) that first-born were
not so well liked as later-born by their
fraternity brothers in the University of
Minnesota.

Koch (24) found in her study
of 5- and 6-year-old boys and girls
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from two-child families that the sex
of their siblings together with birth or-
der could influence their social be-
havior. For instance, a boy who is
junior to a sister close to him in age
(within 30 months, say) will often be
rather “sissy” in comparison with a
boy who has an older brother. The boy
with the not-much-older sister will
more commonly admit to liking to play
with girls and with dolls than will boys
reared in other sibling relationships.
Recently T have found some similar
evidence among college students. Male
students with older sisters close to their
own age were significantly less mascu-
line on two measures of masculinity-
femininity than were other males from
two-child families.

Schachter (25) in 1959 concluded
from a series of studies conducted over
several years that the first-born is more
driven by “affiliative needs” than is
the later-born, especially when danger
threatens. If the first-born feels that
danger or pain lurks in the offing, he
wants to share his anxiety by being
with others; the later-born shows con-
siderably less need to be with other
people under similar circumstances. In
this sense, the first born is more de-
pendent on others. These generaliza-
tions of Schachter’s derive largely from
studies of undergraduates at the Uni-
versity of Minnesota.

Capra and Dittes (I5) have report-
ed that among Yale undergraduates
first-borns were more likely to volun-
teer for a psychological experiment
than were later-borns. 1 have also
found, in a study recently concluded
(May, 1965), that first-born males
showed up for voluntary experimental
testing in somewhat greater proportion
than did later-borns. The differences
among the female undergraduates were
in the same direction but were not
statistically significant. It may be that
there is a sex factor here; it is also
plausible- that the naturc of the ex-
periment influences the ratio of volun-
teers. More research is certainly neces-
sary to determine the significant pa-
rameters, if any, relating to birth or-
der and volunteering for experimenta-
tion. If first-born do tend, even though
only under certain circumstances, to
offer themselves as subjects with great-
er alacrity, this would have great sig-
nificance for those who base research
on samples drawn from college stu-
dents, especially where the first-born
is already considerably overrepresent-
ed. Social scientists, in particular, who
often use college populations in their

studies, would have to control another
parameter in their experimental de-
signs.

It seems a reasonable hypothesis -
that birth-order effects are seldom uni-
tary, but are mixtures involving oth-
er family aspects, such as the sex of
the siblings and their difference in age.
It has already been mentioned that a

~ boy whose only sibling is an older sis-

ter, especially a close-up older sister,
tends to be somewhat more effeminate
than a boy with an older brother. I
have found at Santa Barbara that on
self-rating tests a girl from a two-child
family tends to check more disparag-
ing adjectives about herself if she has
an older brother than if she has an
older sister. The same girl with an old-
er brother tends to check more un-
favorable adjectives about her sibling
and about their father than does the
second-born of two sisters. What lends
interest to this datum is that there are
more girls here who have older broth-
ers than who have older sisters. One
may conjecture that such a girl’s aca-
demic motivation might be at the ex-
pense of seif-esteem and esteem for
her brother and father. In any event,
there is some tentative evidence that
the junior member of either sex in the
two-child family has some unfortunate
attitudinal residuals if the older sibling
is of the opposite sex.

There have been many studies of
the relation of mental disorder to birth
order. Since the data reported tend
to be confusing and generally rather
contradictory, they will not be intro-
duced here, except for those of School-
er (26), who has done two studies
on birth order and schizophrenia. He
found that females who were among
the younger in large families, that is, of
five or more children, were overrep-
resented in his two samples of schizo-
phrenics. Schooler believes that the dif-
ference in incidence is probably social
in origin rather than biological, but he
does not attempt to explain the pre-
sumed social genesis. In students at
the University of California I have been
unable to find any relation between
birth order or family size and malad-
justment, as measured by such a stan-
dard device as the Minnesota Multi-
phasic Personality Inventory. There
are differences, to be sure, in the way
certain items in this test are answered
by first-borns as compared with later-
borns, but generally these differentiat-
ing items bear no relation to symp-
toms of a neurotic or psychotic na-
ture. This is not to say that personality
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differences do not obtain, as both fam-
ily size and birth order are varied, for
they do; but the diffexences in this
admittedly parochial population seem
not to be related to deviant adjust-
ment to any significant degree.

An Attempt at a Synthesis

In England and in the United States,
there appears to be an indubitable re-
lation of birth order to the achieve-
ment of eminence, however it has been
defined. The dice are loaded in favor
of the first-born. There is also some
evidence that in the quite bright seg-
ment of our population the first-born
are not only present in greater num-
bers, but are also somewhat more ver-
bally able. The first-born is overrepre-
sented among college populations, and
there is some indication that the more
selective the college, the greater the
overrepresentation. It seems reasonable
to believe that the aptitude data and
the college attendance figures must be
interrelated, and it seems equally rea-
sonable that both sets of data are
linked, quite possibly in a causal way,
to the numerous data on eminence that
have been presented.

Cattell observed (3) that the pre-
eminence of the first-born was “prob-
ably due to social rather than to phys-
iological causes.” In my opinion the
most prominent of the presumed so-
cial “causes” is likely to be the dif-
ferential parental treatment accorded
children of different ordinal positions,
to greater ‘‘conscience” development,
greater dependence on adult norms,
and higher expectations of achievement
falling to the lot of the first-born. I
have already mentioned the report of
Sears et al. (21) that parents tend
to be stricter with the first-born child.
Lasko (27) noted that later-born chil-
dren tend to be treated in a more
relaxed, permissive way. This differ-
ence in rearing practices may explain
why Dean (22) found the first-born
to be more dependent upon adults and
the later-born more physically aggres-
sive—that is, less hampered by social
restraint. She also reported that the
first-born showed more curiosity—that
is, he asked more questions—and that
he sought adult attention more fre-
quently. Finally, one further difference
which sets the first-born apart is that
he is the only child who has access
for an indeterminate period of time
to parental interaction which he does
not have to share with a sibling.
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The foregoing data suggest fairly
strongly, I think, why the first-born
may do better in school. His curiosity,
dependence upon adults, and greater
conscience  development  doubtless
make him respond more affirmatively
to the teacher and to the school. He
should thus more frequently win the
teacher’s approval, which should serve
to augment further his tendencies to
do that which is expected of him as
a student. If this inference is correct,
it is easy to understand why the col-
leges attract such a high proportion
of the first-born.

Schachter argues (/4) that the great-
er predilection of the first-born for
college explains his greater eminence:
His superior educational attainments
make the achievement of eminence
easier for him when he competes for
place and position with the less well-
trained later-born. This would appear
to be unquestionable today, at least as
regards eminence in science and tech-
nology. I would suspect, however, that
in creative writing, sculpture, painting,
music—the arts generally—the depend-
ence on college training is not nearly
so marked. I would also suspect that
a century ago it was easier to achieve
eminence, however defined, without
having gone to college. Still, the great-
er incidence of the first-born among
the eminent must have somewhere its
origin: Educational attainment cannot
be discounted as an important source
of the observed differences in eminence
among the birth orders.

The intellectual superiority of the
first-born noted by Terman, by Altus,
and by Nichols among the very bright
segment of the population deserves fur-
ther comment. Hunt (28), who has
summarized the literature on the de-
velopment of intelligence, leaves room
to believe that the child can increase
his intelligence by hard intellectual
work. If the first-born, by virtue of his
different treatment in the home, takes
to school more readily, works harder,
persists longer (as the college attend-
ance figures attest), then it might be
expected that he may well increase his
intellectual stature in the process. The
first-born who arrives at college has
given himself a boost, as it were, by
hard tugging at his intellectual boot-
straps.

Finally, one must grapple with this
problem: If differential treatment of the
first-born by his parents makes him a
better prospect for higher aptitude, for
college training, and for eminence, why
does it affect relatively few of the total

available first-borns? McClelland (29),
who has given two decades to research
on motivation and achievement, has
generalized his findings on optimal
home influences thus: “ . what is
desirable . . . is a stress on meeting
certain achievement standards between
the ages of six and eight.” The child
is given, he continues, training in in-
dependence and mastery, and he is
held in warm regard by both parents,
who aré ambitious for him but not
too dominating, and who have a
strong, positive attitude toward educa-
tion.

Not many parents would fill this bill
of particulars in all details. Even when
they do, their offspring must have an
initial aptitude for learning that places
them in the upper half of the total
pool of children, if the parental im-
petus toward achievement is to have
the desired result. It seems to me that
the preceding considerations impose
sufficient restrictions to ensure that only
a minor portion even of the relatively
fortunate first-born will attain a col-
lege degree. And to the extent that
aptitude and eminence are a product,
even partially, of the educational proc-
ess, they would tend to vary with edu-
cation.

In conclusion, the viewpoint em-
bodied in this paper may be fairly
summarized by a single sentence: Or-
dinal position at birth has been shown
to be related to significant social pa-
rameters, though the reasons behind
the relations are as yet unknown or
at best dimly apprehended.
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Elementary Science: A New
Scheme of Instruction

The processes of scientific inquiry
are stressed in a program now being tested.

For the past several years, a set of
materials called Science—A Process
Approach has been under development
and testing as a means of teaching
science in the elementary grades
(/, 2). At present, these materials
comprise 14 booklets, parts 1 (A and
B) through 7 (A and B), each part
containing descriptions of about 25
science exercises, and an additional
booklet, Commentary for Teachers.
The exercises of part 1 are intended
for kindergarten children, the others
for children of successive grades
through the sixth. Each exercise is ad-
dressed to the teacher and describes
the activities to be conducted with and
by the children. For each exercise
there is given a set of objectives, a
rationale, new vocabulary to be intro-
duced, and a list of materials needed.
In addition, a section on appraisal sug-
gests the kind of additional question-
ing that may be used by the teacher to
satisfy herself that the desired learn-
ing has occurred.

The development of these materials
has been carried out under the direc-
tion of the Commission on Science
Education of the American Associa~
tion for the Advancement of Science,
with support from the National Sci-
ence Foundation. The major develop-
mental work has been conducted by

7 JANUARY 1966

Robert M. Gagné

groups of scientists and educators as-
sembled for “writing sessions” during
the summer months of 1963, 1964,
and 1965. At present, the materials are
being tried out in 14 school systems,
and additionally in -~ 20 individual
schools, in various parts of the coun-
try. Assessment of pupils’ achievement
following their participation in each
exercise is an integral feature of the
evaluation (3).

The most striking characteristic of
these materials is that they are in-
tended to teach children the processes
of science rather than what may be
called science content. That is, they
are directed toward developing funda-
mental skills required in scientific ac-
tivities. The performances in which
these skills are applied involve objects
and events of the natural world; the
children do, therefore, acquire infor-
mation from various sciences as they
proceed. The goal, however, is not an
accumulation of knowledge about any
particular domain, such as physics, bi-
ology, or chemistry, but competence in
the use of processes that are basic to
all science.

The exercises of parts 1-4 concern
the processes called Observation, Clas-
sification, Communication, Number
Relations, Measurement, Space/Time
Relations, Prediction, and Inference. A
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variety of content is used to support
the learning of these skills. For ex-
ample, observation exercises deal with
colors, shapes, textures, and sounds,
and involve such objects and events
as magnets, plants, weather changes,
rolling balls, animals in motion, seeds,
and growing organisms. The exercises
in each process grow increasingly com-
plex, making use of what the child
has learned before. For example, an
early classification exercise treats the
single-stage classification of sets of
common objects (red-blue, rough-
smooth). Successive exercises introduce
more complicated classification prob-
lems, and an exercise in part 4 deals
with a multistage classification schema
applicable to collections of plants, ani-
mals, and other objects.

In parts 5, 6, and 7 the exercises
deal with the most highly integrated
processes called Formulating Hypoth-
eses, Making Operational Definitions,
Controlling and Manipulating Varia-
bles, Experimenting, Formulating
Models, and Interpreting Data. These
more complex activities clearly build
upon the simpler skills and knowledge
acquired in parts 1-4. The exercises
have a greater number of specific pre-
requisites which can readily be identi-
fied as having been taught in earlier
lessons. Although process rather than
content remains the focus of attention,
the exercises in parts 5-7 cover a
range of important topics from physi-
cal science, earth science, life science,
and behavioral science. In the current
edition, there is a trend toward group-
ing “blocks” of lessons dealing with
particular science content. Quite pos-
sibly, this trend will be further em-
phasized in later editions.
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in the use and evaluation of the educational ma-
terials described. These conferences were held in
Washington, D.C., December 1964: San Francis-
co, January 1965; and Chicago, February 1965.
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