
In 1962 the average Scholastic Apti- 
tude Test score of high school seniors 
was 490. In 1975 it barely surpassed 450. 
This decline has been steady over the 
last 12 years, and it appears to be contin- 
uing. Some educational authorities 
blame it on television, on the erosion of 
interest in language skills, or on a wide- 
spread craving for freedom of expression 
that is at odds with disciplined learning, 
but there is no evidence to support any 
of these opinions. Nor is there any evi- 
dence that the decline in SAT averages is 
due to the rising numbers of poor and 
minority students who have taken the 
tests. In fact, the proportion of such 
students remained stable in the last sev- 
eral years while SAT scores continued to 
decrease (1). 

In all likelihood a number of diverse 
conditions converged to precipitate the 
decline. In this paper, however, the fo- 
cus is entirely on one set of such factors, 
those associated with changing family 
patterns. I shall try to show generally 
that variations in aggregate intelligence 
scores are closely associated with varia- 
tions in patterns of family configura- 
tion, and that these aggregate family 
factors are deeply implicated in the de- 
clining SAT scores as a special case of 
a general phenomenon that manifests it- 
self also in a variety of national, ethnic, 
regional, racial, and sex differences in 
intellectual test performahce. For the 
purpose of this argument, I will first sum- 
marize a recent theoretical analysis that 
specifies the conditions under which fam- 
ily configuration may foster or impede 
intellectual growth. I will then examine 
some relevant empirical findings, and fi- 
nally return to the special case of the 
SAT's. 

Table 1 is based on a study by Breland 
(2) in which the averages of nearly 
800,000 candidates on the National Merit 
Scholarship Qualification Test (NMSQT) 
were examined as a function of family 
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size and birth order. Five features of 
these results are of particular signifi- 
cance: (i) NMSQT scores generally de- 
cline with increasing family size; (ii) with- 
in each family size they decline with 
birth order; (iii) the rate of decline de- 
creases with successive birth orders; (iv) 
there is a discontinuity for the only child, 
who scores below a level that would be 
expected had intelligence declined mono- 
tonically with increasing family size; (v) 
twins have comparatively low scores. 

Such effects of birth order and family 
size on intellectual test performance 
have been recently explicated in a theory 
called the confluence model (3). In this 
model, Markus and I try to capture the 
effects of the immediate intellectual envi- 
ronment on intellectual growth, and to 
specify how individual differences 
emerge in the social context of the fam- 
ily. The basic idea of the confluence 
model is that within the family the in- 
tellectual growth of every member is de- 
pendent on that of all the other members, 
and that the rate of this growth depends 
on the family configuration. Different 
family configurations constitute different 
intellectual environments. "Intellectual 
environment" can be thought of in this 
context as being some function of the 
average of the absolute intellectual levels 
of its members. Note that we are not 
considering IQ, which is a quantity rela- 
tive to age, but rather an absolute quanti- 
ty such as mental age. If the intellectual 
environment is conceived as an average 
of all the members' absolute "contribu- 
tions," then it changes continually as the 
children develop, and it manifests the 
most dramatic changes when there is an 
addition to or departure from the family. 
Of course, abrupt changes in the environ- 
ment need not have immediate effects. 

The confluence model defines in- 
tellectual growth of the individual as a 
function of his age and represents 
changes in the rate of this growth by a 

parameter a, which is a function of the 
intellectual environment in the family at 
time r. The following examples illus- 
trate, in a simplified form, the depen- 
dence of intellectual growth on the 
changing family configuration. For the 
purpose of these examples consider the 
absolute intellectual levels of the parents 
to be 30 arbitrary units each, and of the 
newborn child to be zero. Thus, the in- 
tellectual environment at the birth of the 
first child has an average value of 20. 
Suppose the second child is born when 
the intellectual level of the firstborn 
reaches 4. The second born then enters 
into an environment of (30 + 30 + 4 + 
0)/4 = 16. (Note that since the intellectu- 
al environment is an average of the abso- 
lute intellectual levels of all family mem- 
bers, the individual is included as a part 
of his own environment.) If a third child is 
born when the intellectual level of the 
firstborn has reached, say, 7 and that of 
the secondborn is at 3, the family intel- 
lectual environment will then be reduced 
to 14. 

These examples illustrate a number of 
significant consequences that the con- 
fluence model predicts. It might appear 
from these examples that intellectual en- 
vironment should decline with birth or- 
der. That is not so. In itself birth order is 
not an important variable. The model 
predicts that its effects are mediated en- 
tirely by the age spacing between sib- 
lings. Observe that if the second child is 
not born until the first reaches an in- 
tellectual level of 24, for example, then 
the newborn enters an environment of 
(30 + 30 + 24 + 0)/4 =21, which is 
more favorable than the one of 20 en- 
tered by the firstborn. Hence, with large 
enough age gaps between siblings (allow- 
ing sufficient time for the earlier born to 
mature), the negative effects of birth or- 
der can be nullified and even reversed. 

In principle, the negative effects of 
family size can also be overcome by age 
spacing between children. If each child 
were to be born only after its predeces- 
sors reached maturity (to take an ex- 
treme example), each successive sibling 
would enter a progressively more favor- 
able environment, and the average in- 
tellectual levels would increase with fam- 
ily size. Of course, older children tend to 
leave home eventually. Furthermore, 
biological constraints set limits on the 
covariation of family size and spacing. 
Demographic data show that birth inter- 
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vals invariably decline as family size 
increases. 

The examples above deal only with 
environment at birth. The confluence 
model considers the intellectual growth 
process over time and evaluates all 
changes in the rates of family members' 
growth that are caused by the resulting 
changes in intellectual environment (4). 

The growth parameter a, represents an 
important aspect of this analysis, for it 
reflects all significant changes in the indi- 
vidual's intellectual environment. But it 
also reflects the confluent nature of in- 
tellectual development within the family 
context. The intellectual development of 
all family members is affected by the 
common familial intellectual milieu. 
Therefore ca is the same for all members 
at the point in family history T, a feature 
of the model which underscores the mu- 
tuality of intellectual influences among 
family members. It may be noted that the 

later these influences occur in the individ- 
ual's life, the smaller is their effect (5). 

Representing intellectual environment 
as some function of the average absolute 
intellectual levels within the family is 
obviously a simplification of what is an 
enormously complex process. Clearly, 
intellectual growth will not be greatly 
enhanced by a highly favorable environ- 
ment if there is no interaction between 
the child and the people around him. The 
influence of the parents' and siblings' 
intellectual levels on the child's growth 
is necessarily mediated by diverse pro- 
cesses of social interaction that vary 
from family to family. Ideally the param- 
eter a, should represent not only the 
intellectual levels of the family members 
but also the amount of time each family 
member spends with the child. The na- 
ture of social interaction in the home also 
influences intellectual growth; a game of 
tag may not be as conducive to the devel- 

Table 1. Mean scores on the National Merit Scholarship Qualification Test, 1965, by place in 
family configuration. [Data from (2)] 

Family Birth order 
size 1 2 3 4 5 

1 103.76 
2 106.21 104.44 
3 106.14 103.89 102.71 
4 105.59 103.05 101.30 100.18 
5 104.39 101.71 99.37 97.69 96.87 

Twins 98.04 

opment of intelligence as a game of 
chess. This sort of articulation of the 
parameter aC is impracticable at present, 
not only because of the formal com- 
plexity that it would entail but also be- 
cause we do not yet know how various 
forms of social interaction contribute to 
intellectual growth. It will be shown, 
however, that even though the con- 
fluence model ignores much of the rich- 
ness of the social processes that mediate 
intellectual growth, it leads to a variety 
of empirically supported inferences 
about differences in intellectual test per- 
formance among individuals and groups. 

Family Size 

In addition to Breland's study of 
NMSQT candidates, there are three oth- 
er studies in which the intellectual test 
performance of large populations was 
examined for its relationship to the sort 
of family variables that, according to the 
confluence model, influence intellectual 
development. The earliest of these was 
carried out in Scotland on 70,000 school 
children (6). The more recent ones come 
from France (7) and the Netherlands (8) 
and report data for 100,000 and 400,000 
individuals respectively. They are sum- 
marized in Fig. 1. To make them roughly 
comparable, all the averages have been 
converted into standard deviation units 
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[X' =(X - X)/o-, where X's are cell 
means and X's and -r's are the means 
and the standard deviations of the sam- 
ples]. There are a number of interesting 
similarities and differences among the 
four samples which can be understood if 
we analyze them in terms of the con- 
fluence model. 

All four sets of data, even though they 
are derived from different tests of in- 
tellectual performance, different age 
groups, different cohorts, and different 
countries, indicate that intellectual level 
generally declines with family size. Even 
in the NMSQT sample, which consists of 
promising students, there is decline with 
family size. As a result of the selective 
factor, however, the effect is attenuated 
in that sample. In others the effect is 
quite substantial. In the French and 
Scottish samples the difference between 
the IQ's of children from the smallest 
and the largest families is about one 
standard deviation (15 points). 

It is well known that family size differs 
across socioeconomic strata and so does 
intellectual test performance. The possi- 
bility that socioeconomic factors mediat- 
ed these results must be considered. 
Three socioeconomic levels (SES) were 
differentiated in the Dutch sample, six in 
the French. Both sets of data (Fig. 2) 
reveal that intellectual performance de- 
clines with increasing family size inde- 
pendently of SES. In the French sample 
the partial correlation between family 
size and IQ was -.45. In fact, it appears 
that SES contributes to the family size 
effects only a little, for the correlation 
rises to only -.47 when SES is allowed 
to vary freely. Needless to say, socioeco- 
nomic status does affect intelligence 
scores, a fact that is clear from Fig. 2. 
The partial correlation between them is 
.66. 

Birth Order and Spacing of Siblings 

It is strikingly apparent in Fig. 1 that in 
the Dutch and American samples in- 
tellectual test performance declines with 
birth order whereas in the French and 
Scottish there is no such decline (9). 
According to the confluence model, the 
effects of birth order are totally mediated 
by the age gaps between successive chil- 
dren, hence these differences in the ef- 
fects of birth order must be associated 
with differences in age gaps. 

While there is no specific and direct 
empirical information about age gaps in 
the four samples, information about na- 
tional averages in these countries taken 
from census data can be used. Unfortu- 
nately, data on birth intervals are not 
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collected uniformly. (In Scotland no 
such data were tabulated at all in 1936, 
when the children in the Scottish sample 
were born.) Hence, comparisons with 
regard to birth intervals must rely on 
indirect indices. 

One reliable correlate of birth intervals 
is, of course, birthrate. When birthrate is 
high or rising, intervals between succes- 
sive births are normally quite short; dur- 
ing a period of low or declining birthrate 
they are longer. For the Dutch subjects 
(who were born in 1944 to 1946) the 
corresponding birthrate was rising, from 
24.0 in 1944 to 30.2 in 1946. The birthrate 
in the United States in the year 1948, 
when most of the NMSQT respondents 
were born, was 24.2 and also rising. For 
the French cohorts, however, the birth- 
rate averaged over the years of their 
births was 18.2 and declining, and the 
Scottish birthrate in 1936 was 17.9 and 
declining as well (10). Hence the differ- 
ences in intellectual performance asso- 
ciated with birth order (Fig. 1) are entire- 
ly consistent with the pattern of differ- 
ences in birthrates in the four countries. 
Where birth order is least detrimental to 
intellectual performance, namely in Scot- 
land, is also where birthrate is lowest. 

National averages for intervals be- 
tween successive births in completed 
families, that is, families known to have 
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had their last children, have been collect- 
ed only recently, and they are available 
for the cohorts from which the French 
sample was drawn (11). The intervals for 
completed families of two to six children 
are reproduced in Fig. 3. They are gener- 
ally quite long. For some of the points in 
Fig. 3 comparable data are available 
from U.S. births of about 1959 (12) and 
from Dutch births of about 1944, both 
estimated from data on births since mar- 
riage tabulated by birth order (13). The 
American and Dutch intervals are consid- 
erably shorter than the French. For ex- 
ample, the intervals between the first and 
second births in American and Dutch 
two-child families were 45.7 and 44.6 
months respectively; the French interval 
was over 60 months. The intervals be- 
tween the second and third births in 
American and Dutch three-child families 
were 45.8 and 47.0 months, again more 
than one year shorter than in the French. 
Hence the pattern of differences in birth 
order effects (Fig. 1) is paralleled by a 
pattern of differences in birth intervals in 
the four countries such as the confluence 
model leads us to expect. For the Dutch 
and American cohorts, in which there is 
a general decline in intellectual perform- 
ance with birth order, birth intervals 
seem generally to be short. For the 
French and Scottish samples, which do 
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not show such a decline, they are sub- 
stantially longer. 

An interesting trend is observed in 
Fig. 3: each successive child appears to 
be separated from the preceding sibling 
by an increasingly longer gap. Last chil- 
dren, therefore, come after the longest 
gap. This trend may explain why there is 
a quadratic component in the birth order 
curves shown in Fig. 1, and why there 
seems to be in some cases an upswing in 
intelligence for later-born children (14). 

One other important factor no doubt 
contributed to the pattern of results in 
the French and Scottish birth order data. 
These scores come from children 6 to 14 
years of age and 11 years of age respec- 
tively. Obviously, children of those ages 
who are among the eldest in large families 
cannot be very widely separated in age 
from their siblings. The youngest in large 
families, however, can come from sib- 
ships with large or small gaps, hence 
there is no reason to suppose that the 
gaps of the later-born children differed 
from the national averages, which we 
noted were relatively high. If the short 
age gaps of earlier-born children depress 
their intellectual performance, their ad- 
vantage in order of birth could be nulli- 
fied. Longer gaps between later-born 
children in these samples may com- 
pensate for the depressing effects of late 
birth order. Together, these factors 
would produce a pattern of birth order ef- 
fects such as was found in the French 
and Scottish samples. These consid- 
erations suggest that the differences in 
birth order effects among the four nation- 
al samples in Fig. 1 are associated with 
differences in age gaps. 

There is some other more direct infor- 
mation which indicates that children 
with large age gaps between them and 
their younger siblings attain higher in- 
tellectual levels than children close in 
age to younger siblings. In a family of 
two children, for example, the larger the 
age separation the longer the older child 
can remain in an environment undiluted 
by the presence of an intellectually imma- 
ture sibling. Long birth intervals give old- 
er children the benefits of being in a 
small family for a longer period of time 
and during an early phase of growth, 
which is sensitive to environmental ef- 
fects. It is also to the advantage of the 
younger child to postpone its birth, be- 
cause the later it arrives the more ma- 
ture will be the environment which it en- 
ters at birth and in which it will develop. 
Higher IQ's for pairs of widely spaced 
children than for closely spaced pairs 
were indeed found by Tabah and Sutter 
(15). More recently, an extensive study 
of perinatal effects (16) found that chil- 
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Fig. 3. Intervals between successive children 
in completed French families of two to six 
children, according to a 1962 survey (11). 

dren born after long intervals score four 
points higher on the Stanford-Binet scale 
than children born after shorter inter- 
vals, a difference that was independent 
of the socioeconomic status of parents. 

Evidence from Twins 

Twins score consistently and sub- 
stantially lower on intelligence tests and 
other tests of intellectual performance 
than do nontwins. For example, in the 
National Merit Scholarship sample (2) 
twins achieved an average score of 98.0, 
singly born children an average of 
102.57. Tabah and Sutter (15) report an 
average IQ of 89.2 for twins and 101.2 for 
singly born children among French 6- to 
12-year-olds. Other studies agree with 
these findings (17, 18). Record, Mc- 
Keown, and Edwards (19) found an aver- 

age verbal reasoning score of 95.7 for 
twins and 91.6 for triplets, which are defi- 
cits of .30 and .58 S.D. unit. Admittedly, 
biological factors may be involved here, 
but deficits for twins and larger rrulti- 
ple births would also be expected ac- 
cording to the confluence model. Twins 
have of course the shortest possible 
gaps between successive siblings. Thus, 
a family with two singly born children 
and a family with twins represent quite 
different intellectual environments. 
For twins who are the first offspring the 
intellectual environment at birth is 
(30 + 30 + 0 + 0)/4 = 15. In a two- 
child family the environment of the first- 
born is 20, and it must be higher than 15 
at the birth of the second child because 
(30 + 30 +x + 0)/4 > 15, since x >0. 
Hence, with other factors constant, the 
intellectual environment for twins must 

necessarily be lower than for either of 
two singly born siblings. 

Perhaps the most important evidence 

of environmental effects on the in- 
tellectual growth of twins comes from an- 
other aspect of the Record-McKeown- 
Edwards study (19). It follows from the 
confluence model that the intellectual 
performance of twins who were sepa- 
rated early in life should be higher than 
of twins reared together. Record et al. re- 
port that twins whose co-twins were still- 
born or died within four weeks achieve 
nearly the same average intelligence as 
nontwins. Table 2 reproduces these data 
together with the average birth weights 
of the subjects. The fact that the birth 
weights of twins who both survive are 
higher than of those of whom one dies 
early suggests that physiological factors, 
for example oxygen deficiency, that are 
postulated as explaining the relatively 
low intelligence of multiple-birth chil- 
dren may have been exaggerated (20). 

Parental Absence 

It follows directly from the confluence 
model that a one-parent home consti- 
tutes an inferior intellectual environment 
and should result in intellectual deficits, 
and that early loss of a parent should pro- 
duce greater deficits than a loss occur- 
ring at a later age. In most studies of this 
effect the absent parent is the father, and 
their results agree with these inferences 
(16, 21, 22). For example, fatherless stu- 
dents scored in the 55th percentile on the 
American College Entrance Exam- 
ination test, while a comparable group 
from intact homes scored in the 65th per- 
centile (23). A recent extensive study of 
desegregation (24) found children from 
intact homes scoring 100.64 (S.D. 15.05) 
on a combined mathematical and verbal 
achievement test, and children fi-om 
single-parent homes 95.37 (S.D. 13.95)- 
a difference of one-third of a standard 
deviation. Other studies show similar ef- 
fects (25-29). Differences in intelligence 
and in intellectual performance found be- 
tween children from fatherless homes 
and from intact homes are greater the 
longer the father's absence and the 
younger the child when loss of the parent 
occurred (25-27). Interestingly, the most 
severe deficits are often in the quan- 
titative skills (22, 26). It appears also 
that, in comparison with other causes of 
loss of parent, death may have an espe- 
cially depressing effect on intellectual 
performance (30). Although being de- 
prived of a parent is generally accompa- 
nied by stress in the home from other 
sources, such as marital conflict or be- 
reavement, intellectual deficits occur 
even when the father's absence is tempo- 
rary and free from these stressful corre- 
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lates. Children of men in the service (26), 
for example, and children whose fathers 
are frequently absent or not readily avail- 
able because of their occupation, show 
substantial intellectual and academic 
lags (25). Restoration of adult presence 
has beneficial effects. Remarriage of the 
remaining parent, especially if it occurs 
early in the child's life, results in im- 
proved intellectual performance (30). 

Many of the cited studies did not con- 
trol for socioeconomic factors such as 
sharp drops in income due to fathers' ab- 
sence. But deficits in the intellectual test 
performance of fatherless children are al- 
so found when comparisons are made 
within a single socioeconomic stratum 
(16). For example, Carlsmith's subjects 
(26) were all Harvard undergraduates 
whose fathers had been in military ser- 
vice; absence of these fathers would not 
have caused appreciable drop in income. 
Santrock (30) found similar deficits in 
samples of white lower-class children. 

Only and Last Children 

In all four sets of data in Fig. 1 the only 
child shows a distinct discontinuity with 
the family size effect; that is, only chil- 
dren score below a level that would be 
expected if intelligence increased mono- 
tonically with decreasing family size. 
The discontinuity is fairly pronounced. 
In three out of the four samples, the only 
children have lower averages than chil- 
dren from families of two, and in the 
American and the Dutch data lower than 
from families of three. 

A possible explanation may be that on- 
ly children have fewer opportunities to 
be teachers. Children with siblings, espe- 
cially the older children, show their 
brothers and sisters how to hold a bat or 
skip rope, help them tie their shoes, ex- 
plain to them the meanings of new words 
and rules of new games, warn them 
about what may get them into trouble, di- 
vulge what they may get away with, spot 
errors and ineptitude and offer critique. 
One who has to explain something will 
see from the other's reactions whether 
the explanation was well understood, 
and be prompted to improve the ex- 
planation, with the consequence that his 
or her own understanding of the matter is 
improved. An active participation in an 
intellective process is decidedly more in- 
structive than a passive participation 
(31). Only children do not usually have 
the chance to serve as such intellectual 
resources. 

Viewing the only child from this per- 
spective makes him or her seem like a 
lastborn child rather than an anomalous 
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Table 2. Mean verbal reasoning scores and mean birth weights of twins, by fate of their co- 
twins. [Data from (19)] 

Twins whose co-twins 

Were stillborn, or died Su 
Sex in first four weeks Sex 

Verbal Birth Verbal Birth 
N reasoning weight N reasoning weight 

score (kg) score (kg) 
Males 85 98.2 2.34 967 93.9 2.58 
Females 63 99.3 2.22 948 96.5 2.45 
Both sexes 148 98.7 2.29 1924 95.2 2.52 

firstborn, which has been the usual char- 
acterization (32). The last child also is 
usually a nonteacher, since he is unlikely 
to have skills or information that his old- 
er siblings might require. It is interesting 
that the last child, in at least one of the 
sets of data in Fig. 1, like the only child 
creates a discontinuity in the observed 
patterns. The discontinuity of the last 
child, however, is with respect to the ef- 
fects of birth order. In the Dutch sample 
the last child declines more than other 
children, and this decline occurs in all 
family sizes. In the Dutch data the dis- 
continuity for the last child is equivalent 
in magnitude to the discontinuity for the 
only child (33). Altus (34) reports Scho- 
lastic Aptitude Test data from the Uni- 
versity of California at Santa Barbara 
that also fit the foregoing pattern. In two- 
child families the decline from the first to 
the second (that is, last) was 20.1 (over 
one-sixth of a standard deviation). In 
three-child families the decline from the 
first to the second child was only 2.1 
SAT points, but from the second to the 
last child was 21.9 points. 

The nonteacher deficit can be counter- 
acted in the case of last children. The last 
child who is born many years after the 
birth of the next to the last enters an envi- 
ronment of intellectually more mature 
children-a condition that may over- 
come the nonteacher handicap. Recall 
that in France, where lastborns tended to 
show an upswing rather than a decline 
(Fig. 1), intervals for last children were 
especially long (Fig. 3). Intervals for last 
children are also longer than for earlier 
ones in the United States (12). More- 
over, the teacher role is not entirely 
closed off to last children, for there must 
be some occasions when they, too, can 
serve as resources. For only children the 
nonteacher handicap cannot be offset or 
diminished in these ways. The only chil- 
dren should, therefore, produce a con- 
sistent discontinuity in the overall family 
size effect, whereas the discontinuity of 
the last children in the effect of birth or- 
der should be less consistent because of 
its vulnerability to the effects of spacing. 

Where the gaps are known to be espe- 
cially long, as in France, the inordinate 
drop for the last child disappears (Fig. 1). 

If we consider the effects of gaps to- 
gether with the nonteacher deficit, then 
the first child represents an interesting 
case. As was suggested above, a large 
gap will allow the firstborn to remain in 
an "undiluted" environment for a longer 
period of time and hence benefit his or 
her intellectual development. But during 
all this time the child must continue to 
suffer the nonteacher handicap, which 
may obliterate the favorable effects of an 
undiluted environment. The trade-off val- 
ue between the two opposing factors is 
not known at present. However, since 
last children have nothing to lose from 
the postponement of their arrival, they 
should show greater beneficial effects of 
large gaps than should first children. Bre- 
land (2) reports just such findings for the 
NMSQT sample. In two-child families, 
firstborns with large gaps scored .18 S.D. 
unit and those with short gaps .17 S.D. 
unit above the mean of the entire sample. 
In these families, however, secondborn 
children with long age separations 
scored .12 unit above the mean and those 
with short gaps only .04 S.D. unit. In 
three-child families the pattern was sim- 
ilar. 

In general, it would be expected, ac- 
cording to the confluence model, that the 
larger the interval between adjacent sib- 
lings the more likely that the birth-order 
effect would be reversed, so that the 
younger child might surpass the older in 
intellectual attainment. Breland's data 
are based on observations of individuals 
who come from different families. Other 
studies on the effects of age gaps also uti- 
lize subjects whose siblings' intelligence 
scores are not known. There are very 
few such studies and they show conflict- 
ing results (35). Most informative would 
be within-famiily differences in IQ and 
their relation to differences in age gaps. 
One report (36) that meets this criterion 
contains intelligence scores of a small 
number of entire families. The per- 
centages of pairs of adjacent siblings in 
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Fig. 4. Reading comprehension scores and 
birth rates (per 1000 population) in 13 coun- 
tries (40). 

which the elder surpassed the younger in 
IQ were computed in each of four cate- 
gories of age gaps. These were 59.2, 
54.9, 51.6, and 51.1 percent for gaps of 
12, 24, 36, and 48 or more months respec- 
tively. 

National, Regional, Ethnic, 

and Racial Differences 

There are by now a large number of 
studies reporting differences in in- 
tellectual test performance among differ- 
ent national, regional, and ethnic groups. 
Some investigators have attempted to 
find genetic explanations but most of 
these differences have, in fact, gone 
unexplained. It is clear that these dif- 
ferences share at least one factor: varia- 
tions in family configuration. Setting 
aside the important question of whether 
the various tests used are appropriate 
measures of intellectual ability in differ- 
ent populations, we may consider wheth- 
er the national, regional, ethnic, and ra- 
cial differences in test performance can 

perhaps be better understood on the 
basis of differences in family configura- 
tion of populations. For example, in 1960 
the American white family contained on 
the average 2.27 children, the American 
black family 3.05. White and black fam- 
ilies also differ in the length of intervals 
between children. In the white popu- 
lation the average intervals between the 
first and second child, the second and 
third, and the third and fourth were 26.7, 
31.8, and 30.6 months respectively. The 
corresponding figures for the black popu- 
lation were 23.1, 23.0, and 22.3. The IQ's 
of children born to older mothers are con- 
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sistently higher (35). It is interesting, 
therefore, that the white mother is on the 
average nearly three years older when 
she bears her first child than is the black 
mother. Yet another important aspect of 
family configuration is the presence of 
adults in the home; we noted above that 
the absence of a parent has a depress- 
ing effect on intellectual development. 
Among white Americans, in 1960, 1968, 
1970, and 1974 there were respectively 
6.1, 7.7, 7.8, and 10.4 percent of house- 
holds with only the mother present. The 
comparable figures for black households 
are 19.8, 27.6, 29.3, and 37.8 (37). It 
would be surprising if these differences 
in family configuration between whites 
and blacks were not seriously implicated 
in the differences sometimes found be- 
tween these groups in intellectual test 
performance. 

The evidence examined thus far has in- 
volved comparisons of intellectual test 
performance of the individuals' own fam- 
ily patterns. Studies that compare test 
performance of national or ethnic groups 
do not as a rule contain family pattern 
data of their own respondents. However, 
since they are sampled from populations 
whose characteristic patterns of family 
configuration are often known or can be 
estimated, the association between fam- 

ily factors and intellectual test perform- 
ance can be examined indirectly. For ex- 
ample, the average IQ's of 5504 children 
of various ethnic backgrounds in the 
United States (38) have a correlation 
with family size in the respective ethnic 
groups that varies between -.49 and 
-.69, depending on what demographic 
index is used to estimate family size (39). 
A recent international study obtained 
measures of reading comprehension for 
three age groups of school children in a 
number of countries (40). In Fig. 4 read- 

ing comprehension scores of one of the 

age groups (ten-year-olds) is plotted 
against birthrates in these countries. The 
intellectual performance scores were ob- 
tained in 1971-72; the birthrates are 
those of 1961-62. The relationship of 
these scores with the corresponding 
birthrates is quite strong, and it is nearly 
as strong in the other age groups. 

The French survey referred to earlier 
(7) reports clear differences in IQ among 
children from different regions of the 

country. These are paralleled by differ- 
ences in family configuration. Table 3 
shows both the average IQ in each region 
and another aggregate index of family 
configuration-average order of births- 
which combines two important factors of 
intellectual environment, family size and 
birth rank. In many countries birth 
records include information about the 

Table 3. Average order of live births in France 
in 1962 and average intelligence of French 
children tested in 1973, by region (41). 

Mean order Mean X -X 
of births IQ X 

Picardie- 
Champagne 3.09 96.5 -.19 

Nord 3.08 97.7 -. 10 
Normandie 3.01 98.7 -.03 
Poitou-Centre 2.90 98.1 -.08 
Bourgogne- 

Lorraine 2.86 99.8 .05 
Bretagne- 

Loire 2.82 96.5 -.19 
Limousin- 

Auvergne 2.70 97.5 -.12 
Alsace- 

Strasbourg 2.68 98.6 -.04 
Sud-Ouest 2.52 99.1 -.01 
Sud-Est 2.42 101.1 .13 
Region 

Parisienne 2.27 102.9 .25 

mother's previous pregnancies and that 
information is summarized in demo- 
graphic yearbooks. Average order of 
births can be readily calculated from 
these reports (41). High values of aver- 
age order of births for a given year in- 
dicate that children born that year have 
on the average more older siblings and 
come from larger families. The associa- 
tion between this index and average IQ is 
clearly evident. 

There are, of course, other important 
differences among groups, regions, and 
countries besides those in birth rates, or- 
der of births, and family size. Differ- 
ences in economic resources, education- 
al opportunities, linguistic habits, and 
literacy rates, for example, would con- 
tribute to these differences in intellectual 
performance scores. It is not being ar- 
gued here that variation in family pattern 
is the only factor implicated in the in- 
tellectual differences. 

Sex Differences 

The sort of confounding with socioeco- 
nomic or genetic factors which obscures 
the source of the association between 
family pattern and regional or ethnic dif- 
ferences in intelligence is totally absent 
with respect to sex differences. In the 
United States, the Scholastic Aptitude 
Test scores of males have tended to be 
somewhat higher on the average than 
those of females. In the speculation 
about factors that might account for sex 
differences in SAT's the possible contri- 
bution of family configuration has been 
thus far overlooked. There are two con- 
sistent differences between the positions 
of males and females in the family config- 
uration. First, the intervals following 
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male births are somewhat longer than 
those following female births (42), prob- 
ably because of parental preference for 
male offspring. Second, females are 
more likely to come late in the sibship 
than are males (43). This difference in the 
average order of births of the two sexes 
is quite small, but in the United States, 
for example, it has occurred without ex- 
ception for at least the last 28 years. A 
preference regarding the sex of offspring 
cannot explain this second difference. 
There are more fetal deaths among males 
than among females. Also, fetal deaths 
are more likely to occur in later preg- 
nancies (44). These two factors could 
combine to produce the consistent sex 
differences in aggregate birth order. 

If sex differences in SAT's are asso- 
ciated with differences in the kinds of 
family environments that surround males 
and females, then the magnitudes of sex 
differences in SAT's should be system- 
atically related to the magnitudes of sex 
differences in the order of births. In Fig. 
5 this association (with both differences 
expressed in ratios) is shown for years in 
which SAT data were published by sex. 
Except in 1957, the relation between the 
two ratios is quite strong. In the large 
NMSQT sample (2) the pattern is sim- 
ilar: males achieved an average score of 
103.45 and females 101.28, a ratio of 
1.021. The ratio of birth orders in that 
sample, female/male, was 1.013. Since 
the female high school students who take 
SAT's (or the NMSQT) come from the 
same populations as the male, economic, 
regional, or linguistic differences could 
not have contributed to this relationship. 

Trends in Family Configuration 

Return now to the marked decline in 
SAT scores. As with the sex differences, 
short temporal trends in these scores can- 
not be attributed to socioeconomic fac- 
tors, let alone to genetic effects. The 
proportion of poor and minority students 
remained fairly stable in the period of de- 
clining scores (1). Moreover, if the de- 
cline in scores were due to increases in 
the numbers of poor and minority stu- 
dents taking the tests, the main change in 
the distribution of the scores would be an 
increase in the proportion of low scorers, 
without any changes in the absolute num- 
bers of high scorers. That has not been 
the case. In 1972, for example, there 
were 53,794 high school seniors with ver- 
bal SAT scores of over 650 (two S.D.'s 
above the mean). In 1973, when the 
mean verbal score dropped by 8 points, 
only 39,779 seniors had such scores (1). 

High school seniors for whom average 
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Fig. 5. Differences in mean SAT scores of 
males and females (expressed in ratios) and 
their relation to sex differences in average or- 
ders of live births (also expressed as ratios). 

SAT scores are known were born be- 
tween 1940 and 1957, and the scores can 
be compared with the corresponding av- 
erage birth orders of children born in 
those years (Fig. 6). Except in the World 
War II years, the association is close in- 
deed (45). During the war years there 
was considerable fluctuation in birthrate 
and thus in average orders of births. Al- 
so, the proportion taking SAT's was 
smaller among those cohorts than it is 
today. But even for the wartime cohorts 
SAT scores reflect birth order fluctua- 
tions to some extent. After 1946 the two 

1955-1956 

trends are virtually parallel. For some re- 
cent years the number of high school stu- 
dents with SAT scores above 500 is 
known. When we compare the percentage 
of such students with the percentage 
of firstborns in the respective cohorts 
(Fig. 7) the correspondence is also quite 
striking. 

As may also be seen in Fig. 6, in 1962 
the average birth order begins to rise 
markedly. Of the 1947 births 42 percent 
were first children. In 1962 only 27 per- 
cent were first children, but the propor- 
tion has been steadily increasing, and 
last year's births include as large a pro- 
portion of firstborns as did the 1947 
births. Children born in 1963 will be tak- 
ing the SAT'S in 1980. If average orders 
of births are reliable predictors of SAT 
scores, in 1980 + 2 the alarming down- 
ward trend should be reversed. This 
prospect can be partially verified on 
younger children, for scores on school 
tests of chidren born around 1963 should 
begin showing increments now. Tempor- 
al changes in test scores of Iowa children 
born between 1953 and 1967, together 
with aggregate orders of births in that 
state, are shown in Fig. 8 (46). There is in- 
deed a rise in scholastic performance 
which begins exactly with the children 
born in 1962, when birth orders begin to 
rise. Similar trends are observed among 
third-, sixth-, and ninth-graders in New 

SAT taken 

1963 1968 

Year of birth 

Fig. 6. Average order of live births in the United States, 1939 to 1969, and average SAT scores 
for the first 18 cohorts. Future SAT averages are predicted to lie within the shaded area. 
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Fig. 7 (left). Percentage of SAT scores above 500, 1966 to 1974, and percentage of firstborns 
in the corresponding cohorts. Fig. 8 (center). Average order of live births in Iowa, 1953 to 
1967, and changes in Iowa Basic Skills scores of these cohorts (grades 3 to 8). In the Iowa Basic 

"--? Skills Testing Program 1965 was designated as the base year, and all scores are reported as devi- 
ations from the 1965 average score (46). Fig. 9 (right). Average order of live births in New 

1956 York State, 1952 to 1966, and percent of third-, sixth-, and ninth-grade pupils who surpassed 1966 
reference point in reading skill (47). 

York State (Fig. 9). That state estab- 
lished a testing program in 1966, at which 
time a "reference point" was chosen for 
each of the three grades. The per- 
centages of pupils who surpassed that 
reference point in reading skills (Fig. 9) 
parallel the changing average order of 
live births of the cohorts (47). Beginning 
with children born in 1963 there is a def- 
inite rise in test scores which is coin- 
cidental with the sharp reversal in birth 
trends. Several other states have also re- 

ported rising test scores recently in lower 
elementary grades. 

Summary and Conclusion 

A variety of findings reveal the impact 
of family configuration on intelligence: 
(i) Intellectual performance increases 
with decreasing family size. (ii) Children 
born early in the sibship perform better 
on intelligence tests than later children 
when intervals between successive 
births are relatively short. (iii) Long in- 

ter-sibling spacing appears to cancel the 

negative effects of birth order and in ex- 
treme cases to reverse them. (iv) In gen- 
eral, long intervals enhance intellectual 
growth. (v) The adverse effects of short 
intervals are reflected in the typically 
low IQ's of children of multiple births. 
(vi) In the special case of only children, 
the benefits of a small family are appar- 
ently counteracted by the lack of oppor- 
tunities to serve as teachers to younger 
children. (vii) Last children suffer that 

handicap too. (viii) Absence of a parent 
is associated with lower intellectual per- 
formance by the children. (ix) Temporal 
changes in family patterns such as birth- 
rates, average orders of births, intervals 
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between children, and family size are re- 
flected in temporal changes in aggregate 
measures of intellectual performance. (x) 
Differences in family patterns between 
different countries, between different re- 
gions of the same country, and between 
ethnic or racial groups are also associat- 
ed with differences in aggregate in- 
tellectual performance. (xi) Males and fe- 
males differ in average birth order, and 
this difference is reflected in aggregate in- 
tellectual performance scores. 

The pattern of these diverse data is 
consistent with the analysis of in- 
tellectual development based on the con- 
fluence model. Of course, not all varia- 
tion in intelligence is accounted for by 
variation in family configuration. For ex- 
ample, in the United States the large de- 
cline in SAT scores (over V3 S.D. in 12 

years) cannot be a function of changes in 

family configuration alone because it is 

considerably larger than we would ex- 

pect on the basis of a simple extrapola- 
tion from the four national samples in 
Fig. 1. Nor is all of the sex difference in 
SAT scores accounted for by the sex dif- 
ference in orders of births. It should not 
be overlooked, however, that the aver- 

age birth orders in these data are based 
on entire cohorts, whereas SAT's were 
taken by only 25 percent of the children 
in these cohorts. 

Nor is it claimed that the confluence 
model generates a unique interpretation 
of all these facts. For each of them one 
could probably supply another reason- 
able explanation. The intellectual deficit 
of twins could have a biological basis, for 

example, and the higher intelligence of 
twins who lost their co-twins may in- 
volve unknown genetic factors. The drop 
in SAT's may be due to a general decline 

in intellectual interests, and the lower in- 
telligence scores of children living in 
one-parent homes may be due to a histo- 
ry of conflict or stress. Future research 
will shed light on these questions. At the 
moment, however, the confluence model 
has the advantage of parsimony. And be- 
cause it makes rather specific predic- 
tions, it can be readily verified. 

Lest premature implications be drawn 
from this paper for family planning, edu- 
cation, population growth, or composi- 
tion of day care centers, another word of 
caution is called for. IQ isn't everything. 
Large families may contribute to growth 
in attributes other than intelligence: so- 
cial competence, moral responsibility, or 
ego strength, for example. These or sim- 
ilar family effects are still to be verified, 
however. 

What contribution can the confluence 
model make to the controversy between 
the hereditarian and the environmental- 
ist view of intelligence? Clearly, on the 
basis of the empirical evidence now avail- 
able, we cannot evaluate the relative im- 

portance of the two factors, and the con- 

troversy will not be resolved until we 
know precisely how these factors influ- 
ence intellectual development. Heredi- 
tarians lack information about genetic 
loci that might transmit intelligence, and 
environmentalists have not been able to 
identify the critical features of the envi- 
ronment that generate intellectual effects 
(48). And the two groups suffer equally 
from ambiguities about what abilities in- 

telligence tests are assumed to measure 
in different populations (49). Generally, 
the environmental case has relied more 
on attacking the inadequacies of the ge- 
netic position than on positive evidence 
that would establish the role of environ- 
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mental factors in intellectual devel- 
opment. Moreover, the hereditarian 
view has had the advantage of a formal 
model-the polygenic model of parent- 
offspring resemblance (50)-while up to 
now there has been no parallel formal- 
ization of environmental effects. 

Some specific derivations with implica- 
tions for the analysis of genetic effects on 
intelligence follow directly from the con- 
fluence model. Such analysis utilizes esti- 
mates of heritability, some of which in- 
volve comparisons between correlations 
of the intelligence of twins and correla- 
tions of the intelligence of nontwin sib- 
lings. According to the confluence mod- 
el, such comparisons must suffer from a 
confounding with birth intervals. The 
age gap for twins is, of course, constant 
at zero, whereas age gaps between other 
siblings vary. If variations in birth inter- 
vals affect the early and the later children 
differentially (as seems to be the case), 
heritability indices based on sibling cor- 
relations without regard to birth intervals 
are inaccurate. Similarily, parent-off- 
spring correlations, which are also parts 
of heritability estimates, are inaccurate if 
they do not control for birth order, birth 
intervals, and family size. If there is in 
fact a close relation between IQ of par- 
ents and of children, and if family factors 
influence the intercept of the correspond- 
ing regression line, then combining over 
birth order and family size simply adds 
variance around all the points of the re- 
gression line and thus attenuates the 
over-all coefficient. Third, the inter- 
pretation of the close intellectual sim- 
ilarity of separated twins may have un- 
derestimated the contribution of environ- 
mental factors. According to the 
confluence model, placing twins in two 
separate environments makes these envi- 
ronments more similar. If two families of 
the same size adopt twins (or two other 
individuals who do not differ in mental 
age), the average intellectual levels of 
these families will be necessarily more 
similar after adoption than previously. 
These effects may be quite small. Never- 
theless, in inferences about genetic ef- 
fects drawn from adoption studies the in- 
fluence that the foster child may have on 
the foster family environment should be 
considered. 

While aggregate data support the con- 
fluence model in a variety of ways, its 
full usefulness can only be determined 
when its predictions are tested against a 
substantial sample of family configura- 
tions, examined repeatedly over a period 
of several years. From such data the rela- 
tion of the environmental variables that 
it specifies to the total IQ variance in the 
sample can be measured. Since it is 
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sometimes asserted that as much as 86 
percent of this variance is genetically de- 
termined, it would be of some interest to 
establish just how much can be assigned 
to environmental factors when the analy- 
sis begins with them. Judging from the 
consistency and magnitude of some of 
the effects reviewed here, it would be 
surprising if the variables specified by 
the confluence model did not account for 
more than the small fraction allowed by 
heritability analysis to environmental fac- 
tors and to error. When we have calcu- 
lated the variance in IQ that is associated 
with the environmental variables of fam- 
ily size, birth rank, birth intervals, pa- 
rental absence, and presence of other 
adults in the home, and with the portion 
of the parent-offspring covariation that 
has no genetic bases, the interplay of ge- 
netic and environmental forces in in- 
tellectual performance will be better un- 
derstood. 
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The Last Look Before the Leap 
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The Last Look Before the Leap 

The tortuous and possibly historic de- 
bate on whether to proceed with re- 
search on recombinant DNA is now near- 
ing the end of its first round, with a clear 
victory in sight for those who wish re- 
search to go ahead under stiff but not 
grossly inconvenient safety conditions. 

This is the course that is favored by 
probably a vast majority of biological re- 
searchers. Yet it is worth noting the 
strong dissent of two scientists who are 
as eminent as any of the contributors to 
the debate, and who in addition have no 

personal interest in using the technique. 
Robert Sinsheimer, chairman of the biol- 
ogy division at Caltech, believes that all 
research should be confined to one site, 
such as the former biological warfare lab- 
oratories at Fort Detrick. Erwin Char- 

gaff of Columbia University would like 
to see the research prohibited altogether 
to allow a two-year period of "cooling 
off" and reflection. 

These views occur in written com- 
ments solicited by National Institutes of 
Health director Donald S. Fredrickson. 
On the basis of the comments, and of the 
record of a public hearing on the issue 
(Science, 27 February 1976), Fred- 
rickson has proposed some minor emen- 
dations to the present draft guidelines on 
recombinant DNA research prepared by 
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an NIH committee. At a two-day meet- 

ing held on the NIH campus last week, 
the same committee considered and re- 

jected most of them. 
Whether or not Fredrickson accepts 

the committee's advice, the guidelines 
that he will issue within the next few 
weeks will not differ greatly from the 

present draft. 
It is perhaps a pity that Sinsheimer's 

views were not discussed by the NIH 
committee last week because, though 
not widely held, they are by no means 

negligible. Moreover, Sinsheimer seems 
to have a broader sense of perspective 
than others about the place of the new 

technique both in history and in evolu- 
tion. His critique of the guidelines is 

premised on a fundamental and so far un- 
refuted theorem, that there is a barrier to 

genetic exchange between the two great 
classes of living things, the prokaryotes 
and the eukaryotes. (Prokaryotes are 

primitive cells, such as bacteria and 

blue-green algae, which lack a nuclear 

membrane; eukaryotes, the cells of all 

higher organisms, have a quite different 
and more sophisticated organization.) 

Many of the proposed experiments 
with recombinant DNA involve inserting 
segments of eukaryotic DNA into pro- 
karyotic cells, and the whole thrust of 
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membrane; eukaryotes, the cells of all 

higher organisms, have a quite different 
and more sophisticated organization.) 

Many of the proposed experiments 
with recombinant DNA involve inserting 
segments of eukaryotic DNA into pro- 
karyotic cells, and the whole thrust of 

the guidelines has been to rank these ex- 
periments in a graded series of risks 
based on the nature of the eukaryotic 
DNA segment. Sinsheimer, however, be- 
lieves that the risk lies not in the particu- 
lar DNA being inserted, but in the very 
fact of putting eukaryotic genes into pro- 
karyotes. If he is right, the elaborate edi- 
fice of rules constructed by the NIH com- 
mittee is built on a foundation of sand. 

Sinsheimer's argument, as expressed 
in two letters sent to Fredrickson in Feb- 
ruary, goes as follows. 

Though prokaryotes and eukaryotes 
interact intensely with each other as or- 
ganisms, they are not known to interact 
with any frequency at the genetic level. 
One evident reason for this lack of genet- 
ic intercourse is that, though they use the 
same genetic code, they have different 
control elements, different genetic sig- 
nals for governing how the code is to be 
put into operation. The great danger of 
putting any piece of eukaryotic DNA in- 
to a prokaryote is that it may endow 
prokaryotes with the eukaryote control 
signals, a sort of betrayal of state secrets 
at the molecular level. Even if this occa- 
sionally happens by accident in nature, 
Sinsheimer says, numerous experiments 
of the type envisaged can only increase 
the risk. 

What might be the consequences of 
breaching the natural barrier between 
prokaryotes and eukaryotes? One is that 
the prokaryotic viruses, particularly the 
lysogenic species, could acquire the ca- 
pacity to infect eukaryotes. A bacterial 
virus carrying the gene for a restriction 
enzyme, for example, could wreak hav- 
oc inside a eukaryotic cell. Another pos- 
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