stock colony had fewer surviving sisters
or if adoptees were killed in tests), for a
total of up to 25 trials per colony (40 in
the all-adoptee colony); 115 trials in all.
The results confirmed the prediction
of the queen discriminator hypothesis
(Fig. 1). All non-nestmate sisters attacked each other violently, regardless
of the proportion of adopted sisters in
the mixed colony (Fig. 2B). Stock colony
workers found that their sisters from the
all-adoptee colony, containing a heterospecific queen but no nonsister workers,
were just as unrecognizable as a single
sister reared in a colony of heterospecific workers. Control reintroductions of
mixed colony sisters to one another,
immediately after their attacks on stock
colony sisters, always resulted in acceptance (Fig. 1). In ten out of ten coded
(blind) tests, workers of unknown origin
could be assigned correctly to stock or
mixed colonies on the basis of their
reaction to stock colony sisters (11).
In the extensively studied small colonies of the primitively social bee, Lasioglossum zephyrum, the discriminators
of individual nestmates are learned separately. Discriminators are not shared or
transferred among nestmates; an unfamiliar bee is accepted if its odor is similar
to that of any one nestmate (3, 12). In the
very large colonies of highly eusocial
ants and bees, it is unlikely that workers
could learn every individual nestmate's
odors. Some blend of discriminators
must form a homogeneous label acquired
and learned by all, as is demonstrated by
the indiscriminate mutual acceptance of
members of interspecific mixed colonies.
Either a shared odor gestalt or transferable queen discriminators would serve
this function; our data support the latter
model (13). We do not suggest that workers lack discriminators, but that these
are dominated by those of the queen,
possibly to be "uncovered" on her removal or death. As a kin recognition
system this mechanism is somewhat error-prone, vulnerable to incursion by
slave-making ants and myrmecophiles
(14). Normally, however, any individual
enclosing in a colony is an offspring of its
queen and is correctly so labeled by the
acquisition of her discriminators; and
any other ant sharing this label is usually
a relative. Our results might also explain
the apparently reduced efficiency of recognition in polygynous ants, if learning
multiple queens' discriminators gives
workers broader tolerances (5).
NORMAN F. CARLIN
BERT HOLLDOBLER
Museum of Comparative Zoology,
Harvard University,
Cambridge, Massachusetts 02139
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Mathematical Reasoning Ability: More Facts

Abstract. Almost 40,000 selected seventh-grade students from the Middle Atlantic
region of the United States took the College Board Scholastic Aptitude Test as part
of the Johns Hopkins regional talent search in 1980, 1981, and 1982. A separate
nationwide talent search was conducted in which any student under age 13 who was
willing to take the test was eligible. The results obtained by both procedures establish
that by age 13 a large sex difference in mathematical reasoning ability exists and that
it is especially pronounced at the high end of the distribution: among students who
scored 2 700, boys outnumbered girls 13 to 1. Some hypothesized explanations of
such differences were not supported by the data.
In 1980 we reported large sex differin mean scores on a test of mathematical reasoning ability for 9927 mathematically talented seventh and eighth
graders who entered the Johns Hopkins
regional talent search from 1972 through
1979 (1, 2). One prediction from those
results was that there would be a preponderance of males at the high end of the
distribution of mathematical reasoning
ability. In this report we investigate sex
differences at the highest levels of that
ability. New groups of students under
age 13 with exceptional mathematical
aptitude were identified by means of two
separate procedures. In the first, the
Johns Hopkins regional talent searches
ences

in 1980, 1981, and 1982 (3), 39,820 seventh graders from the Middle Atlantic
region of the United States who were
selected for high intellectual ability were
given the College Board Scholastic Aptitude Test (SAT). In the second, a nationwide talent search was conducted for
which any student under 13 years of age
who was willing to take the SAT was
eligible. The results of both procedures
substantiated our prediction that before
age 13 far more males than females
would score extremely high on SAT-M,
the mathematical part of SAT.
The test items of SAT-M require numerical judgment, relational thinking, or
insightful and logical reasoning. This test
1029

is designed to measure the developed
mathematical reasoning ability of 11th
and 12th graders (4). Most students in
our study were in the middle of the
seventh grade. Few had had formal opportunities to study algebra and beyond
(5, 6). Our rationale is that most of these
students were unfamiliar with mathematics from algebra onward, and that most
who scored high did so because of extraordinary reasoning ability (7).
In 1980, 1981, and 1982, as in the
earlier study (1), participants in the
Johns Hopkins talent search were seventh graders, or boys and girls of typical
seventh-grade age in a higher grade, in
the Middle Atlantic area. Before 1980,
applicants had been required to be in the
top 3 percent nationally on the mathematics section of any standardized
achievement test. Beginning in 1980, students in the top 3 percent in verbal or
overall intellectual ability were also eligible. During that and the next 2 years
19,883 boys and 19,937 girls applied and
were tested. Even though this sample
was more general and had equal representation by sex, the mean sex difference
on SAT-M remained constant at 30
points favoring males (males' X = 416,
S.D. = 87; females' X = 386, S.D. =
74; t = 37; P < 0.001). No important
difference in verbal ability as measured
by SAT-V was found (males' X = 367,
females' ! = 365).
The major point, however, is not the
mean difference in SAT-M scores but
the ratios of boys to girls among the high
scorers (Table 1). The ratio of boys to
girls scoring above the mean of talentsearch males was 1.5: 1. The ratio among
those who scored 2 500 (493 was the
mean of 1981-82 college-bound 12thgrade males) was 2.1:1. Among those
who scored 2 600 (600 was the 79th
percentile of the 12th-grade males) the
ratio was 4.1:1. These ratios are similar
to those previously reported (1) but are
derived from a broader and much larger
data base.
Scoring 700 or more on the SAT-M
before age 13 is rare. We estimate that
students who reach this criterion (the
95th percentile of college-bound 12thgrade males) before their 13th birthday
represent the top one in 10,000 of their
age group. It was because of their rarity
that the nationwide talent search was
created in November 1980 in order to
locate such students who were born after
1967 and facilitate their education (8). In
that talent search applicants could take
the SAT at any time and place at which it
was administered by the Educational
Testing Service or through one of five
regional talent searches that cover the
1030

Table 1. Number of high scorers on SAT-M
among selected seventh graders-19,883 boys
and 19,937 girls-tested in the Johns Hopkins
regional talent search in 1980, 1981, and 1982,
and of scorers of - 700 prior to age 13 in the
national search (9).
Score

Num-

ber

Percent

Ratio
Of
boys
to
girls

Johns Hopkins regional search
420 or more*
Boys
9119
45.9
Girls
6220
31.2
500

or more

Boys
Girls
600 or more
Boys
Girls

3618
1707

18.2
8.6

648
3.3
158
0.8
National search
In Johns Hopkins talent search. region
700 or more
113
Boys
t

12.6:1

Girls

9

t

Outside Johns Hopkins talent search region
700 or more
Boys

147

t

13.4:1

Girls

*Mean score of the boys was 416. The highest
possible score is 800.
tTotal number tested is
unknown (9).

United States (9). Extensive nationwide
efforts were made to inform school personnel and parents about our search.
The new procedure (unrestricted by geography or previous ability) was successful in obtaining a large national sample of this exceedingly rare population.
As of September 1983, the number of
such boys identified was 260 and the
number of girls 20, a ratio of 13.0: 1 (10).
This ratio is remarkable in view of the
fact that the available evidence suggests
there was essentially equal participation
of boys and girls in the talent searches.
-The total number of students tested in
the Johns Hopkins regional annual talent
searches and reported so far is 49,747
(9,927 in the initial study and 39,820 in
the present study). Preliminary reports
from the 1983 talent search based on
some 15,000 cases yield essentially identical results. In the ten Middle Atlantic
regional talent searches from 1972
through 1983 we have therefore tested
about 65,000 students. It is abundantly
clear that far more boys than girls (chiefly 12-year-olds) scored in the highest
ranges on SAT-M, even though girls
were matched with boys by intellectual
ability, age, grade, and voluntary participation. In the original study (1) students
were required to meet a qualifying mathematics criterion. Since we observed the
same sex difference then as now, the
current results cannot be explained sole-

ly on the grounds that the girls may have
qualified by the verbal criterion. Moreover, if that were the case, we should
expect the girls to have scored higher
than the boys on SAT-V. They did not.
Several "environmental" hypotheses
have been proposed to account for sex
differences in mathematical ability. Fox
et al. and Meece et al. (11) have found
support for a social-reinforcement hypothesis which, in essence, states that
sex-related differences in mathematical
achievement are due to differences in
social conditioning and expectations for
boys and girls. The validity of this hypothesis has been evaluated for the population we studied earlier (1) and for a
subsample of the students in this study.
Substantial differences between boys'
and girls' attitudes or backgrounds were
not found (5, 6, 12). Admittedly, some of
the measures used were broadly defined
and may not have been able to detect
subtle social influences that affect a child
from birth. But it is not obvious how
social conditioning could affect mathematical reasoning ability so adversely
and significantly, yet have little detectable effect on stated interest in mathematics, the taking of mathematics
courses during the high school years
before the SAT's are normally taken,
and mathematics-course grades (5, 6).
An alternative hypothesis, that sex
differences in mathematical reasoning
ability arise mainly from differential
course-taking (13), was also not validated, either by the data in our 1980 study
(1) or by the data in the present study. In
both studies the boys and girls were
shown to have had similar formal training in mathematics (5, 6).
It is also of interest that sex differences in mean SAT-M scores observed
in our early talent searches became only
slightly larger during high school. In the
selected subsample of participants studied, males improved their scores an average of 10 points more than females (the
mean difference went from 40 to 50
points). They also increased their scores
on the SAT-V by at least 10 points more
than females (6). Previously, other researchers have postulated that profound
differences in socialization during adolescence caused the well-documented
sex differences in 11th- and 12th-grade
SAT-M scores (11), but that idea is not
supported in our data. For socialization
to account for our results, it would seem
necessary to postulate (ad hoc) that
chiefly early socialization pressures significantly influence the sex difference in
SAT-M scores-that is, that the intensive social pressures during adolescence
have little such effect.
SCIENCE, VOL. 222

It is important to emphasize that we
are dealing with intellectually highly able
students and that these findings may not
generalize to average students. Moreover, these results are of course not
generalizable to particular individuals.
Finally, it should be noted that the boys'
SAT-M scores had a larger variance
than the girls'. This is obviously related
to the fact that more mathematically
talented boys than girls were found (14).
Nonetheless, the environmental hypotheses outlined above attempt to explain
mean differences, not differences in variability. Thus, even if one concludes that
our findings result primarily from greater
male variability, one must still explain
why.
Our principal conclusion is that males
dominate the highest ranges of mathematical reasoning ability before they enter adolescence. Reasons for this sex
difference are unclear (15).
CAMILLA PERSSON BENBOW
JULIAN C. STANLEY
Study of Mathematically Precocious
Youth, Johns Hopkins University,
Baltimore, Maryland 21218
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L-Tryptophan: A Common Denominator of Biochemical and
Neurological Events of Acute Hepatic Porphyria?
Abstract. Hepatic porphyrias are disorders of heme synthesis characterized by
genetically determined lesions of one of the key enzymes of heme synthesis. In
carriers of such lesions, several factors (drugs, environmental chemicals, or diet)
precipitate acute and often fatal attacks of neurologic dysfunction, which are
promptly relieved by intravenous infusion of heme. However, the mechanism of such
heme-induced amelioration remains elusive. To probe this mechanism, the biochemical events triggered by acute hepatic heme deficiency were examined in an animal
model of chemically induced porphyria. Acute hepatic heme depletion in porphyric
rats was found to impair hepatic tryptophan pyrrolase activity which, in turn,
elevated tryptophan and 5-hydroxytryptamine turnover in the brain. These alterations in porphyric rats were dramatically reversed by parenteral heme administration. These findings suggest that increased tryptophan and 5-hydroxytryptamine in
the nervous system may be responsible for the neurologic dysfunctions observed in
humans with acute attacks of hepatic porphyria.
The three hepatic porphyrias-acute
intermittent porphyria, hereditary coproporphyria, and variegate porphyria-are
genetically transmitted disorders, each
of which exhibits a defined defect of one
of the enzymes essential for the formation of heme (1). The resulting heme
deficiency in the liver removes the endproduct (heme) repression of b-aminolevulinic acid synthetase (ALAS), the first
and rate-limiting enzyme of heme synthesis, leading to excessive formation
and accumulation of heme precursors
proximal to the particular enzyme block
(1). Accordingly, depending on the site
of the enzymatic defect, one may observe a pattern of heme precursor excretion that is characteristic for each of the
three conditions (1).
In porphyric individuals, several factors, including exposure to a variety of
common drugs or changes in hormonal
status, diet, or fasting precipitate acute
and often life-threatening attacks of neuropsychiatric dysfunction (1). Intravenous infusion of heme relieves or aborts
these neurological manifestations (1, 2).

However, the mechanism of this beneficial effect of heme is unknown. It is
unlikely that administered heme directly
substitutes for heme-deprived processes
in the nervous system, because there is
no evidence that infused heme enters the
brain (3). The heme precursors b-aminolevulinic acid (ALA) and porphobilinogen (PBG), which increase in concentration in the plasma of patients with acute
forms of the hepatic porphyrias, produce
neurotoxic effects in vitro (4), but there
is no convincing evidence that they elicit
neurological dysfunction when infused in
large amounts in humans or animals (5).
Moreover, neither ALA nor PBG appear
to cross the blood-brain barrier to a
significant extent (5, 6). The concentrations of these precursors in the brain or
cerebrospinal fluid of porphyric patients
are substantially below those required
for demonstrable neurotoxicity in vitro
(7). We therefore explored an alternative
mechanism that might explain the hemereversible neuropsychiatric dysfunction
of acute heme deficiency in hepatic porphyrias.
1031

