dysfunction or disorder. While negative
findings in such examinations of children
with behavioral or learning problems
must be considered tentative and inconclusive, positive findings would justify referral for more exhaustive evaluations.
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Sex Differences in Mathematical Ability: Fact or Artifact?
Abstract. A substantial sex difference in mathematical reasoning ability (score on
the mathematics test of the Scholastic Aptitude Test) in favor of boys was found in a
study of 9927 intellectually gifted junior high school students. Our data contradict
the hypothesis that differential course-taking accounts for observed sex differences
in mathematical ability, but support the hypothesis that these differences are somewhat increased by environmental influenc

Huge sex differences have been re- dents had also to be in the upper 3 perported in mathematical aptitude and cent in mathematical ability as judged by
achievement (1). In junior high school, a standardized achievement test, in 1972
this sex difference is quite obvious: girls in the upper 5 percent, and in 1973 and
excel in computation, while boys excel 1974 in the upper 2 percent. Thus, both
on tasks requiring mathematical reason- male and female talent-search particiing ability (1). Some investigators be- pants were selected by equal criteria for
lieve that differential course-taking gives high mathematical ability before enterrise to the apparently inferior mathemati- ing. Girls constituted 43 percent of the
cal reasoning ability of girls (2). One al- participants in these searches.
ternative, however, could be that less
As part of each talent search the stuwell-developed mathematical reasoning dents took both parts of the College
ability contributes to girls' taking fewer Board's Scholastic Aptitude Test
mathematics courses and achieving less (SAT)-the mathematics (SAT-M) and
than boys.
the verbal (SAT-V) tests (4). The SAT is
We now present extensive data col- designed for able juniors and seniors in
lected by the Study of Mathematically high school, who are an average of 4 to 5
Precocious Youth (SMPY) for the past 8 years older than the students in the talent
years to examine mathematical aptitude searches. The mathematical section is
in approximately 10,000 males and fe- particularly designed to measure mathemales prior to the onset of differential matical reasoning ability (5). For this
course-taking. These data show that reason, scores on the SAT-M achieved
large sex differences in mathematical ap- by 7th and 8th graders provided an extitude are observed in boys and girls with cellent opportunity to test the Fennema
essentially identical formal educational and Sherman differential course-taking
experiences.
hypothesis (2), since until then all stuSix separate SMPY talent searches dents had received essentially identical
were conducted (3). In the first three formal instruction in mathematics (6). If
searches, 7th and 8th graders, as well as their hypothesis is correct, little difaccelerated 9th and 10th graders, were ference in mathematical aptitude should
eligible; for the last three, only 7th grad- be seen between able boys a-nd girls in
ers and accelerated students of 7th grade our talent searches.
age were eligible. In addition, in the
Results from the six talent searches
1976, 1978, and 1979 searches, the stu- are shown in Table 1. Most students
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which neurometric methods are used to diagnose and help remediation of the learning disabled child.
13. All U.S. normal children (group 1) had scores of
90 or higher on the Peabody Picture Vocabulary
Test (PPVT) and standard scores of 90 or higher
on all sections (reading, spelling, and arithmetic)
of the Wide Range Achievement Test (WRAT).
The Barbados normal children (group 2) were
the subset of the control group (8) which had
full-scale Wechsler Intelligence Scale for Children (WISC) scores of 85 or higher and appropriate grade level for age. The WISC was modified by J. Galler to make it culturally relevant for
Barbadian children. The learning disabled children (group 4) had IQ scores between 65 and 84
on the WISC-R and WRAT standard scores below 90 in language or arithmetic skills, or both.
The specific learning disabled children (group 5)
had IQ scores above 85 on the WISC-R, and
WRAT standard scores below 90 in language
and or arithmetic skills. In groups 4 and 5, PPVT
scores were used when WISC-R scores were not
available. Most of the children in groups 4 and 5
were attending a special school (6) for children
unable to learn satisfactorily in their local
schools.
14. With the exception of a few children in group 3
with convulsive disorders, none of the children
in any group received medication for at least 72
hours prior to examination.

Table 1. Performance of students in the Study of Mathematically Precocious Youth in each talent search (N = 9927).

Number
Test date

March 1972
January 1973
January 1974

December 1976

Grade
7
8+
7
8+
7
8+
7

8t
Jantiary 1978
January 1979

7 and 8t

7and8i

Boys

Girls

90
133
135
286
372
556
495
12
1549
2046

77
96
88
158
222
369
356
10

1249
1628

SAT-M scorest
± S.D.
Highest score

SAT-V score*
(X ±+ S.D.)
Boys

Girls

74
83

385 ± 71
431 t 89

374
442

370 t 73
487 ± 129
375 t 80
370 ± 76

368 t 70
390 ± 61
372 ± 78
370 + 77

+
t

Boys

460
528 t
495 ±
551 t
473 t
540 t
455 t
598 ±
448 ±
436 ±

104
105
85
85
85
82
84
126
87
87

*Mean score for a random sample of high school juniors and seniors was 368 for males and females (8).
MThese rare 8th graders were accelerated at least I year in school grade placement.
(8).

performance.
A large sex difference in mathematical
ability in favor of boys was observed in
every talent search. The smallest mean
difference in the six talent searches was
32 points in 1979 in favor of boys. The
statistically significant t-tests of mean
differences ranged from 2.5 to 11.6 (9).
Thus, on the average, the boys scored
about one-half of the females' standard
deviation (S.D.) better thad did the girls
in each talent search, even though all
students had been certified initially to be
in the top 2nd, 3rd, or 5th percentiles in
mathematical reasoning ability (depending on which search was entered).
One might suspect that the SMPY talent search selected for abler boys than
girls. In all comparisons except for two

(8th graders in 1972 and 1976), however,
the girls performed better on SAT-M relative to female college-bound seniors
than the boys did on SAT-M relative to
male college-bound seniors. Furthermore, in all searches, the girls were
equal verbally to the boys. Thus, even
though the talent-search girls were at
least as able compared to girls in general
as the talent-search boys were compared
to boys in general, the boys still averaged considerably higher on SAT-M than
the girls did.
Moreover, the greatest disparity between the girls and boys is in the upper
ranges of mathematical reasoning ability. Differences between the top-scoring
12 DECEMBER 1980

boys and girls have been as large as 190
points (1972 8th graders) and as low as 30
points (1978 and 1979). When one looks
further at students who scored above 600
on SAT-M, Table 1 shows a great difference in the percentage of boys and
girls. To take the extreme (not including
the 1976 8th graders), among the 1972 8th
graders, 27.1 percent of the boys scored
higher than 600, whereas not one of the
girls did. Over all talent searches, boys
outnumbered girls miore than 2 to 1 (1817
boys versus 675 girls) in SAT-M scores
over 500. In not one of the six talent
searches was the top SAT-M score
earned by a girl. It is clear that much of
the sex difference on SAT-M can be accounted for by a lack of high-scoring
girls.
A few highly mathematically able girls
have been found, particularly in the latest two talent searches. The latter talent
searches, however, were by far the largest, making it more likely that we could
identify females of high mathematical
ability. Alternatively, even if highly able
girls have felt more confident to enter the
mathematics talent search in recent
years, our general conclusions would not
be altered unless all of the girls with the
highest ability had stayed away for more
than 5 years. We consider that unlikely.
In this context, three-fourths as many
girls have participated as boys each year;
the relative percentages have not varied
over the years.
It is notabl, that we observed sizable
sex differences in mathematical reasoning ability in 7th grade students. Until
that grade, boys and girls have presumably had essentially the same amount of
formal training in mathematics. This assumption is supported by the fact that in
the 1976 talent search no substantial sex
differences were found in either participation in special mathematics programs
or in mathematical learning processes
(6). Thus, the sex difference in mathe-

423
458
440
511
440
503
421
482
413
404

± 75
± 88
± 66
t 63
t 68
+ 72
t 64
± 83
± 71
± 77

Boys

Girls

Boys

Girls

740
790
800
800
760
750
780
750
790
790

590
600
620
650
630
700
610
600
760
760

7.8
27.1
8.1
22.7
6.5
21.6
5.5
58.3
5.3
3.2

0
0
1.1
8.2
1.8
7.9
0.6
0
0.8
0.9

tMean for juniors and seniors: males, 416; females, 390

matical reasoning ability we found was
observed before girls and boys started to
differ significantly in the number and
types of mathematics courses taken. It
is therefore obvious that differential
course-taking in mathematics cannot
alone explain the sex difference we observed in mathematical reasoning ability,
although other environmental explanations have not been ruled out.
The sex difference in favor of boys
found at the time of the talent search was
sustained and even increased through
the high school years. In a follow-up survey of talent-search participants who
had graduated from high school in 1977
(10), the 40-point mean difference on
SAT-M in favor of boys at the time of
that group's talent search had increased
to a 50-point mean difference at the time
of high school graduation. This subsequent increase is consistent with the
hypothesis that differential course-taking
can affect mathematical ability (2). The
increase was rather small, however. Our
data also show a sex difference in the
number of mathematics courses taken in
favor of boys but not a large one. The
difference stemmed mainly from the fact
that approximately 35 percent fewer girls
than boys took calculus in high schbool
(10). An equal proportion of girls and
boys took mathematics in the 11th grade
(83 percent), however, which is actually
the last grade completed before taking
the SAT in high school. It, therefore,
cannot be argued that these boys received substantially more formal practice in mathematics and therefore scored
better. Instead, it is more likely that
mathematical reasoning ability influences subsequent differential course-taking in mathematics. There were also no
significant sex differences in the grades
earned in the various mathematics
courses (10).
A possible criticism of our results is

that only selected mathematically able,
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scored high on both the SAT-M and
SAT-V. On the SAT-V, the boys and
girls performed about equally well (7).
The overall performance of 7th grade
students on SAT-V was at or above the
average of a random sample of high
school students, whose mean score is
368 (8), or at about the 30th percentile of
college-bound 12th graders. The 8th
graders, regular and accelerated, scored
at about the 50th percentile of collegebound seniors. This was a high level of

Girls

Percentage
scoring above

600 on SAT-M
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Human Sleep: Its Duration and Organization
Depend on Its Circadian PhaseAbstract. Two- to threefold variations in sleep length were observed in 12 subjects
living on self-selected schedules in an environment free oftime cues. The duration of
polygraphically recorded sleep episodes was highly correlated with the circadian
phase of the body temperature rhythm at bedtime and not with the length of prior
wakefulness. Furthermore, the rate of REM (rapid eye movement) sleep accumulation, REM latency, bedtime selection, and self-rated alertness assessments were also
correlated with the body temperature rhythm.

Forty years ago, Kleitman wrote that
"the time between going to bed at night
and getting up in the morning is one of
the easiest characteristics of sleep to
study" (1). Despite this ease of measurement, the processes that control the
length of "ad libitum sleep" (that is,
sleep not truncated by an alarm clock or
disturbace) have remained undefined.
A number of studies have contradicted
the intuitive assumption that the length
of sleep is determined by the length of
prior wakefulness. "Recovery" sleep after 3 to 10 days of total sleep deprivation
rarely exceeds 11 to 16 hours (2), while
both longer (15 to 20 hours) and shorter
(6 to 10 hours) sleep episodes have been
observed in subjects not deprived of
sleep who lived on a self-scheduled routine (3-6). In fact, the wide variation in
sleep duration reported in such "freerunning" subjects has been characterized as random and irregular. We now
report that such variations in sleep duration occur in a consistent and predictable
manner which depends on when subjects
go to sleep, rather than how long they
have been awake beforehand.
,We polygraphically recorded the sleep
of 12 male subjects (21 to 53 years old),
each living separately for 16 to 189 days
(total of 562 days) on a self-scheduled
routine in an environment free of time
cues (3, 4). These subjects developed
free-running, non-24-hour sleep-wake,
body temperature, and neuroendocrine
cycles. In one group of subjects, all
those free-running rhythms remained internally synchronized with nearly identi-
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cal periods, although their waveshapes
and phase relationships were different
from those during entrainment to a 24hour day. For example, the decrease in
body temperature that has long been associated with the daily sleep episode (1)
began several hours before sleep in those
free-running subjects, reaching its nadir
near sleep onset and then rising throughout the rest of the sleep episode (3-5).
However, six of our subjects had a
number of sleep-wake cycles of extraordinary duration-up to 50 hours in
length-with a persisting near-24-hour
rhythm in body temperature. This state,
which several others have observed (5,
6), has been termed "internal desynchronization" by Aschoff and Wever, a
concept emphasizing the uncoupling of
rhythms that are normally linked in close
temporal order.
Examination of the bedrest-activity
pattern, when plotted in a raster format
(7), led us to recognize-even in such
"desynchronized" subjects-regularly
recurring clusters of short (6 to 10 hours)
sleep episodes, interrupted by long episodes of sleep which were not "in
phase" with those clusters (triple plotted
example from subject CA shown in Fig.
1 on experimental days 35 to 83). The
visible line along which those clusters recurred had a consistent phase relationship to the ongoing near-24-hour cycle of
body temperature (stippled area in Fig.
1); that is, the short sleep episodes usually began just at or after the mid-trough of
the temperature cycle. This phase relationship was very similar to that already
SCIENCE, VOL. 210, 12 DECEMBER 1980
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highly motivated students were tested.
Are the SMPY results indicative of the
general population? Lowering qualifications for the talent search did not result
in more high-scoring individuals (except
in 1972, which was a small and not widely known search), suggesting that the
same results jn the high range would be
observed even if a broader population
were tested. In addition, most of the concern about the lack of participation of females in mathematics expressed by Ernest (11) and others has been about intellectually able girls, rather than those
of average or below average intellectual
ability.
To what extent do girls with high
mathematical reasoning ability opt out of
the SMPY talent searches? More boys
than girls (57 percent versus 43 percent)
enter the talent search each year. For
this to change our coflclusions, however,
it would be necessary to postulate that
the most highly talented girls were the
least likely to enter each search. On both
empirical and logical grounds this seems
improbable.
It is hard to dissect out the influences
of societal exptctations and attitudes on
mathematic4l f*asoning ability. For example, rated. liking of mathematics and
rated importance of mathematics in future careers had no substantial relationship with SAT-M scores (6). Our results
suggest that these environmental influences are more significant for achievement in mathematics than for mathematical aptitude.
We favor the hypothesis that sex differences in achievement in and attitude
-toward mathematics result from superior
male mathematical ability, which may in
turn be related to greater male ability in
spatial tasks (12). This male superiority
is probably an expression of a combination of both endogenous and exogenous
variables. We recognize, however, that
our data are consistent with numerous
altermative hypotheses. Nonetheless, the
hypothesis of differential course-taking
was not supported. It also seems likely
that ptitting one's faith in boy-versus-girl
socialization processes as the only permissible explanation of the sex difference in mathematics is premature.
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