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This paper describes a study designed to provide an extensive evaluation of the potential relation-
ship between the age of sexual maturation and adult spatial ability. Data from two previous studies
were combined to provide information on reasonably large samples of adult men (n = 133) and
adult women (n = 116). Variables that represented the age of sexual maturation and scores on
measures that span the Spatial Orientation ability factor were used in this reanalysis. The relation-
ship between maturational timing and performance on the measures of spatial ability was ex-
amined from three perspectives: (1) correlations between indexes of maturational timing and the
spatial measures, (2) correlations between variables derived from a signal-detection analysis of
performance on the spatial measures and indexes of pubertal timing, and (3) a comparison of spatial
ability for groups extreme in pubertal timing. In all, no consistent relationship between the age
of sexual maturation and performance on the spatial orientation measures was found. Implica-
tions for the long-term relationship between maturational timing and individual differences in

spatial ability are discussed.

It has been proposed that age of sexual maturation con-
tributes to individual differences in the pattern of human
cognitive abilities (Broverman, Broverman, Vogel, Palmer,
& Klaiber, 1964; Newcombe & Dubas, 1987). Waber
(1977) argued that gender differences in the age of puber-
tal onset might underlie the male performance advantage
on measures of spatial-related ability and the female per-
formance advantage on measures of language-related abil-
ity. Later maturation, independent of gender, was found
to be associated with better performance on spatial abil-
ity measures; however, age of sexual maturation was not
related to performance on measures of language-related
ability. Several subsequent studies have replicated, or par-
tially replicated, this relationship between age of puber-
tal onset and spatial ability in samples of adolescents
(Diamond, Carey, & Back, 1983; Newcombe & Bandura,
1983; Waber, Bauermeister, Cohen, Ferber, & Wollff,
1981), while other studies have failed to find such a rela-
tionship (Petersen, 1976; Waber, Mann, Merola, & Moy-
lan, 1985).
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Furthermore, several experiments have examined the
relationship between the reported age of sexual matura-
tion and performance on spatial ability measures for sam-
ples of adult subjects (Gilger & Ho, 1989; Rierdan &
Koff, 1984; Sanders & Soares, 1986; Strauss & Kins-
bourne, 1981). Neither Rierdan and Koff nor Strauss and
Kinsbourne found any correlation between the reported
age of menarche and performance on various spatial tests.
Sanders and Soares, however, reported that an indicator
of earlier-than-average, average, or later-than-average
sexual development was significantly related to perfor-
mance on the Mental Rotation Test (Vandenberg & Kuse,
1978) for both samples of adult men and adult women.
Here, later maturation was associated with higher scores
on this spatial measure. These contradictory sets of find-
ings indicate that the question of whether the age of sex-
val maturation contributes to individual differences in
adult spatial ability is unresolved.

The present study was designed to clarify this issue by
providing a rather extensive analysis of the potential rela-
tionship between the age of pubertal onset and adult spa-
tial ability. To achieve this end, data from two recent
studies (Geary, 1988; Geary, Gilger, & Elliott-Miller,
1988)! were combined to provide information on spatial
ability and the age of sexual maturation for reasonably
large samples of both adult men and adult women. In fact,
the combined data provided a larger sample of adult males
than was assessed in any of the above-noted studies (cf.
Sanders & Soares, 1986). Finally, portions of these data
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Table 1
Descriptive Statistics for the Spatial Ability Measures

Spearman-Brown

M SD Reliability

Test Male Female Male Female t test Estimates
Mental Rotation 18.6 9.4 10.0 8.4 7.76* 756
Card Rotations 112.4 94.5 34.6 36.3 4.50* 923
Cube Comparisons 21.9 15.8 10.1 11.5 3.97* .768

Note—The reliability estimates were based on the combined, male and female, data.

were rescored for a signal-detection analysis of perfor-
mance on measures that span the Spatial Orientation ability
factor. This signal-detection analysis enabled a more sen-
sitive test of the potential relationship between the age of
sexual maturation and components of spatial ability than
did previous studies (cf. Ho, Gilger, & Brink, 1986).

METHOD

Subjects

The combined studies (Geary, 1988; Geary et al., 1988) provided in-
formation on 133 male and 116 female undergraduate students. The mean
age of 20.4 years (SD = 3.4) and 19.9 years (SD = 3.6) for the males
and females, respectively, did not differ significantly (p > .10).

Spatial Ability Measures

Scores for both forms of the Mental Rotation Test (Vandenberg &
Kuse, 1978), the Card Rotations Test, and the Cube Comparisons Test
(Ekstrom, French, & Harman, 1976) were obtained for each of the 249
subjects. The score for each of these ability measures was the sum of
scores on the two forms. Table 1 presents descriptive statistics and reli-
ability estimates for the three spatial tests.

Protocols for 100 subjects (69 males, 31 females; Geary, 1988) were
rescored in accordance with signal-detection analysis (Ho et al., 1986).
Here, d' and beta () scores were calculated for each of the three spa-
tial measures. The d' score theoretically provides an indicator of the
subject’s ability to detect differences between standard and comparison
stimuli, and 8 provides an indicator of the rigor of the subject’s crite-
rion in accepting two stimuli as the same (Swets, 1964).

Maturational Timing Indexes

Menarcheal age was used as the indicator of pubertal timing for fe-
males. This single variable was chosen because retrospective reports
of menarcheal age appear to be reliable (Geary, 1988) and valid (Bean,
Leeper, Wallace, Sherman, & Jagger, 1979). Two variables were chosen
as indicators of maturational timing for males: (1) age of first ejacula-
tion and (2) age at which hair growth was first noticed around the arm-
pit area. The first variable, age of ejaculation, was employed because
it provided an index of primary sexual development comparable to the
age of menarche. The second variable was chosen on the basis of its
relatively high level of test-retest reliability (Geary, 1988). Descrip-
tive information for these maturational timing indexes are presented in
Table 2.

RESULTS

Correlations Between Maturational Timing
Indexes and Spatial Ability Measures

The top portion of Table 3 presents zero-order corre-
lations between the three indexes of pubertal timing and
scores on the tests of spatial ability. The composite score,
which comprised the sum of z scores for each of the three
spatial measures, was included in the analyses because
this score would likely provide a more sensitive index of
spatial ability than would any of the single measures.

*p < .0001.

Regardless, inspection of Table 3 reveals that none of the
12 zero-order correlations between the pubertal indexes
and the ability measures differed significantly from zero
(ps > .10).

Signal-Detection Analysis

The bottom portion of Table 3 presents zero-order
correlations between the variables, d’ and 3, derived from
the signal-detection analysis and indexes of pubertal tim-
ing. Inspection of Table 3 reveals that only 1 of the 18
correlations differed significantly from zero (ps > .05).
Given no consistent pattern of correlations between the

Table 2
Descriptive Information for the Maturational Timing Indexes

Retest Reliability

Variable M SD n Coefficient
Female
Menarche 12.70 1.80 112 .966
Male
Ejaculation 14.01 2.16 111 730
Armpit 13.42 1.51 122 .833

Note—All ages are in years. Menarche = age at which menstruation
started; Ejaculation = age at which first ejaculation was noticed; Arm-
pit = age at which growth of hair in the armpit area was first noticed.

Table 3
Correlations Between Maturational Timing Indexes
and Spatial Ability Measures

Maturational Timing Index

Test Menarche Ejaculation Armpit
Spatial Measures
Mental Rotation .02 .06 —-.04
Card Rotations -.08 -.13 .01
Cube Comparisons .03 .01 —.04
Composite Score -.01 -.02 -.03
Signal-Detection Measures

Mental Rotation

B .26 .01 .01

d .10 13 .08
Card Rotations

B .00 -.04 .04

d 25 -.08 .03
Cube Comparisons

B .01 11 .26*

d 17 .02 -4

Note—Composite score = summation of z scores for the Mental Rota-
tion, Card Rotations, and Cube Comparisons tests. Analyses for the
signal-detection measures were based on n = 69 for males and n =
31 for females. *p < .05.
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signal-detection variables and the indexes of maturational
timing, this single statistically significant correlation prob-
ably does not represent a replicable result. Finally, d' and
B scores were recalculated to control for the number of
items attempted on each of the three spatial tests. The
number of items attempted may index individual differ-
ences in the speed at which subjects approached test items.
This additional analysis was conducted on the basis of
Gilger and Ho’s (1989) finding of a potential relation-
ship between pubertal timing and the rate of adult two-
dimensional mental rotation. Zero-order correlations be-
tween the recalculated d' and 8 variables and the indexes
of maturational timing indicated no consistent relation-
ship (there was one significant correlation) between these
signal-detection variables and the reported age of sexual
maturation. In fact, this pattern of correlations mirrored
the original signal-detection analysis (described above).

Extreme-Group Analysis

The final set of analyses tested the hypothesis that the
relationship between maturational timing and spatial abil-
ity is only detectable with the comparison of groups ex-
treme in pubertal timing. The samples of males and fe-
males were trisected into groups that were earlier than
average, average, or later than average in pubertal tim-
ing (Sanders & Soares, 1986). The female sample was
trisected on the basis of whether the reported menarcheal
age was within +1 SD from the overall mean age of
menarche for the average group (n = 88), less than 1
SD from this mean for the earlier-than-average group
(n = 15), and greater than 1 SD from this mean for the
later-than-average group (n = 9). The means for these
newly created groups (presented in Figure 1) differed sig-
nificantly in value (p < .0001).

The male sample was trisected on the basis of whether
the reported age of first ejaculation was within +1 SD from
the overall mean age of first ejaculation for the average
group (n = 67), less than 1 SD from this mean for the
earlier-than-average group (n = 19), and greater than 1
SD from this mean for the later-than-average group
(n = 25). The means for these three groups (also presented
in Figure 1) differed significantly in value (p < .0001).
A similar variable was created for both the reported age
of growth of hair around the armpit area and for a combi-

Figure 1. Mean age of primary sexual maturation for the earlier-
than-average, average, and later-than-average groups.

243

nation of the two maturational timing indexes. For the com-
posite variable, the subjects again were classified as earlier
than average, average, or later than average, but only the
subjects who had received an identical classification (e.g.,
average) for the reported age of first ejaculation and for
the age at which hair was first noticed around the armpit
area were retained (n = 52). This final variable was used
because it provided a more reliable and more valid indi-
cator of the relative timing of puberty for males than did
the two single variables.

Univariate ANOVAs were employed to determine if
mean performance on the Mental Rotation Test, Card Ro-
tations Test, Cube Comparisons Test, and the spatial com-
posite variable differed significantly across the earlier-
than-average, average, and later-than-average groups.
None of the resulting 16 F ratios differed significantly
from zero (ps > .20). Post hoc comparisons of group
means also indicated no significant relationship between
the relative timing of sexual maturation and performance
on any of the spatial measures.

DISCUSSION

The study examined the relationship between the reported age of sexual
maturation and adult spatial ability from three perspectives: (1) zero-
order correlations between indexes of maturational timing and scores
on spatial orientation ability measures, (2) correlations between indi-
cators of pubertal timing and variables derived from a signal-detection
analysis of performance on the spatial measures, and (3) a comparison
of spatial ability across groups extreme in pubertal timing. The results
associated with the first set of analyses were consistent with previous
findings (Rierdan & Koff, 1984; Sanders & Soares, 1986; Strauss &
Kinsbourne, 1981). The reported age of occurrence of physical changes
associated with primary and secondary sexual maturation showed no
relationship to measured spatial ability.

The signal-detection analysis was unique to this study, and enabled
us to, theoretically, disentangle an individual’s ability to distinguish simi-
lar and dissimilar stimuli from his/her decision criterion, or strategy
approach to the task (Swets, 1964). Both a subject’s ability (d') and a
subject’s decision criterion (8) can influence the actual score on each
of the spatial measures used in this study. Thus, the signal-detection
analysis allowed for a potentially more sensitive test of the proposed
relationship between the age of pubertal onset and components of spa-
tial ability than did previous studies. Regardless, the variables derived
from this analysis showed no consistent relationship to the reported age
of sexual maturation.

The final group analysis, which classified the subjects as earlier-than-
average, average, or later-than-average in the age of sexual maturation,
also indicated no relationships between the relative timing of pubertal
onset and adult spatial ability. This final set of results stands in contrast
to the results presented in the Sanders and Soares (1986) study. The
key to resolving these contradictory sets of findings might be found in
the overall ability level of the subjects assessed in these two experiments.
In all, the subjects assessed in the Sanders and Soares study appeared
to be rather high in spatial ability (cf. Geary & Widaman, 1987; Shute,
Pellegrino, Hubert, & Reynolds, 1983).

In fact, a comparison of mean performance on the Mental Rotation
Test for our earlier-than-average (M = 10.5), average (M = 9.2), and
later-than-average (M = 9.2) groups of females and the mean perfor-
mance of identical groups presented in Sanders and Soares (1986,
Figure 4) indicates that the mean for each of the three groups in this
study was lower than was the mean for the lowest ability group of fe-
males (M = 15.2) assessed by Sanders and Soares. Moreover, the mean
performance on the Mental Rotation Test (means ranged from 17.7 to
19.3) for each of the three groups of males (on the basis of the relative
timing of first ejaculation) in this study was comparable to the mean
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performance of the earlier-than-average (i.., the lowest mean perfor-
mance, M = 20.0) group of males presented in Sanders and Soares.

Thus, it might be that the age of sexual maturation has a long-term
influence on spatial ability but that this effect is only detectable with
the comparison of groups extreme in pubertal timing and groups that
are also skewed toward the high end of the distribution of spatial abil-
ity. However, our consistent findings of no relationship between the
age of sexual maturation and performance on the measures of spatial
ability leads us to conclude that the age of pubertal onset is not a primary
influence on individual differences in adult spatial ability.
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NOTE

1. The relationship between the age of sexual maturation and adult
spatial ability was not the major focus of either of these two studies.
Moreover, the form of the analyses described within this manuscript
differed substantially from those analyses conducted by Geary (1988)
and Geary et al. (1988).
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