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ABSTRACT. Spatial and linguistic processing efficiency
was evaluated in sixty 8- to 18-yr-old children, including
thirteen 47,XXY boys, eleven 47,XXX girls, six girls with
45X, two girls with 46,X,Xq-, and 28 chromosomally
normal controls. Results indicated that the 47,XXX girls
performed significantly below controls on all four cognitive
tests. Scores of the X monosomy group were reduced on
both spatial tests, one requiring rapid information process-
ing and one without time requirements, which is consistent
with previous reports of spatial thinking deficits in these
propositae. The X monosomy girls also had difficulty com-
pleting the high efficiency but not the low efficiency verbal
tests. Scores in the 47,XXY group did not differ from
controls on either spatial test or on the low efficiency
verbal task. When required to rapidly access verbal infor-
mation from memory, however, the performance of these
boys was significantly impaired. This finding confirms
earlier reports of impeded verbal fluency in these propositi.
Alteration in capacity to rapidly process information ap-
pears to distinguish 47,XXY boys and X monosomy girls
from their chromosomally normal peers, and suggests that
adaptations in their educational setting should be intro-
duced to allow additional time to learn and complete work.
(Pediatr Res 25:577-579)

Abbreviation

SCA, sex chromosome abnormalities

Studies of individuals with SCA over the last 25 y have
attempted to define and correlate karyotype-specific psychologic
phenotypes. Investigations of cognitive and neuropsychologic
components of these phenotypes have outnumbered other psy-
chologic studies and provided considerable information about
the intellectual functions of individuals with abnormal amounts
of sex chromatin. Women with a 45,X karyotype, for example,
are known to have below average ability for spatial thinking (1),
and 47,XXY men to have impaired language skills (2). Women
with a 47,XXX karyotype, in contrast, are generally found to
have a global intellectual deficit, including both spatial and
linguistic skills (3).

In the past decade, psychologic studies have attempted to
pinpoint specific cognitive processes that are under the direct
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influence of SCA and that are associated with and may underlie
these spatial and language deficits of 45,X and 47,XXY propositi.
Thus, 45,X females have been found to have difficulty with
design copying (4), mental rotation (5), and spatial memory (6),
whereas 47, X XY males have difficulty with expressive language
(7), reading (8), and auditory memory (9).

Common to both 45,X and 47,XXY karyotype groups is the
finding of significantly reduced speed during cognitive tasks.
Slowed processing rates have been reported for 45,X subjects
during spatial problem solving (5) and for 47,XXY subjects
during linguistic tasks (8, 10). However, it 1s unclear whether
45,X subjects experience speed-of-processing deficits exclusive
to spatial tasks, whereas 47,XXY subjects demonstrate speed-of-
processing deficits exclusive to linguistic tasks, or whether both
groups exhibit slowed cognitive efficiency on both types of tasks.

Processing speed in 47,XXX women has not often been stud-
ied, presumably because of their usual nonspecific, global intel-
lectual deficit. One study reported fast responses but low accuracy
for a group of eight 47,XXX girls during a sentence comprehen-
sion task (11). In the absence of comparative information regard-
ing spatial versus linguistic speed for any of the three karyotype
groups (45,X, 47,XXY, 47,XXX) the question of karyotype-
specific processing speed deficiency remains unanswered and,
consequently, is the focus of this study.

MATERJALS AND METHODS

Subjects. A total of 60 children, ages 8 to 18 y, were included
in this study (Table 1). A total of 32 SCA propositi were identified
through the screening of amniotic membranes from 40 000
consecutive newborns at two Denver hospitals, and therefore this
sample was unselected (12). When discrepancies between labo-
ratory finding and phenotypic sex occurred, chromosomes were
analyzed. Included were 13 47,XXY boys, 11 47, XXX girls, six
girls with 45X, and two girls with 46,X,Xq-. All of the girls in
the latter group have some of the characteristics of Turner
syndrome, including short stature, gonadal dysgenesis, and tri-
angular facies. The control group included 28 children, 14 males
and 14 females, who were siblings of various propositi, with no
more than one control obtained from any family.

Testing procedures. To measure efficiency for verbal and spa-
tial thinking, it was necessary to choose tasks meeting two
criteria. First, the selected tasks needed to evaluate skills that
required primarily spatial or language-based thought to measure
the two skill areas separately. Second, timed and untimed tests
were needed to allow for comparison of verbal and spatial skills
with and without speed demands. Using these criteria, the follow-
ing four tasks were selected.

1) Time independent verbal task. The vocabulary subtest from
the Wechsler intelligence scale for children-revised (13) measures
word knowledge by requiring the subject to produce a definition
of a series of vocabulary words. Although it is a measure of
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expressive language requiring retrieval of verbal information,
there are no time limits.

2) Time dependent verbal task. The Thurstone word fluency
test (14) requires the subject to create a list of words beginning
with the letter “s” within a 5-min period. The resulting quotient
score is dependent on the speed with which words can be
retrieved within the time limit.

3) Time independent spatial task. The untimed version of the
spatial relations test from the primary mental abilities battery
(14) (PMA spatial relations test) requires the subject to mentally
rotate two-dimensional geometric shapes.

4) Time dependent spatial task. The spatial relations test from
the Woodcock-Johnson psychoeducational battery (15) (W] spa-
tial relations test) is similar to the PMA spatial relations test in
its requirement of mental rotation of two dimensional geometric
shapes. However, the score from the WJ spatial relations test is
dependent upon the number of figures correctly rotated within
the 3-min time limit.

RESULTS

All scores were converted to a single scale with mean = 100
and SD = 15. For each of the four measures, paired ¢ tests were
conducted between the control group and each group of propositi
(47,XXY, 45,X and 47, XXX).

Spatial test results indicated that the 45,X group and the
47,XXX group performed significantly below the control group
on both the PMA spatial relations test (p = 0.004 and 0.003,
respectively) and the WJ spatial relations test (p = 0.001 and
0.003, respectively), whereas the 47,XXY group was not signifi-
cantly different from controls on either measure of spatial think-
ing (Fig. 1). Thus, the 45,X and 47,XXX girls demonstrated
deficits of spatial thinking regardless of whether rapid or slow
processing of the spatial information was required.

Results from the two verbal tests indicated that the 47,XXY

Table 1. Subjects

Group n Mean age
47,XXY 13 12y4 mo
47, XXX 11 15y 2 mo
45,X and 46,X,Xqg-* 8 11y9 mo
Controls 28 12y 7 mo
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46,X,del{X)(pter q21.1:).
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Fig. 1. Spatial processing.
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boys and 45,X girls were significantly less proficient than controls
only on the test requiring rapid retrieval of verbal information
(p = 0.002 and 0.005, respectively) (Fig. 2). Their vocabulary
scores were less than those of controls but were not significantly
lower. In the case of 47, XXX girls, both the time-dependent and
time-independent scores were lower than those of controls (p =
0.005 and 0.010, respectively). However, the data trends were
opposite of those of the other three groups, i.e. the 47, XXX
group appeared to perform better on the word fluency test than
on the vocabulary test.

DISCUSSION

The language processing deficit in this group of 47, XXY boys
was most pronounced when required to rapidly recall selected
verbal information. This finding of slow retrieval is consistent
with our own previous findings of reduced speed of auditory
processing and dyslexia characterized by difficulty accessing long-
term memory while reading (8). In a recent comprehensive report
of language skills in 14 47, XXY boys, Graham et al. (10) found
that 11 had marked difficulty sequencing rapidly presented non-
verbal tones. They concluded that this deficit accounts in part
for observed language and reading problems and supports the
generally held assumption of left-hemisphere dysfunction in
47,XXY propositi (10).

In contrast to the unimpaired spatial processing of the 47, XXY
boys, the depressed spatial thinking in the group of 45,X girls is
consistent with their identified “visuospatial” deficit first docu-
mented 26 y ago (1). Their difficulty processing two-dimensional
visual information was striking and was present with or without
time demands. Also notable is the finding of impaired ability to
rapidly access verbal information in the 45,X group similar to
that seen in the 47 XXY group. Although they were able to
complete time-independent verbal tasks without impairment,
their performance on the time-dependent task was significantly
depressed. Although small sample sizes necessitate cautious gen-
eralizations, other investigators have found reduced speed among
45,X subjects performing verbal tasks. Rovet and Netley (5)
reported slower response rates among Turner syndrome girls on
both spatial transformation and sentence identification tasks.
Waber (6) documented significantly reduced scores on a word
fluency test in a group of 11 Turner syndrome adolescents and
adults. Together with other reports of verbal memory impair-
ment (16, 17), these findings indicate that 45,X girls experience
a disruption of cognitive processes not exclusive to spatial think-
ing. Furthermore, their difficulties do not suggest, as once be-
lieved, localized right hemisphere dysfunction. Comprehensive
neuropsychologic evaluations of Turner syndrome patients con-
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Fig. 2. Verbal processing.
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firm the conclusion that their intellectual difficulties cannot be
traced to a specific right hemisphere site (18). Rovet and Netley
(5) have suggested that the right and left hemispheres of 45,X
propositae are organized differently from those of other females
due to changes in neural growth rates. Specifically, spatial infor-
mation is processed by both hemispheres, and the right hemi-
sphere does not develop its usual capacity superior to the left
hemisphere’s capacity for spatial thought.

Scores of the 47,X XX girls were below those of controls on all
four verbal and spatial tasks. Other investigations have similarly
reported global intellectual deficits among 47, XXX girls requir-
ing educational intervention in a variety of subjects (19-21). Of
particular interest here was the finding of apparent superior
performance on the word fluency test compared to the vocabu-
lary test. This suggests that 47, XXX girls can perform automated
verbal tasks better than tasks requiring greater verbal compre-
hension and expression, a pattern opposite to that of the 45,X
girls and 47,XXY boys. Other evidence that triple X girls may
in certain circumstances be capable of relatively rapid processing
emerged in a study by Rovet and Netley (11). They presented a
group of 11 propositae with spatial rotation and sentence iden-
tification tasks and found that the triple X children performed
both types of tasks more quickly and less accurately than chro-
mosomally normal controls.

Alteration in the capacity to rapidly process information ap-
pears to distinguish SCA children from chromosomally normal
controls. 45,X and 47,XXY children in this study demonstrated
relative verbal mastery that diminished significantly when re-
quired to rapidly access verbal information, whereas 47, XXX
children exhibited an opposite pattern. These results indicate
that some SCA children may be helped to achieve greater success
in school if provided with extra time to understand and learn
new information, to complete assignments, and to take tests.

Continued efforts to isolate a single component of cognition
directly influenced by SCA may succeed in further determining
whether other observed SCA deficits are associated with process-
ing speed dysfunction, or whether the latter is part of a larger
cognitive system affected at multiple levels. Attempts to reduce
SCA-related deficits to pure, homogeneous psychologic pheno-
types can be only partially successful because considerable phe-
notypic variability continues to characterize all SCA groups (8,
22). Karyotypic homogeneity is not equivalent to phenotypic
homogeneity (23). Although intergroup characteristics will teach
us much about the influence of various SCA, intragroup differ-
ences continue to remind us that the individuality of each
propositus mediates the developmental impact of the SCA.

20.

21.
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