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Abstract

Klinefelter syndrome (KS) is a sex chromosome abnormality associated with male infertility and mild cognitive
deficits. Individuals with KS have been reported to have impaired verbal ability, as well as deficits in executive
function. To further understand the nature of their deficits, we assessed specific elements of frontal lobe function
such as working memory and relational reasoning. Men with KS exhibited a deficit in a transitive inference task in
which participants ordered a set of names based on a list of propositions about the relative heights of the people
named. This deficit was present even for items in which the propositions were given in order, so a chaining strategy
could be used. Men with KS are also impaired onnHeack task, which uses letters as stimuli. In contrast, these

men performed as well as controls in nonverbal reasoning (Raven’s Progressive Matrices). These results suggest
that men with KS have intact nonverbal reasoning abilities, but that a difficulty in encoding verbal information

into working memory may underlie their executive and linguistic impairmedidl$ 2003,9, 839-846.)

Keywords: Klinefelter syndrome, Executive function, Sex chromosome abnormality, Working memory, Relational
reasoning, Complexity

INTRODUCTION 1982), school-age impairments in reading and spelling, and
subsequent problems in other areas (arithmetic, acquisition
of generalized knowledge) in later school years. Rovet and
')ﬁolleagues (1996) reviewed evidence that boys with KS
ave shown impairments on many tasks that rely on audi-
ory memory, language comprehension, or to a lesser ex-
'ent, attention. As a result, older boys with KS in the Rovet
al.’s study showed not only verbal impairments, but also
greater difficulties in nonreading-related areas such as log-
ical and conceptual thinking. Rovet et al. hypothesize that

but the syndrome can remain undetected over a lifetime. KS deficits are primarily language related, and may stem

.For. §9m§t|me ithas b_een k”OV.V” that KS cause's.learnmﬂom a base impairment in auditory temporal processing
disabilities in affected children. Primarily, these deficits haveanol working memory. Other researchers have found spe-

been sh_own to be verk_)al m_nature, with _early prob_lems Mejfic deficits in linguistic usage such as verbal abstraction
expressive speech (articulation), phonemic processing, wor, d syntax production (Walzer et al., 1982), and Graham
gtFr;evaL (?ggjerN_etlal., 18? 983' Grahamlggil..,v\%QIS& Ntetkla‘yet al. (1988) characterized these difficulties as an essential
ovet, » Nielsen orensen, , Vaizer et a “impairment in accessing, retrieving, and applying linguistic
information.
. . More recent research has suggested that KS may also
Reprint requests to: Christina L. Fales, Department of PsychologyT It in frontal ti deficit Ith h ts h
University of California—Los Angeles, 405 Hilgard Avenue, Los Angeles, esult in rqn_a'execu Ive dericits, although reports have
CA 90095-1563. E-mail: fales@psych.ucla.edu been conflicting. Some researchers have found that men
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Klinefelter Syndrome (KS) is a sex chromosome abnormal
ity affecting approximately 1 in 800 males (Mandoki et al.
1991). It is characterized by the presence of an extra
chromosome, and is accompanied by infertility and othe
signs such as tall stature, smaller genitals, hormonal imba
ances at puberty, and gynecomastia (Rovet et al., 1996). K
is most often identified during late puberty or early adult-
hood, when patients present for endocrinological testing
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with KS exhibit attentional deficits such as distractibility lateral prefrontal cortex, or DLPFC) may be the locus of
(Rovet et al., 1996), hyperactivity (Theilgaard, 1984), andrelational abilities as well. Imaging studies that have ma-
problems with concentration and short-term memory (Sohipulated relational complexity (in reasoning paradigms)
rensen, 1992). In contrast, Nielsen and Sorensen (1984jave consistently shown that activation in DLPFC rises and
and Stewart et al. (1986) found no evidence of attentionafalls in concert with complexity level (e.g., Christoff et al.,
deficits in KS. Formal neuropsychological testing has alsa2001; Kroger et al., 2002; Prabhakaran et al., 1997). In
yielded mixed evidence of frontal dysfunction. Robinsonaddition, studies with neurological patients have revealed a
et al. (1986) reported no impairments for KS patients in thesevere drop in performance for frontal patients on problems
Wisconsin Card Sorting Test (WCST), while Geschwind entailing multiple (rather than single) relations (Waltz et al.,
et al. (2000) found significant deficits in all measures of the1999). These studies provide further support for the view
test in adults with KS. By contrast, both groups found im-that relational integration is fundamental to higher reason-
pairments in tests of attention shifting, and Geschwind et aling, and that relational abilities may indeed be tied to pre-
also found below-normal performance in tests of inhibi-frontal cortex.
tion, figural fluency, and information-processing speed. More The present study administered both a traditional working-
recently, Boone et al. (2001) found impairments in execu-memory test (th@-back task), and two relational reasoning
tive tasks that are verbal in nature, but none for nonverbatasks to men with KS. The relational tasks used were a
executive tasks. transitive inference test (deductive inference) and a matrix

Thus, the evidence on executive deficits in KS is so fartask (inductive inference) similar to the Raven’s Progres-
inconclusive. An alternative approach to assessing this quesive Matrices. Both tasks allow for straightforward manip-
tion is to test cognitive abilities that are known to be asso-ulation of relational complexity. Our prediction was that if
ciated with frontal lobe function. Tasks involving working men with KS have frontal executive problems, these defi-
memory (Baddeley, 1986) and relational reasoning (Robirtits should be reflected in both impaired working memory
& Holyoak, 1995) are considered to require executive func-and impaired relational processing. Specifically, in the lat-
tion, and have been shown in neuroimaging studies to actiter case, we should find that for zero- or one-relation prob-
vate frontal lobe areas. Tests of working memory can focusems, which do not require relational integration, patients
on two aspects of processing: capacity of the memory buffeshould perform comparably to controls. By contrast, when
(how many items can be stored simultaneously) and exedhe relational level rises above one, so that integration of
utive control (how many items can be manipulated compemultiple relations is required, control participants should
tently while stored in memory) (Baddeley, 1986). In the continue to perform competently, while the men with KS
current study, we used timeback task to test the capacity of will show impairments. In contrast, if the KS deficit is fun-
the working memory buffer, as well as manipulation of buffer damentally verbal in nature, rather than a general deficit in
contents. Tha-back task has been used in imaging studiegelational processing, then men with KS will be selectively
to explore working memory, and results have consistentlympaired in verbal tasks at all complexity levels.
shown that dorsolateral prefrontal cortical areas become
active as load levels increase (e.g., Cohen etal., 1994, 1997,
Smith et al., 1996; Smith & Jonides, 1998). METHOD

The current study also used relational reasoning tasks to
test working memory. These tests emphasize the number @esearch Participants
relationsthat can be manipulated at one time, rather than
the number of items. A relation is the mental representatioriParticipants were 21 men with KS, and 20 men with no
of the relationships between objects or events. Reasoningnhown genetic or neurological abnormalities who served as
involves the manipulation of relations in order to solve acontrols. The men with KS were recruited through an en-
problem. Relational integration, the simultaneous manipuédocrinology clinic, where most had appeared for help with
lation of relations that share an argument (i.e., an object irfiertility or hormone treatments. They were matched on age
a specific role), is considered by many researchers to be thend education with control participants, and independent
fundamental executive function common to all working tests revealed no significant differences between ages or
memory and reasoning tasks (Halford et al., 1998; Hummeéducational levels for the two group® ¢ .50 for both
& Holyoak, 1997; Waltz et al., 1999). For example, Waltz comparisons). Table 1 gives characterizing data for both
et al. proposed that relational integration is the essentiajroups. Patients with a history of major head trauma or
component in such diverse reasoning abilities as logicaheurological disease were excluded, as were those who were
inference, drawing analogies, problem solving, planning XXY mosaics. About half of the men with KS were diag-
and goalsubgoal management. nosed only in adulthood, whereas the other half received

The relational approach to reasoning allows problem comtheir diagnosis during adolescence. All but two of them
plexity to be quantified (Halford et al., 1998), and offers awere being treated with testosterone replacement therapy,
possible index of working-memory capacity (Hummel & and at the time of testing had been on these treatments
Holyoak,1997). There is also suggestive evidence that brainonsecutively for at least 4 months. One participant with
areas associated with working memory (especially dorsoKS refused to take the-back test, and data from two par-
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Table 1. Age, education, and IQ for men with KS and controls

Participants N Age Education VIQ PIQP FSIQ?

Men with KS 21 35.4 (3.1) 13.7 (.43) 97.9 (4.6) 100.7 (3.5) 98.7 (3.8)
Controls 20 37.6 (2.9) 14.1 (.34) NA NA NA

aNote Values shown are means and standard errors=Nist applicable.

no 15,

ticipants with KS were lost for the matrix task due to com- stood the task. Performance was measured by the percent-
puter error. Four of the men with KS and all of the control age of trials correct.

participants were paid for their participation.

Materials and Procedure

This test was presented to the participant on a Macintosh
G3 laptop, using the MacProbe programming language to
display the stimuli. Each letter displayed had a 50% chance
of matching its target letter, and the 50% that did not match

Participants performed all tests in a fixed order, beginningvere generated randomly. All letters were presented in up-
with transitive inference, then the matrix task, and finally per case. Stimulus duration was 900 ms, followed by a
the n-back task. All testing was done in a single session4500-ms interstimulus interval. If the participant did not

which lasted an hour and a half.

N-back task

respond in that time interval, an error was recorded. Indi-
vidual trials were presented in blocks of five (i.e., six letters
for n = 1, and eight letters fon = 3), with five blocks
presented at eaafback level.

In this task, the participant views letters presented on a

computer screen, one at a time. W& 1, the participant’s

task is to view each letter and compare it to the immediately

Transitive inference task

preceding letter. If the two letters are the same, the particiThis task was performed using a set 6685” index cards
pant says “same”; otherwise, he says “different”. When thehat were each printed with the name of a person. For each
next screen appears, the participant compares the new (thirg¢hal, the participant was given 3, 4, or 5 such cards, and a

letter to the most recent (second) one. Thusfer 1, the

display specifying the relative heights of the people named

participant is always remembering a single letter at anyon the cards. This information was presented in the form of

given time. At the second leveh(= 2), the participant

binary relations (e.g., “Jim is taller than Bob” and “Bob is

compares the currently displayed letter with the letter twotaller than Tom”), always one proposition less than the num-
positions back, and so must store two letters at a time. Likeper of cards given. Thus when given three cards (Tom, Jim,
wise, at the hardest leveh & 3), the participant must com-  and Bob), the participants’ task was to arrange the cards on
pare the currently displayed letter with the third letter backihe table in order of tallness (e.g., Jim—Bob—Tom). The
(see Figure 1). All participants were requested to give theitaller-than sentences always presented a relationship be-
answer verbally, and the experimenter entered responses Byeen two people who were adjacent in the correct ordering.
pressing a “same” or “different” key. Participants were given At the one-relation level, relations were presented in or-
practice trials at eachrback level to make sure they under- der of actual tallness (as in the example above), so that the

1-back Task
“yeS” “no”
c AKTF—AI—AI—:‘HO”
J C
2-back Task
13 99
T D yes “no”
T
T

Fig. 1. Then-back task: a possible sequence of trials.
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participant could use a simple chaining strategy to add the
new name to the list already built. He only needed to con-
sider the relation between the new name and the name most
recently added to the series. However, if the height infor-
mation was scrambled (e.g., “Jim is taller than Bob” and
“Tom is taller than Jim.”), new names would need to be
added either to the beginning or the middle of the list. This
is a two-relation problem, because participants cannot merely
chain onto the end of the list. The person at the end of the
first proposition (Bob) is not even mentioned in the second
proposition. Participants must integrate both relations in
order to get the correct answer. Although the requirement to
add a card at the front of the list may not seem significantly
harder than adding to the end, Halford (1984) have shown
that children under 5 years of age cannot solve the two-
relation version consistently, while they can perform well
on the chained version.
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In three-relation problems, participants get two relationsrelation, one-relation, and multirelation (the latter category
in arow in which no common names are used: “Jim is tallerincluded problems with two or more relations). All prob-
than Bob,” “Tom is taller than Mike,” and “Bob is taller lems were presented in the top half of a computer display,
than Tom.” In this sequence, the participant must first ordeand the possible answers were displayed in the bottom half.
Jim and Bob, and then Tom and Mike separately, since th&he participants’task was to inspect the problem, and choose
first two propositions do not convey how the two subserieghe answer from below that correctly solved the problem.
relate to each other. To handle the third proposition, all The zero-relation problems consist of a visual pattern
three relations must be considered at one time. Thus, theresented inside a rectangle (see Figure 2A). Participants
ordering of the propositions could present a group of namepressed a number key to indicate their answer choice. The
as a one-, two-, or three-relation problem. zero-relation matrices require visual pattern completion, but

The participant sat with a large binder in which cards andno integration of relational information. One-relation prob-
displays of taller-than information were kept. For each trial,lems involved matrices consisting 0£22 or 3 3 sets of
the participant spread the cards out on the table so thefjgures (see Figure 2B). Scanning across a row, or down a
were easily visible. He then turned the page to read theolumn, some transformation was applied to each figure
taller-than information, and as he turned it, the experi-that changed its visual appearance. The participant had to
menter started a timer. The participant then slid the cardshoose the answer that applied the corresponding transfor-
around on the table until satisfied that he had the correcination. A multirelation problem (see Figure 2C for a two-
ordering. (The taller-than information was visible through- relation example) applied two or more operations at once,
out; the participant was not required to remember it.) Heeither across the rows, down the columns, or both. To solve
then said “done,” and the experimenter stopped the timeisuch a problem, the participant must do true relational in-
noting response time and accuracy of the answer. The testgration: he must choose the answer that applies only to
included trials with two propositions (three names), threethe needed operations, and no others.
propositions (four names), and four propositions (five For this test, 32 problems were presented, seven at level O,
names). All possible orderings of propositions were presix at level 1, and 19 at levels 2 and higher. These problems
sented, so that there were two two-proposition trials, sixwvere presented in a fixed order, beginning with level 0,
three-proposition trials, and 24 four-proposition trials. Thusthen level 1, then level 2, and higher. Participants worked at
a total of 32 problems were administered, with three atheir own pace, without a time limit. The matrices were
level 1 complexity, ten at level 2, and 19 at level 3. Thepresented to participants on a Macintosh G3 laptop, using
trials were presented to all participants in a fixed orderthe SuperLab program to display the problems.
Participants worked without a specified time limit.

Matrix task RESULTS

The Raven’s Matrices are a widely used set of problemsN_BaCk Task

and performance on them is more strongly correlated with

intelligence or generalized cognitive skill than are manyResults for then-back task showed that men with KS have
other executive tasks (Carpenter et al., 1990; Raven, 19414 deficit in manipulating verbal material in working mem-
We administered a group of matrix problems that resemeory (Figure 3A). A mixed analysis of variance revealed a
bled Raven’s Matrices, but used a simpler set of relationsmain effect of group on percent corre€i(1,38 = 9.44,
The matrices spanned three levels of complexity: zerop < .01, with the KS group making more errors than con-

NN N N

a [ @[

D =0 |=> DD @@ & ©
HPrrH > @ OO0 @ B

Fig. 2. The matrix task: sample problems used for (A) a zero-relational problem, (B) a one-relational matrix, and
(C) a multirelational matrix. The multirelational matrix contains two relations.
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Fig. 3. Mean percent of problems performed correctly in (A) thback task, (B) the transitive inference task, and
(C) the matrix task. Error bars show standard error.

trols (9.2%vs. 5.1%). A main effect oin-back level was Matrix Task

also foundF(2,76 = 37.78,p < .01, with difference con- Results for the matrix task showed that men with KS per-

trasts showing more errors at level 3 than at level 2ormed normally compared to controls (Figure 3C). Per-
F(1,38=17.79,p <.001, and more gt Ievgl 2 thap level 1, cent of trials correct for KS participants was numerically
F(1,38 = 20.43,p < .001. No significant interaction was better overall than for controls (76.6% correct for the KS
found, (p > .1). groupvs. 76.1% for controls), but the main effect of group
was not significant £ < 1). A significant effect of rela-
Transitive Inference Task tional level on percent correct was foud2,74) = 107.24,
MSE= 13699.85p < .001, such that level 2 was the most
Results for the transitive inference task showed that medlifficult level, F(1,37) = 145.4,p < .001, and level O (pat-
with KS (N = 21) made more errors than controlé € 20)  tern completion) was more difficult than the 1-relation level,
at every complexity level (Figure 3B) (overall mean of 28.7%F (1,37 = 15.2,p < .001. There was no interaction be-
errors for the KS groups.11.3% for controls). An analysis tween group and relational levef (< 1).
of variance revealed a main effect of group on percent cor- For men with KS, mean reaction times (SEM) were
rect, F(1,39 = 10.24,MSE= .90,p < .01, and a main 6.1+ 0.6 s, 5.3+ 0.4 s, and 17.3 2.5 s for the zero-
effect of relational levelF(2,78 = 7.62,p < .01, with  relation, one-relation, and multirelation problems, respec-
higher levels resulting in more errors. Difference contrastgively, while the corresponding mean reaction times for
showed that percent correct was not significantly differentcontrols were 6.2= 0.7 s, 5.0+ 0.2 s, and 13.9% 1.1 s.
for levels 1 and 2 p > .1), but contrasts comparing levels There were no significant group differences in response
2 and 3 did find a significant differenc&,(1,39 = 15.26, times < 1). There was a significant effect of level on
p < .001. There was no interaction between group and comresponse timef- (2,74 = 66.79,MSE= 1.29&+09,p <
plexity level (F < 1). Men with KS were consistently im- .001, with no interaction between group and levek( 1).
paired at the transitive inference problems, but not
disproportionately so at higher complexity levels.
For men with KS, mean response times $EM) for the DISCUSSION
1-, 2-, and 3-level problems were 13t81.1 s, 15.5- 1.1s, The men with KS in this study presented a mixed profile in
and 20.2+ 3.1 s, respectively, while for the control partici- terms of frontal executive abilities: they showed deficits in
pants, the reaction times were 1#21.1 s, 13.7+ 1.2 s, then-back and the transitive inference tasks, but none in the
and 16.8+ 1.5 s for the three complexity levels. Responsematrix task. This pattern of deficits does not appear to be
times for the two groups were not significantly different due to task difficultyper se since men with KS performed
(F < 1), but there was a significant difference betweennormally on the difficult multirelation matrix problems. The
levels,F(2,74 = 11.05,MSE= 428.08,p < .001. Differ- = n-back results suggest that KS does cause a deficit in verbal
ence contrasts found significant response-time differencesorking memory. However, the results in the two reasoning
between levels 1 and (1,37 = 5.49,p < .05, and be- tasks argue against a general impairment in relational rea-
tween levels 2 and ¥ (1,37 = 9.752,p < .01. There was soning. Instead, we interpret the lower performance on the
no groupX relational level interactionf < 1). transitive inference task as a possible outgrowth of a verbal
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working-memory deficit. We do not view the transitive in- tion in KS may be an artifact of strategy differences across
ference result as reflecting an executive deficit because oyrarticipants. For example, in the Wisconsin Card Sorting
patients exhibited general impairment, but not dispropor-Test, many participants tend to subvocalize while perform-
tionate impairment for multirelatiomersussingle-relation  ing the task. If men with KS are verbally impaired, then a
problems. In addition, their relatively good performance onstrategy of subvocalizing may provide less help, or be un-
the matrix task suggests that men with KS do not havevailable in some patients. Alternatively, the mixed find-
reasoning impairments when the test materials are prangs may signal the existence of subgroups within the
sented in nonverbal form. Klinefelter population, some of whom may show executive
The verbal working-memory deficit observed in the differences, and some not. Boone et al. (2001), using a
present study is consistent with prior findings showing KSsample of men with KS that included most of the current
deficits in verbal tests, and supports other research showingarticipants, have found evidence for such subgroups. A
that childhood verbal disabilities are carried over into adult-third possibility (discussed below) is that hormone replace-
hood (Boone et al., 2001). The present conclusion regardnent may alleviate cognitive deficits in some cases, partic-
ing relational reasoning, however, does not support theailarly in the areas of working memory and attention. Finally,
hypothesis that men with KS have reduced executive funcexecutive function as a construct may be more fruitfully
tion. Both reasoning tasks used in the present study haweivided into modality-specific domains (verbal and nonver-
been shown to be sensitive to frontal damage (Waltz et alhal). Thus, any executive dysfunction shown by KS partici-
1999), and the matrix task in particular has been shown tpants may be limited to the verbal domain, and may be
activate prefrontal cortex as levels of relational complexitylargely a result of defective verbal encoding. This notion is
increase (Christoff et al., 2001; Kroger et al., 2002; Prab-consistent with findings of Boone et al. (2001), which showed
hakaran et al., 1997). Thus, the present results do not supcS executive deficits on tasks that used verbal material, but
port the hypothesis that men with KS exhibit a generalnot on tasks using nonverbal material.
prefrontal dysexecutive syndrome. Nor do the present re- Overall, a finding of working-memory deficits without
sults support the possibility that adults with KS are impul-executive dysfunction may be consistent with other find-
sive or exhibit global deficits in attention. Reaction timesings on cognitive deficits found in KS. It is important to
were similar (in terms of means and variance) for KS pa-note that our patient group was relatively smail= 21)
tients and controls in our study. If men with KS tended toand the KS participants we studied were considered high
respond impulsively, we might expect to have observedunctioning. Most were diagnosed with KS after presenting
shorter reaction times for this group, and if they were easilywith hypogonadism or infertility rather than language or
distracted from the task we might expect to have observedognitive deficits. Also, all but two were receiving testos-
longer reaction times. terone at the time of testing, which may have attenuated
A working-memory deficit might impair performance in cognitive deficits in this group. Nevertheless, significant
the verbal tasksr-back and transitive inference) in several deficits were found in verbal working memory, suggesting
possible waysMaintenancef information in working mem-  that this deficit is reliably present in men with KS.
ory is thought to involve a storage buffer and rehearsal This pattern of findings echoes research on individuals
processes that keep buffer contents in an active dtkteip-  with other sex chromosome abnormalities, and is consistent
ulation of this data is governed by an executive componentvith a role for sex steroids in cognitive function. Most no-
(Baddeley, 1986; Norman & Shallice, 1986) that includestably, Turner syndrome (TS), characterized by a missing or
functions such as the relational operations discussed previnalformed X chromosome, is often compared with KS as
ously. Performance on theback task entails both mainte- representing a mirror-image set of cognitive deficits (e.g.,
nance and manipulation of items in working memory. In theGeschwind et al., 2000). Females with TS show related or
transitive inference task, taller-than relations must be enepposite physiological symptoms (e.g., short stature rather
coded and manipulated. For individual relations, encodinghan tall), as well as cognitive deficits that appear to affect
must take place in order to bind arguments to their relaright-hemisphere rather than left-hemisphere functions. Spe-
tions, while for higher relational levels, relations must becifically, women with TS show no verbal impairments, but
both encoded and integrated. Impairments might result frondo show visuospatial deficits in perception, in motor abili-
deficient encoding and maintenance of the material, defities, and in nonverbal memory. They also show other defi-
cient manipulation, or both. In the transitive inference casegits hypothesized to affect men with KS, particularly
the presence of an impairment even at the single-relatioattention and executive abilities (Ross et al., 2000b). For
level (where no integration is required) strongly suggest$oth disorders, researchers have postulated a role for genes
an encoding deficit. Since we found no disproportional im-on the pseudoautosomal region (PAR) of the X chromo-
pairment for KS participants at the higher relational levelssome. The expression of these genes is thought to lead to
(that is, no group by level interaction), the evidence for KScognitive deficits in both KS and TS, as well as signs of
deficits in relational integration is not compelling. anomalous cerebral laterality foundin both syndromes (Gesch-
Findings from the current study thus argue for the viewwind et al., 1998; Ross et al., 2000b). In the case of TS, the
that if executive impairments exist in KS, they are rela-neurocognitive phenotype has been mapped to the distal Xp
tively mild. Previous mixed findings on executive dysfunc- region of the PAR1 (Ross et al., 2000a), but a region for KS
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has not been identified. Thus, a gene-dosage effect is posaatrix tasks (Christoff et al., 2001; Kroger et al., 2002;
tulated to explain the existence of verbal learning deficits inPrabhakaran et al., 1997). Figural pattern matching (such as
KS and other trisomies (XXY, XXX, XYY), and of visuo- used in the zero-relation matrices in this study) seems to
spatial deficits in TS (monosomy X) (Geschwind et al., activate right-sided DLPFC, while matrices requiring rela-
2000; Netley & Rovet, 1984; Ross et al., 2000b). Accord-tional integration (two relations or more) result in bilateral
ing to this theory, the presence of an extra X chromosom®LPFC activation. While none of these studies demon-
(three copies of the PAR, instead of the normal two) couldstrate the necessity of DLPFC for doing matrix problems,
lead to abnormal development of left-hemisphere structhey strongly suggest that this is an area integrally involved
tures, while the right hemisphere is preserved. By contrasin relational reasoning, and that may in fact be necessary
the presence of only a single X chromosome (single copy ofor it. It is reasonable to hypothesize that areas so promi-
the PAR) could result in abnormal development of right-nently active during matrix tasks are likely to be intact in
hemisphere structures, while the left hemisphere remainsen with KS.
intact. These developments would result in anomalous ar- The picture that emerges from the present study and pre-
chitecture, possibly leading to the language (left-sided) owvious work suggests two hypotheses: (1) men with KS may
visuospatial (right-sided) deficits seen in KS and TS. have differences in the neural circuitry associated with main-
If that is the case, then we predict that the tests used itenance of verbal material, but (2) the areas mediating re-
the current study should show the mirror-image resultdational integration, especially for nonverbal reasoning, may
among women with TS: deficits in visuospatial working be spared. We thus hypothesize that KS patients have neuro-
memory (using a spatial-back task) and the matrix task, anatomical differences in the leftinferior frontal gyrus Aod
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