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Objective: Patients with Williams syndrome (WS) show intellectual disabilities and specific cognitive profiles
have been suggested. However, we hypothesized that these features might not be common to all patients with
WS. We performed this study to test our hypothesis.

Subjects and Methods: The subjects were 22 WS patients 6-30 years of age (mean * standard deviation,
13.14 = 7.00 years). Each subject was administered the Wechsler Intelligence Scale (Wechsler test) and/or the
Kaufman Assessment Battery for Children (K-ABC). A cluster analysis was conducted to identify performance
profiles based on the K-ABC subtest scores by Ward’s hierarchical agglomerative method. As we hypothesized, 2
clusters were recognized in the preliminary results. Finally, both clusters were statistically analyzed.

Results: According to patient age, several types of examinations were performed; 19 underwent the Wech-
sler test, 2 the Tanaka Binet test, and 21 the K-ABC. The subtest profile revealed that the subjects exhibited
higher comprehension scores, while the mean score on block design was lowest. Two clusters, designated groups
A and B, were constructed by Ward’s hierarchical agglomerative method from the 21 subjects administered the
K-ABC. There was a statistically significant difference between the 2 clusters on all subtests of sequential proc-
essing and on 2 subtests of simultaneous processing (gestalt closure and triangle), with p<0.05 for hand move-
ment and number recall, p<0.01 for word order and gestalt closure, and p<0.0001 for triangle. In contrast, these
two groups showed no significant differences in matrix analogies or spatial memory scores.

Conclusion: On K-ABC, WS patients showed a wider range of the results. From this experience, we consid-
ered the triangle task potentially be suitable for detecting the degree of visuo-spatial disability in individuals with
WS. Although weakness on the spatial ability subtest was a common finding in WS patients, the spatial memory
test apparently had the sensitivity to detect this core weakness in patients with WS. In conclusion, we confirmed
our hypothesis that patients with WS show variability in cognitive profiles.

Key Words: Williams syndrome, cognitive profile, Wechsler Intelligence Scale, Kaufman Assessment Battery for
Children

Introduction

Williams syndrome (WS) is a genetic disorder, af-
fecting multiple organ systems, caused by a hem-
izygous microdeletion in the long arm of chromo-
some 7 (7q11.23)"”. WS is characterized by elastin
arteriopathy, dysmorphic features, and mental defi-
cits or learning difficulties. Patients with WS suffer
from striking neurocognitive and social-behavioral
abnormalities, making it difficult for some to cope
with societal expectations®.

Much attention has been paid to the intellectual

abilities of patients with WS who show mild to mod-

erate mental deficits®™®. Several studies have indi-
cated that language ability is relatively pre-

ServedS) ~710)~12)

and another suggested minor impair-
ments in both linguistic and non-linguistic abilities
in WS patients”. Studies on the cognitive character-
istics of WS patients have provided variable and
conflicting results. Although it has been recognized
that patients with WS demonstrate severe visuo-
spatial deficits””™® and impairments of visuo-spatial
constructive cognition, relative strengths are seen
5)11)12)14)15)‘

in short-term verbal memory and language
Such specific cognitive profiles have been discov-
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ered and confirmed in the majority of WS patients.
However, we hypothesized that they might not be
present in all patients with WS. Accordingly, this
study was designed to test our hypothesis by exam-
ining whether patients with WS show core cogni-
tive ability characteristics and whether each of
these deficits is common to the vast majority of indi-
viduals with WS.
Subjects and Methods

The subjects were 22 patients with a diagnosis of
WS based on clinical and genetic findings. The sub-
jects ranged in age from 6 to 30 years (mean age
standard deviation (SD), 1314 = 7.00 years). The
Wechsler preschool and primary scale of intelli-
gence (WPPSI), Wechsler Adult Intelligence Scale-
Revised (WAIS-R) and Wechsler Intelligence Scale
for Children III (WISC III) tests were conducted in
one, 3 and 15 subjects, respectively. In two cases,
the Tanaka-Binet Intelligence scale (Japanese ver-
sion of the Stanford-Binet Intelligence scale) was
conducted. Results for verbal intelligence quotient
(VIQ) and performance intelligence quotient (PIQ),

Table 1 Age and Full IQ (FIQ) Distribution of Sub-
jects with Williams syndrome (n=19)

G FIQ score Total
Yeafs) T as0 5170 7L o
69 3429 2(286) 2(286) 7 (36.8)
10-12 00) 360 2333 1(167) 6(@3L6)
13-15 1(1000 0  0(0) 163)

16- 120 20 240 5 (26.3)

Total (%) 5(263) 7(368) 6316 1(6J3) 19 (100
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as well as subtest standard scores, were compared.

In 21 subjects (one of whom, unfortunately, did
not undergo intelligence scale testing), the Kaufman
Assessment Battery for Children (K-ABC)"®"” was
performed. The K-ABC has no age-equivalent
scales for patients less than 13 years of age. There-
fore, subjects up to age 13 were compared to those
up to 12 years and 11 months of age. Both tests
were administered by clinical psychologists.
Though the K-ABC includes 14 subtests, in this
study, we conducted 7 subtests, 3 sequential proc-
essing subtests (hand movement, number recall,
word order) and 4 simultaneous processing subtests
(gestalt closure, triangle, matrix analogies, spatial
memory). Subjects administered the K-ABC were
entered into a cluster analysis based on all included
subtest standard scores of the K-ABC mental proc-
essing domains. Ward’s hierarchical agglomerative
method was used as the grouping procedure. Two
clusters were recognized by the analysis, and sev-
eral characteristics of patients in the two groups
were also compared.

Results
1. Wechsler Intelligence Test (Table 1-3, Fig. 1)
Table 1 and Fig. 1 present the age and full intelli-

Table 2 Verbal IQ (VIQ), Performance 1Q (PIQ)
and Full (IQ) in Williams syndrome (n=19)

1Q Mean (SD) Range

vIQ 59.37 (10.71) 47-82 Student t=5.731
PIQ 49.05 (8.34) 40-68 p<0.0001
FIQ 49.58 (9.08) 40-73

Table 3 Wechsler intelligence subtests in Williams syndrome (n=19)

Mean (SD) Range

Difference between means
(Simultaneous 95% confidence limits)

VIQ Information 2.84 (1.68) 1-7

Similarities 379 (3.12) 1-10
Arithmetic 2.21 (1.69) 1.7
Vocabulary 347 (2.06) 1.7

Comprehension 5.37 (2.48) 1-8

342 (2.29) 1-8
1.89 (1.79) 1-8

PIQ Picture completion
Block design

*2.52 (0.80-4.25)

*1.89 (0.16-3.62) F=802
*3.16 (1.43-4.88) p<0.0001
*1 89 (0.16-3.62)

]*195 0.22-367)
*347 (1.75-5.20)

Comparisons significant at 0.05 level are indicated by *

. (Tukey’s studentized range test for subtests)

Subject’s performance was substantially better in the comprehension subtest. Mean scales were 5.37 (SD=

2.48) and 3.79 (SD =3.12) for the comprehension and similarities subtests respectively.

The mean scaled for block design was 1.89 (SD =1.79).
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Fig. 1 Age and IQ Distributions of Subjects with Williams syndrome (n=19)

Table 4 Mean K-ABC standard scores in 21 Williams syndrome subjects

Mean (SD)

Range

K-ABC scale
Sequential processing
Simultaneous processing

7052 (17.15)
5795 (1220) 4391

45-105 j Student t=3.95331
p=0.0008

Achievement 65.29 (11.28) 4997
Achievement subtests

Riddles 66.95 (6.61) 58-85

Arithmetic 64.19 (15.37) 45-90

Reading/decoding 62.95 (14.38) 45-112

Reading/understanding 76.14 (14.13) 56-114

Table 5 Mean K-ABC scaled scores and standard deviation in 21 Williams syndrome subjects

Mean (SD)

Range

Difference between means
(Simultaneous 95% confidence intervals)

Sequential processing subtest
Hand movement
Number recall
Word order
Simultaneous processing subtest
Gestalt closure
Triangle
Matrix analogies
Spatial memory

524 (3.51) 1-12
471 3.70) 1-16
6.14 (3.68) 1-14

2.33 (1.43) 1-5
3.90 (2.68) 110
333 (1.74) 1-7
2.81 (1.69) 17

*290 (0.94-4.87)
*243 (046-4.39)
*2.38 (0.42-434) ~
*38] (1.2'35-5.?7) pi'()%ggl

*0.24 (0284.20)
*2.81 (0.85-477)
%333 (1.37-5.30)

p—

Comparisons significant at 0.05 level are indicated by*. (Tukey’s studentized range test for subtests)

gence quotient (FIQ) scores of the subjects. FIQ
scores suggested that 18 subjects (95%) were men-
tally deficient and 12 (63%) had FIQ <50. VIQ
scores were significantly higher than PIQ scores as
shown in Table 2. There was a significant difference
between subtest scores (F =8.02; p<0.0001) by two-
way analysis of variance (independent variables:
subtest and case) and mean subtest results are dis-
played in Table 3. Tukey’'s HSD test showed the
comprehension subtest mean score to be highest

(5.37) with significant differences (F = 802, p<
0.0001) from all other subtests. The mean scaled
score for similarities (3.79) was the second highest.
Among all subtests, the mean score for block design
was lowest (1.89).

2. K-ABC scores (Table 4, 5)

The mean K-ABC standard scores of 21 subjects
are shown in Table 4. Sequential processing and
achievement were scaled higher than simultaneous
processing. The mean scale was 7052 (SD = 17.15)
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for sequential processing and 57.95 (SD = 12.20) for
simultaneous processing, and the difference was
statistically significant (p = 0.0008). Among achieve-
ment subtests, the subjects had relatively high
scores on the reading/understanding subtests.

The mean K-ABC scaled scores of processing
subtests and standard deviations are shown in Ta-
ble 5. With simultaneous processing, mean scaled
scores showed a significant difference (F =8.76, p<
0.0001) between word order and the other subtests
of simultaneous processing (gestalt closure, triangle,

Table 6 Demographics and test scores of the two

groups
A group B group
Group (n=9) (n=12) P

Sex M/F (n) 3/6 3/9 0497
Age (years) 13277 122+58 0583
Wechsler test

VIQ 655+95 538+9.2 0.017*

PIQ 534%10.1 448+34 0.027*

FIQ 549%10.0 427%50 0.017*
Tanaka-Binet

1Q 34, 35
*. p<0.05

Pearson’s chi-square test for sex.

There were no significant differences in sex or age be-
tween the two groups.

Comparisons significant at the 0.05 level by paired t-test
are indicated.

There are significant differences in VIQ, PIQ and FIQ
between the two groups.

Three B group cases were excluded from this analysis.
In two cases, the Tanaka-Binet Intelligence Scale (Japa-
nese version of the Stanford-Binet Intelligence Scale) was
conducted, and the FIQ scores were 34 and 35. In one B
group case, Intelligence Scale testing was not conducted.
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matrix analogies and spatial memory).

3. Cluster analysis by Ward’s hierarchical ag-
glomerative method (Table 6-8, Fig. 2)

Based on all scaled processing scores of K-ABC
subtests, subjects were classified into 2 clusters,
designated groups A (n=9) and B (n=12). One of
the clusters (group A) showed significantly higher
scores on the “sequential processing” than on the
“simultaneous processing” subtest. The cluster
which was good at “sequential processing” tasks
was group A.

Table 6 presents a comparison of gender, age,
and IQ scores in these 2 clusters. Although there
was no significant difference in gender or age, sig-
nificant differences were identified in VIQ, PIQ and
FIQ between the 2 groups.

Table 7 presents comparisons of K-ABC process-
ing subtests between the 2 groups. In group B, low
scores were identified in subtests of “sequential
processing”; i.e., a score of 342 (SD = 1.88) for hand
movement, 3.00 (SD = 1.54) for number recall and
408 (SD = 2.11) for word order. In group A, scores
were higher, i.e, 7.67 (SD = 3.77) for hand movement
and 8.89 (SD = 3.59) for word order. From these re-
sults, significant scaled score differences were con-
firmed between the 2 groups in all “sequential proc-
essing” tasks. In both groups, all subjects had low
scores for “simultaneous processing” tasks.

There was no significant difference between the
2 groups in “simultaneous processing” subtests re-
garding matrix analogies and spatial memory, de-
spite a significant difference between the 2 groups

Table 7 Comparison of K-ABC processing subtests between two groups (n=21)

A group B group

Difference
M((:::m (9S)D) I\/I(erzlan 1(?D) Mean (SD)
Sequential processing subtest (scaled score)
Hand movement 767 (3.77) 342 (1.88) 4.25 (2.84)*
Number recall 7.00 (4.56) 3.00 (1.54) 4.00 (3.18)*
Word order 8.89 (3.59) 408 (2.11) 4381 (283)**
Simultaneous processing subtest (scaled score)
Gestalt closure 3.33 (1.41) 1.58 (0.90) 1.75 (L.15)* *
Triangles 6.44 (1.88) 200 (L13) 444 (L49)****
Matrix analogies 344 (2.07) 325 (1.54) 0.19 (1.78)
Spatial memory 356 (1.81) 225 (1.42) 1.30 (1.60)

* p<0.05, **: p<001, ***: p<0.001, ****: p<0.0001
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Table 8 Comparison of mean K-ABC standard scores and achievement subtests

between two groups

A group

B group

- ~ Difference
Mean (98).D) Moo l(é)D) Mean (SD)
K-ABC scales (standardized score)
Sequential processing 86.11 (12.03) 58.83 (9.03) 27.28 (10.40)* ***
Simultaneous processing 64.56 (1348)  53.00 (8.73) 11.56 (10.98)*
Achievement 7378 (10.11) 5897 (7.33) 14.86 (861)* **
Achievement subtests (standardized score)
Riddles 69.89 (8.31) 64.75 (4.09) 5.14 (6.23)
Arithmetic 77.00 (7.23) 5458 (1252) 2242 (10.62)* ***
Reading/decoding 7133 (16.10)  56.67 (9.31) 14,67 (12.62)*
Reading/understanding 86.22 (14.18) 68.58 (8.45) 17.64 (11.26)**

*: p<0.05, **: p<001, ***: p<0.001, ****: p<0.0001
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Fig. 2 Sequential processing/simultaneous process-
ing of two groups

for gestalt closure (p <0.001) and triangle (p <
0.0001) . These WS patients especially showed weak
cognitive ability when holistic and integrative
problem-solving approaches were used. Spatial abil-
ity weakness may be a relatively common charac-
teristic seen in most patients with WS, and spatial
memory tasks may have the sensitivity to detect
this core weakness.

Table 8 presents comparisons of mean K-ABC
standard scores and achievement subtests between
the 2 groups. Group A had a higher “sequential
processing” score, 1.e. 86.11 (SD = 2.03) as compared
to only 58.83 (SD =9.03) in group B. Regarding the
results of subtests, group A showed significantly

higher scores (p<0.0001) for the achievement tasks,
particularly arithmetic. In both group A and group
B, most subjects had good scores on the reading/
understanding subtest, while scores were lower on
the reading/decoding subtest. During the examina-
tion for the reading/decoding subtest, subjects are
required to express the meanings of a sentence by
employing gestures. These results suggested that
WS patients have difficulty in reading each word,
but that they are able to understand the meaning of
the sentence.
Discussion

Most of our WS patients showed mild to moder-
ate mental impairments, which are consistent with
the results of previous studies®™?. We confirmed
VIQ to be higher than PIQ in the patients with WS,
as have many other studies””. Other studies ob-
tained low scores in the information, arithmetic and
comprehension subtests, while scores for the simi-
larities and vocabulary subtests were high®?'%".
However, relatively high scores on comprehension
subtests have rarely been reported in patients with
WS. On the comprehension subtest, subjects are
asked about a social situation or common concepts.
This subtest includes questions such as what you
should do if you notice a purse is left on the floor in
a shop, why someone should turn off the light when
nobody is in a room, and so on. The comprehension
subtest may evaluate certain aspects of socializa-
tion ability. This might explain why comprehension
results vary among patients and how some are able
to understand daily life situations and social rules
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while others cannot.

The score for the block design subtest was sig-
nificantly lower than those for the similarities and
comprehension subtests. On the block design sub-
test, subjects are required to replicate objects into a
block design model. Low scores were scaled on
tasks involving the integration and construction of
visuo-spatial information in WS patients™*™. Ferrero
et al” reported a patient with a mild WS physical
phenotype and normal 1Q. On the WPPSI test, this
patient displayed strengths on all verbal subtests
except for arithmetic and showed weaknesses on
object the assembly, geometric designs and block
design subtests. Block design involves the task of
copying small geometric designs with cubes, and
patients with WS may not be able to determine the
block positions. This study confirmed spatial orien-
tation to be impaired in WS patients. Low scores on
tasks for PIQ subtests may be derived from impair-
ments of visuo-spatial cognition. These results have
also been confirmed in previous studies of WS pa-
tients showing language to be relatively well-
preserved while there is a visuo-spatial cognition
weakness.

A comparative strength in “sequential process-
ing” was observed in this study. All subjects in both
groups, which we classified according to the results
of the K-ABC test, had higher scores on the hand
movement, number recall, and word order subtests
than on those of “simultaneous processing”. In par-
ticular, the word order scores were highest. The
subjects responded well to word sequences, as com-
pared to sequences of numbers or hand move-
ments. The word order task requires short-term
memory of sequential words, and subjects are re-
quired to remember and transpose a corresponding
picture. During this task, WS patients could remem-
ber the word linguistically, and may have been able
to transpose the word meaning to the correspond-
ing picture. The subjects in group A had sufficient
ability to solve problems in temporal order. They
could identify the picture corresponding to the
words. We found that the group A subjects may
have adequate visuo-feature cognition, allowing
them to respond well on the word order task, as
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well as good verbal processing skills, as compared
to those in group B. As we hypothesized, not all WS
patients have good short-term memory.

A strong relationship was observed between the
results of the Wechsler performance scale and the
K-ABC simultaneous scale®, and impairments of
visuo-spatial cognition in WS patients were demon-
strated by the latter battery. Block design is one of
the subtests of the Wechsler test, and triangle is
one of the K-ABC subtests. In this study, all sub-
jects had low scores on the block design subtest but
group B subjects had the lowest scores. Use of the
block design and triangle subtests allows similar
cognitive skills to be measured in WS patients.

The triangle subtest requires planning ability
and depends on various forms of psychological proc-
essing; however, the block design task requires
more planning skill, which would account for the
large difference between the 2 groups (A&B) on the
block design subtest. Because WS patients showed
a wider range of results for the triangle task sub-
test, it would potentially be suitable for detecting
the degree of visuo-spatial disability in individuals
with WS. Subjects of both groups had low spatial
memory scores, reflecting their core cognitive dys-
function.

Using the cluster analysis method, we revealed
the common characteristics of visuo-spatial defi-
ciency in patients with WS. Good short-term mem-
ory was not common to all WS patients. Rather, a
portion of the subjects, which we classified as group
A, showed higher scores for short-term memory.

Conclusions

This study demonstrated VIQ to be superior to
PIQ in WS patients, results consistent with those of
the previous studies. However, the high compre-
hension scores observed in this study were striking.
Using cluster analysis of K-ABC results, the sub-
jects were classified into 2 groups, one of which
showed significantly better scores on “sequential
processing” rather than “simultaneous processing”.
This suggested that some WS patients have good
short-term auditory memory. The common diffi-
culty for most subjects was reflected in their low
spatial memory scores. We consider the spatial
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memory subtest of the K-ABC to be sufficiently
sensitive to detect the core cognitive deficits in WS

patients while the triangle subtest would be more

informative regarding their visuo-spatial disability.
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7 4 U7 LXERBEORBHORFR
T RRRFER AT /NER
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(I Lic]) Williams fEMERE (WS) 13 7 FRBARROLEEAE (7911.23) OBIREIZE > TBZ 5 EBIZT
RBTHE. T5AF VEIRE BFEOEHR HNNEED L VIIEERENRENTHE. Lz nt coR
Bh S, WSEEZBOFRABEOEEZ—ETERL, W2PDF A4 72 ToNEDTIERWILEEZ TV,
ZIT, A DRHEMGET 5 720K E 1T /2.

(HH) WS OO E 25 0#E, T0H) HbE O WSIZHB L THEETHRHHEZHASNTT 5.

g & Hik) AREE 2261, 6~30% (P 13.14+:7005%). 19 Al Wechsler RHREMRT (Wechsler), 2 A
WCHHRE R 2T, 351221 flidBAMK Kaufman O3 - HEF7 A A Y PNy 7Y — (K-ABC) #HEfT L
72. K-ABC O THIEE O R % 327 5 X ¥ — M (Ward's hierarchical agglomerative i) #{T- /2 & 2 A4
DORFEBY 2HIIHTON2DOT2HOREH % L7z,

GR3R) MBEMRAEZ L7220 A (95%) 2HImEEL B sh, 12 N (63%) 32 IQ50 LT Tho7:. Skl
1Q L EMEN IQ BICAEE A% D7 (p<00001). 21 A K-ABC MifTHi R Tid, #ERULEE L B 155 X R0 &
RBELTEETH 7. 7727 —BITORKE, 28 (ABIF, BEI2H) 24 ohiz. ABEESHEEIQ
BEEIQ ZIQABEIVABIIE - (p<005). A BEIIRRRMHED RO L B L CERICEL, &
W ERESRIFCTh - 72725, BEIGHKLHE L LB OMICEREEZ R o7 W7 I A5 — A, BEEICE
WTHRALE O RTOIER &, FABLEOZIEE (GoMe, BHROBR) CHEZLRO: (FoBfE #
8 p<0.05, FEOEF, FOKE  p<00l, BEOHE ; p<0.0001). —JFT [HEERHEITMIE SAHL] Tl
FGRY—HT, HFEEEZRDLE,o7.
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R, —HOWS DEE#ENZE. T2, ZRBHABEESIEZFLVEVWDNSE WSIIBWT [FRKLHE] RED
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