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PREFACE

The idea for this study arose out of an experience I had more than ten years ago 

with a young child with Williams syndrome referred to the Piraeus Rehabilitation 

Centre for developmental and cognitive assessment. At the time, I was totally 

unfamiliar with the characteristics of the syndrome, having only passingly heard 

of it as a postgraduate student. When further referrals occurred, I decided to start 

learning more about the syndrome and creating a database with all the assessment 

and treatment information that became available as time progressed.

Throughout this research project, I have tried to describe and analyse basic 

elements in the development and cognitive ability of children with Williams 

syndrome and offer new insights in the way clinicians may view the syndrome. 

The syndrome presents wide variability in attainment of developmental 

milestones and cognitive ability, as well as, in the constitution and integrity of the 

elements of chromosome 7, which is responsible for the phenotypical 

characteristics. This variability makes clinical and educational decision making a 

very difficult case for the average paediatrician and psychology clinician and may 

cause difficulties in the everyday life activities of affected children.

In this light, this research project aimed at examining the possible effects of 

different levels of deletion size on the psychological features of the phenotype, 

the creation of a database of the attainment of developmental milestones -a very
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useful instrument for the average non specialised clinician-, an examination of the 

progress of IQ with the advancement of chronological age and finally, an 

examination of visuospatial short term memory deficits that might contribute to 

educational disability issues.

It was discovered through this project, that examining the above presented issues 

is not an easy task to accomplish. The most challenging issues arise when we start 

to explore the consequences of developmental and cognitive deficits in Williams 

syndrome. This can be often totally impossible, as there are no agreed guidelines 

on the average age of attainment or IQ level. In addition, the fact that for research 

purposes children with Williams syndrome are compared with other groups 

containing most of the times children of much younger chronological age, may 

confuse judgements about the quality of adjustment of the affected children in 

everyday life. The additional fact that several of the existing assessment materials 

have been proved problematic for children with Williams syndrome further 

complicates the matter.

I hope that the findings of this research project will be useful for both clinicians 

and families of children with Williams syndrome and will contribute to the 

imporpovement of the quality of available services for these children and their 

families. As my beloved professor and mentor at Emporia State University, Dr. 

Eugene. E. Plank used to say "whatever changes and procedures are decided, they 

are decided for the benefit of the child".
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I would like to wish to all my patients and their families the best for their lives 

and thank them for their immense contribution to the realisation of this project.
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Abstract

Williams syndrome (WS) is a genetic disorder that results in a wide variety of 
impairments, involving most of the areas of development. Although significant 
variability has been found among children with Williams syndrome in terms of 
the phenotype, the idea of a typical WS profile is still predominant in the 
literature. However, the clinically observed widespread differences have caused 
clinicians to often speak about partial deletions, atypical deletions or inconclusive 
cases. In addition, some researchers have put forward the notion that the size of 
the deleted area might have an influence in both quantitative and qualitative 
aspects of the phenotypical characteristics..

This thesis explores the differences in cognitive ability and attainment of 
developmental milestones in children with WS. Four experimental studies have 
been conducted involving a total number of 74 children between the ages of few 
months to the age of 18 years. Study 1 investigated the effect of deletion size in 
the cognitive ability of WS children, as this was measured by 4 different IQ tests. 
Study 2 examined the effect of deletion size in the attainment of developmental 
milestones, Study 3 examined the longitudinal course of IQ in children with WS 
and Study 4 examined a clinically observed de novo phenomenon of a strong 
leftward bias affecting attention and short term visuospatial memory.

Studies 1 and 2 demonstrated an effect of deletion size on the cognitive abilities 
of children with WS. The greater the deletion size in the 7qll.23 area, the lower 
the performance on measures of cognitive ability and the longer and more 
problematic the attainment of developmental milestones.

Study 3 indicated that there is a significant increase in the IQ scores of children 
with the typical deletion. The IQ scores remain however to the mild/moderate 
retardation - low average area of the IQ scale. Study 4 examined and tried to offer 
explanatory ideas in a de novo clinically observed phenomenon of a leftward bias 
affecting attention and visuospatial short term memory. Children with WS 
encountered great difficulty in detecting and remembering the position of items 
presented to the right side of a presentation matrix.

These findings suggest that deletion size has an influence on both performance on 
measures of cognitive ability and attainment of developmental milestones, the 
cognitive ability of children with WS significantly improves with advance of 
chronological age and that there is a leftwards bias affecting attention and short 
term visuospatial memory.
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1. Introduction

Part 1 - The diagnosis of Williams syndrome

Williams syndrome (WS) presents a unique constellation of symptoms, including a set 

of unique facial characteristics (named by some clinicians as 'elfin face'), vascular 

disorders (especially supravalvular aortic stenosis and peripheral pulmonary stenosis), 

endocrinal disorders (mainly hypercalcemia and growth hormone secretion), 

developmental delay and mental retardation (Williams, Barratt-Boyes and Lowe, 

1961; Lashkari, Smith and Graham, 1999). Although WS is rare, affecting 1 in 20,000 

individuals, with more recent estimates at 1 in 7500 (Grimm and Wesselhoeft, 1980; 

Stromme, Bjomstad, and Ramstad, 2002; Korenberg, Bellugi, Salandanan, Mills and 

Reiss, 2003), accurate recognition and diagnosis are important because of its medical, 

developmental, cognitive and social implications. Figures 1 and la demonstrate the 

typical facial appearance of children and adults experiencing Williams syndrome, all 

presented after parental permission.



Figure 1: Typical facial characteristic of children with Williams Syndrome.
(Courtesy The Piraeus Rehabilitation Clinic and Dr. Gabor Pogany, Hungarian Williams 
Syndrome Association). Presented with parental permission.





Figure la: Facial characteristics of children and adults with a confirmed diagnosis of Williams 
Syndrome, ranging from the full range described by Preus (1984). Courtesy of the 
Hungarian, Slovakian Williams Syndrome Associations and the Piraeus Child 
Rehabilitation Centre, Greece. 
All photographs are presented with the kind permission of parents).

Scattered throughout the medical literature dating back to the 1800s are isolated case 

reports describing new or unusual medical problems in patients now recognised as 

having WS (Burn, 1986; Pober, 1996). For example, Oppenheimer (1938) reported a 

seventeen month old infant with pulmonary artery stenosis, calcification of the aorta



and a facial appearance similar to what is considered today a typical WS face. The 

most common characteristic reported in the early studies was the 'elfin face'. Growth 

retardation, postural anomalies, dental malformations were also frequently reported 

(see Burn, 1986 for a review of early medical literature). WS was first described as a 

discrete clinical entity in 1961 in a report on four unrelated patients (Williams, et.al., 

1961). All four patients referred with supravalvular aortic stenosis (SVAS), 'unusual 

facial characteristics' (the term is the authors'), growth retardation and mental 

subnormality. Shortly thereafter, several more authors reported case studies of 

patients with similar characteristics who, in addition to the above findings, also had 

other vascular stenoses (such as peripheral pulmonary stenosis: PPS), dental 

abnormalities and an overfriendly personality (Beuren, Apitz and Harmjans, 1962). In 

recognition of the contribution to the delineation of the phenotype by the work of 

Beuren and colleagues, this condition is in several countries, especially in Eastern 

Europe, referred to as Williams-Beuren syndrome1 .

Diagnosis of WS by clinical features was (and is) not without its problems. For 

example, some confusion surrounded recognition that infantile hypercalcemia is a key 

feature of WS (Pober, 1996). Idiopathic infantile hypercalcemia was a relatively 

common condition in the 1950s, especially in the UK (see Burn, 1986 for a review). 

In the majority of cases, transient mild to moderate hypercalcemia occurred in 

conjunction with poor feeding and slow physical growth; these infants were 

diagnosed as having 'mild' infantile hypercalcemia and ultimately recovered well 

following dietary restriction of calcium. However, in a minority of cases, the 

hypercalcemia persevered or was intractable and associated with a variety of other

For the sake of uniformity, 'Williams syndrome' or 'WS' is used throughout this thesis.



medical problems. Even after resolution of the hypercalcemia, these patients 

continued to experience severe medical and developmental problems and were 

typically diagnosed as having 'severe' infantile hypercalcemia (Fraser, Kidd, Kooh 

and Paunier, 1966). In addition, variability of clinical symptomatology between 

patients with mild and severe hypercalcemia led to the description of the condition as 

two distinct entities: supravalvular aortic stenosis with mild or no hypercalcemia 

(Sissman, Neill, Spencer and Taussig, 1959) and Fanconi's infantile hypercalcemic 

syndrome (Fanconi, Girardet, Schlesinger, Butler and Black, 1952). Fanconi et al. and 

Sissman et al. sparked a controversy about what constitutes the typical WS profile that 

lasts until this day, with many papers concentrating on the wide variability of 

characteristics associated with the disorder. Pober (1996) argues that in retrospect, it 

is likely that the vast majority of patients with severe hypercalcemia actually had WS, 

whereas those with mild hypercalcemia had hypercalcemia due to other aetiology, 

such as excess vitamin D supplementation in milk or vitamin D hypervitaminosis.

Concentration on specific symptoms of WS often blinds researchers to the fact that 

the full range of potential symptoms is large. The following medical problems and 

physical features are common to more than 50% of all individuals with WS and have 

been recommended by the American Academy of Paediatrics (2001) as a guideline for 

medical personnel for diagnostic purposes:

  Characteristic facial appearance

  Cardiovascular disease

  Physical growth along the lower percentiles

  Musculoskeletal abnormalities

  Oral/Dental abnormalities



  Prolonged infantile colic/poor feeding/disturbed sleep patterns

  Hyperacusis

  Neurological signs

However, this list is far from exhaustive and the literature has added cases with a 

variety of problems not necessarily included in the American Academy of Paediatrics 

guidelines. A detailed consideration of these falls outside the principal remit of this 

thesis, but a comprehensive discussion of them is included in Appendix 1. The data 

and arguments will in part form the basis of an introductory textbook on WS the 

author has been commissioned to write.

Early researchers generally assumed that WS had a maternal or teratologic basis, but 

the discovery by Ewart, Morris, Atkinson, Jin, Sternes, Spallone, Stock, Leppert and 

Keating (1993) of a microdeletion involving the elastin (ELN) gene on the long arm 

of chromosome 7 conclusively demonstrated a genetic cause for the condition. The 

subsequent discovery of a number of contiguous genes deleted in the area 7ql 1-23 of 

the seventh chromosome further strengthened this knowledge.

Elastin gene deletion is currently taken as genetic confirmation of clinical diagnosis of 

WS (Bellugi and St. George, 2001; Korenberg et. al., 2003). Prior to this, diagnosis 

was purely clinical often using scoring systems that often were of limited utility 

(Preus, 1984). This was principally because in most cases the scoring systems 

assumed that physical and cardiac symptomatology were of cardinal importance 

(Preus, 1980; 1984). However, these symptoms are not always present in WS. For 

example, Grimm and Wesselhoeft (1980) have found WS patients without elfin faces,
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while White, Preus, Waters and Fraser (1977) found WS patients with the typical 

facial characteristics but without cardiovascular disorder. In a more recent large scale 

study, Sadler, Pober, Grandinetti, Scheiber, Fekete, Sharma and Urban (2001) 

reported that from 127 patients with a confirmed genetic diagnosis of WS, only 35% 

had what was considered the typical facial-cardiovascular profile, while several of 

them exhibited no other symptomatology than growth retardation, developmental 

delay and endocrinal disorders. Furthermore, Carrasco, Castillo, Aravena, 

Rothhammer and Aboitis (2005) report cases of genetically-confirmed WS patients 

with none of the typical characteristics of the syndrome..

This issue is very closely connected to findings that there is great variability on the 

size of deletion in the critical 7qll-23 area of chromosome 7 in patients with WS 

(e.g. Urban, Helms, Fekete, Csiszar, Bonnet, Munnich, Donnis-Keller and Boyd, 

1996; Osborne, Martindale, Scherer, Xiao-Mei, Huilenga, Heng, Costa, Pober, Lew, 

Brinkman, Rommens, Koop, Lap-Chee, 1996). Because of this, the American 

Academy of Paediatrics (2001) generated a comprehensive list of screening criteria 

that should alert medical personnel to the possibility of this diagnosis.

What is abundantly clear from this brief overview is that diagnosis by clinical 

symptoms alone is unreliable since it overlooks many cases of WS with atypical 

symptoms - a confirmatory genetic test is essential. In addition, it removes at a stroke, 

issues of confusion with conditions with key symptoms in common such as infantile 

hypercalcemia, cited above. In Part 2 of this thesis, the genetic features of WS will be 

examined in greater detail.



Part 2 - Genetic characteristics of Williams syndrome

1.1 Influence of the elastin gene

As has been stated, a cardinal feature of WS is the absence of the elastin gene. Elastin 

is an important protein that contributes to blood vessel wall and general connective 

tissue strength and elasticity. A single copy of the elastin gene might result in a 

decreased amount of elastin protein at a critical time in fetal development and this in 

turn produces a variety of problems such as vascular stenoses, diverticuli and hernias 

(Pober, 1996). Normally, each individual has two copies of this gene, one on each of 

their number 7 chromosome (Pober, 1996). Patients with WS are hemizygous for the 

elastin gene, as the second copy of this gene is deleted. This deletion occurs 

sporadically during either maternal or paternal gamete formation (Ewart, Morris, 

Atkinson, Jin, Sternes, Spallone, Stock, Leppert and Keating, 1993; Pober, 1996). 

Although someone with WS has a 50% chance of passing on their condition to any 

children of their own, the recurrence risk for non-WS parents with one WS child is 

felt to be negligible because the deletion was a chance event occurring in either the 

egg or the sperm that went to the affected individual's formation (Pober, 1996). 

However, cases of non-WS parents producing more than one child with WS have 

been reported (e.g. Cortada, Taysi, Hartmann, 1980; Knudtzon, Aksnes, Akslen and 

Aarskog, 1987).

The technique of fluorescent in situ hybridisation (FISH) is currently the routine 

laboratory test for confirmation of the diagnosis of WS. This technique works by 

fluorescently labelling a probe for the elastin gene. This probe is then hybridised to a



chromosome preparation derived from the patient's peripheral blood sample. 

Normally, the probe will hybridise to two elastin genes, one in each copy of 

chromosome 7. In WS patients, the probe only hybridises to one elastin gene as the 

second is missing (Pober, 1996). However, it is rarely the case that the elastin gene 

alone is lost in WS, and typically other genes in the adjacent area are lost or damaged. 

With modern genetic diagnostic methods a c-DNA analysis (an analysis of gene 

sequencing hi the critical 7qll-23 area of chromosome 7, which includes the site of 

the elastin gene) usually demonstrates a deletion of the elastin and other genes and in 

addition, can determine the boundaries and size of deletions. Figure 2 indicates a 

chromosome 7 pair with only one of the elastin genes present. Figure 3 indicates 

positive and negative WS FISH arrays.

Figure 2 Chromosome 7 pair with only one of the two elastin genes present

Adapted from: Aravena, Castle, Carrasco, Mena, Lopez, Red P Or, Rosemberg, Schroter and Aboitiz (2002)
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Positive Wllltams SyRdrome FtSH assay Negative Williams Syndronw RSH assay
{Qtoemosom* 7) (Chromotomet 7)

Ths etastin gens is found on only one chromosome, The elgsHn gene Is found on both cnromosoireij.
The other copy carries an elastin gene deletion. Thi& individual does not have Vtflliams Syndrome*

Figure 3 Positive and negative WS FISH Arrays 

Adapted from: Bellugi and St. George, 2001

However, although the presence of an elastin deletion always matches with a clinical 

diagnosis of WS, this does not cover every clinical case of WS. Circa 5% of clinical 

cases of WS either have very small deletions that cannot be detected by currently used 

probes or the elastin gene has not been deleted at all. The Hungarian WS Association, 

the Slovak WS Association (2006) and Velopoulos, Lioudakis, Grigorakos and 

Chasouris (2006) for example, have presented cases in which the characteristic 

clinical features of craniofacial and cardiovascular abnormalities are present. 

However, the FISH test shows that both of the elastin genes are intact or has been 

inconclusive, and genetic analysis indicates that loss and damage are in the area 

immediately adjacent to the elastin gene. A summary of the presented paper by 

Velopoulos et. al. (2006) is presented in Appendix 4. The issue of the necessity of 

elastin gene deletion is ongoing and has yet to be fully resolved, and there is the 

possibility that with current technology, very small deletions might escape even the 

most thorough DNA analysis.
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This debate leads to the related issue of whether there is a connection between 

phenotypical features and deletion size, or genotype and phenotype relationship in 

general (Wang, Schinzel, Kotzot, Balmer, Casey, Chodirker, Gyftodimou, Petersen, 

Lopez-Ranguel and Robinson, 1999; Tassabehji, 2003). The size and extent of the 

deleted segments can vary between individuals, which, in turn, may account for the 

broad phenotypic differences. This point has been raised repeatedly in the WS 

literature, principally with regard to medical rather than psychological conditions. It 

forms a key argument in this thesis and accordingly, a survey of previous studies 

needs to be made.

1.2 Evidence of genotype-phenotype links

The unit of measurement for the deletion size is the 1 Kb (1 kilo-base= 1,000 base 

pairs), where bases represent the DNA structural chemical components Adenine (A), 

Cytosine (C), Guanine (G) and Thymine (T). The full size of the deleted region has 

been measured between 1.5 Mb (1 mega-base= 1,000,000 base pairs) to 2.84 Mb with 

the typical deletion to be around 1.5 Mb (Carrasco et al., 1995; Nickerson et al., 1995; 

Mervis, Robinson and Pani, 1999; Hockenhull, Carette, Metcalfe, Donnai., Read, and 

Tassabehji, 1999; American Academy of Paediatrics, 2001; Gagliardi et al., 2003; 

Bayes, Magano, Nuria, Flores and Jurardo, 2003; Korenberg et al., 2003). With the 

improvement of molecular DNA analysis techniques, other deleted genes have been 

discovered in the critical region. Peoples, Perez-Jurardo, Wang, Kaplan and Franke 

(1996) reported that the RFC2 gene was deleted in 18 of 18 patients with Williams 

syndrome. Deletion of RFC2 was demonstrated by FISH analysis of somatic cell 

hybrids in patients with WS. They postulated that deletion of the RCF2 gene may lead

12



to reduced efficiency in DNA replication, which could account for growth deficiency 

and developmental delays. Tassabehji, Metcalfe, Fergusson, Carette, Dore, Donnai, 

Read, Proschel, Gutowski, Mao and Sheer (1996) found out that in addition to the 

elastin gene, the gene that encodes LIM kinase is deleted in Williams syndrome. To 

identify genes important for human cognitive development, Frangiskakis, J., Ewart, 

Morris, Mervis, Bertrand, Robinson, Klein, Ensing, Everett, Green, Proschel, 

Gutowski, Noble, Atkinson, Odelberg, Keating (1996) studied WS patients who 

showed poor visuospatial constructive cognition. They described two families with a 

partial WS phenotype. Affected members had cognitive deficiencies and vascular 

disease but lacked other major WS features. Submicroscopic 7qll.23 deletions were 

found by FISH analysis and DNA sequencing analysis found a deletion of both the 

elastin and LIM kinase genes. The latter is strongly expressed in the brain and 

Frangiskakis et al. (1996) suggested that LIM kinase hemizygosity is implicated in 

visuospatial cognitive dysfunction in WS patients. A study by Monaco (1996) 

confirmed the findings of Frangiskakis et al. (1996) and argued along the same lines. 

Osborne et al. (1999) constructed a useful physical map of the 7qll.23 area (see 

Figure 3). In the region extending 35 Kb before and 430 Kb past the elastin gene are 

deletions of not only the elastin, gene but also the RFC2 gene, the LIM kinase gene 

and the WSCR1 gene.

Wu, Sutton, Nickerson, Lupski, Potocki, Korenberg, Greenberg, Tassabehji, Shaffer 

(1998) defined what they argued was the minimal critical deletion size in 63 patients, 

using microsattelite markers and five FISH probes flanking the elastin gene. These 

studies showed deletions of consistent size. In all informative cases deleted at the 

elastin gene, the deletions extended from marker D7S489U to marker D7S1870,
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spanning about 2.0 Mb. LIM kinase deletions were found in all patients with elastin 

gene deletions, except for one patient with supravalvular aortic stenosis and elastin 

deletion who had no LIM kinase deletion. Meng, Lu, Li, Green, Massa, Trask, Morris

200kb

Markers

Genes

8
CO

<0;r- co c\iin _ CM  - »- •- «•> f>> h-
O OQ T- \i C>J<D Tco mm <o y> -co CM
c/> cow c/J "? --co i/>r~- r-t^- K sc OO >^
Q QQ O 5 Q.Q.Q

I II I II.. UL

FMS2L GTF2IP

SA3P1 NCP1P1/

^l pnt">L)pnnqnOO PD O O^Pf
I/ / FZU3A)CL7U/CPSTR1\ELN LIMKl RFC? \ WBSCRU OTF2I /SA3\ 
/ / / / » \\ I \ / »

Patient 
deletions

FKBP6 W5TTV WS (iTfiP STX1A
WBSCR9

\cr>ETfi« wnscm CLIP-US MCFI PMSJL

SVAS 1

SVAS 3' 

SVAS 4

SVAS 6

WBS1

WBS2
common

1

D7S489C

Common WBS deletion - 1 .5 Mb

D7S489B O7S489A

FKBP6 WBSCRft' CPETR1 CPETR2 WBSCR1 CLIP-115
: WSTF

PMS2L GTF2IP! WS-pTRP WS-SMLH

SA3P1 NCF1P1

GTF3 NCF1 PMS2L 

SA3

Figure 4 A physical map of Williams syndrome indicating markers and genes 

Adopted from Osborne et. al. (1999).

and Keating (1998) attempted to identify contiguous genes involved in the syndrome. 

Hemizygosity of elastin gene had been argued to be responsible for supravalvular 

aortic stenosis (Ewart et al.,1993), and hemizygosity for LIM kinase 1 had been 

implicated as a contributing factor to impaired visuospatial constructive cognition in 

Williams syndrome (Frangiskakis et al., 1996; Monaco, 1996). They discovered three
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novel additional genes: TBL2, BCL7B and WBCR14. Botta, Novelli, Mari, Novelli, 

Sabani, Korenberg, Osborne, Digilio, Giannoti and Dallapiccola (1999) described two 

patients with the full WS phenotype who carried deletions from the elastin gene to 

marker D7S1870. The region excluded the genes Syntaxin 1A (STX1A) and FZD3. 

This deletion was found to be 1 Mb long. Since the STX1A gene family is responsible 

for neurotransmitter action, its deletion was considered to be associated with 

neurological pathology in WS (Botta et al., 1999). Nakayama, Mikoshiba, Yamamori 

and Akagawa (2003) supported the findings of Botta et al. (1999) and argued along 

the same lines. Examples of different partial deletion can be seen in Figure 4 above.

Bayarsaihan, Dunai, Greally, Kawasaki, Sumiyama, Enkhmandakh, Shimizu and 

Ruddle (2002) reported the deletion of the genes GTF2RD1, GTF2-I and NCF1. 

Hoogenraad, Eussen, Langeveld, van Haperen, Winterberg, Wouters, Grossveld, de 

Zeeuw and Galjiart (1998) reported deletion of the CLN2 gene. The CLN2 gene 

encodes CLIP-115, a cytoplasmic linker protein that mediates interaction between cell 

organelles and microtubules which are important for cell organelle shape, intracellular 

localisation and translocation (Franke, 1999). CLIP-115 is most abundantly expressed 

in the brain (Hoogenraad et .al., 1998; Franke, 1999; Zhang et al., 2005). Disruption 

of the CLN2 gene in mouse homologs results in mild growth retardation, increased 

brain vertical volume, decreased corpus collosum size, hippocampal dysfunction and 

impaired motor coordination (Li, Faury, Taylor, Davis, Boyle, Mecham, Stenzel, 

Boak and Keating, 1998; DeSilva, Elnitski, Idol, Doyle, Gan, Thomas, Schwartz, 

Dietrich, Beckstrom-Stemberg, McDowel, Blakesley, Bouffard, Thomas, Touchman, 

Miller and Green, 1992; Zhang et al., 2005). The FZD9 gene is also found to be 

deleted in the WS critical region (Wang et al., 1999). The FZD9 gene is highly
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expressed in all areas of the brain, the eyes, testis, skeletal muscles and kidney (Wang 

et al., 1999). Another gene deleted in the 7qll.23 region, the FK506 gene, encodes a 

protein that functions as cellular receptive for immunosuppressive drugs. Its other 

functions remain unknown (Meng, et.al, 1998). The CRIP1 gene is also deleted and is 

proposed to be associated with myeloid leukaemia and miscarriages (Garcia-Barcelo, 

Chui, Chim, Fung and Waye, 1997). The gene WBSCR9/WSTF is also deleted but its 

function remains unknown, though it is known that it truncates a protein of 1425 

aminoacids (Lu, Meng, Morris and Keating, 1998).

Meng et al. (1998) report another deleted gene, the BCL7B gene. This gene has 

unknown function and is associated with a family of proteins involved in Burkitt's 

lymphoma. TBL2, is a deleted gene reported by Meng et al. (1999) and Perez-Jurardo, 

Wang, Franke and Cruces (1999). The authors argue that it might be related to the 

phenotype, but its function remains unclear. Paperna, Peoples, Wang, Kaplan and 

Franke (1998) reported that the genes claudm 4 (CLDN4/CPTER1) and claudin 3 

(CLDN3/CPTER2) are also deleted. This gene is highly expressed in the lung, kidney, 

intestine, pancreas and thyroid. The authors connect deletion of this gene to problems 

with the previously mentioned organs. The GTF2IRD1 is also deleted (Franke, 

Peoples and Franke, 1999) and its loss has been associated with DNA transcription 

and the WS cognitive profile, due to its association with the TFII-I protein (Hirotta, 

Matsuoka, Xiao-Ning, Salandanan, Lincoln, Rose, Sunahar, Osawa, Bellugi, 

Korenberg, 2003; Denoff, Taylor, Blackshaw and Desiderio, 2004). Cairo, Merla, 

Urbinati, Ballabio and Reymond (2001) reported that the WBSCR14 gene is also 

deleted in the critical WS region. The authors propose that this gene is related to 

growth inhibition. Other genes have been reported in recent years such as the STAG3,
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WBSCR20 and WBSCR22 genes have been reported deleted but the effects of their 

deletion remains unclear (Pezzi, Prieto, Kremer, Perez-Jurardo, Valero, Mazo, 

Martinez and Barbero, 2000; Zhang et al., 2005). Table 1, adapted from Zhang et al, 

(2005), summarises the deleted genes in the Williams syndrome critical region.

Table 1: Genes in the Williams syndrome Critical Region

POM 121

FKBP6

FZD9

BAZ1B/WBSC 

R9/WSTF

BCL7B

TBL2/WS- 

bTRP

RFC2

CYLN2

Pore protein membrane of the 

nuclear envelope

FK506 binding protein

Frizzled 9

Bromodomain adjacent zinc 

finger 1B/WBS transcription 

factor

B-Cell lymphoma 7B

Transducin beta-like/2 

Williams syndrome beta 

transducin repeat protein

Replication factor C subunit 2

Cytoplasmic linker protein 

CLIP-115

Nuclear pore complex assembly

FK506 binding protein 

immunophillins, essential of 

homologous chromosome pairing 

during male meiosis and male fertility

Activates beta catenin pathway

Contains plant homeodomain finger 

and Bromodomain, participates in 

ATP dependent chromatin 

remodelling

Member of a protein family involved 

in translocation in Burkitt's lymphoma

Contains putative transducin repeats. 

Unknown function

Third largest subunit of the replication 

factor C (RF-C) complex, an auxiliary 

factor for DNA polymerases delta and 

epsilon. Important for DNA 

replication

Mediates interaction between cell 

organelles and microtubules.
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GTF2IRD1/W 

BSCR11/ 

CREAM1 

/MusTRD/ 

BEN/GTF2I

NCF1

WBSCR14/ 

WS-bHLH

STX1A

CLDN4 and 

CLDN3

ELN

LIMK1

EIF4H/ 

WBSCR1

WBSCR5/ 

NTAL

CRIP1

GTF2I related domain 

1/WBS critical region 1 1

Neurrophilic cytosolic factor 

11, subunit I

WBS critical region 

14/Williams syndrome basic 

helix-loop-helix protein

Syntaxin I A

Clostridium perfringens 

enterotoxin receptors 1 and 2

Elastin

LIM kinase 1

Eukaryotic initiation factor 

4H/WBS critical region

WBS critical region 5/non T- 

cell activation linker

Cysteine-rich intestinal 

protein

Member of a transcription factor TFII- 

I family

Component of phagocyte NADPH 

oxidase. Homozygous mutation causes 

autosomal chronic granulomatous 

disease

Basic helix-loop-helix leucine zipper 

transcription factor. Causes DNA 

transcription repression

Part of a trimeric complex at the 

presynaptic membrane which mediates 

exocytosis of neurotransmitter 

containing vesicles

Members of the claudin family of 

transmembrane proteins, essential for 

intercellural tight junction structures 

that regulate paracellular ion flux

Main component of the elastic tissue, 

crucial role in arterial development

LIM domain containing protein that 

regulates actin filament dynamics, 

important for neuronal synaptic 

function

Part of the eukaryotic translation 

complex, facilitates the function of 

eIF4A, an RNA helicase

A transmembrane adaptor protein 

involved in immunoreceptor signalling

Differentiation in murine intestinal 

epithelium

Adapted from Zhang et al. (2005).
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1.3 Variability in the genotype and its effects on the phenotype

Although tiie typical deletion is agreed to be around 1.5 Mb (Carrasco et al., 1995; 

Nickerson et al., 1995; Mervis, Robinson and Pani, 1999; Hockenhull, et. al., 1999; 

American Academy of Paediatrics, 2001; Gagliardi et al., 2003; Bayes et. al., 2003; 

Korenberg et al., 2003), atypical cases have been reported in the literature. Reporting 

of atypical cases is extremely important, as scientists have been trying to discover 

connections between individual genes and phenotypic characteristics (Frangiskakis et 

al., 1996; Wang et al., 1999; Osborne et al., 1999; Van Hagen et al., 2007). The 

variability shown among patients with what is considered the typical deletion makes 

such a task very difficult to impossible, as all genes in the 1.55 MB region of the 

typical deletion are deleted. Thus, only atypical cases, in which some genes are not 

deleted may shed some light to the possibility of individual genes connected to a 

phenotypic characteristic (Mervis et al., 1997; Wu et al., 1998; Botta et al., 1999; 

Hockenhull et al., 1999; Osborne, 1999; Gagliardi, et al., 2003; Smoot, Zhang, 

Klaiman, Schultz and Pober, 2005; van Hagen et al., 2007). Atypical cases are not 

regularly presented in the literature, although they are neither unusual nor uncommon 

(Smoot et al., 2005; van Hagen et al., 2007). Atypical cases are of two types: those 

with a negative or inconclusive FISH and those with a deletion smaller than 1.55 Mb 

(Mervis et al., 1997; Wu et al., 1998; Botta et al., 1999; Hockenhull et al., 1999; 

Osborne, 1999; Gagliardi, et al., 2003; Smoot, et.al., 2005; Zhang et al., 2005; van 

Hagen et al., 2007).
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Both types have been reported in the literature from as early as 1995 (i.e. within two 

years of the discovery of the WS region). Lowery et al. (1995) investigated the 

frequency of deletions of the elastin gene in patients with a clinical diagnosis of 

Williams syndrome using fluorescent in situ hybridisation. In a series of 235 patients 

they identified molecular cytogenetic deletions in 96% of the patients. The remaining 

4% presented with a negative FISH but with the clinical characteristics of WS. Borg 

et al. (1995) reports two cases with a negative FISH and the WS clinical 

characteristics. Perez-Jurardo et al. (1996) investigated the deletion size and 

frequency on chromosome 7qll,23 and reported 94% had a positive FISH 

demonstrating a deletion at the elastin gene locus. The remaining 6% had a negative 

or inconclusive FISH but presented with the clinical characteristics of WS. On the 

other hand, the cases with deletion smaller than 1.55 Mb that are presented by the 90- 

95% of all patients with Williams syndrome are several. Frangiskakis et al. (1996) 

found patients with deletions spanning an area of 83.6 to over 500 Kb. Wu et al. 

(1998) report smaller deletions and strongly argue that the substantial variability in 

the WS phenotype could be due to different size deletions around the ELN gene, 

different size deletions in the WS deletion region, or variation in gene content or gene 

activity of the hemizygous alleles on the undeleted chromosome. They stress the 

necessity to narrow the critical deletion section and isolate those genes responsible for 

the phenotypical expression. Osborne et al. (1999) reported eight cases with deletions 

smaller than 1.55 Mb. Two of them had the majority of WS clinical characteristics as 

described by Preus (1984), while the others were classified as having supravalvular 

aortic stenosis only. Franke (1998) presented several cases with atypical deletions in 

the critical Williams syndrome region.
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Gagliardi et al. (2003) reported what they consider an unusual case with a small 

deletion and supravalvular aortic stenosis without the physical characteristics of the 

syndrome and mental retardation. They detected a deletion from the common initial 

centromeric point to beyond marker D7S613, including at least a portion of CYLN2. 

Botta et al. (1999) reported a patient with an atypical deletion not including all genes 

to the elastin gene. Smoot et al. (2005) report that, although the typical deletion is in 

the area of 1.5Mb there are a significant number of atypical cases emerging in the 

literature (e.g. Botta et.al. 1999; Gagliardi et al., 2003; Heller et al., 2003; Hirota et al. 

2003). Urban, Csiszar, Donnis-Keller, Thibodeau and Boyd (1999) reported cases 

with deletions less than 1 Mb. DelCampo, Magano, Martinez-Igglesias and Perez- 

Jurardo (2002) reported three family members all with deletions close to 700 Kb. 

Bayes et al. (2003) reported the typical deletion size to be between 1.55 to 1.84Mb 

and the number of typically deleted genes to be 25-30 genes but reported several 

atypical cases of lower size deletions. Finally, van Hagen et al. (2007) in reviewing 

the literature, reported the following cases: Tassabehji et al. (1999): two brothers with 

a deletion size of 90 Kb and a patient with a deletion size of 170 Kb, Botta et al. 

(1999) two patients with less than 1.0 Mb (exact size not specified), Karmiloff-Smith, 

Grant, Ewing, Carette, Metcalfe, Donnai, Read and Tassabehji (2003) reported a 

patient with a deletion of 850 Kb. DelCampo et al. (2002) reported three family 

members with deletions close and around 700 Kb. Morris, Mervis, Gregg, Hobart, 

Bertrand, Ensing, Sommer, Moore, Hopkin, Spallone, Keating, Osborne, Kimberley 

and Stock (2003) reported patients with 350, 600, 750 and 850 Kb deletions. Heller et 

al. (2003) reported a patient with a deletion of only 83.5 Kb, Tassabehji, Hammond, 

Karmiloff-Smith, Thompson, Thorgeirson, Durkin, Popescu, Hutton, Metcalfe, 

Rucka, Stewart, Head, Maconochie and Donnai (2005) reported patients with 1 Mb
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deletions and van Hagen et al. (2007) reported a patient of Turkish origin with a 600- 

800 Kb. The Slovak, Hungarian and Romanian Williams Syndrome Associations 

(2006) have also reported patients with confirmed deletions between 800 and 1.2 Mb.

1.4 Right phenotype, 'wrong' genotype

Finally, the possible involvement of other chromosomes has to be considered. Miles 

and Michalski (1983) found duplication of 15qll.2-ql3 in a boy with the facial and 

cardiological symptomatology satisfying the diagnosis of WS. The father, who had 

also the same duplication, had, in addition to the facial characteristics for WS, 

postnatal growth retardation, height at the 2nd percentile at age 12, and bone age 

consistent with the chronological age of 12. Kaplan et al. (1987) confirmed and 

reported apparent deletion hi 15qll-ql2 hi a child with a clinical diagnosis of typical 

WS. Jefferson, Burn, Gaunt, Hunter and Davison, (1986), described a terminal 

deletion of the long arm of chromosome 4 with caryotype 46, XX, del(4)(q33) hi a 

female infant with peripheral pulmonary artery stenosis, growth retardation and 

physiognomic features consistent with WS. Bzdukh and Lukacova (1989) found 

clinical features of WS in a boy with an interstitial deletion of the long arm of 

chromosome 6, involving the area 6q22.2-q23. The boy had supravalvular aortic 

stenosis and also coarctation of the aorta which was repaired surgically. Colley, 

Thakker, Ward and Donnai (1992) described a de novo 13; 18 unbalanced 

translocation in a 15 year old girl with a diagnosis of typical WS. Finally, Tupler, 

Maraschio, Gerardo, Mainieri, Lanzi and Tiepolo (1992) described a girl with severe 

abnormalities, many of which were consistent with WS, in association with an 

unbalanced complex chromosome rearrangement involving 10 breakpoints and
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resulting in four derivative chromosomes, nos. 1,2, 4, and 11. The patient was also 

monosomic for the region 4q33-q35.1 and Tupler et al. (1992) suggested that 

chromosome 4 abnormalities might be considered as at least contributing to WS 

symptomatology. These findings indicate that ultimately 'Williams syndrome' may 

be used as a clinical measure, perhaps followed by a genetic identifier (e.g. 'WS of 

chromosome 7' etc), or these other chromosomal causes may obtain separate labels of 

their own. For the moment, following current conventional practice, WS will be 

considered as restricted to patients with abnormalities solely within chromosome 7.

1.5 Summary and Conclusions

To summarise - there is overwhelming evidence that:

(1) Loss within the 'WS region' of Chromosome 7 leads to all or some of the 

symptoms of WS.

(2) Loss within the WS region is variable and this is reflected in variability in the 

phenotype.

(3) Symptoms of WS can be found in individuals with loss from regions other than 

the WS region.

To illustrate the capricious nature of the genotype-phenotype correspondence in WS, 

the author presents the following pictures (all reproduced with parental permission) of 

children with partial deletions attending the Hungarian Williams syndrome 

Association's 2006 Summer Activity Camp, the Slovak Williams syndrome 

Association's 2006 Summer Camp, or being treated by the author over the last eight
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years in Greece. As can be readily seen, there can be a wide variability in facial 

characteristics, and even a small partial deletion can have a marked impact. Figure 5 

offers examples of the different facial characteristics of children with atypical 

deletions:

Partial deletion of c.600 Kb

Courtesy of the Piraeus Child Rehabilitation Centre, Greece. Presented with parental permission
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Partial deletion of c. 350 Kb. Courtesy of the Piraeus Child Rehabilitation Centre, Greece. Presented 

with parental permission

Partial deletion of < 100 Kb. Courtesy of the Piraeus Child Rehabilitation Centre, Greece. Presented 

with parental permission
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Negative FISH. Observe the clinical facial characteristics of WS. The child had no history of 

cardiovascular pathology. Courtesy of the Piraeus Child Rehabilitation Centre, Greece. Presented with 

parental permission.

Partial deletion > 1.0 Mb

Courtesy of the Piraeus Child Rehabilitation Centre, Greece. Presented with parental permission

A Hungarian girl with a < 93 Kb deletion. Courtesy of Dr. Gabor Pogany, The Hungarian 
Williams Syndrome Association. Presented with parental permission
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A Romanian 15 month infant with a 350 Kb deletion. Courtesy of Mrs. K. Livieratou, President, The
Romanian
Williams Syndrome Association. Presented with parental permission.

A Slovak girl of 61 months with a negative FISH test and the typical facial characteristics of WS. This 

girl had also SVAS. Courtesy of the Slovakian WS Association. Presented with parental permission.
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A Slovak girl of 11 years with an 1.0 Mb deletion and no facial characteristics of WS. This girl had 
peripheral pulmonary stenosis and hypercalcemia. Courtesy of the Slovakian WS Association. 
Presented with parental permission.

Figure 5 - Facial characteristics of WS children with partial deletions

Several of the authors cited in the studies reviewed in this section (Botta et al., 1999; 

Karmiloff-Smith et al., 2003; Heller et al., 2003; Hirotta et al., 2003; van Hagen et al., 

2007) have noted the difficulties of connecting specific genes to specific aspects of 

the phenotype. In this thesis, an alternative approach to this matter will be attempted. 

Instead of trying to connect genes to specific physical or mental characteristics of the 

WS phenotype, patients from all deletion size categories will be compared in terms of 

their performance in verbal and nonverbal tests of cognitive skills and developmental 

progress. In this manner it is possible to attribute any performance differences or 

developmental differences to deletion size.
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However, before addressing these studies, it is necessary to examine the 

psychological aspects of WS in greater depth, and this forms Part 3 of the 

Introduction.

Part 3 - Psychological features of Williams syndrome 

1.6 Developmental features of Williams syndrome

Most textbooks differentiate between physical and psychosocial development. 

Physical development refers to evolution of the physical characteristics of the child 

such as height, weight, head circumference, bone mass etc. (fllingworth, 1983; Taylor 

and Raffles, 1996; Cohen and Cohen, 2001). Psychosocial development refers to the 

evolution of psychological and social characteristics such as personal/social, motor, 

linguistic/communicative, cognitive etc. (Illingworth, 1983; Taylor and Raffles, 1996; 

Cohen and Cohen, 2001). Assessment of developmental progress is done by 

paediatricians and developmental psychologists. The paediatrician will use growth 

charts, physical measurements or developmental scales (Illingworth, 1983; Taylor and 

Raffles, 1996). The usual outcome of medical measurement, at least in many 

European countries, is the developmental quotient (DQ) with an average of 50. 

Logically enough, a DQ markedly different from 50 may raise cause for concern and 

invite further assessment and possibly treatment (Illingworth, 1983; Taylor and 

Raffles, 1996).

Tests of development are also used. One of the most widely used developmental tests 

used by paediatricians is the Denver Developmental Screening Test (DDST). The test
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was originally standardised in 1036 (543 male and 493 female) healthy children 

coming from healthy middle age families, with no prior family history of chronic 

illness and no siblings, with an age range between 0.5-76 months in the Denver City 

area by Frankenberg, Fendal and Dodds (1967, 1970). The test is given usually every 

3-6 months to assess developmental progress. The test measures four major areas: 

personal/social, language, gross motor and fine motor development. The test has been 

standardised hi numerous countries (including the author's) and is still considered a 

major first line developmental test.

Another popular test for assessing developmental progress is the Child Development 

Inventory (GDI). The test was standardised in Minnesota (USA) by Ireton (1993). 

This test differs from the Denver Developmental Screening Test as it offers a wider 

variety of examined categories and offers a standard score and age equivalents. 

Among others, the Child Development Inventory examines developmental progress in 

Receptive Language, Expressive Language, Gross Motor development, Fine Motor 

development Personal and Social development and development of letters and 

numbers. This test has also been standardised for use with Greek children.

The Mullen Scales for Early Learning (Mullen, 1995) has also been used for the 

evaluation of the developmental progress of children. The Mullen is a wide range 

battery of tests, covering a wide area of subunits within the major categories of 

personal/social, communication and motor areas. It is a very strong diagnostic tool but 

is considered cumbersome, very expensive and is not popular with specialists (Cohen 

and Cohen, 2001). The flagship of all developmental tests, widely used in many 

countries in the world, even without standardisation for the native population, is the
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Vineland Scales of Adaptive Behaviour (Sparrow, Balla and Ciccheti, 1984). The 

Vineland Scales are rating scales with items filled in by parents, or when necessary 

administered or observed directly by the specialist (Sparrow et. al., 1984). The test 

has the advantage of providing a standard score with a mean of 100 and a standard 

deviation of 15, in a similar manner to IQ tests. Specialists classify developmental 

deviation in the following three broad categories: immaturity (behaviour of a healthy 

child that is appropriate for a child of much younger chronological age), 

developmental delay (when the child acquires appropriate skills for a chronological 

age level much later than the expected) and developmental disorder (when the child 

presents with developmental pathology that limits or very severely delays 

development). With regard to developmental delay, there is no agreement concerning 

the level of severity. Usually a delay below six months is considered negligible, a 

delay between six and twelve months mild to moderate and a delay greater than 

twelve months as severe (Illingworth, 1983; Hallahan and Kaufman, 1992; Taylor and 

Raffles, 1996; Cohen and Cohen, 2001; American Academy of Paediatrics, 2001). 

Developmental disorders can be of organic nature (syndromes for example; see 

Taylor and Raffles for a review), or can be of a psychological nature, such as 

pervasive developmental disorders or behaviour disorders (Hallahan and Kaufman, 

1992; DSM IV, 1994; Gallagher, 1995; Newcomer, 1996).

Research on the development of children with WS been relatively scarce in the 

literature, with the exception of linguistic research (Bellugi, Wang and Jernigan, 

1994; Karmiloff-Smith, Grant, Berthoud, Davies, Howlin and Udwin, 1997; Jarrold, 

Hartley, Phillips and Baddeley, 2000; Zukowski, 2001; Temple, Almazan and 

Sherwood, 2002; Semel and Rosner, 2003; Bello, Capirici and Voltera, 2004; Burani,
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Belmonte, Barca and Vicari, 2006). [Linguistic development is discussed below]. 

The first major study in the development of children with WS was performed hi 

Germany by Grimm and Wesselhoeft (1980). The study is sometimes referred to as 

the 'Kiel' study. In this study of 218 children, Grimm and Wesselhoeft (1980) 

reported a mean age of sitting at 11 moths with a range of 6-48 months, a mean age 

for walking at 24 months with a range of 12-60 months, first words at a mean age of 

20 months with a range of 7-60 months, two word sentences at a mean age of 36 

months with a range of 18-84 months and being dry at a mean age of 48 months, with 

a range of 24-192 months. These figures indicate significantly greater variability and 

delay compared with population norms. The study is important in two respects: it is 

the first with an appreciable sample size (n=218) and the first one based on a 

standardised test (the Denver Developmental Screening Test, standardised in 

Germany by Flehmig, Schloon, Uhnde and Von Bernuth, 1973). Other studies 

followed, typically considering only a limited number of the total possible 

developmental milestones. Martin, Snodgrass and Cohen (1984) studied 41 children 

with WS and reported mean age of attainment for sitting at 11 months, with a range of 

7.5-13 months and mean age of attainment for walking 23.4 months, with a range of 

17.5-30.4. hi a study of 42 children with WS, Morris et al. (1988) reported mean age 

of attainment for walking at 21 months, mean age of attainment for two word 

sentences at 21.6 months and mean age of attainment for dryness at 48 months. 

Trauner, Bellugi and Chase (1989) studied 8 children with WS and reported mean age 

of attainment for sitting 11.8 months, with a range of 8.2-14.5 months, mean age of 

attainment for first words at 26.2 months, with a range of 14.5-37.9 months, mean age 

of attainment for walking at 26.9 months, with a range of 19.9-33.9 months and mean 

age of attainment for two word sentences at 42.8 months, with a range of 31.1-54.9
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months. Finally, in a larger study (n=82), Pasqual-Castroviejo et al. (2004) reported 

the following for the attainment of walking: age range 15-36 months with < 15 

months: 8 cases (10%), 15.0 - 24.0 months: 37 cases (45%), 25.0 - 36.0 months: 8 

cases (10%) and unspecified: 24 cases (35%). Table 1 summarises these studies of the 

attainment of developmental milestones by children with WS:

Gosch and Pankau (1994), using the Vineland Adaptive Behaviour Scale (Sparrow, et 

al., 1984), reported delay in early social and self skills, which they attributed to 

marked delay in gross and fine motor abilities. Greer, Brown, Shashidhar Pai, 

Choudry and Klein (1997) studied 15 children aged 4-18 years with the same scale 

and reported delay in social and communication skills but better attainment compared 

to daily living and motor skills. Also using the Vineland Scale, Mervis and Klein- 

Tasman (2000) examined the adaptive behaviour of 41 children with WS aged 4-8 

years and found performance was best in the socialisation domain, with standard 

scores significantly higher than those in all other domains. Within the socialisation 

domain, interpersonal skills were significantly more advanced than play/leisure or 

coping skills.

Performance within the daily living domain was significantly worse than performance 

in both socialisation and communication, hi a study of seven children with WS, 

Kataria, Goldstein and Kushick (1984) found significant delays in the acquisition of 

early socialisation skills. Similar findings were reported by Mervis and Klein-Tasman 

(2000). Using the Mullen Scales of Early Learning (Mullen, 1995) the researchers 

found that socialisation skills were significantly better developed than personal and 

motor skills.
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Table 2 Summary of Developmental Milestones Research

Developmental Authors Mean Age Range of Attainment Numherof 
Subjects 

Milestones of Attainment 
Studied
Sitting

Sitting

Sitting

First Words

First Words

Walking

Walking

Walking

Walking

Walking

Two word 

Sentences

Two word 

sentences

Two word 

sentences

Dry

Dry

Martin et al. ( 1984)

Trauneretal. (1989)

Grimm & Wesselhoeft (1980) 

The Kiel study

Trauneretal. (1989)

Grimm & Wesselhoeft (1980) 

The Kiel study

Martin et al. (1984)

Morris etal. (1988)

Trauneretal. (1989)

Grimm & Wesselhoeft ( 1 980)

Pasqual-Castroviejo et al. (2004)

Morris etal. (1988)

Trauneretal. (1989)

Grimm & Wesselhoeft ( 1 980) 

The Kiel study

Morris etal. (1988)

Grimm & Wesselhoeft ( 1 980) 

(The Kiel study)

10.5 months

11.8 months

1 1 .0 months

26.2 months

20.0 months

23.4 months

2 1 .0 months

26.9 months

24.0 months

Not Reported

2 1 .6 months

42.8 months

36.0 months

39 months

48.0 months

7.5 - 13.0 months

8.2- 15.4 months

6.0 - 48.0 months

14.5 -37 .9 months

7.0 - 60.0 months

17.5 -30.4 months

Not reported in study

19.9 -33. 9 months

12. 0-60.0 months

15.0 -36.0 months: 

< 15 months: 8 cases (10%) 

15.0 - 24.0 months: 37 cases (45%) 

25.0 - 36.0 months: 8 cases (10%) 

Unspecified: 24 cases (35%)

Not Reported in study

31.1 -54.9 months

18.0 -84.0 months

Not Reported in study

24.0- 192.0 months

N=41

N=8

N=218

N=8

N=218

N=41

N=42

N=8

N=218

N=82

N=42

N=8

N=218

N=42

N=218
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Notwithstanding inter-study variation, the body of published research indicates that 

socialisation and communication skills are delayed or develop at a much slower rate 

and quality than in non-handicapped children. Delay in early language acquisition is 

also reported hi the literature. Semel and Rosner (2003) reported both receptive and 

expressive language delay in children with WS, which may be very severe (see also 

Somerville, Mervis, Young, Seo, DelCampo, Bamforth, Peregrine, Loo, Lilley, Perez- 

Jurardo, Morris, Scherer and Osborne, 2005).

What appears to be the most severely affected area is the area of gross and fine motor 

delay, though curiously, this is rarely considered a prototypical feature of WS by 

authors. Very significant delays have been observed in the acquisition of early motor 

skills (Grimm and Wesselhoeft, 1980; Marin et al., 1984; Morris et al., 1988; Trauner 

et al., 1989; Gosch and Pankau, 1994; Greer et al., 1997; Pasqual-Mervis and Klein- 

Tasman, 2000; American Academy of Paediatrics; 2004; Castroviejo et al., 2004). 

The effects of severe motor delay may persist later in childhood with resulting 

disability hi adult life, to the point that special community care must be considered 

(Udwin, Howlin, Davies and Mannion, 1998). Shea (1995) conducted a large survey 

of gross and fine motor development in children with Williams syndrome (the only 

one of its kind hi the literature), and reported that gross and fine motor delay are 

disproportionately larger than delay in any other area, hi a very recent article, 

Hocking, Bradshaw and Rinehart (2008) report similar findings and make a 

persuasive case for more studies to be conducted in this area.

hi a very recent study of 22 patients with WS Batista-Fererro et al. (2007), reported 

intrauterine growth retardation in 10 patients. Growth below the third percentile was 

observed in 22% of patients, between the third and tenth percentile in 44% of patients
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and between the tenth and the seventy fifth percentile in 34% of patients. Social, 

motor and linguistic development, are reported moderately delayed, with the authors 

not offering any numerical data. Motor developmental delay has been found most 

affected and two patients are reported to present with autistic elements.

Study of the attainment of developmental milestones is critical in WS for several 

reasons. First of all, a survey of early development will alert and inform paediatricians 

about possible growth difficulties. Early referral to appropriate remedial programs can 

be of great benefit, especially if we consider the many difficulties presented in adults 

with the syndrome (Davies, Howlin and Udwin, 1997; Howlin and Udwin, 2006). 

Second, preventive measures can be taken to reduce morbidity as a result of the 

syndrome. Early speech and language therapy, detection and prevention/remediation 

of neurological pathology, detection and remediation of behaviour problems and close 

monitoring for deterioration of symptomatology can drastically assist better 

adjustment in child and adult life (Davies et. al., 1997; American Academy of 

Paediatrics, 2001; Howlin and Udwin, 2006). Greater knowledge of the nature of 

delays leading to better targeted remedial intervention can only be to the good. In a 

paper presented at the Slovak WS Association's 2006 summer conference, Chasouris, 

Velopoulos and Grigorakos (2006) reported a parental survey of 24 parents of 

children where they found frustration at low rate of development, unexplained and 

unexpected anger, difficulty in communication with the spouse and frequent 

depressed mood. Three mothers were being treated for major depression. A summary 

of this presentation paper will be presented in Appendix 4.
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In addition, comparisons can be made among children with different deletion sizes to 

see if deletion size has any effect in attainment of developmental milestones. In a very 

recent study, van Hagen et al. (2007) summarise the attainment of developmental 

milestones by children with atypical deletions, suggesting that the connection between 

deletion size and developmental pathology should be investigated, hi this article, the 

attainment of developmental milestones in patients with partial deletions is as follows: 

Botta et al. (1999) reports two patients with attainment of sitting at 11 months and 8 

months respectively, of walking at 20 months and 18 months and first words at 30 

months for the first patient. Gagliardi et al. (2003) reported one patient with 

attainment of sitting at 8 months, walking at 12 months and first words at 18 months. 

Heller et al. (2003) reported a case with attainment of sitting unassisted at over 18 

months and walking at over 18 months. Finally, van Hagen et al. (2007) reported a 

patient with attainment of walking at 12 months and first words at 12 months as well. 

The problem with comparing children with atypical deletions with children who have 

the typical 1.55 Mb deletion and with each other lies in the fact that partial deletion 

cases are scattered through the literature.

hi this thesis, a study was devised to address this problem. This, it is hoped, will 

provide clinicians and parents with key information on differences between WS 

children with partial deletions and typical 1.55 deletions, as well as examining if 

deletion size has any effect on developmental progress and attainment of 

developmental milestones, hi addition, a comprehensive list of major developmental 

milestones and their attainment age range will be extremely useful to associated 

personnel for diagnostic and intervention purposes.
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1.7 Cognitive features and Intelligence

In a review of the associated literature, Zhang et al. (2005) concluded that 'most 

individuals with WS appear to function in the mild-to-moderate ranges of mental 

retardation, with a mean IQ in the 50-60 range'. The issue of mental retardation is a 

recurrent theme in the literature and it is considered a rather robust characteristic of 

the typical WS cognitive profile (Morris et al., 1988; Lopez-Ranguel et al., 1992; 

Plissart et al., 1994; Carrasco et al., 1995; American Academy of Paediatrics, 2001; 

Shiue et al., 2004; Pasqual-Castroviejo et al., 2004; Yau et.al., 2004; Amenda, 

Sofocleous, Kolialexi, Thomaidis, Giouroukos, Karavitakis, Mavrou, Kitsiou, 

Karavakis and Fryssira, 2005; Zhang et al., 2005; Batista-Fererro., 2007; van Hagen 

et al., 2007). The first connection between mental retardation and supravalvular aortic 

stenosis was made by Williams et al. (1961). They offered in their study the IQ scores 

of the four patients in their study on the Stanford-Binet Intelligence Test: 72, 67, 42 

and 67 respectively. Yachmenev et al. (1980), following Soviet-Russian diagnostic 

criteria and guidelines, reported oligophrenia in 78.4% of their patients (oligophrenia 

is a Soviet-Russian term for mental retardation). Yachmenev et al. (1980) reported 

their patients to have a developmental quotient (DQ) between 28 and 36. DQ is a 

medical measure used in several countries, taking into account all parameters of 

physical development (height, weight, head circumference etc.), yielding a composite 

score with a mean of 50, which is considered to be the average. Children with a DQ of 

50 and above are considered to follow a normal pattern of development while children 

with a DQ of 50 and below are considerd to have a developmental delay, the 

seriousness of which is based on how much the child's DQ is below 50. Milovanovic 

et al. (1981) reported DQs between 21 and 40 for those with oligophrenia (76.7%). In
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a Romanian study, Niculescu et al. (1982) reported that 75% of their patients with 

Beuren myopathy had DQs between 31 and 44. Timoshenko et al. (1984) reported 

72.9% of their patients with Beuren myopathy with oligophrenia and DQs in the range 

of 19-39. Potkopaeva et. al (1985) reported 71% of their patients experienced 

oligophrenia and DQs hi the range of 22-43. A Georgian study by Maharashvilli et al. 

(1985) supported the previous studies by reporting 80% of all patients with Beuren 

myopathy demonstrated oligophrenia and DQs in the range of 18-45. These studies 

were among the first to demonstrate the severity of the problems experienced by 

children with WS. However, the results must be treated with caution. Beuren 

myopathy is treated as primarily a neurological disorder and different values apply to 

the scales. Therefore a direct comparison of the DQs with those from Western studies 

is inadvisable.

In the West, Ewart et al. (1993) found out the IQ score of his patients with WS ranged 

from 20 to 106 (mean=58). Specific cognitive deficits included: poor visuo-motor 

integration, difficulties copying figures, poor figure-ground discrimination, attention 

deficit disorder and very poor short term memory. Linguistic abilities have been 

found to be relatively spared, with a deficit in pragmatics and the social use of 

language. Greer et al. (1997), reported IQ performance in the range of 43 to 80 on the 

Stanford-Binet Intelligence Scale. Analysis of the developmental profile with the use 

of the Vineland Adaptive Behaviour Scale yielded a mean standard score of 54, 

indicated mild developmental deficits. Pasqual-Castrovejo et al. (2004) reported 

subaverage IQ in 90% of 82 patients in more than one IQ tests (to the best of the 

author's knowledge, the only such study in the literature). Korenberg et al. (2003) 

report IQ performance in the range of 40 to 80 in the WISC III intelligence test and
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delayed but relatively spared language and severe visuo-spatial deficits. Carrasco et 

al., (2005) report borderline IQ to moderate mental retardation for all 32 patients 

reviewed. Bellugi et al. (2001) reports IQ scores in the range of 40-90, relative 

strength on grammar, poor ability in pragmatics and unusual vocabulary. In a Korean 

study, Shiue et al. (2004) found only 15 out of 24 patients to have a lower score than 

70 in the WISC-III intelligence test while Gosch and Pankau (1996) report an IQ 

range of 40 to 78. In addition, in a Hong Kong general survey of WS, Yau et al. 

(2004) found 93% of their subjects below the cut-off point of 70 for mental 

retardation in the WISC-III Test. Finally, in a recent study, Smoot et al. (2005) report 

an IQ range of 50-90 in the WISC-III.

Individuals with WS present when tested with uneven cognitive profiles such as that 

overall IQ scores may be misleading (Zhang et al., 2005). Typically children and 

adults with WS show slightly better developed verbal than nonverbal reasoning 

abilities (Howlin et al., 1999; Zhang et al., 2005). When compared to children with 

Down syndrome matched for mental and chronological age, they have a significantly 

higher digit span in recall of verbal items (Mervis et al., 1999; Wang and Bellugi, 

1994; Bellugi, Korenberg and St. George, 2001; Bellugi and St. George, 2004). 

Mervis et al. (1999) reported that 65% of all tested children scored in the typical range 

on the Digit Recall subtest of the Differential Abilities Scale. On the basis of IQ test 

results major areas of weakness have been identified in children and adults with WS 

(Zhang et al., 2005). They include visual-spatial functioning (Bellugi and St. George, 

2000; Brown, Johnson, Paterson, Gilmore, Longhi and Karmiloff-Smith, 2003 and 

Abreu, et.al., 2006), perceptual planning and fine motor control (Landau and 

Zukowski, 2003; Lindenberg, et al., 2004; Lacusta and Landau, 2005; Landau,
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Hoffman and Kurtz, 2005; Farran, 2005; Farran and Jarrold, 2005). The deficits in 

visuospatial perception are of significant importance and will be discussed in detail 

later in the thesis.

With regard to visual-spatial functioning, patients with WS demonstrate very severe 

impairments in visual spatial tasks, such as long term visual-spatial memory tasks 

(Vicari, Brizzolara, Carlesimo, Pezzini and Voltera, 1996), and puzzle construction 

tests (Zhang et al., 2005). Finally, on the topic of the longitudinal course of IQ the 

current literature is inconclusive and conflicting. Three major studies are reviewed by 

Zhang et al. (2005). Crisco, Dobbs and Mulhern (1988) reported small increase in IQ 

over the years. Gosch and Pankau (1996) used two methods to examine the 

longitudinal cognitive performance of 18 children with WS (9 girls and 9 boys) with a 

mean age of 6.6 years at year 1 and approximately two years later. The Draw a Person 

Test showed stable results (mean IQ=63.5 at testing and IQ=65 at retesting). The 

Columbia Mental Maturity Scale (Burgemeister, Blum, and Lorge, 1986) which was 

also used revealed a significant decrease of IQ (IQ=77 at testing and IQ=68 at 

retesting). Gosch and Pankau (1996) contended that this decrease was the result of a 

decrease in the rate of acquisition of complex developmental skills and a slowing 

down of development as chronological age increased. Howlin, Davies and Udwin 

(1998) report improvement of IQ in adult life and several patients receiving some 

college education. A longitudinal IQ study was decided in this research project to 

illuminate the situation.

However, although it is clear that intellectual dysfunction is an almost universal 

characteristic of WS, whether it is appropriate to label it as mental retardation is more
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open to question. It is indisputable that very few cases of profound or severe mental 

retardation have been reported in the Western literature (Capute and Accardo, 1996; 

Pober, 1996; Amenda et. al., 2005). Kataria et al. (1984) report that they did not 

detect mental retardation hi any of the patients they tested. Other studies have 

reported test scores above the cut off point for mental retardation, and even in the 

average range of IQ performance (Ewart et al., 1993; Shiue et. al., 2004; Smoot et al.,

2005). Dykens, Hodapp and Finucane (2000) have argued that conflicting IQ findings 

may be a result of the different aspects of cognition hi WS with variable 

developmental trajectories and not a result of mental retardation. Zhang et. al. (2005) 

report, that scores hi the low average range of intelligence (IQ of 70-90) are neither 

uncommon nor unusual and unexpected. For example, Ewart et al. (1993) reports an 

IQ of 106, Greer et al. (1997) a score of 80, Bellugi et al. (2001) a score of 90.

There are further grounds for avoiding the label of retardation when discussing WS. 

First, from a strictly technical point of view the label is inappropriate, as it does not 

meet the criteria used by the DSM IV and ICD-10. In accordance with the guidelines 

of the American Association for Mental Retardation (AAMR) in 1969 (revised hi

2006) which were fully incorporated in Federal law PL-142 and the Individuals with 

Disabilities Act (IDEA), for a person to be labelled mentally retarded and receive 

state and federal benefits all the following must apply:

1. Significantly subaverage intellectual functioning: an IQ test of approximately 

70 or below on an individually administered IQ test (for infants a clinical 

judgement of subaverage intellectual functioning)
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2. Concurrent deficits or impairments in adaptive functioning in at least two of 

the following areas: communication, self care, home living, social/interpersonal 

skills, use of community resources, self direction, functional academic skills, 

work, leisure, health and safety

3. The onset is before the age of 18 years

The above DSM IV criteria are rarely met in children with WS as they do not 

demonstrate the severe adaptive behaviour problems that children with typical mental 

retardation present. The ICD-10 requires that for a definite diagnosis of mental 

retardation, there should be a reduced level of intellectual functioning and a 

diminished ability to adapt to the daily demands of life of the normal social 

environment. The ICD-10 clearly states that the IQ test should be appropriate to the 

individual's level of functioning and should carefully take under consideration any 

handicapping conditions applied to the child. This is a very important issue, which we 

shall return to later.

In support of the above, individual states in the USA have their own laws concerning 

mental retardation. For example the Kansas Law (K.A.R. 60) for Special Education 

requires both subaverage intellectual functioning (IQ below 70) and subaverage 

intellectual functioning as judged by a standardised adaptive behaviour test or a 

clinical evaluation by a specialised psychologist. It is made clear by the above that an 

appreciable proportion of children with WS would not fulfil the technical and legal 

requirements for classification. And of those that do, it might be argued that the 

retardation is a product of their neurological and other physical problems rather than 

an intrinsic particularly deep-rooted cognitive deficit. None of this denies that WS
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children often have appreciable difficulties in the cognitive domain, nor that in many 

instances they will have extensive special educational needs. But equally, it is 

important that mental retardation is not imposed as a principal component of the WS 

when it is not. At the very least, this might assist in many people corning to terms 

with the condition. Arguably, a classification based on the British gradings of 

learning disability might be more appropriate, as it can also connect with the 

educational domain (Tomlinson, 1981).

Before leaving this topic it should be noted that an often-reported (Greer et. et al., 

1997; Mervis et al., 2000, Korenberg et al., 2003; Bellugi et.al., 2001; Carrasco et al., 

2005; Bellugi & St George, 2001; Karmiloff-Smith et al., 2003; Zukowski, 2001) 

phenomenon is the dissociation between IQ test performance (poor) and linguistic 

ability (relatively well-preserved). Severe problems in visuo-spatial ability have also 

been examined by several authors (e.g. Landau & Hoffman, 2005; Brown et al., 2003; 

Patterson et al. 1999). The linguistic ability and visuo-spatial findings will be 

discussed in more detail in another section.
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1.8 Memory in Williams syndrome

Memory in people with WS has attracted considerable research attention (Zhang et 

al., 2005). Several types of memory have been investigated: short term memory 

(Vicari et al., 1995; Brock, Brown and Boucher, 2006), implicit and explicit memory 

(McHale, Kittler, Brown, Jenkins and Devenny, 2005; Vicari, 2005), serial recall 

(Brock, McCormack and Boucher, 2006), verbal short term memory (Jarrold, Cowan, 

Hewes and Riby, 2004), working memory (Jarrold, Baddeley and Hewes, 1999), 

auditory rote memory (Wang and Bellugi, 1994) and visual-spatial long term memory 

(Vicari et al., 1996).

Opinions vary widely among authors as to the extent of memory capabilities of 

children with WS (Zhang et al., 2005). Frank (1983) reported very good memory 

skills; however a parent survey by Tharp (1986) revealed that 43% of the surveyed 

parents complained of their children's memory problems. Udwin, Yule and Martin 

(1987) reported that parents and teachers frequently note good verbal imitative skills 

and excellent memory for words, phrases and tunes. The accuracy and detail with 

which WS children remember events, faces, voices, poems and songs, has been often 

described as remarkable (Udwin et al., 1987; Frank, 1983; Semel and Rosner, 2003). 

On the other hand, children with WS tend to forget recently learned material such as 

instructions, telephone numbers, facts and explanatory information (Semel and 

Rosner, 1991). Recall of symbols, such as phonemes, letters and written words is 

often severely impaired with the result of moderate to severe reading difficulties, even
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to a point of inability to recognise single letters of the alphabet (Chasouris, 1997; 

Temple, 2003; Levy, Smith and Tager-Flushberg, 2003).

Due to above differences, authors have often found it convenient to distinguish 

between short term memory (STM - memory for items up to circa 30 seconds) and 

long term memory (LTM - memory for items over circa 30 seconds) in WS. For 

example, parents reported that 98% of their children have good long term memory, 

whereas 80% reported poor short term memory (Semel and Rosner, 1991). Other 

parent surveys indicated poor short term memory in 59% of children with WS (WS 

Association Midwest Survey, 1989; Semel and Rosner, 1991). Accordingly, this 

review of memory skills in WS will be compartmentalised into sections on STM and 

LTM.

1.8.1 Short-Term Memory

Findings of basic recall of items often belie parental claims of a weakness in STM. 

Children with WS perform consistently strongly on tests of digit span (Crisco et al., 

1988; Wang and Bellugi, 1994; Mends et al., 1996; Finegan, Smith and Meschino, 

1996; Jarrold et al., 1999). Mervis et al. (1996) reported that children with WS 

performed significantly better than children and adults with mental retardation of 

mixed aetiology on the digit span of the Differential Abilities Scales (n=50, age 

range: 4-46 years). Similarly, adolescents with WS scored significantly higher than 

adolescents with Down syndrome on the digit span test of the WISC-R test (Bellugi 

and Wang, 1994). Performance on digit span may exceed performance on tests of 

general intelligence. This is evident when WS patients' digit spans are compared to
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their total IQ scores in the Differential Ability Scales (Mervis et al., 1999) and the 

WISC-III test (Finegan et al., 1996). A clear advantage of children with WS over 

children with Down syndrome, is seen in backward digit recall tests (Wang and 

Bellugi, 1994), implying that when a concurrent processing load is added to a simple 

memory task, the relative preservation of skills in WS becomes more apparent. 

Finegan, Smith, Meschino, Vallance and Sitarenios (1995) studied a sample of 

children, adolescents and young adults with WS and reported forward digit span, 

backward digit span and word span to be greater than expected for mental age, 

confirming the previous studies. [Wang et al. (1997) make the interesting observation 

that performance on backward digit recall tests in children with WS is closely related 

to their performance on language comprehension tests]. Finegan et al. (1996) found 

recall of unrelated words and sentences to be longer than would be predicted from 

verbal IQ scores on the WISC-R. hi an Italian study, Vicari, Pezzini, Milani, 

Dall'Oglio and Sergo (1994) reported their sample of children with WS was not 

significantly worse than typically developing children matched for mental age. Crisco 

et al. (1988), using the auditory sequence subtest of the Illinois test of 

Psycholinguistic Abilities, reported that children with WS were comparable to 

controls with non-specific disabilities on digit tests of auditory sequencing.

Phonological memory has also been examined in children with WS. Karmiloff-Smith 

et al. (1993) report a high level of ability in phonological memory of children with 

WS, evident in the ease with which French speaking children with WS (n=10 age 

range 9-21 years) learn pseudo-words as names for fictional names of animals and 

objects. What was very interesting in this study was the fact that children with WS 

were significantly better than typically developing controls matched for mental age, in
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repeating these nonsense words on the first try. Fewer learning errors were made by 

the children with WS than the controls (10% vs 80%). In a cognizant task, WS 

participants were not disadvantaged relative to normal age-matched controls on a 

recall task involving recall of lists containing acoustically similar and dissimilar two- 

syllable non-words. In addition, there were no qualitative differences - both groups 

recalled the dissimilar list better (Vicari et al., 1996). This sensitivity to phonological 

similarity was attributed by the authors to impaired access to lexical semantic 

knowledge. Auditory rote memory in general, has been considered an area of relative 

strength in WS (Vicari et al., 1996; Grant, Karmiloff-Smith, Berthoud and Christophe, 

1997). Of interest are the research findings of Laing, Grant, Thomas, Parmigianni, 

Ewing and Karmiloff-Smith (2005) and Vicari and Carlesimo (2006). They report that 

children and adults with WS are able to access the use of lexical semantics in verbal 

STM tasks in a manner comparative to typically developing persons, despite claims 

for the opposite (Barishnikov, Van der Linden and Poncelet, 1996).

Although verbal STM is generally relatively well preserved in WS children, the same 

cannot be said for visuo-spatial STM, with most authors agreeing this is an area of 

major weakness. A visuo-spatial analogue of the digit span test is the Corsi Block 

Task (consisting of nine identical small black boxes in a set spatial array that have to 

be tapped in an experimenter-set sequence). Children with WS, score significantly 

worse than typically developing controls on this test (Vicari et al., 1994; Jarrold et al., 

1999; Racmany, Pleh and Lukacs, 2002). They score significantly lower than children 

with Down syndrome (Wang and Bellugi, 1994). Children with WS, score 

significantly worse than mentally retarded controls on the visual sequencing span of 

the Illinois Test of Psycholinguistic Abilities, although they were superior on the
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auditory sequential span test (Crisco et al., 1988). Finally, in another STM study, 

teenage participants with WS did not differ significantly from either mentally retarded 

or normally developing controls on digit recall, but were significantly worse than both 

control groups on the Corsi block test (Jarrold et al., 1999). Based on the relation 

between STM of children with WS and their mental age, verbal and nonverbal mental 

age, Jarrold et al. (1999) conclude that the nonverbal abilities of children with WS are 

the consequence of a deficit in visuo-spatial memory. Semel and Rosner (2003) argue 

that perhaps children with WS are especially impaired by the sequential spatial and/or 

temporal aspects of visuo-spatial STM tests.

Certainly the visuo-spatial deficit is not due to a general failure of processing items in 

the visual domain. For example, most children with WS are reported to excel in STM 

tests of face recognition. Udwin and Yule (1991) reported that children with WS 

outperformed a matched group for verbal IQ on the face recognition STM subtest of 

the Rivermead Behavioural Memory Test. Bellugi et al. (2000) reported that a group 

of children with WS outperformed a group of children with Down syndrome matched 

for chronological age on the face recognition subtest of the Warrington Recognition 

Memory Test. The interesting finding by Scerif, Cornish, Wilding, Driver and 

Karmiloff-Smith (2004) indicating problematic and impaired visual search in infants 

might indicate that problematic visual search is perhaps a contributing factor to 

difficulties with visuo-spatial STM and may be LTM tasks.

1.8.2 Long-Term Memory

Long term memory has also been studied in depth in children with WS but the
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existing studies are not as numerous as for short term memory. The current literature 

indicates marked effects of stimulus mode and type of task on the memory abilities of 

children with WS. LTM of children with WS appears to be better when the material is 

verbal and semantically relevant (Mervis et al., 2000) than when the material is visuo- 

spatial, spatial-motoric or noncontextual in nature.

Immediate free recall has been investigated in children with WS. Methodologically it 

involves a single presentation of a list of unrelated words, usually at a 2 second 

interval (Semel and Rosner, 2003). Typically, list length is greater than memory span 

and the subject is asked to immediately recall the words in any order. Such tasks serve 

as a bridge between STM and LTM processing: recall of the final items that 

presumably involves phonological STM, and recall of items from the initial and 

middle sections of the list that presumably involves transfer to LTM through rehearsal 

(Rosner, 1972). Children with WS have been found comparable to mental age 

matched controls in recalling the last few recency list items, but are much worse than 

controls in recalling the initial or primacy items of the list (Vicari et al., 1996).. This 

tends to support previous findings suggesting that children with WS are good hi 

phonological STM for words and have difficulties in the use of rehearsal. Brock et al. 

(2006) however, have reported otherwise. Their experiments indicated that there was 

a strong primacy effect in free recall, with no evidence for dissociation between STM 

and LTM.

Semel and Rosner (2003) point out that children with WS appear to be very adversely 

affected by interference. They argue that early items are interfered with by later items 

and thus recalled harder. Free recall learning examines a subject's ability to acquire a
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list of items over a series of alternating study and test trials (Rosner, 1972; Baddeley, 

1990). In free recall of unrelated words, children with WS do not differ significantly 

from mental age matched typically developing children in the number of items 

recalled over five learning trials (Semel and Rosner, 2003) but several studies indicate 

that children with WS tend to recall less than controls (Vicari et al., 1994; Vicari, 

Bellugi and Carlesimo, 2001). Children with WS do not differ significantly from 

chronologically matched controls in the number of items lost over a 15-minute delay 

(Vicari et al., 1996; Vicari et al., 2001; Semel and Rosner, 2003).

Category-free recall has been another area of interest for researchers. In studying 

memory for semantically related information in children with WS, researchers have 

used the California Verbal Learning Test for Children (CVLT-C). Its 15-item word 

list is composed of members of common categories arranged randomly in the list 

(Delis, Kramer, Kaplan and Ober, 1995; Semel and Rosner, 2003). According to 

Wang (1992), children with WS score significantly better than children with Down 

syndrome both in the number of items recalled and in grouping items by category. 

Clustering has been observed, involving recalling items from the same category 

sequentially, rather than non grouped by category (Bellugi et al., 1994; Semel and 

Rosner, 2003). Semel and Rosner (2003) have argued that the above findings indicate 

that children with WS appreciate the semantics of group membership. Studies of 

category production have supported the above argument by showing that many 

children with WS were able to name at least as many category items as individuals of 

comparable mental age (Bellugi et al., 1994; Carey, Johnson and Levine, 1994; Scott, 

Mervis, Bertrand, Klein, Armstrong and Ford, 1994) and their knowledge of category 

properties is comparable to that of typically developing controls (Carey et al., 1994).
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Studies of metamemory (knowledge about memory), have been also conducted in 

children with WS. Preliminary findings from research interviews of young adult 

patients with WS suggest that they operate at the level of four year-olds (Bertrand, 

Mervis, Armstrong and Hutchins, 1994). Bertrand et al., (1994) report that although 

86% of tested patients with WS appear to understand the relationship between amount 

of study time and learning of new material, only 36% appeared to understand that a 

time delay between input and output would affect their ability to remember. Insight 

into memory strategies proved to be severely impaired: even though 71% 

spontaneously sorted pictures by category, none could explain how this helped them 

to remember better (Bertrand et al., 1994).

On the other hand, patients with WS have been found to demonstrate remarkable skill 

in pair-associate learning. In pair-associate learning, item pairs are presented and the 

subject has to learn to respond with the second response after the presentation of the 

first (Wang, 1992). Karmiloff-Smith (1992) demonstrated this by the ease with which 

patients with WS memorised the capitals of 20 country-capital pairs. An interesting 

finding of this study was that familiarity with the task did not seem to affect 

performance (Semel and Rosner, 2003). This indicates that this kind of learning is 

unidirectional, something that has important implications for teaching children with 

WS (Karmiloff-Smith, 1992; Levy et al., 2003).

Unlike their good performance on verbal long term memory tasks, children and adults 

with WS perform poorly in tasks involving visuo-spatial LTM. Patients with WS 

perform markedly worse than typically developing controls on both the copying and
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delayed recall of geometric figures (Vicari et al., 1996). Patients with WS also 

perform poorly on item location subtests, in which participants are asked to 

reduplicate the random arrangement of six discs on five successive trials (Udwin and 

Yule, 1991). On the last trial, subjects with WS performed significantly worse than 

mentally retarded controls. An unexpected finding was the ability of subjects with WS 

to remember visuo-spatial route information as well as mental age matched typically 

developing controls. It was attributed by (Udwin and Yule, 1991) to the ability of 

individuals with WS to verbally encode the spatial task.

Another area that has drawn the attention of researchers, is the area of implicit and 

explicit memory. Explicit memory refers to declarative memory for what has been 

experienced or learned (Rosner, 1972; Baddeley, 1990). It involves consciously trying 

to remember information. Implicit memory refers to changes in current performance 

that reflect previous experience or information (such as habit learning, motor skills 

etc.) of which the individual is not aware (Baddeley, 1990; Semel and Rosner, 2003). 

There is evidence of that different brain structures may be involved in the two 

memory systems (Wang, Cass, Bellugi and Tzeng, 1996; Vicari et al., 2001; Vicari, 

Belluchi and Carlesimo, 2003). Bellugi et al. (1994) reported a double dissociation 

between the explicit and implicit memory of children with Williams and Down 

syndromes (Bellugi et al., 1994). Children with WS were significantly worse than 

children with Down syndrome in learning to keep a stylus on a rotating disc ('pursuit 

rotor learning') an implicit memory task. This was in stark contrast with the 

superiority of WS children compared to children with Down syndrome on free recall, 

an explicit memory task. These findings were supported by Vicari (2002). Wang et al. 

(1996) however, reported that the reaction time to a randomly ordered series of
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coloured dot locations of children with WS decreased more than that of children with 

Down syndrome when a non-random sequence was introduced. Wang et al. (1996) 

have argued that these findings are intriguing because they imply that rotor pursuit 

learning and implicit sequence learning may represent dissociable functions.

A popular measure of implicit memory is the Tower of London puzzle, hi trying to 

solve it, children with WS seem unable to engage in cognitive planning or conceptual 

learning. They perform significantly worse that controls in the initial block of trials 

and fail to show improvement in the second trial block (Vicari et al., 2001; Vicari et 

al., 2003; Semel and Rosner, 2003). Performance was severely impaired in the other 

tests presented by the authors: a serial reaction time test and a fragmented pictures test 

(a repetition priming test). The results were interpreted as an exhibition of a split or 

fractionation between procedural learning and repetition priming within the area of 

implicit memory (Vicari et al., 2001; Vicari et., al., 2003; Toga and Thompson, 2005). 

In reference to other groups, the results of children with WS in implicit memory tasks 

most resemble those of patients with Huntington's chorea. This was interpreted by 

Vicari et al. (2001) as demonstration of the involvement of the basal ganglia and not 

the cerebellum as a major factor in the implicit memory function of children with WS.

1.9 Visuo-motor performance and visuo-spatial orientation/construction

For the majority of children with WS, awkwardness, clumsiness, embarrassment and 

even failure may beset their attempts to deal with simple everyday activities. Udwin 

and Yule (1998) report extreme cases in which WS children could not wear their 

clothes appropriately or distinguish left from right. The Utah survey (Semel and
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Rosner, 1991) discovered that, according to parents, 97% of children had poor 

drawing abilities, 89% could not cut with a knife, 77% were incapable of personal 

grooming and 77% experienced severe problems using scissors. Buckling a belt or 

tying shoelaces is out of the question for many children with the syndrome (Burn, 

1986; Morris, 1988; Greer et al., 1997). The problem is intensified in school where 

reading and writing are so impaired that they can prove monumental tasks (Levy et 

al., 2003; Temple, 2003; Rosch, 2004).

Bellugi et al. (1988) were the first researchers to examine the visuo-spatial problems 

of children with WS. They reported severe impairment in all tasks requiring eye-hand 

or other motor coordination, with construction deficits exhibiting the worst 

performance. Visuo-spatial construction refers to the operation of partitioning a visual 

stimulus to its individual components and the reverse operation of assembling 

separate elements into a whole (Bellugi et al., 1988). Three areas of investigation, 

drawings, blocks and related tasks (drawing, copying, puzzle assembly and pegboard 

tests) constitute the bulk of research in the area.

Concerning drawing, severe deficits are reported by several authors. In their first 

study, Bellugi et al. (1988) used drawing elements of familiar objects from the Boston 

Aphasia Diagnostic Examination. The drawings produced by the participants were 

fragmented, with significant parts missing or in disarray and with inadequate spatial 

organisation. For example, a house may be depicted by two lines, an adjoining 

rectangle can serve as door etc. The freehand drawings of children with WS are even 

more impaired. Milani, Dall'Oglio and Vicari (1994) reported a poverty of contents in
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drawing, stereotypical arrangement and lack of observation of spatial relationships. 

An example of a drawing by a child with WS is shown in Figure 6.

Figure 6 Drawings of a child with WS. 

Adapted from Voltera et al. (1999)

Severe copying difficulties have been reported by several researchers (Wang et al., 

1995; Voltera et al., 1999; Nakamura et al., 1999; Nakamura, Watanabe, Matsumoto, 

Yamanaka, Kumagai, Miyazaki, Matsushima and Mita, 2001; Georgopoulos, 

Georgopoulos, Kunz and Landau, 2004). In contrast, children with WS make 

elaborate, grammatically well formed descriptions of their poorly drawn constructions 

(Bellugi et al., 1992). Verbal mediation of visuo-motor tasks appears to be a very 

useful coping strategy for children with WS (Sabbadini, 1994). Drawing of geometric 

forms is also a very problematic area for children with WS, either copying or 

freehand. Figure 1 exhibits the problem.
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Figure 7 Template for copying and copying of a triangle in a copying task. 

Adapted from Georgopoulos, Georgopoulos, Kuz and Landau (2004).

Many children are able to copy only straight lines and circles, with a complete loss of

structural composition when more complex geometrical structures were required to be

drawn (Bellugi et al., 1988; Wang et al., 1995; Voltera et al., 1999; Nakamura et al.,

1999; Nakamura et. al., 2001; Georgopoulos et al., 2004). Bellugi et al. (1992) and

Wang et al. (1995) found that children with WS score significantly lower than

children with Down syndrome on the Beery Developmental Test of visuo-motor

Integration. The situation is not improved when children with WS reach school age.

Morris et al. (1988) and Dilts et al. (1990) report that children of school age with WS

in their study scored as low as three standard deviation below the mean for the Beery

Developmental Test of visuo-motor Integration. They suggested that these findings

resembled the performance of patients with focal brain damage, especially in the right

hemisphere. Beret, Bellugi, Hickock and Stiles (1996), suggest that if we take into
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account the linguistic pattern of 'cocktail party affect' 2 and the marked pragmatic 

difficulties in children with WS and the findings of Morris et al. (1988) and Dilts et al. 

(1990), we have a clinical picture very similar to the one of patients with right 

hemisphere dysfunction (Bryan, 1992; Tsukahara, Nimura, and Sakamoto, 1996). It 

should be noted that if WS children are allowed to trace a drawing, the quality 

improves (Bellugi et al., 1992; Wang and Jernigan, 1994; Tsukahara et. al., 1996; 

Nakamura et al., 1999). Nakamura et al. (1999) have suggested that these findings 

indicate problems of visuo-spatial cognition and motor planning. Figure 8 presents an 

example of the findings of Nakamura et al. (2001) further to illustrate these points.

Another mode of investigation in this area has been block construction or design. The 

most widely used instrument for this purpose has been the WISC-R block design 

subtest. Children are asked to reproduce a two dimensional design using red, white 

and half red-half white blocks. In three studies (Bellugi et al., 1992; Bellugi et.al., 

1994; Bellugi et al., 2000) Bellugi and colleagues demonstrated the very severe 

difficulty children with WS have with this kind of tasks. Wang et al. (1995) and 

Mervis et al. (1999) have confirmed the findings of the above studies and have 

demonstrated that children with WS are worse in this task than children with Down 

syndrome. Figure 9 shows an example:

2 In this instance, the tendency to veer off onto an irrelevant thread of conversation; the other uses of 
the term in Psychology - namely, ability to monitor partially attended information streams or 
selectively attend to one information stream - are not implied here.
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Figure 8 Comparison of copying and tracing 

Adapted from Nakamura et al. (2001).
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Figure 9 Comparison of children with WS and Down syndrome on block design 

Adapted from Wang et al. (1995)

In a large study of 73 children below the age of 14 years, Atkinson, Anker, Braddick, 

Nokes, Mason and Braddick (2001) reported that children with WS perform much 

lower than their chronological age would predict on their own block design task. For 

example, they found that children with WS aged eight years were functioning at the 

two to four years level. Performance did not appear to improve appreciably with in 

older children.

Other tasks such as puzzle construction and pegboards have been used to examine the 

visuo-spatial difficulties of children with WS. MacDonald and Roy (1998) reported 

very poor performance on the Reitan pegboard and delayed drawing tests. Puzzle 

assembly has been another area of severe difficulty. Bennet, LaVeck and Sells (1978), 

used puzzles and the McCarthy Development Scales to examine the performance of 

children with WS on such tasks. Children with WS scored significantly below their 

chronological level in all scales. Very long assembly times were observed in puzzle
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construction, even those with fewer than 15 pieces (Velopoulos et al. 2006). Ly and 

Hoddapp (2005) also reported severe difficulties in jigsaw puzzle construction in both 

children with WS and children with Prader-Wilie Syndrome.

Severe difficulties have also been observed in tasks requiring eye-hand coordination 

(Wang et al., 1995). Copying of geometrical figures and production on verbal 

command and speed of execution were severely impaired. The authors concluded that 

children with WS are extremely vulnerable on tasks requiring eye-hand coordination. 

Finally, the area in which both children with WS and Down syndrome fail miserably, 

is the spatial nonmotor test called Benton's Line Orientation Task (Wang et al., 1995; 

Semel and Rosner, 2003). This requires participants to select the line with same angle 

as a target pair of lines with a display of 11 lines oriented 18 degrees apart. In 

repeated studies most of the children with WS were able to finish less than 40% of the 

test, with many failing even the practice trials (Bellugi et; al., 1988; Bellugi et; al., 

1990; Wang et al., 1995). Performance has been improved if the stimuli in a line 

orientation task are simplified. Using a rotatable hand of a wooden mannequin, 55% 

of children with WS scored within the range of normal controls in matching the angle 

at slots of 0. 45, 90 or 135 degrees (Atkinson et al., 1997). However, performance 

disintegrates rapidly if motor elements are added, such as by requiring participants to 

insert a card into a slot (Atkinson et al., 1997).

Another issue examined in the literature is the phenomenon in which local elements 

of the stimulus dominate or overshadow its global or configurational elements. This is 

evident in block constructions, freehand drawings and copying of geometrical figures. 

An example is the omission of external details in a drawing, hi block constructions
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internal details are overemphasised but fail to follow the overall configuration (see 

figure 9). In freehand drawing, of objects, children with WS typically attend to the 

features of a figure and fail to represent the outline (Bellugi et.al., 1994; Semel and 

Rosner, 2003; Abreu, French, Annaz, Thomas and de Schonen, 2006). The pattern is 

confirmed in tasks in which children with WS have difficulty to depict the global 

level of a two-tiered stimulus like a large 'H' but are able to produce the small 'Bs' 

that comprise the 'H' (Bellugi et al., 1992; Abreu et al., 2006; Georgopoulos et al., 

2004). Figure 10 demonstrates the phenomenon with a shape called Navon's 'S' 

(Fayasse and Thibaut, 2002; Abreu et al., 2006).

s, s.

Figure 10 Original Navon's 'S' and direct drawing by a child with WS 

Adapted from Fayasse and Thibaut (2002)

Abreu et al. (2006) propose a visual conflict hypothesis to account for the 

phenomenon. They suggest three factors for the perseveration of children with WS to 

local elements of the stimulus:

1. Their frequently referring to the physically present image combined with their 

overfocusing on its local elements produces a refreshing of these local 

elements in memory, thus causing a conflict with the global image of the

62



memory. The global image is in memory due to the good performance of 

children with WS on recognition tasks.

2. Their difficulties in retaining location information mean that, even if they 

ultimately perceive all the local components, they cannot reproduce them at 

their correct locations.

3. Children with WS might have deficits in local-global feature binding as 

indicated by 40 Hz gamma oscillations in EEG readings.

Research by Milani et al. (1994) and Stiles, Sabbadini, Capirici and Voltera (2000) 

has demonstrated that age may play a role in determining the processing style. 

Children with WS appear more consistent than adults in the use of local processing. 

The difficulties extend to detection of global motion. Atkinson, Braddick, Rose, 

Searcy, Wattam-Bell and Bellugi (2006) report perseveration in local elements of 

motion and difficulty in detecting the global aspects of motion. The ability to perceive 

and replicate biological motion however (attending the motion of a person walking in 

different spots and imitate for example), appears to be spared (Jordan, Reiss, Hoffman 

and Landau (2002). Severe impairment of the perceptual grouping ability has also 

been reported by Farran (2005), with grouping by similarity to be the most affected 

area. Not all researchers however agree with the above research indicating that 

children with Williams syndrome are local processors. Pani, Mervis and Robinson 

(1999), Deruelle, Mancini, Livet, Case-Perot and de Schonen (1999), Deruelle, 

Rondan, Manchini and Livet (2005) and Deruelle, Schon, Rondan and Mancini (2005)
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report strong evidence of global processing in diverse areas such as face recognition 

and music.

An interesting point has been raised by several Japanese investigators (Hirabayashi et 

al., 1997; Nakamura et al., 1999; Nakamura, Kaneoke, Watanabe and Kakigi, 2002; 

Nahimira, Hirayasu and Koga, 2003). Namely, that the observed difficulties in visuo- 

spatial construction, may be a result of constructional apraxia. Further research is 

required to investigate this hypothesis. Problematic eye fixation has also been 

reported as a possible cause or contributing factor to the visuo-spatial difficulties in 

children with WS (Hoffman, Landau and Pagani, 2002).

Finally, unusual spatial location coding has been reported by Farran and Jarrold 

(2005). The authors suggest that the difficulty experienced by children with WS in 

construction tasks is due to a poor or unusual ability to encode spatial relationships.

1.10 Linguistic Development and Characteristics

Researchers describe the language of children with WS as remarkable: surprisingly 

well preserved, unusual and picturesque and relatively spared in comparison with 

other cognitive abilities (Udwin and Yule, 1990; Semel and Rosner, 1991; Bellugi et 

al., 1994; Grant et al., 1995; Gosch and Pankau, 1994; Karmiloff-Smith et al., 1997; 

Bellugi et al., 2000; Temple, Almazan and Sherwood; 2002; Burani et al., 2006). 

Most children and adults with WS have been found to be verbally fluent, articulate 

and extremely interested in conversation with others. Grammatical complexity is 

spared, and speech is generally correct, with some exceptions. People with WS are
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noted for having an extensive vocabulary, impressive narrative and storytelling skills 

(Zukowski, 2001; Reilly, Losh, Bellugi and Wulfeck, 2003; LaCroix, Bernicot and 

Reilly, 2007) and being able to use language abilities for their own purposes (Semel 

and Rosner, 1991). Comprehension of complex words and grammatical structures has 

been characterised as comparable to those of typically developing children and adults, 

with WS children however strongly influenced by word frequency (Burani, Bimonte, 

Barca and Vicari, 2006).

Despite the occasional variability and the wide individual differences observed in the 

language of children with WS, language stands as an area of strength.

On the other hand, the speech of children with WS can be repetitive, monotonous, 

unfocused and annoying in some respects (Udwin and Yule, 1990; Semel and Rosner, 

1991, Levine, 1993). A common phenomenon is the so called 'cocktail party affect'. 

This refers to the use of irrelevant and out of context talking, with frequent and, 

unwarranted by situational parameters, changes of topic, as someone could observe in 

a cocktail party (Udwin and Yule, 1990; Semel and Rosner, 1991, Levine, 1993; 

Laws and Bishop, 2003).

The above phenomena have instigated numerous pieces of research in the area. In 

fact, language is the most researched area in the non medical literature concerning WS 

(Zhang et al., 2005). It has implications for theoretical issues concerning the unity of 

fractionalisation of language, the modularity of language as an area of human 

behaviour, and the neurobiological underpinnings of WS language (Bellugi et al., 

1994; Karmiloff-Smith et al., 1997; Semel and Rosner, 2003).
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Regardless of the good, spared and highly fluent language described by several 

researchers, early language delay has been found to be a common phenomenon in 

children with WS (von Arnim and Engel, 1964; Bellugi, Sabo and Vaid, 1988; Thai et 

al., 1989; Mervis and Bertrand, 1994; Jarrold et al., 1998; Udwin and Yule, 1998; 

Plissart and Fryns, 1999). The time of acquisition for first words can range from 6 

months to over 4 years and sentences from 20 months to beyond 14 years (Grimm and 

Wesselhoeft, 1980; Morris et al., 1988; Trauner wt. al., 1989; Semel and Rosner, 

1991). Expressive language can be extremely handicapped in children with WS, 

compared to typically developing children. The lag can be even above 20 months 

when comparing with typically developing children matched for chronological age 

(Singer-Harris, Bellugi, Bates, Jones and Rosen, 1997). An interesting finding has 

been that children with WS and children with Down syndrome ranging in age 

between 12 to 76 months are similarly delayed in the acquisition of words (Singer- 

Harris et al., 1997). This runs contrary to the finding of a clear vocabulary advantage 

of adolescents with WS over adolescents with Down syndrome (Schoenbrodt and 

Smith, 1995). The explanation is that in later stages of development, WS children 

show a disproportionate improvement in linguistic skills. Even before 4 years of age 

children with WS show a profile in which expressive language exceeds language 

comprehension and fine motor skills (Plissart and Fryns, 1999). Between the ages of 4 

and 8 years they also tend to score higher on communication skills than on daily 

living and motor skills (Mervis, Klein-Tasman and Mastin, 2001).

However, this position has not been accepted by all researchers. Gosch and Pankau 

(1994), using the Vineland Adaptive Behaviour Scale, have reported delay in

66



expressive language and language comprehension and delay in early social and self 

skills, which they attribute to marked delay in gross and fine motor skills. Greer et al. 

(1997) studied 15 children between the ages of 4 and 18 years with the same scale and 

reported delay in social and communication skills but better attainment compared to 

daily living skills and motor skills. Mervis et al. (1999), who studied the 

developmental pattern of 41 children with WS with the Vineland scales as well, 

reported significant general delay with better performance on socialisation domain 

than other domains and within the socialisation domain, interpersonal skills were 

better developed than play skills or coping. The issue thus needs further research to 

clarify the developmental patterns in this area. In a more recent study, Fiddler, 

Filofsky and Hepburn (2007) reported that the majority of early language milestones 

is delayed in children with Williams syndrome. High occurrence of delayed babbling, 

poor requesting gesture moves and poor attention seeking gestures moves are 

reported. In addition, high occurrence of delayed expressive language skills and 

delayed comprehension skills have been reported, in many cases persevering to 

middle and late childhood.

Finally, it should be noted that there are a number of WS children who are extremely 

linguistically delayed. Thai et al. (1989) reported the case of a child who was still in 

the single word level at the age of 5 years and 6 months. In fact, a significant minority 

of children with WS are not relatively skilled in language and lag considerably behind 

other children with WS (Semel and Rosner, 1991). Frank (1983) observed that 20% of 

people with WS lacked the syntactic development seen in others. In fact, one subject 

had to use sign language - and even then-, with difficulty. This appears to be the
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norm. Atkinson et al. (2002) reported that children with WS who had severe speech 

problems found it very difficult to utilise sign language. Udwin and Yule (1990) 

reported that 16% of 43 children with WS could 'barely speak' or did not display 

fluent, well articulated speech. Gillbert and Rasmussen (1994) reported a child with 

WS with very severe language disorder and autistic features.

These cases of problematic language development may in part be due to oromotor 

problems that are very frequent in children with WS, and which must inevitably be a 

complicating factor in developing speech. Infants and toddlers with WS often 

experience severe oromotor problems that may interfere even with feeding. 

Problematic sucking, chewing and swallowing have also commonly been reported 

(Ward, 1994). Wollery and Smith (1989) reported that these problems are very similar 

to those children with motor disorders. Insufficient lip closure of the lips and drooling 

are common and may be associated with VII nerve paresis (Yachmenev et al., 1980; 

Milovanovic et al., 1981; Niculescu et al., 1982; Timoshenko et al., 1984; Potkopaeva 

et al., 1985; Morris et al., 1988). Paediatricians' records indicate that 71% of children 

with WS have early feeding difficulties (Morris et al., 1998), over 60% are reported to 

be picky eaters/have difficulties with diet, and more than 25% refused to teethe or 

place objects in mouth during teething period (n=225; Semel and Rosner, 1991).

With regard to semantic skills, researchers often report that children with WS impress 

clinicians with their performance (e.g. Carrow-Woolflock, 1986). This might be due 

to their fascination with words and stories and their meaning. Children with WS are 

often noted for their good vocabularies (Levine, 1993) and their enjoyment of words 

which contributes to the impression that they are more cognitively gifted than they
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appear (Von Arnim and Engel., 1964). Parents often report that children with WS 

have a sophisticated vocabulary (Semel and Rosner, 1991). Another interesting 

phenomenon often described by researchers is the unusual word choice in 

spontaneous conversation. Bellugi et al. (1988), Bellugi et al. (1994) and Scheiber 

(2000), have reported that the phenomenon is so striking that they often try to find the 

right terminology for it, including 'rare', 'baroque', 'sophisticated' and 'picturesque' 

(Semel and Rosner, 1991). Examples of atypical words are 'the bees aborted the bee 

hive', or 'buckle' for 'fasten' (Rosen et al., 1996). Such words are contextually or 

semantically appropriate, although out of context. Scheiber (2000) has suggested that 

this resembles a symptom of aphasic patients called dysnomia (difficulty to find the 

correct word and substitution by a semantically close one). Unusual lexical 

productions could in part be due to a problem with homonyms (words with two 

distinct meanings that are spelled and pronounced alike) such as 'bank', 'arms' etc. hi 

situations where the particular meaning of the homonym is unspecified, most people 

tend to interpret the homonym in its dominant sense, whereas children with WS may 

select a secondary meaning (Rosen et al., 1996; Scheiber, 2000; Semel and Rosner, 

2003). Rosen et al. (1996) argue that children with WS are less sensitive than others 

to frequency characteristics of words. Differences in semantic organisation or 

processing operations (word search, retrieval or lexical constraints may also be 

involved (Clahsen and Almazan, 2000; St. George, Mills and Bellugi, 2000; Semel 

and Rosner, 2003).

Word finding difficulties have been often reported in the literature. Levine (1994) and 

Semel and Rosner (1991) reported that this is the most pervasive problem children 

with WS experience. This in turn may encourage children to engage in word
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substitution. This may take the form of semantically associated words or phoneme 

formulation errors (Levine, 1994). Voltera et al. (1996) offer some examples: semi- 

synonyms like 'evacuate' for 'empty' or lexical substitutions like 'floor' for 'ceiling' 

or 'scissors for knife'. Sometimes semantic errors are more distantly related as in 

'branch' for 'arm', 'flower' for 'mushroom', or 'rein' for 'string' (Semel and Rosner, 

2003). Sometimes phoneme formulation and sequencing errors are evident. Wiig and 

Semel (1984) offer some examples: 'tacus' for 'cactus', 'aminal' for 'animal', 

'hopsital' for 'hospital'. These types of paraphrases are also found in children with 

specific learning disability (Wiig and Semel, 1984) and in patients with mild 

dysphasia (Murdock, 1990). Finally, knowledge of category properties by children 

with WS is at the level of normal controls matched for mental age but this does not 

extend to more abstract explanatory concepts (Carey et al., 1993; Johnson and Carey, 

1994; Burgund, 2003).

The area of grammar and syntax has been another major area of investigation. In a 

major study, Bellugi et al. (1988) reported that the grammatical and syntactic skills of 

children with WS are relatively spared, and good syntax should be expected by 

children with WS. The term 'relatively spared ' refers to the structural complexity and 

correctness of sentences that are typically used by children with WS. It also means 

that the syntax of children with WS will be problematic in certain areas. Some 

research has challenged the above findings by questioning the level of grammatical 

and syntactic competence typically expected by children with WS. 

For example in a recent study Joffe and Varlokosta (2007) have demonstrated deficits 

in children with WS in the area of past tense and use of plurals as, well as, in 

comprehension of complex grammatical structures.
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Semel and Rosner (2003) argue that the consistency and the level of syntactic 

competence of children with WS has important theoretical implications because it 

bears directly on issues concerning the modularity of language as a human activity, 

separate from intelligence and other areas of cognition.

The issue of language modularity is one of the oldest debates in psycholinguistics. 

The debate was started by the controversy about whether language and thought are 

related, and if they are, what is the nature of their relationship. For the purposes of 

explanation, the issue may be simplified to the following. Two extremes have been 

advocated: one by Watson (1913) who claimed that thought processes are really 

motor habits hi the larynx and one by Chomsky (1975) who has claimed that verbal 

thought and spoken language are the same process. He has proposed that language 

structures exist in the brain, come to the child at birth and will develop regardless of 

childhood experiences. Both of these extreme points have attracted criticism, 

sometimes severe. Some theorists have proposed that thought and language are 

related, although there is disagreement about the nature of the relationship, 

specifically if thought determines language (Piaget, 1967) or language determines 

thought (Sapir, 1912). Between these positions is the one of Vygotsky (1962) who 

proposed that language and thought influence each other. Piaget (1967) argued that 

the language of the child was very dependent on the child's intelligence, in fact it was 

dependent on the structure of the child's intelligence. In his view, language reflects 

thought. Sapir's position stated that language determines intelligence and children 

with severely impaired language would also experience mental defect. This position 

was a dogma in the developmental psychology of the former Soviet Union (see 

Teplov and Smyrnov, 1987 for a wide review in oligophrenia and language
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development) in which severe language development at an early age was considered a 

sign of oligophrenia (a term for mental defect). Vygotsky (1962) maintained that until 

the age of two years, thought and language develop independently and then merge and 

start influencing one another. Language can help thinking and thought is reflected in 

language.

Deaf children and children with WS have been used in the study of the controversy. If 

the deaf person has no language and if language is a prerequisite of cognition, 

impairment in or absence of language would result in impairment in cognition. If 

language is dependent upon thought then the deaf person's cognitive abilities would 

be equivalent to that of the hearing person. The same has been applied to children 

with WS. It is argued that since these children have impaired cognitive abilities and 

spared language, this would be evidence for a double dissociation (independence) 

between thought and language. There are problems with this approach. First, it has 

been assumed that deaf persons have no language. This opinion has been attacked (see 

Lewis, 1997 for a review) on the simple point that nothing requires language to be 

spoken language only. It has been recognised that sign languages such as the British 

Sign Language (BSL) and American Sign Language (ASL) are languages in their own 

right (Bellugi, 1980; Kyle and Woll, 1985). Like spoken languages, sign languages 

have regional variations and different grammatical rules. The position of Telford and 

Swarey (1964) and Hallahan and Kaufman (1992) is even more direct: they argue that 

the only component of language necessary for survival is comprehension. Deaf 

children can comprehend quite well, they can learn to read and many persons with 

deafness have excelled in science. Thus, they argue, comprehension is closely related
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to thought and spoken language is not necessary for survival. They use as examples 

aphasic and nonverbal children.

On the other hand, children with WS have been used as a strong argument in favour 

of Chomsky's position. Although they have impaired cognition, their language 

remains relatively spared and, with good syntax. This position is also supported, by 

the development of language even in very severe cases of mental retardation, brain 

damage or pervasive developmental disorders (Novacek, 1986; Gallagher, 1993; 

Lewis, 1997). The problem again has to do with the quality of language attained and 

the fact that many children with pervasive developmental disorders and mental 

retardation will have no functional language at all (Hallahan and Kaufman, 1992). 

The disagreements of several authors of how mentally retarded children with WS are, 

makes things even more complicated. The controversy is still going on with heated 

opinions and exchanges on both sides. The other side of the debate is the question: 

'are there innately specified functioning modules developing independently one from 

another?'. Similar criticism has come from Stojanovik, Perkins and Howard (2004).

To return to the central issue, several tests have been utilised to study the syntactic 

abilities of children with WS. The most commonly used tests have been the Test for 

the Reception of Grammar (TROG), the Test of Language Development (TOLD) and 

the favourite of developmental psychologists and speech therapists Clinical 

Evaluation of Language Functions (CELF). Whereas performance is good overall 

(Bellugi et al., 1988), WS children are by no means equivalent to their chronological 

age, although they are above their measured mental age by an IQ test. The TROG 

results have been replicated by other studies (such as Karmiloff-Smith et al., 1997).
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However, despite the similarities, the results differ in interpretation. Bellugi et al. 

(1988) stated that children with WS performed better than expected on the 

comprehension tests and described their expressive language as syntactically complex 

and correct except for occasional errors (Semel and Rosner, 2003). Karmiloff-Smith 

et al. (1997) emphasised the WS children's types of errors and the discrepancy 

between their chronological age and TROG age equivalents. The argument has been 

that children with WS are not proficient at upper levels of syntactic complexity 

(Clahsen and Almazan, 1998). Plural word endings are reported to be especially 

impaired (Karmiloff-Smith; 1997; Clahsen and Almazan, 1998).

Contrary to reports of syntactic strength in grammatical comprehension, Mervis et al. 

(1999) observed that children with WS tend to perform very poorly on certain 

constructions of the TROG. Only 17% passed the block that assesses relative clause 

comprehension. Their findings were supported by a later study (Clahsen and 

Almazan, 2000). Only 3% passed the test of embedded sentences. Error analysis 

indicated that it was extremely difficult for children with WS to understand embedded 

sentences. For example, 93% failed the TROG item 'the boy the dog chases is big'. 

Constructions such as 'but not' are extremely difficult when they are centrally 

embedded, as in the sentence ' the box but not the chair is red', while right-embedded 

sentences of this type are better comprehended. Karmiloff-Smith et al. (1997) point 

out that children with specific learning disability demonstrate similar problems. 

Interestingly enough, with reversible sentences such as 'the elephant is carried by the 

boy', the error rate has been reported to be only 21%. The finding is interesting 

because it is similar to the 27.5% for comparative sentences such as 'the knife is 

longer than the pencil', which contain semantic relational terms (Karmiloff-Smith et
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al., 1997). A second study by Karmiloff-Smith et al. (1998) confirmed the findings of 

the first one concerning reversible sentences (error rate was found to be 24%). Passive 

voice comprehension was also reported to be very good (90% success rate).

Other studies have supported the position that syntax is a relative strength. Mervis et 

al. (1999) reported that 57% of their sample of children with WS scored in the normal 

range on the TROG, even though their IQ scores were in the mental retardation range. 

Children with WS have not been found to differ from normal controls or children 

suffering from other syndromes, matched for mental age, on the Test of Auditory 

Elaboration and Learning Revised (TACL-R) as Wang, Ennis and Namey (1997) have 

demonstrated. In a study of German speaking children, Gosch, Stading and Pankau 

(1994) found that children with WS did not differ significantly from a matched for 

mental age group of children with mental retardation on various measures of the 

Heideleberg Language Development Test, except for their ability to produce correct 

plural endings (a similar result was reported in a Greek study by Stavrakaki, 2003, in 

a study of five children with WS). Finally, Losh, Reilly, Bellugi, Cassady and Klima 

(1997) reported that English speaking children with WS produce significantly more 

morphological errors and less complex syntax than normal controls matched for 

chronological age.

The above studies demonstrate the variability of young children with WS noted by 

other investigators (Udwin and Yule, 1990; Semel and Rosner, 1991; Voltera et al., 

1996; Clahsen et al., 1998). On the Sentence Repetition Test the majority of children 

with WS scored below the minimum expected score for their mental age and the 

remaining children did not score above the mean (Voltera et al., 1996).
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The area of interpersonal communication and pragmatics (the social use of language) 

are considered to be the mostly impaired in children with WS (seeSemel and Rosner, 

2003 for a review). Although most children with WS love conversation, are very keen 

to initiate it and have been rated as pleasant companions, their use of social elements 

of language is described as grossly impaired. Researchers report that children with 

WS have very good conversational skills (Karmiloff-Smith, 1992), mastery of 

conversational routines (Voltera et al., 1994) and relative strength in social expressive 

language (Morris et al., 1988). Actually, most children with WS like to please, like 

verbal reward and can be 'talked out' of misbehaving, 'talked into' behaving 

appropriately and 'talked through' the establishing of forms of behaviour accepted as 

appropriate by adult definition (Semel and Rosner, 2003). However, problems have 

been noted with pragmatics. Some of these are serious and pervasive, while others are 

related to difficulties in other areas, usually social, emotional and behavioural 

problems (Dilts et al., 1990; Gosch and Pankau, 1994; Davies et al., 1998; Fiddler, 

2002).

For example, there is often a problem of inappropriate greeting behaviours and 

requests for attention, which can be annoying. Children with WS will very 

enthusiastically greet anyone on sight, including complete strangers. The compulsive 

greeting behaviour of children with WS is pervasive and unlimited (Fiddler, 2002; 

Bercier, Vivaldi and Benony, 2003; Laws and Bishop, 2004). It can occur anywhere, 

including the classroom. This is the most evident disturbance of pragmatic rules one 

can observe concerning greeting. They will often not refrain from physical contact 

(hugs are very popular among them) and although nice in an appropriate setting and
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with the appropriate people, such behaviours can be annoying and/or disconcerting. 

The author's personal experience with children with WS has been one of constant 

attention seeking and usually they would come to the clinic asking inappropriate 

questions such as 'are you going to kiss me today?' in front of all personnel. Younger 

adults are more prone to attract persevering and sometimes annoying greeting 

behaviours (Fiddler, 2002; Semel and Rosner, 2003). The cause for this preference is 

unknown. The author's personal observation over 8 years of association with patients 

with WS is that when adults and children are in the same area, children with WS will 

greet the children first. This might have to do with the prolonged social immaturity, 

described by Dykens and Volkmar (1997). Greeting behaviour appears immature and 

childlike, even by adults. Use of the telephone can be a nightmare for parents, and 

children with WS may be needed to be instructed in the use of it, including ways of 

introducing themselves and calling the appropriate adult to the phone (Dykens and 

Volkmar, 1997; Fiddler, 2002; Semel and Rosner, 2003).

Inappropriate requests for attention is another area attracting research. Schoenbrodt 

and Smith (1995) reported that most children with WS seem to have difficulties in 

how to attract attention from adults or other children. Many will remain quiet while 

others will actively move towards a target and will either talk loud or grab or hug 

him/her. Signs of annoyance by the person may (in more than 75% of all times in the 

author's experience) result in sudden disappointment and withdrawal, with bursting 

into tears not being infrequent. Children with WS may not even ask permission to 

make a comment, to use classroom materials, take an item without permission or to 

leave their seat (Fiddler, 2002; Velopoulos, 2006). In general, the greeting pattern of 

children with WS can be unrestrained, uninhibited and disruptive in certain occasions.
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However, with patience and strict application of rules, matters can usually be 

improved (Fiddler, 2002).

Talkativeness, has been another major complaint of parents of children with WS 

(Semel and Rosner, 1991; Dykens and Volkmar, 1997; Fiddler, 2002). This can be so 

excessive as to provoke verbal reprimands by adults or other children (von Arnim and 

Engel, 1964; Arnold, Yule and Martin, 1985; Meyerson and Frank, 1987; Dilts et al., 

1990; Harris, 1995; Fiddler, 2002; Laws and Bishop, 2003). Eighty two percent of 

parents report that their children are 'chatterboxes' (the term is the authors') as Semel 

and Rosner (2003) report. Research comparing the language samples of children with 

WS and children with developmental delay suggests that the speech of children with 

WS may also serve complex communicative purposes (Semel and Rosner, 1991). 

That is to say, that in children with WS this particular way of speaking might serve 

alleviating difficulties with word finding, with dislike with the topic, or for 

maintaining attention (Johnson and Carey, 1998). The speech is often confounded 

with irrelevant events in terms of time, persons involved, events involved and context 

(Laws and Bishop, 2003). It can also be very repetitive and incoherent. Velopoulos et 

al. (2006) presented the case of a 16 year old male patient who, when he did not like 

the therapeutic topic or had difficulty finding the appropriate response, would relate 

the story of the tragic death of his uncle. The remarkable thing was that the same 

uncle had died in several horrible accidents (all different), at different dates, different 

times of day, but always in horrible pain. The fact was that the uncle had been alive 

and well and one day he was introduced to the clinician. When confronted by staff, 

the patient said that he was mistaken and his uncle was not dead but he had been with 

the dead for a cup of coffee and had returned. Regardless the humorous (if they can be
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perceived that way) incidents clinicians encounter, the cocktail party speech and 

similar examples of garrulousness can have a detrimental and deleterious effect on 

many aspects in the life of a child with WS (Fiddler, 2002). It has been especially 

deleterious in education where it has been found to cause severe difficulties for 

teachers and other personnel (Fiddler, 2002).

1.11 Musical Ability

The musical ability of children with WS is a topic that has generated much optimism 

hi some authors. Lopez-Ranguel et al. (1992) and Lenhoff, Perales and Hickock 

(2001) described the remarkable ability of children with WS they studied. Lenhoff et 

al. (2002) evaluated 5 patients with WS for absolute pitch, which is the ability to 

recognise, name and reproduce the pitch of a musical note without reference. The 

average IQs of patients was 58, with two in the low average to average range. All 

were able to read musical notation and had instructions in music from an early age. As 

a group, they scored 97.5% on absolute pitch trials, indicating that they possessed 

unusual ability in absolute pitch. By comparison, skilled musicians scored 84.3% on 

similar tests. The authors suggested that the prevalence of absolute pitch of children 

with WS is higher than in the average population (1 in 10,000) and noted that the age 

window of absolute pitch acquisition in the WS population is extended, compared to 

the general population. Lopez-Ranguel et al. (1992) reported similar findings.

However impressive this might look, musical ability in WS is an area of major 

weakness. It is true that many children have learned to play an instrument, but that is 

not uncommon in children with low IQ in general (American Association of Mental
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Retardation, 1981; Begab, Haywood and Garber, 1981; Hallahan and Kaufman, 

1992). In a wide review and examining 130 children with WS, Levitin et al., (2004) 

discovered no musical talent at all. They remarked that the majority of children 

reported a feeling of sadness when listening to music and they had no rhythm 

associated with music. Earlier, Don, Schellenberg and Rourke (1999) had reported 

that, although children with WS have a greater interest in music, they have no rhythm 

and many experienced hyperacusis at the sound of the instrument, a finding confirmed 

by Levitin et al. (2004). Maybe some WS children have a talent for music, but it is 

highly unlikely that musical talent is a cardinal characteristic of the syndrome (Levitin 

et al., 2004).

1.12 Behaviour and Personality

In his original paper Beuren et al. (1962) characterised his patients as having a 

friendly nature, loving everyone and being very charming (something not reported by 

Williams et. al., 1961). This charming and lovable image has persisted through the 

literature, but these labels can be misleading. Many children and adults with WS 

experience significant externalising and internalising difficulties as well as socio- 

communicative deficits that handicap their daily living functioning (Mervis, et. al., 

2001; Zhang et. al., 2005). The most common emotional/behavioural difficulty 

experienced by children and adults with WS seems to be attentional in nature, and 

attentional problems were found to be frequently accompanied by hyperactivity 

(Frank, 1983; Pagon, Bennet, LaVeck, Stewart and Johnson, 1987; Udwin and Yule, 

1991; Gosch and Pankau, 1994; Fiddler, 2002). Attentional problems appear to be a 

menace for children with WS. Einfeld, Tonge and Rees (2001) reported that children
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with WS are rated significantly worse than mentally retarded matched for 

chronological age controls. Clinical researchers such as Vaal (1994) and Levine 

(1993) have reported that children with WS experience severe difficulties with 

inattention, poor concentration, have a very short attention span and high levels of 

distractibility. Several of them satisfy the DSM IV or ICD-10 criteria for Attention 

Deficit Disorder with Hyperactivity (Levine, 1993; Vaal, 1994).

Impulsivity is a problem directly related to inattention and distractibility. Many 

children with WS will act impulsively, resulting in the problems in social interaction 

discussed above. In the main, impulsivity has been neglected by researchers despite 

its disruptive and deleterious effects. It is usually discussed in the context of problems 

of concentration (Meyerson and Frank; 1987; Udwin and Yule, 1991). Dykens et al. 

(2000) reported that they found inappropriate impulsive behaviours in 77% of their 

patients. In a teacher survey, Levine and Castro (1994), using the Teacher Rating of 

Social Skills checklist (TROSS-C), reported that impulsivity and paying attention was 

rated by teachers as lower for children with WS than regular students or children with 

specific learning disability. Finucane (1996) reported that impulsivity problems 

continue hi adulthood, with some adults experiencing severe forms of impulsivity.

Resistance to change has been an additional difficulty for children with WS. Problems 

of rigidity, refusal to do independent activities without the presence of an adult, and 

high anxiety when plans and everyday routines are disrupted, have been reported by 

researchers (Tharp, 1986; Vaal, 1994; Fiddler, 2002). Even minor changes, such as a 

new class schedule, new chores or a small trip are enough to trigger anxiety. Parents 

report that over 75% of children are experiencing acute anxiety when routines change
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(Semel and Rosner, 1991). In studies of temperament, children with WS rate much 

lower than typically developing controls matched for mental age on measures of 

adaptability, such as resistance to change, difficulty in adapting quickly to new tasks 

and slowness to adapt (Tome, Williamson and Pauli, 1990). Obsessive compulsive 

behaviours have also been reported. Children with WS tend to engage in several kinds 

of obsessive compulsive behaviours. These include obsessive watching of spinning 

objects, listening to motors, fixating on specific objects, and obsessive interest in 

health issues (Davies et al., 1998; Einfeld et al., 2001). Compulsions include 

fidgeting, engaging in self injurious behaviour, compulsive finger biting, compulsive 

turning on and off lights and a tendency to perseverate (Davies et al., 1998; Einfeld, 

2001; Fiddler, 2002).

With obsessive compulsive problems comes low frustration tolerance. Children with 

WS can become very upset and respond excessively if their wishes are denied or are 

faced with change in situational factors they find difficult to tolerate (von Arnim and 

Engel, 1964). Parental reports on temperament have indicated that the majority of 

parents of children with WS consider their children to have a low tolerance threshold 

(Tome et al., 1990). Tantrums are not unusual: falling to the ground, very loud crying 

and screaming have been reported by clinicians (Davies et al., 1998; Fiddler et al., 

2002). Such behaviours are not very common but when they are observed, they 

require immediate intervention (Semel and Rosner, 2003). Fears and panic attacks, 

although infrequent, have been reported in the literature. Fear of loss or death is quite 

common among children with WS. Nihilistic nightmares are not uncommon, 

accompanied by bedwetting, night chills and sudden outbursts of screaming during 

the night (Marriage and Turk, 1996; Takasaki, Nihara, Sakamoto, Nida and
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Kuribayashi, 1985; Fiddler, 2002). Fear of failure is also frequent. Udwin et al. (1987) 

report that children with WS might avoid engaging in school activities for fear of 

failure or injury.

Fiddler (2002) reported that fear of failure may create low self esteem and avoidance 

of social activity. In a survey of 21 children with WS, Fiddler (2002) reported that the 

participants exhibited 41 different fears. Some involved interpersonal issues like 

being teased (92%), getting punished (85%), and getting into arguments with others 

(85%). Others involved physical issues, such as getting injections (90%), being in a 

fire or getting burned (82%), and getting stung by a bee (79%). Still others related to 

these children's hyperacusis or clumsiness (loud noises such as sirens, 87%; falling 

from high places, 79%; thunderstorms, 78%). The wide range of fears and anxieties 

reported by the literature might have deleterious effect in the everyday life of children 

with WS.

More severe behaviours, ranging from self injurious behaviour and stereotypical 

behaviour to fully fledged autism have been reported (Volkmar and Cohen, 1997; 

Semel and Rosner, 2003). Meyerson and Frank (1987) have reported self injurious 

behaviour in children with WS. Common examples include poking their eyes and 

picking their cuticles, sores or scrubs on hands or body. Levine (1993) noted rocking, 

excessive nail biting or skin picking. Such behaviours can disrupt the family and 

school environment and create strain on parents. An interesting finding presented at 

the 2006 WS Summer Activity Camp of the Slovak WS Association by Chasouris et 

al. (2006) was that divorce rate among parents was analogous to the severity of 

psychopathology. All the families of the 11 children with WS known to the clinicians
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to experience emotional problems were single parent families. Three mothers were 

treated for chronic depression and two were getting professional help. This finding 

requires more appropriate research to be properly evaluated. A summary of the 

presentation paper is included in Appendix 4.

Finally, disorders to the severe end of the spectrum have been reported. Bercier et al. 

(2003) reported a case with psychotic symptoms resulting in severe behaviour 

disorders and need for hospitalisation. Six cases have been reported in the literature 

satisfying the DSM III or ICD-9 criteria for a diagnosis of autism. Reiss, Feinstein, 

Rosenbaum-Borengasser-Caruso and Goldsmith, 1985; Gillberg and Rasmussen, 

1994). Gosch and Pankau (1994) reported two cases in Germany that are classified as 

atypical autism by DSM IV and ICD-10 criteria. Although autism and other severe 

disorders are rare in children with WS, the appearance of severe atypical behaviour is 

always considered a poor prognostic sign (Semel and Rosner, 2003). More research is 

certainly required to bring more cases under clinical evaluation and shed light into the 

emotional pathology of children with WS.

Part 4 - Rationale for the study

Several key conclusions may be drawn from the literature reviewed above. The first is 

that diagnosis by clinical symptoms is not enough, since it can lead to misdiagnosis. 

There is no single clinical feature of WS, with the possible exception of a prototypical 

'elfin face', that is not seen in other conditions, and the elfin face is far from universal 

in WS patients. It is thus unsurprising that patients with 'WS-like' symptoms have 

been found who have genetic damage in different chromosomes. The second
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conclusion is that WS is not caused by a particularly precise or reliably sized genetic 

loss. WS patients share in common loss from 7qll-23 (the 'WS area'), but the size of 

this loss and the specific genes that are lost vary considerably. Given this variability, 

it is not surprising that the phenotype varies at a commensurate level as well. Added 

to this is the consideration that WS is a rare condition, and accordingly it would be 

surprising if a paediatrician in a large hospital ever saw two cases of WS presenting 

with precisely identical clinical features in his or her working life.

These basic facts create several serious problems for researchers and clinicians. First, 

it is clear that any study of WS cannot be guaranteed totally reliable if it is based on 

clinical diagnosis alone without the support of genetic testing. Quite simply, we 

cannot be certain if all the participants in the study have loss from 7qll-23, or 

whether some have genetic loss in other chromosomal sites. Furthermore, we have no 

way of knowing the extent to which variability in performance is related to level of 

genetic loss. Without this information, the best that can be said is that there is 

impaired performance, but there is no indication of how specifically this is related to 

the degree of genetic damage. This at a stroke means that findings of studies that have 

not used genetic testing to screen participants cannot be relied upon as entirely 

accurate. This includes all studies prior to 1993 and any since that have not used 

genetic tests as part of the screening procedure (Grimm and Wesselhoeft, 1980; 

Kataria et. al., 1984; Preus, 1984; Burn, 1986).

A key theme of this thesis will be to examine the extent to which level of genetic loss 

affects performance of psychological tasks and more generally, psychological 

development. Grouping participants according to specific genes lost within from
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7qll-23 and forming groups large enough for practical statistical analysis would 

require unfeasibly large patient samples, though ultimately this would be required 

unambiguously to demonstrate genotype-phenotype correspondence. However, 

demonstrating that participants grouped according to size (regardless of precise locus) 

of genetic loss show significant differences in phenotype should be more than 

sufficient to illustrate that the level of genetic damage is a key determinant of 

variability in WS, and indicate that larger studies would be worthwhile.

There is already reasonable consensus amongst researchers (e.g. Wang, Doherty, 

Rourke & Bellugi, 1999; Frangiskakis et al., 1996; Heller et. al., 2003) about how 

groups based on level of loss should be classified: Full (deletions of section 7qll-23 

of chromosome 7 spanning from 1.2 to 2.0Mb); Large Partial (deletion of section 

7qll-23 of chromosome 7 of size less than Full but more than 600Kb); and Small 

Partial (deletion smaller than 600Kb). This categorisation will be used throughout 

this thesis. It is important to note that the degree of validity of this grouping is not of 

paramount importance. The key issue is that it is simply anticipated that the larger the 

loss, the greater the commensurate loss in the phenotype that should be expected, 

given a simple genotype-phenotype correspondence.

In the first two studies of this thesis, the effect of differing levels of genetic loss will 

be examined:

(1) The degree to which the presence or absence of symptoms both medical and 

psychological, is related to level of genetic loss in a sample of 74 WS patients.
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(2) The degree to which age of acquisition of developmental milestones is related 

to level of genetic loss in a sample of 40 WS children.

It is anticipated that the greater the genetic loss, the greater the likelihood of a 

particular clinical symptom is to be present, and the later the child will attain key 

milestones. More detailed rationales are presented in the introductions to the 

respective studies.

However, it would be misguided to regard WS solely in terms of its genetics. The 

genotype may be the root cause of the problems, but it is the phenotype that people 

have to live with on a daily basis. A further problem with the existing literature, not so 

far commented upon, is that the overwhelming majority of studies are cross-sectional 

- i.e. they present views of their samples of participants at just one point in then- lives. 

WS participants have rarely been followed in longitudinal studies, and thus statements 

about their progression have been extrapolated and surmised. This can potentially lead 

to the overlooking of key features of development. To examine this, the third study of 

the thesis will present data on a group of 20 children with WS tested and retested at 

approximately 24 months apart and on the same measures, to examine changes in 

intellectual performance. It was anticipated that there would be an improvement in 

test scores (since this would concur with the available evidence from the cross- 

sectional literature), but the degree of change was hard to predict in advance of the 

test. A more detailed rationale is presented in the introduction to the study.

Problems with visuospatial memory have been presented in the literature but have 

been scarcely analysed in depth (Frank, 1983; Dilts et. al., 1993; Udwin and Yule,
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1991; Wang and Bellugi, 1994; Vicari et. al., 1994; Jarrold et. al., 1999; Semel and 

Rosner, 2003). Such difficulties have been associated with difficulties in spatial 

orientation and specific learning difficulties, including reading and writing difficulties 

(Wong, 1991; Mercer and mercer, 1991; Hallahan and Kaufman, 1992). Attentional 

problems appear to aggravate these memory difficulties as they often result in 

increased distractibility, short attention span and poor concentration (Finucane, 1996; 

Davies et. al., 1997). An interesting phenomenon was observed during testing for 

visuospatial memory in the 2006 Hungarian Williams Syndrome Association's 

Summer Conference: children could remember significantly better those items 

presented on the left side of the page and stimuli coming from the left side in general. 

The study was replicated in the 2006 Slovak Williams Syndrome Association's 

summer conference and with Greek children as a part of this research project. A study 

to examine the nature of the phenomenon was deemed necessary, as a similar 

phenomenon has been reported to the author by special education teachers regarding 

reading in children with Williams syndrome: children start to read a text from the left 

but go to the second line very shortly, without reading the words situated at the right 

of the page. This was a phenomenon observed de novo and its origins and 

consequences remain unknown. Potential consequences may involve several areas of 

the child's development such as reading, writing, visuospatial memory or location 

orientation.

Given the scarcity of the literature and the possible detrimental effects of the 

phenomenon in the academic advancement of children with Williams syndrome, a 

study of the phenomenon was designed for 20 children with WS and 20 typically 

developing children. Performance was compared on an appropriate K-ABC subtest 

and a specially designed tets based on the E-Prime paradigm.



2. Study 1: Deletion Size and Diversity in the Cognitive Profiles 
of Patients with Williams Syndrome

2.1 Background and review

This study was designed to examine the possibility of a relationship between 

deletion size in the area 7qll.23 and the clinically observed differences in the 

cognitive profile of children with Williams syndrome. When tests that 

measure full scale IQ are administered in children with Williams syndrome, 

several researchers (Morris et. al., 1988; Elliot, 1990; Lopez-Ranguel et. al., 

1992; Plissart et. al., 1994; Carrasco et. al., 1995; Bellugi et. al., 2000; 

American Academy of Paediatrics, 2001; Shiue et. al., 2004; Pasqual- 

Castroviejo et. al., 2004; Yau et.al., 2004; Amenda et.al., 2005; Zhang et. al., 

2005; Batista-Fererro et., al., 2007 and van Hagen et. al., 2007) agree that 

children with Williams syndrome usually perform in the 50-60 range. 

However, scores in the low average (between 70 and 85) and average range 

(85 and above) have been readily reported in the literature (Williams et. al., 

1961; Ewart et. al., 1993; Gosch and Pankau, 1996; Greer et. al., 1997; 

Lenhoff et. al., 2001; Bellugi et. al., 2001; Gagliardi et. al., 2003; Korenberg et 

al., 2003; Shiue et. al., 2004; Yau et al., 2004; Smoot et. al., 2005). The fact 

that most of these scores are coming from cases that are considered atypical, 

has led researchers to examine the possibility that size of deletion in the 

critical Williams syndrome region might be related to performance in IQ test 

(Ewart et. al., 1993; Osborne et. al., 1996; Gagliardi et. al., 2003), difficulties 

with areas such as visuospatial memory, language expression and educational 

achievement (Carrasco et. al., 1995; American Academy Of Paediatrics;
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Udwin and Yule, 1998; Semel and Rosner, 2003), and general development 

(see Zhang et. al., 2005, Somerville et. al., 2005 and van Hagen et. al., 2007 

for a wide review). Some authors have even suggested that deleted genes in 

the area might be responsible for contributing in the poor performance of 

children in IQ tests. Botta et. al. (1999) suggested that deletion of the Syntaxin 

(STX1A) gene might be responsible for mental retardation and neurological 

pathology in children with Williams syndrome, van Hagen et. al. (2007) 

reviews several atypical cases presented in the literature and have suggested 

that the cytoplasmic liker 2 gene (CYLN2) might be also implicated in mental 

retardation and neurological pathology. Frangiskakis et. al. (1996) proposed 

that the lim kinase gene (LIMK1) is one of those implicated in mental 

retardation and developmental disability. Hirotta et. al. (2003) proposed that 

the GTF2RD1, GTF2-I and NCF1 might be responsible for hippocampal 

dysfunction, visuospatial deficits and mental retardation. The idea of such kind 

of research is very simple: since the majority of cases of children with 

Williams syndrome present themselves with the typical deletion size (between 

1.4 and 1.55 Mb) and they represent very similar cognitive profiles, the 

atypical cases will demonstrate the effects of a deleted genes (or genes) on the 

phenotype (Osborne, 1996; Tassabehji et. al., 1999; Heller et. al., 2003; 

Hirotta et. al., 2003; Gagliardi et. al., 2003; Doyle et. al., 2004; Smoot et. al., 

2005; van Hagen et. al., 2007). Van Hagen et. al. (2007) for example, presents 

a patient of Turkish ethnic descent who has an atypical deletion, with the 

STX1A and LIMK1 deleted, but with the genes following them (including 

CYLN2 and GTF2RD1) not deleted. The patient demonstrated cognitive and 

motor profile significantly better than children with the typical deletion profile.
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Such an approach has merits, on the basis that it might lead to a connection 

between a deleted gene and a characteristic (or characteristics) of the 

phenotype, however researchers have encountered three basic problems:

1. Regarding the medical phenotype, there are clinically observed 

differences between children with Williams syndrome (Plissart et. al., 

1994; Carrasco et. al., 1995; Bellugi et. al., 2000; American Academy 

of Paediatrics, 2001; Shiue et. al., 2004; Pasqual-Castroviejo et. al., 

2004; Yau et.al., 2004; Amenda et.al., 2005; Zhang et. al., 2005; 

Batista-Fererro et., al., 2007 and van Hagen et. al., 2007). In a 

retrospective multisystem analysis of 20 adults with Williams syndrome 

for example, Cherniske et. al. (2004) reported differences in the medical 

phenotype of patients with the typical deletion in the Williams 

syndrome critical area.

2. The number of reported cases with atypical deletions is very small in 

the literature. In several instances it is restricted to individual case 

studies describing the phenotypical differences of the affected 

individual patient in regard to other patients with the typical deletion 

(Franke, 1998; Botta, et. al., 1999; Gagliardi et. al., 2003; van Hagen et. 

al., 2007). Other studies have usually a small number of atypical cases 

reported (Frangiskakis et. al., 1996; Osborne et. al., 1996; Tassabehji et. 

al., 1999; Korenberg et. al., 2000; DelCampo et. al., 2002; Karmiloff- 

Smith etal., 2003; Heller et. al., 2003; Hirotta et. al., 2003; Doyle, 

2004), which are compared to children with the typical deletion. One 

fact evident from these studies is the fact that, children with atypical
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deletions present with very different medical and cognitive profiles than 

children with the typical deletion (Frangiskakis et. al., 1996; Osborne et. 

al., 1996; Franke, 1999; Tassabehji et. al., 1999; Korenberg et. al., 2000; 

DelCampo et. al., 2002; Karmiloff-Smith et.al., 2003; Heller et. al., 

2003; Hirotta et. al., 2003; Doyle, 2004). In addition, it appears (Mervis 

et. al., 1997; Wu et. al., 1998; Semel and Rosner, 2003; Heller et. al., 

2003; Smoot et. al., 2005; van Hagen et. al., 2007), that atypical cases 

are neither uncommon nor unusual. The main reason for the few 

atypical cases appearing in the literature appears to be recruitment for 

experimentation. In most cases (especially in the United Kingdom and 

United States of America) children are recruited via an agency such as 

the Williams Syndrome Association. It is very difficult to specifically 

locate atypical cases due to several factors such as availability for 

assessment, parental permission, appropriate communication with 

medical professionals, missing cytogenetic data etc. (Semel and Rosner, 

2003). More research with atypical cases is necessary for gaining 

insight in the possible effects of deletion size in the cognitive 

phenotype at least.

3. There is also some disagreement about what constitutes an atypical case 

and what the divisions (small and large) may be. Generally, atypical 

cases are of two types: those with a negative or inconclusive FISH and 

those with a deletion smaller than 1.55 Mb (Mervis et. al., 1997; Wu et. 

al., 1998; Botta et. al., 1999; Hockenhull et. al., 1999; Osborne, 1999; 

Gagliardi, et. al., 2003; Smoot, Zhang, Klaiman, Schultz and Pober, 

2005; Zhang et. al., 2005; van Hagen et. al., 2007). Both cases have
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been reported in the literature from as early as 1995. Lowery et. al. 

(1995) investigated the frequency of deletions of the elastin gene in 

patients with a clinical diagnosis of Williams syndrome using 

fluorescent in situ hybridisation. In a series of 235 patients they 

identified molecular cytogenetic deletions in 96% of the patients. The 

remaining 4% presented with a negative FISH but with the clinical 

characteristics of Williams syndrome. Borg et. al. (1995) reports two 

cases with a negative FISH and the Williams syndrome clinical 

characteristics. Perez-Jurardo et. al. (1996) investigated the deletion 

size and frequency on chromosome 7qll.23 and reported 94% had a 

positive FISH demonstrating a deletion at the elastin gene locus. The 

remaining 6% had a negative or inconclusive FISH but presented with 

the clinical characteristics of Williams syndrome. On the other hand, 

the cases with deletion smaller than 1.55 Mb that are presented by the 

90-95% of all patients with Williams syndrome are several. 

Frangiskakis et. al. (1996) found patients with deletions spanning an 

area of 83.6 to over 500 Kb. Wu et. al. (1998) report smaller deletions 

and strongly argue that the substantial variability in the WS phenotype 

could be due to different size deletions around the ELN gene, different 

size deletions in the WS deletion region, or variation in gene content or 

gene activity of the hemizygous alleles on the undeleted chromosome. 

They stress the necessity to narrow the critical deletion section and 

isolate those genes responsible for the phenotypical expression. 

Osborne et. al. (1999) reported eight cases (see with deletions smaller 

than 1.55 Mb). Two of them had the majority of Williams syndrome
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clinical characteristics as described by Preus (1984), while the others

were classified as having supravalvular aortic stenosis only. Franke

(1998) also, presented several cases with atypical deletions in the

critical Williams syndrome region, arguing that the number of atypical

cases might be higher than expected. In the case of what constitutes a

small or large deletion, there has been variability in the literature,

stemming from individual criteria set by the investigator (Morris et al.,

2003 for example describe four atypical cases with 350Kb, 600Kb,

750Kb and 850Kb, describing the first two as smaller deletions, and an

83.6Kb deletion they describe as minimal). Urban et. al. (1999)

reported a case of a 1Mb deletion which they consider large.

Frangiskakis et. al. (1996) and Tassabehji et. al. (1999) describe small

deletions (between 80 and 170Kb) which they describe as minimal or

very small. It appears that a good estimate, following the suggestions of

researchers, would be to consider a deletion size from 50 to 600 Kb as a

small atypical deletion, a deletion size between 600Kb and 1.4Mb as a

large atypical one and then a deletion above that will be considered the

typical deletion, considering opinions of researchers that a deletion of

1.3Mb and above will present the typical phenotype (Franke, 1998;

Heller et. al., 2003). For our purposes, we have selected a division of

deletion size along these lines i. e. considering deletions up to 600Kb as

small atypical and deletions between 600Kb and 1.4Mb as large

atypical deletions. One major difficulty we had with this study is that,

in several cases we only had the deletion size by approximation or the

geneticist responsible for the c-DNA sequencing reported only the
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deletion size as small or large atypical, for the atypical cases. Personal 

communication with the associated personnel verified that the general 

literature paradigm had been followed. What has been evident in the 

literature is that children with atypical deletions appear to have a better 

IQ and milder medical characteristics than children with the typical 

deletion (Frangiskakis et. al., 1996; Osborne et. al., 1996; Franke, 1999; 

Tassabehji et. al., 1999; Korenberg et. al., 2000; DelCampo et. al., 2002; 

Karmiloff-Smith et.al., 2003; Heller et. al., 2003; Hirotta et. al., 2003; 

Doyle, 2004). In addition, it appears (Mervis et. al., 1997; Wu et. al., 

1998; Semel and Rosner, 2003; Heller et. al., 2003; Smoot et. al., 2005; 

van Hagen et. al., 2007).

This study has been designed to examine if children with atypical deletion 

demonstrate any differences in cognitive abilities, as they are measured by the 

existing assessment instruments, with children with the typical deletions and if 

children with small atypical deletions have any differences in cognitive 

abilities from children who have a large atypical deletion.

Several tests have been used to measure the cognitive abilities of children with 

Williams syndrome. The most commonly used test is the Wechsler 

Intelligence Scale for Children Revised: WISC-R (Wechsler, 1991). The tests 

measures the full scale IQ obtained by a series of verbal and performance 

subtests. A verbal, a performance and a full scale IQ are calculated. The test 

has a mean of 100 and a standard deviation of 15. For a detailed description of 

the test the reader is advised to check Salvia and Ysseldike (1991). Two other

95



tests that have been popular, especially among Japanese researchers, are the 

Kaufman Assessment Battery for Children: K-ABC (Kaufman and Kaufman, 

1983) and the Illinois Test of Psycholinguistic Abilities Revised: ITPA-R 

(Kirk, McCarthy and Kirk, 1968; 1981). The ITPA-R is a psychoeducational 

battery measuring a wide array of psycholinguistic elements, including 

phonology and syntax, yielding a psycholinguistic quotient or PLQ (equivalent 

to typical IQ of other tests), with a mean of 100 and a standard deviation of 15. 

The reader is advised to see Salvia and Ysseldike (1991) for a comprehensive 

review. The K-ABC is a major battery which contains both a verbal and 

performance component, yielding a standard score of 100 and a standard 

deviation of 15. The authors divide the measured characteristics in two kinds 

of mental processing: sequential processing and simultaneous processing. 

Separate standard scores can be calculated in these areas for separate 

diagnostic considerations. The battery is highly diagnostic in nature and the 

authors suggest that the individual components can be administered separately 

to investigate a special area of interest. The test has two manuals: an 

administration and scoring manual and an interpretive manual. A 

comprehensive review can be found in Salvia and Ysseldike (1991). Another 

major IQ test that has been utilised is the Stanford-Binet IV Edition developed 

by Thorndike, Hagen and Sattler (1986). The test conveys an IQ score 

calculated by dividing the child's mental age to the child's chronological age 

and then multiplying by 100. The IQ has a mean of 100 and a standard 

deviation of 16. The test examines both verbal and performance components 

like the WISC-R test. Interested readers are advised to read Salvia and 

Ysseldike (1991) for a comprehensive review. Other IQ tests such as the
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Columbia Maturity Scale (Burgemeister et. al., 1986), the Kaufman Brief 

Intelligence Test K-BIT (Kaufman and Kaufman 1983), the Woodcock- 

Johnson Tests of Cognitive Ability-Revised (Mather and Jaffe, 1983) and the 

Differential Ability Scales DAS (Elliot, 1990), have been also utilised to 

examine the intelligence of children with Williams syndrome (Mervis et. al., 

1999; Coltheart and Porter, 2005). Most researchers have found the majority 

of children with Williams syndrome to be in the range of mild to moderate 

mental retardation (IQ range 45-65). Adaptive behaviour tests such as the 

Vineland Adaptive Behaviour Scales (Sparrow et. al., 1984) and the Child 

Development Inventory (Ireton, 1993) have been also used to establish the 

criteria for mental retardation as specified by DSM IV: an IQ below 70 and 

significant deficits in adaptive behaviour.

The first connection between mental retardation and supravalvular aortic 

stenosis was made by one of the founder research parties of Williams-Beuren 

syndrome, Williams et. al. (1961). They offered in their study the IQ scores of 

the four patients on the Stanford-Binet Intelligence Test: 72, 67, 42 and 67 

respectively. Ewart et. al. (1993) found out the IQ score of his patients with 

WS ranged from 20 to 106, (mean=58). Specific cognitive deficits included: 

poor visuo-motor integration, difficulties copying figures, poor figure-ground 

discrimination, attention deficit disorder and very poor short term memory. 

Linguistic abilities have been found to be relatively spared, with a deficit in 

pragmatics and the social use of language. Greer et. al. (1997), reported IQ 

performance in the range of 43 to 80 on the Stanford-Binet Intelligence Scale. 

Analysis of the developmental profile with the use of the Vineland Adaptive
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Behaviour Scale yielded a mean standard score of 54, indicating mild 

developmental deficits. Pasqual-Castrovejo et. al. (2004) reported subaverage 

IQ in 90% of 82 patients in more than one IQ test (to the best of the authors' 

knowledge, the only such study in the literature). Korenberg et. al. (2003) 

report IQ performance in the range of 40 to 80 in the WISC III intelligence 

test and delayed but relatively spared language and severe visuospatial deficits. 

Carrasco et. al., (2005) report borderline IQ to moderate mental retardation for 

all 32 patients reviewed. Bellugi et. al. (2001) reports IQ scores in the range of 

40-90, relative strength on grammar, poor ability in pragmatics and unusual 

vocabulary. In a Korean study, Shiue et al. (2004) found only 15 out of 24 

patients to have a lower score than 70 in the WISC-III intelligence test while 

Gosch and Pankau (1996) report an IQ range of 40 to 78. In addition, in a 

Hong Kong general survey of WS, Yau et al. (2004) found 93% of their 

subjects below the cut-off point of 70 for mental retardation in the WISC-III 

Test. Finally, in a recent study, Smoot et. al. (2005) report an IQ range of 50- 

90 in the WISC-III. On the basis of IQ test results major areas of weakness 

have been identified in children and adults with Williams syndrome (Zhang et. 

al., 2005). They include visual-spatial functioning (Bellugi and St. George, 

2000; Brown, Johnson, Paterson, Gilmore, Longhi and Karmiloff-Smith, 2003; 

Abreu, French, Annaz, Thomas and de Schonen, 2004; Ansari, Donlan and 

Karmiloff-Smith, 2005), perceptual planning and fine motor control (Landau 

and Zukowski, 2003; Lindenberg, et. al., 2004; Lacusta and Landau, 2005; 

Landau, Hoffman and Kurtz, 2005; Farran, 2005; Farran and Jarrold, 2005). 

With regard to visual-spatial functioning, patients with Williams syndrome 

demonstrate very severe impairments in visual spatial tasks, such as long term
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visual-spatial memory tasks (Vicari, Brizzolara, Carlesimo, Pezzini and 

Voltera, 1996), and puzzle construction tests (Zhang et. al., 2005). Finally, on 

the topic of the longitudinal course of IQ the current literature is inconclusive 

and conflicting. Three major studies are reviewed by Zhang et. al. (2005): 

Crisco et. al. (1988) reported small increase in IQ over the years. Gosch and 

Pankau (1996) used two methods to examine the longitudinal cognitive 

performance of 18 children with Williams syndrome (9 girls and 9 boys) with 

a mean age of 6.6 years at year 1 and approximately two years later. The Draw 

a Person Test (Machover, 1949) showed stable results (mean IQ=63.5 at 

testing and IQ=65 at retesting). The Columbia Mental Maturity Scale which 

was also used revealed a significant decrease of IQ (IQ=77 at testing and 

IQ=68 at retesting). Gosch and Pankau (1996) contended that this decrease 

was the result of a decrease in the rate of acquisition of complex 

developmental skills and a slowing down of development as chronological age 

increased. Howlin, Davies and Udwin (1998) report improvement of IQ in 

adult life and several patients receiving some college education. Searcy, 

Lincoln, Rose, Klima, Bavar, Nasim and Korenberg (2004) studied 80 patients 

with Williams syndrome aged between 17 and 52 years (the only adult 

longitudinal study) and reported that increased age was related to higher 

Performance IQ in the Wechsler Adult Intelligence Test (Wechsler, 1983), 

with overall IQ however remaining stable.

However, in addition to this finding on general intellectual deficit, the 

majority of studies report a relative preservation of language skills (Udwin et 

al., 1987; Thai et al., 1989; Bellugi et al., 1990; Reilly et al., 1990; Greer et al.,
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1997). Indeed, several authors report dissociation between cognitive ability as 

measured by IQ test performance and linguistic ability (Greer et al., 1997; 

Mervis et al., 2000, Korenberg et al., 2003; Bellugi et al., 2001; Carrasco et al., 

2005; Bellugi & St George, 2001; Karmiloff-Smith et al., 2003; Zukowski et 

al., 2001). In contrast, several studies have found especially severe deficits in 

visuospatial ability (Ewart et al., 1993; Patterson et al. 1999; Landau & 

Hoffman, 2005; Brown et al., 2003).

Taking into account the diversity in IQ and linguistic performance between 

children with Williams syndrome with atypical deletions and children with 

typical deletions, and the contradictory reports in the literature concerning the 

longitudinal course of IQ in children with Williams syndrome, the following 

experimental study was designed to study the differences in IQ performance 

between children with atypical deletions and typical deletions.

2.2 Experimental Study: Comparison of IQ Performance between 
children with Atypical Deletions and the Typical Deletion

2.2.1 Experimental Variables

The independent variable of the study is defined as deletion size, with three 

levels: typical, large atypical and small atypical. There are eight dependent 

variables in this study, defined as test scores of children with Williams 

syndrome in: WISC-R scores, K-ABC sequential scores, K-ABC simultaneous 

scores, PTI scores, CTONI scores, Vineland Scales scores, OWLS 

comprehension scores and OWLS expression scores.
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2.2.2 Hypotheses of the Study

Alternative Hypothesis'. IQ and Neurodevelopmental and Linguistic Scores of 

Children with WS with atypical deletions will be higher than those of children 

with typical deletions.

2.2.3 Research Questions Examined in this Study

The study sought to address the following issues:

(1) Did WS patients display a homogenous set of symptoms, or were there 

distinct sub-groups?

(2) Were the symptoms related to degree of loss from chromosome 7 such 

that the greater the genetic loss, the greater the deficit?

(3) Is the cognitive profile presented consistent with mental retardation or is 

there variability across measurements and is subaverage intellectual 

functioning a result of degree of genetic loss?
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2.2.4 Method 

2.2.4.1 Participants

Participants were 74 patients referred to the Piraeus Rehabilitation Centre, 

Athens, Greece, for psychological evaluation by local medical practitioners, 

parents, educational and clinical psychologists, hi accordance with Greek law 

and in observation of standard ethical practice, patients and their data were 

only included in the study if written parental permission was obtained. All 

patients had the diagnosis of Williams syndrome confirmed by FISH analysis 

and DNA sequencing, indicating the size of the deletion. A retrospective 

analysis of the data of the 74 participants in the ages between 6-2 and 12-4, 

recruited over a 10 year period was conducted. The ethnographic data of these 

children are as follows: 45 were Greek born children examined and diagnosed 

in Greece, 22 were of East European origin (mainly Russian and Ukrainian) 

diagnosed in Greece or their countries and 7 were of African origin born and 

diagnosed in Greece or their countries

Participants were divided into three groups: those with typical according to the 

literature deletions of section 7qll-23 of chromosome 7 spanning from 1.4 to 

2.0Mb; those with partial deletion of section 7qll-23 of chromosome 7 of size 

less than total but more than 600Kb; those with a partial deletion smaller than 

600Kb. This accords with the categorisation used by Wang et. al. (1999), 

Frangiskakis et. al. (1996), Heller et. al. (2003) and of several other 

acknowledged leading researchers in the field. Based on this division, 42
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children with the typical deletion, 20 with atypical but large size deletions and 

12 with small deletions were identified and selected for the study.

2.2.4.2 Materials

All participants were administered a series of tests used for the assessment of 

Intelligence, Language comprehension and expression and Adaptive 

Behaviour. Concerning intelligence, the verbally administered tests (i.e. tests 

hi which instructions by the examiner and responses by the subjects are orally 

presented) WISC-R and K-ABC and the nonverbally administered (i.e. 

requiring the subject to point to the responses) Pictorial Test of Intelligence 

PTI (French, 1963; 1991) and Comprehensive Test of Nonverbal Intelligence 

CTONI (Hamill, Pearson and Wiederholt, 1996). The nonverbal intelligence 

test PTI was developed as an alternative to verbally administered tests such as 

the WISC-R or the Stanford-Binet IV for use with children who experienced 

disorders that made oral communication difficult. It gives the typical IQ score 

(called deviation IQ) with a mean of 100 and a standard deviation of 15. The 

CTONI is similar in nature and yields a typical IQ score (called nonverbal IQ- 

NIQ) with a mean of 100 and a standard deviation of 15.

Concerning language assessment, the Oral-Written Language Scales (Carrow- 

Woolflock, 1986) were used. They yield a standard score with a mean of 100 

and a standard deviation of 15.
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Concerning assessment of adaptive behaviour, the Vineland Scales were used. 

They too yield a standard score of 100 and a standard deviation of 15. It has to 

be noted that of these tests only the WISC-R is standardised for the Greek 

population (the ITPA was also standardised in 1981), but the other tests have 

been allowed by medical regulations, on the basis that their authors suggest 

that they can be used in non American populations as long as the examiner 

were appropriately trained and well trained in the English language. 

Standardisation might be a point of concern when it comes to the use of formal 

assessment in non American populations; however the authors of the above 

tests make it clear that they can be used if the examiners are well trained on 

the test and competent in both languages. Examples include the administration 

of the K-ABC test in US children speaking Spanish (a Spanish translation is 

included only) without standardisation on these children. The use of other tests 

such as the Vineland Scales or the K-ABC without standardisation is common 

practice in many countries, especially when there are no alternatives to the 

WISC-R. It has also been common practice for test manufacturers to allow use 

of nonverbal scales in different countries than the USA (French, 1963; 

Carrow-Woolflock, 1986; Salvia and Ysseldike, 1991). In our case all 

examiners were certified for test administration, scoring and interpretation by 

the manufacturing companies of the tests and all were competent in Greek and 

English.
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2.2.4.3 Procedure

Participants were administered the tests according to the standardised 

instructions in this order: WISC-III, K-ABC, CTONI, PTI and then Vineland 

and OWLS, except for the case that it was otherwise specified by the referring 

authorities. The PTI and the CTONI tests are nonverbal tests accepted as 

assessment devices by the Greek medical community provided the examiner is 

competent in both his native and the English language. The OWLS 

comprehension and expression tests are pictorial tests and since the Greek 

language follows very similar structural grammatical rules they were 

considered appropriate for administration. It has to be noted that the only 

standardised tests in Greece are the Illinois Test of Psycholinguistic Abilities 

and the WISC-III while the Vineland Scales are used consistently in Greece 

due to lack of appropriate local measurements. Indeed, there is a lack of 

standardised materials in Greece in general and provided the language 

requirements are fulfilled, every available test is used when it is deemed 

necessary. All tests were administered, scored and interpreted by qualified 

personnel of the Piraeus Rehabilitation Clinic. It must be stressed that all 

testing personnel were qualified by the publishing companies of the tests to 

administer, score and interpret them.

2.2.4.4 Scoring

Tests were scored in accordance with the specifications of the publishing 

companies and their authors. Because participants were of different ages when
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initially tested, scores were expressed as quotients weighted for age, thus 

allowing comparison between individuals. The PTI score form was also used 

for collecting information about the behaviour of children during testing, so 

attitude towards testing could be evaluated.

2.2.4.5 Results

The results are summarised in Table 3. As can be seen, in general it appears 

that test scores are inversely related to the size of deletion. To assess this, a 

series of one way ANOVAs were employed on scores with continuous data 

using SPSS. The results are summarised in Table 4.

Table 3. Mean Scores with Standard Deviations for Typical, Large 
Atypical and Small Atypical Deletions

Deletion Type/Si/c

Means and Standard 
Dc\ unions (Mean-S.D)

Large 
(2.0) 
600Kb-1

Atypical Small Atypical Deletion 
(3.0) up to 600Kb

WISC-III

K-ABC Sequential

K-ABC Simultaneous

PTI Test

CTONI

Vineland Scales

OWLS Comprehension

OWLS Expression

M=60.5238 
S.D=5.811

M=66.1429 
S.D=4.4314

M=66.9762 
S.D=3.8792

M=71.0000 
S.D=6.9492

M=80.4286 
S.D=4.4510

M=71.0238 
S.D=4.1992

M=84.4048 
S.D=4.8240

M=70.0476 
S.D=4.9924

M=73.3000 S.D=6.6261

M=75.7500 8.0=6.5453

M=78.8000 S.D=8.0954

M=73.4000 S.D=7.6667

M=85.1000 S.D=6.7191

M=78.5500 S.D=4.9361

M=86.2000 S.D=5 3665

M=76.6500S.D=6.5153

M=83.0000 S.D=15.2196

M=80.5833 S.D=8 .3932

M=85.8333 S.D=10.8278

M=86.0833 S.D=13.1802

M=87.1667 S.D=9.1535

M=82.2667 S.D=8.4249

M=86.6667 S.D=7.6435

M=81.3333 S.D=10.0030
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Table 4: Summary Table of Performance Across Standardised 
Measurements

PsxchoiiK'Uic Test Degrees of freedom Two lulled Significance 
F Ratio

WISC III Full 
Scale IQ

PTI-2 Deviation 
IQ

Vineland Dev. 
Quotient DQ

CTONI Non 
Verbal IQ

K-ABC 
Sequential St. 
Score
K-ABC
Simultaneous St. 
Score
OWLS 
Comprehension 
St. Score
OWLS 
Expression St. 
Score

2 
71
73

2 
71 
73
2 

71
73
2 

71
73
2 

71
73
2 

71 
73
2 

71
73
2 

71 
73

41.967

15.167

28.176

7.818

37.723

46.959

1.194

17.373

p<.001

p<.001

p<.001

p< .001

p< .001

p< .001

p<.309

p<.001

The results of the ANOVA indicate that there are significant group differences 

on all measures, with the exception of OWLS comprehension. Post-hoc paired 

comparisons on the remaining tests indicate significant differences on all 

measures except: between full and large partial deletion groups on PTI; and 

between large and small partial deletion groups on Vineland and OWLS 

Expression.

Notwithstanding these caveats, it is clear that overall the three deletion groups 

are significantly different on the continuous variable measures. With regard to
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the categorical data, the percentages of patients in the three deletion groups 

with identifiable symptoms are presented in Table 5.

Table 5: Percentages of Clinical Features in WBS 7qll.23 Deletion 
Patients in this Study Dependent on Deletion Size

Deletion Si/c |iical Small Atxpical 
.Hi) <06Mli

N=I2

S\ mptomalologv
Sensorimotor 
Incoordination
Hypotonia/Weakness 
Dystrophy/Myopathy
Joint Laxity

Ataxia 
Clumsiness of Gait

Microcephaly

Cardiovascular Pathology 
-SVAS 
-PPS 
-other

Mental Retardation 
-WISC III 
-PTI 
-CTONI 
-K-ABC Sequential Ss 
-K-ABC 
Simultaneous Ss

Dental Abnormalities

Respiratory

Gastrointestinal

Skeletal/Muscular

Ocular 
-strabismus/myopia 
-stellate irides 
-blue irides

Hernias

Craniofacial 
Dysmorphy/typical Fades 
-broad forehead 
-wide mouth 
-long philtrum 
-upturned naries 
-flat nasal bridge 
-periorbital fullness 
-full cheeks and lips 
-open mouth

18/42(42.8%)

30/42(71.4%)

30/42(71.4%)

38/42(90.5%) 
22/42(19.1%) 
15/42(35.7%) 
30/42(71.4%) 
29/42(69%)

38/42(90.5%)

18/42(42.8%)

36/42(85.7%)

12/20(60%)

12/20(60%)

13/20(65%)

5/20(25%) 
9/20(45%) 
2/20(10%) 
3/20(15%) 
3/20(15%)

16/20(80%)

6/20(30%)

11/20(55%)

2/12(16.7%)

4/12(333%)

4/12(333%)

2/12(16.7%) 
0/12 
0/12 
1/12 
0/12

5/12(41.7%)

2/12(16.7%)

2 / 12 (16.7%)

43.2%

62.2%

63.5%

60.8% 
41.9% 
22.9% 
45.9%
43.2%

79.7%

35.1%

66.2%
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-epicanthic folds

Renal/Urinary

Endocrine/Hypercalceinia

Hypersociability

Musical abUity

Hyperacusis

Visuospatial Difficulties

Attention Deficit Disorder

Pathological 
Oppositionist!

Anxiety

Phobias

Low Birth Weight/FaUure 
to thrive
Lower Motor Neuron 
Dysarthria 
 Trigeminal (V) nerve 
-Facial (VII) nerve 
-Glossofaryngeal (IX) 

nerve 
-Vagus (X) nerve 
-Accessory (XT) nerve 
-Hypoglossal (XII) 
nerve

Immaturity/Gross & Fine 
Motor Delay 
Speech & Language 
Delay/Behaviour Problems

6/42(14.2%)

28/42(66.7%)

40/42(95.2%)

28/42(66.7%)

32/42(76.2%)

39/42(92.8%)

30/42(71.4%)

7/42(1.7%) 
11/42(26.2%) 
10/42(23.8%) 
12/42(28.6%)

9/42(21.4%)

33/42(78.6%)

0/20

6/20(30%)

18/20(90%)

8/20(40%)

12/20(60%)

11/20(60%)

9/20(45%)

3/20(15%) 
5/20(25%) 
0/20 
10/20(50%)

3/20(15%)

8/20(40%)

0/12

0/12

4/12(333%)

3/12(25%)

3/12(25%)

2/12(16.7%)

1 /12 (8.3%)

1/12(83%) 
2/12(16.7%) 
0/12 
0/12

0/12

2 / 12 (16.7%)

8.1%

45.9%

0%

83.8%

52.7%

63.5%

70.2%

54.1%

14.9%
24.3% 
13.5% 
29.7%

16.2%

58.1%

Explanatory remarks;

-All decimal percentages have been adjusted to the closest first decimal point.

-Mental retardation was considered for all IQ tests performed. Anxiety and 

ADHD evaluation follow similar definition criteria as in the general literature

-Attention Deficit Disorder and phobic reactions are defined in accordance 

with ICD-10 criteria

As can be seen, there appear to be some differences in the frequency with 

which symptoms occur in the three groups. To assess this, a series of chi

109



squared analyses were conducted on all the measures not assessed in the 

ANOVAs cited above (using raw data, not percentages). To summarise: 

significant differences were found in frequency of occurrence of: dental 

abnormalities, typical faces, hypersociability, hyperacusis, visuo-spatial 

difficulties, attention deficit disorder, anxiety, phobias, vagus nerve function, 

and immaturity. All other measures (such as sensorimotor incoordination, 

hypotonia, ataxia, strabismus, endocrine functioning, and trigeminal, facial, 

glossopharyngeal and hypoglossal nerve functioning) were non-significant. 

In addition, an inversely proportional relationship has been found between 

deletion type (typical vs. atypical) and performance on intelligence and 

linguistic measurements (low average vs. subaverage performance). A 

summary can be seen on Table 6.

Table 6. Performance on Standardized Tests and Deletion Type

I Tcsi Low Average Suhavcragc X: Significance
Performance/Deletion
Si/c

WISC-III
Typical

Atypical
PTl
Typical

Atypical
K-ABC Sequential
Typical

Atypical
K-ABC
Simultaneous
Typical

Atypical
CTONl
Typical

Atypical
OWLS Expression
Typical

Atypical

04

25

20

24

12

28

13

29

27

29

22

27

38

07

22

08

30

04

29

03

15

03

20

05

jf =33.045

d.f=l

3^=4.570

d.f=l

X2=23.077

d.f=l

X2=23.975

d.f=l

X2=5.489

d.f=l

X2=6.942

d.f=l

p<.0001

Fisher's p< .0001

p= .0325

Fisher's p= .0307

p<.0001

Fisher's p< .0001

p<.0001

Fisher's p< .0001

p= .0191

Fisher's p= .0129

p=.0084

Fisher's p= .0059
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2.2.4.6 Discussion

The results obtained in this study allow us to reject the null hypothesis for all

measurements except in the case of OWLS language comprehension scales.

That is to say that deletion size has a significant main effect on IQ

performance on all tests but no significant main effect on linguistic

comprehension. The above findings offer support to the findings of small size

or single subject studies appearing in the literature (Ewart et. al., 1993;

Frangiskakis et. al., 1996; Osbome et. al., 1996; Wu et. al., 1998; Botta et. al.,

1999; Nakamura et. al., 1999; Heller et. al., 2003; Gagliardi et. al., 2003; van

Hagen et. al., 2007). In all of these studies, children with atypical deletions

have demonstrated better performance in IQ testing and better developmental

and educational profiles than children with the typical deletion, with scores

reported in the average range (Ewart et. al., 1993; Carrasco et. al., 1995;

Frangiskakis et. al., 1996; Nakamura et. al., 1999; Gagliardi et. al., 2003; van

Hagen et. al., 2007). This study indicates that degree of genetic loss is

inversely related to performance in intelligence tests and tests of language

expression. The more genetic material is deleted, the more extensive and

detrimental the overt symptomatology. On the other hand, the null hypothesis

could not be rejected in the case of language comprehension. This appears to

support the typical linguistic comprehension profile proposed by several

authors to be preserved regardless of symptomatic severity and lower IQ

111



(Udwin and Yule, 1990; Semel and Rosner, 1991; Bellugi et. al., 1994; Grant 

et. al., 1995; Karmiloff-Smith et. al., 1997; Nakamura et. al., 1999; Bellugi et. 

al., 2000; Temple, Almazan and Sherwood; 2002; Gagliardi et. al., 2003; 

Burani et. al., 2006). Degree of genetic loss appears not to have a significant 

main effect on language comprehension. Good comprehension might be the 

reason that no significant differences have been reported in the literature 

between children with typical and atypical deletions. This finding requires 

further investigation with other language tests between children with typical 

and atypical deletions. On the other hand, language expression appears to be 

significantly affected by degree of loss. This supports previous small size and 

single subject studies in children with Williams syndrome. While difficulties 

with linguistic expression have been uniformly reported among children with 

Williams syndrome (Udwin and Yule, 1990; Semel and Rosner, 1991; Bellugi 

et. al., 1994; Grant et. al., 1995; Karmiloff-Smith et. al., 1997; Nakamura et. 

al., 1999; Bellugi et. al., 2000; Temple, Almazan and Sherwood; 2002; 

Gagliardi et. al., 2003; Burani et. al., 2006), children with atypical deletions 

appear to have better linguistic expressive skills, better narratives and better 

educational and adult linguistic performance (Zukowski, 2001; Semel and 

Rosner, 2003; Tieso, 2003; Rice et. al., 2005; LaCroix et. al., 2007). Further 

investigation is needed to specify the extend and effect of deletion size on 

expressive language. An interesting investigation would be to examine the 

existence of a connection between frequency and intensity of the cocktail 

party affect among children with different deletion sizes.
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In addition, in the introduction, four key research questions were raised. Each 

of these shall be addressed in turn.

Did WS patients display a homogenous set of symptoms, or were there distinct 

sub-groups? The answer to this is equivocal. As will be seen below, genetic 

loss was reliably inversely related to level of performance, but that does not 

indicate a qualitative difference. Taking the level of incidence of specific 

symptoms, no pattern could be discerned. For example, there was no symptom 

found that was always found in one sub-group and not in the others. Instead, 

the incidence of symptoms simply appears to increase as one moves from the 

small partial to high partial to full deletion groups. For example, children with 

relatively small deletions are highly unlikely to possess some supposedly 

cardinal symptoms of WS such as hypersociability. The same symptoms 

appear in a larger proportion (but still a minority) of children with larger 

partial deletions, and in a majority of patients with full deletions. But even in 

the full deletion group, a symptom cannot be guaranteed to be present, with no 

symptom being reported in all patients studied. This degree of uncertainty also 

questions whether 'classical WS' has much meaning beyond providing a 

prototypical case for guiding diagnosis.

Thus, at the current time the most that can be said is that WS displays a wide 

variety of symptoms. This echoes the findings of Porter and Coltheart (2005) 

who also noted a lack of a consistent cognitive profile in a rather smaller 

sample of 31 participants. Furthermore, the frequency of occurrence of 

symptoms is inversely and probabilistically related to the degree of genetic
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loss. But to move beyond this to state that there are sub-groups who have 

definite sets of symptoms might be premature, based on current knowledge. It 

is possible that armed with data from a much larger set of partial deletion 

patients it may be possible to identify specific patterns of genetic loss with 

specific phenotypes. But this will require much larger samples than have been 

accrued in studies so far and will require a broader range of measures than 

many studies have thought fit to use up until this time. And even then, the 

search may be more optimistic than realistic. If children with full deletions do 

not reliably present with a consistent set of symptoms, then what hope is there 

of finding coherent reliable patterns of dysfunction in children with partial 

genetic loss?

Were the symptoms related to degree of loss from chromosome 7 such that the 

greater the genetic loss, the greater the deficit? The answer is a resounding 

'yes'. Those children with the greater genetic loss demonstrated consistently 

the poorest performance in cognitive and linguistic assessment. The majority 

of children with small atypical deletions have performed above the score 

necessary for a diagnosis of mental retardation (DSM-FV, 1994; ICD-10, 

1994), whereas the majority of children with deletions close to what is 

considered typical (in the area between 1.4 and 2.0Mb) perform below the 

score necessary for mental retardation classification. This supports the 

findings of Gagliardi et. al. (2003), Frangiskakis et. al. (1996), Botta et. al. 

(1999), Heller et. al. (2003), Osborne et. al. (1996), Wu et. al. (1998) and 

several others who report unusual and atypical cognitive profiles of children 

with smaller or larger atypical deletions. The major difficulty of studies like
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the above is the small number of children with smaller and atypical deletions 

evaluated and the limited number of standardised assessment instruments used 

for examination. It has not been certain from the previous literature if children 

with atypical deletions represent a minority or whether they have been 

underrepresented in large or medium size studies.

These findings also provide a plausible explanation of why so many children 

are reported as having strong musical, social and linguistic abilities. Those 

with smaller deletions have general cognitive abilities that allow them to 

function at least at the level of low average intelligence and thus master skills 

available at this level. In addition, it is a plausible supposition that some 

therapeutic regimes have emphasised training in those skills that are relatively 

best preserved (such as musicality), leading to apparent islets of ability. 

Ultimately, however, these may reflect the specific educational circumstances 

an individual WS patient finds themselves in, rather than an intrinsic feature of 

the condition.

Is the cognitive profile presented consistent with mental retardation or is there 

variability across measurements and is sub-average intellectual functioning a 

result of degree of genetic loss? The answer to this is less clear-cut and raises 

interesting questions about the classification of WS. In previous studies, WS 

children's cognitive skills have been compared with normal controls, children 

with compatible mental ages or children experiencing other syndromes such as 

Down syndrome. In these studies, clear differences in cognitive performance 

have been demonstrated. These differences, both qualitative and quantitative,

115



increase as children reach the more severe end of the spectrum (Carrasco et. al, 

1995) and it would be beneficial to compare children with larger deletions to 

children with smaller ones to determine the nature and the extend of the 

diversity in the medical and neurocognitive profile of these children. The 

increasing number of children reported in the literature with borderline or 

close to average intelligence tends to support the claims of investigators such 

as Carrasco et. al. and Bellugi and St. George that low average or sub-average 

performance in typical standardised tests such as the WISC-III or the 

Stanford-Binet IV is a result of a variety of neurological and memory factors 

that are not similar to those observed hi children with mental retardation per. 

se. Kataria, Goldstein and Kushnick report that in their study, superior verbal 

over motor abilities were not found and there was no evidence of unusual 

command of language. In light of these findings, the term 'mental retardation' 

has to be reconsidered as the DSM-IV manual strictly requires that both IQ 

and adaptive behaviour scores need to be subaverage, for a diagnosis of 

mental retardation to be valid, something which is not the case hi WS. The 

current study supports claims by Botta et. al. (1999), Nakamura et. al. (1999) 

and Hirabayashi et. al. (1997) that the neurological symptomatology of these 

children has a major effect in their cognitive performance, as these children 

are often experiencing visuomotor coordination disorder, ataxia and other gait 

difficulties, attention and short term memory problems and developmental 

delay.

There are reasons to assume that these figures are perhaps more 

demographically representative of the true incidence of these types than earlier
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studies. Inevitably in larger countries such as the USA, any study is likely to 

be highly selective and even within the same city or district, it is unlikely that 

all cases of WS will be seen. The current study has been conducted in a much 

smaller country where a very high proportion of all cases of WS are likely to 

have been sent to the same clinic, simply because there is no other within a 

convenient geographical distance and because the [compared with the USA] 

relatively undeveloped nature of assessment means that in any case there are 

fewer qualified specialists who can conduct the assessment.. It is thus likely 

that the sample is rather more demographically representative than the ones 

found in other studies. In addition, it should be noted that in essence, much of 

the research was conducted blind. Initial psychological assessment was often 

conducted before FISH tests were known, and when the study commenced, the 

authors had no intention of analysing the data for research purposes. The data 

had been accrued simply on an individual by individual basis for the practical 

purposes of diagnosis and prognosis.

The study also raises a further question that was not anticipated in the study's 

design but highlights an area that merits further, more detailed, research. This 

is the discrepancy between performance on verbal and nonverbal tests of 

cognitive assessment. Karmiloff-Smith et. al. (2003), Bellugi and St. George 

(2001) and Mervis et. al. (2000) have argued that the sub-average performance 

of WS patients on IQ tests is a result of a combination of factors such as poor 

visuo-motor integrative functioning (Mervis et. al., 2000), poor attention span 

and concentration (Bellugi and St. George, 2001) and neurological factors, hi 

the current study, children in all categories of genetic deletions perform
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significantly better on nonverbal tests such as the Pictorial Test of Intelligence. 

To the best of the authors' knowledge, the nonverbal intelligence of WS 

children has rarely been tested in depth on meaningfully-sized samples. The 

results reported here may indicate that the sub-average functioning of the 

majority of WS children hi the major batteries such as The Stanford-Binet 

Intelligence Scales IV, the WISC-III, the K-ABC and the Columbia Maturity 

Scale may be a result not of typical mental retardation but a result of poor 

performance in the heavily verbal and performance sections of such batteries. 

Most nonverbal tests do not include performance subtests and allow children 

to concentrate better and perform with less anxiety. Against this must be 

weighed the consideration that the current study included children from non- 

native Greek speaking families, though it should be noted that the children 

were fluent in Greek appropriate for their age and condition when tested.

It is obvious from the above findings, that future research in the differences 

between children with atypical genetic loss will be beneficial in understanding 

the causality of the diversity in the medical and cognitive profile of children 

with Williams syndrome. The claim of Botta et. al. (1999) that deletion of 

Syntaxin 1A and CYLN2 plays a significant role in the nature and incidence 

of neurological dysfunction in Williams syndrome deserves serious 

consideration.

Another consideration is that small n studies are likely to be unrepresentative 

of much since there is such diversity between participants. However, force of 

circumstance or the demands of a specific study may necessitate use of small
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numbers. In these instances, it is more important than ever that participants are 

accurately identified. Studies of small samples, with participants accrued from 

a mixture of local physician's case books and WS advocacy groups are likely 

to produce participants with an eclectic mix of abilities and genotypes that 

have little that is meaningful or accurate to say about WS other than the fact 

that they form a 'handicapped' group that may have the same aetiology 

(though if not all the participants have been verified through FISH, this also 

may be uncertain).

Such procedures will however be meaningless unless common measures are 

identified that will allow meaningful comparisons across studies. There is a 

very clear need for a common set of benchmark measures to be administered. 

The disparity in performance between tests weighted more or less heavily 

towards verbal skills indicates that a reasonably broad range of measures 

should be taken if a meaningful gauge is to be made of WS patients' abilities. 

In addition, although understandably researchers may only be interested in 

specific aspects of the symptomatology of WS patients, in order to allow a 

meaningful comparison with patient samples in other studies, mention might 

be made of incidence of at least the so-called 'classic' symptoms. Such 

information not only will aid comparative studies but also allow more accurate 

data to accrue for future meta-analyses of research in this field.
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Study 2 - Does the level of genetic deletion in Williams syndrome 
affect attainment of developmental milestones?

3.1 Introduction

In recent years, considerable attention has been paid to the social and linguistic skills 

of children with WS, in part because they appear to be relatively preserved, compared 

with cognitive, and particularly visuo-spatial, skills. This has led some commentators 

to argue that WS provides an acid test for modularity of development (see Karmiloff- 

Smith, Broen, Grice and Paterson, 2003 for an overview and critique). The available 

evidence largely contradicts this assumption, however. As discussed in the 

Introduction, although there are many reports of greater sociability and gregariousness 

in WS patients, this does not mean that their social skills are necessarily preserved. 

For example, social-perceptual abilities in WS patients are significantly worse than 

normal controls' and on a par with individuals with similar levels of intellectual 

disability from other aetiologies (Skwerer, Verbalis, Schofield, Faja & Taget- 

Flusberg, 2006). Meyer-Lindenberg, Hariri, Munoz and Mervis (2005) used fMRI 

scans to examine amygdala activity in a group of WS patients and a group of non-WS 

controls (matched for age, gender and IQ). The researchers found that when presented 

with pictures of threatening faces, the amygdala became more active in normal 

controls, but less active in the WS patients. Conversely, when presented with pictures 

of threatening scenes, the WS patients' amygdalas were more activated than the 

controls'. This finding may explain the often-cited overfriendliness of some WS 

children and adults. Quite simply, their brains lack conventional fear and caution 

responses, leading them to be friendly where others would be cautious. But this 

higher 'sociability' is not a skill as much as an atypical response.
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To recap the other key evidence from the Introduction: other measures within the 

broad domain of social and emotional development have likewise found deficits, 

typically ranging from mild to moderate in their severity. For example, Gosch and 

Pankau (1994), using the Vineland Adaptive Behaviour Scale (Sparrow, Balla and 

Ciccheti 1984), reported delay in early social and self skills, which they attributed to 

marked delay in gross and fine motor skills. Greer, Brown, Shashidhar et. al., (1997) 

studied 15 children aged 4 to 18 years with the same scale and reported delay in social 

and communication skills but better attainment compared to daily living skills and 

motor skills. Again, using the Vineland Scale, Mervis and Klein-Tasman (2000) 

examined the adaptive behaviour of 41 children with WS between the ages of 4 and 8 

years of age. The researchers found that performance was relatively best in the 

socialisation domain, but still below normal. In a study of 7 children with WS, 

Kataria, et.al., (1984) found significant delays in the acquisition of early socialisation 

skills. Similar findings were reported by Mervis and Klein-Tasman (2000). Thus, the 

literature is in general agreement that socialisation and communication skills are 

delayed or are developing at a much slower rate and quality than in non-handicapped 

children.

However, these findings apply to sets of participants treated as homogeneous groups - 

in other words, 'Williams syndrome' is treated as a uniform condition, with all 

patients displaying reasonably similar symptoms and behaviours. However, as Study 

1 has demonstrated, there is considerable variety in symptoms, and it is intuitively 

plausible that the degree of retardation in emotional and social development is 

similarly related to level of genetic loss (i.e. the smaller the deletion the less the
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impairment). This means that most of the existing studies of WS may be 

compromised because, by failing to account for level of genetic loss, they are 

presenting an unsatisfactory aggregate of findings from fundamentally disparate sub 

groups of patients.

However, with regard to measures of social/emotional development, this argument is 

currently conjectural, because we lack any appreciable knowledge of the effects of 

different levels of genetic loss on these specific areas. The limited information 

available in the cognizant area of cognitive milestones indicates that level of loss has 

a significant effect (i.e. the lower the loss the less the delay in attaining developmental 

milestones - Ewart, Morris, Atkinson, Jin, Sternes, Spallone, Stock, Leppert and 

Keating 1993; Frangiskakis et al., 1996). It is therefore reasonable to suppose that an 

analogous situation applies to other domains of development, and the important 

practical and theoretical issues that could be affected by this matter are in themselves 

sufficient reason to examine the matter further.

To redress this imbalance, the following study was conducted, drawing upon 

members of the group of participants used in Study 1. As part of their psychological 

assessment, children were tested on the Denver Developmental Screening Test 

(Frankenberg, Fendal & Dodds, 1970) in the Greek standardised edition (Tsikoulas 

and Tsermenidis, 1988) and Child Development Inventory (Ireton, 1992). The latter 

gives a measure of a range of developing skills and enables estimates of functional 

age to be made. The former records a large series of developmental milestones, 

including socialization [basically, relatively broad gross/fine motor, linguistic and 

social-personal] and motor skills. Motor dysfunction is not often cited in summaries
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of WS, although it is frequently reported in the research and clinical literature (e.g. 

Plissart et. al., 1994; Carrasco et al., 1995; Shea, 1995; American Academy of 

Paediatrics, 2001). Shea (1995) conducted a large survey of gross and fine motor 

development in children with Williams syndrome (the only one of its kind in the 

literature), and reported that gross and fine motor delay are disproportionately larger 

than delay in any other area. In a very recent article, Hocking, Bradshaw and Rinehart 

(2008) report similar findings and make a persuasive case for more studies to be 

conducted in this area.

Movement dysfunction measures provide a useful comparison tool. If a 

developmental modularity explanation is valid, then skill level on socialization 

measures should be unrelated to motor skill measures. It may also be predicted that if 

skills follow the same pattern as the aforementioned cognitive abilities, they will be 

related to level of genetic loss (i.e. the lower the genetic loss, the higher the 

attainment).

3.2 Method 

3.2.1 Participants

Participants were drawn from patients referred to the Piraeus Rehabilitation Centre for 

Children in Greece. Participants were categorized into Full, Large Partial and Small 

Partial groups as in Study 1. The mean age of participants on first referral was 54 

months.
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3.2.2 Materials

Developmental milestones data were collected from associated paediatricians' notes, 

measurements of developmental milestones on the Denver Developmental Screening 

Test (Frankenberg, Fendal & Dodds, 1970) and Child Development Inventory (Ireton, 

1992) and comprehensive interviews of the participants' parents, who were instructed 

to keep a diary for monitoring their childrens' attainment of critical milestones. It is 

important to stress that this is an opportunistic study of archival data and the choice of 

tests was dictated by the fact that the DDST and the GDI have been approved for use 

with the Greek population and are widely used by Greek paediatricians and hospitals 

for the assessment of developmental milestones attainment.

3.2.3 Procedure and scoring

The participants were tested by the author over the period 1996-2005 as each child 

presented for assessment at the Piraeus Rehabilitation Centre, Greece using 

standardized procedures. The age of attainment of milestones was measured in 

months.

3.2.4 Results

The mean scores and standard deviations for the three deletion groups on the GDI 

domains were: Social: Full - 35.07 (3.45), Large Partial - 35.73 (2.15), Small 

Partial - 37.63 (2.80); Self Help: 27.29 (3.10); 30.55 (2.73), 34.50 (1.41); Gross 

Motor: 21.71 (3.67); 24.64 (2.38), 27.13 (1.64); Fine Motor: 21.00 (3.11), 22.72
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(1.55), 25.38 (2.1.3); Expressive Language: 39.36 (8.92), 43.73 (3.82), 47. 13 (0.83); 

Language Comprehension: 45.07 (5.87), 46.00 (2.14), 46.75 (1.17); General 

Development: 50.64 (8.07), 53.55 (6.70), 53.88 (7.54) and are summarised on Table 

7 . The yielded functional age equivalents shown in Table 8.

Data on 78 milestones were collected (see Appendix 2 for a list of milestones and 

their chronological attainment), too large a number for convenient analysis. 

Therefore, the data were summarized by calculating the mean score for the milestones 

categorized, as per standard procedure, into four groups: fine motor (e.g. age of first 

reaching for an object), gross motor (e.g. age of first sitting without support), 

language (e.g. age of first utterance other than crying) and social/personal (e.g. age of 

first regarding a face) 1 . The results, categorized by deletion group, are shown in Table 

8. Some participants could not be measured on all tests because of severe movement 

difficulties, so means are taken only from those capable of taking each test.

Table 7: CDI Domain Scores for Full and Partial Deletion Groups

I CDI Domain Score Full Deletion Large Partial Small Partial 
Mean and SD Mean and SD Mean and SD

CDI Social
CDI Self Help

CDI Gross Motor

CDI Fine Motor

CDI Expressive Language

CDI Language Comprehension

General Development

35.07 
(3.45)
27.29 
(3.10)
21.71 
(3.67)
21.00 
(3.11)
39.36 
(8.92)
45.07 
(5.87)
50.64 
(8.07)

35.73 
(2.15)
30.55 
(2.73)
24.64 
(2.38)
22.72 
(1.55)
43.73 
(3.82)
46.00 
(2.14)
53.55 
(6.70)

37.63 
(2.80)
34.50 
(1.41)
27.13 
(1.64)
25.18 
(2.13)
47.13 
(0.83)
46.75 
(1.17)
53.58 
(7.54)

1 The individual test data in fact perform analogously to the summary figures.
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Table 8 - Mean (with s.d.) of CDI Age Eqivalents (AE)

CDI Aj;e Equivalents Full Deletion Large Partial Small Partial 
(Months) 
DDST Milestone Attainment 
(Months)
Chronological Age 
Equivalent (months)

CDI Social Age
CDI Self Help Age

CDI Gross Motor

DDST Fine Motor

DDST Gross Motor

DDST Language

DDST Social/Personal

52.27 
(7.78)

35.33 
(3.48)
27.73 
(3.45)
22.07 
(3.79)
30.06
(2.75)
40.22 
(4.62)
39.91 
(3.56)
28.39 
(0.41)

54.18 
(6.35)

35.73 
(2.15)
30.55 
(2.73)
24.64 
(2.38)
28.77 
(2.36)
38.97 
(3.85)
39.11 
(2.61)
27.36 
(0.35)

54.13 
(5.89)

37.63 
(2.81)
34.38 
(1.30)
30.63 
(8.17)
22.32 
(1.81)
26.95 
(2.99)
31.56
(2.51)
25.80 
(1.18)

Potential group differences were examined through a series of ANOVAs on SPSS. 
These are summarized below:

(i) There was no significant group difference in chronological age (F(2,37) =

0.416). 

(ii) There was a significant difference between scores on each of the three CDI

age scores and chronological age (F(l,31) = 872.26, p<.001; eta squared =

.811). Post hoc LSD tests found significant differences on all paired

comparisons, 

(iii) There was a significant deletion group difference between scores on each of

the three CDI age scores (F(2,31) = 4.125, p<.026; eta squared = .110).
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Post hoc LSD paired comparisons found this was attributable to a 

significant (p<.007) difference between the Small Partial and Full groups - 

all other comparisons were non-significant. There was a significant 

interaction (F(2,31) = 5.66, p<.008) between age scores and deletion group. 

This is probably attributable to a relative lessening of differences on the 

measures in the Small Partial group.

(iv) There was a significant difference between the deletion groups on the mean 

fine motor milestones measure (F2,35) = 30.91, p<.001; eta squared = 

.730). Post hoc LSD paired comparisons found this was attributable to a 

significant (p<.001) differences between the Small Partial group and the 

other two groups. The Full - Large Partial group difference was not 

significant.

(v) There was a significant difference between the deletion groups on the mean 

gross motor milestones measure (F(2,25) = 29.16, p<.001; eta squared = 

.754). Post hoc LSD paired comparisons found this was attributable to a 

significant (p<.001) differences between the Small Partial group and the 

other two groups. The Full - Large Partial group difference was not 

significant.

(vi) There was a significant difference between the deletion groups on the mean 

gross language measure (F(2,36) = 24.467, p<.001; eta squared = .727). 

Post hoc LSD paired comparisons found this was attributable to a 

significant (p<.001) differences between the Small Partial group and the 

other two groups. The Full - Large Partial group difference was not 

significant.
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(vii) There was a significant difference between the deletion groups on the mean 

gross social/personal measure (F(2,25) = 61.85, p<.001; eta squared = 

.705). Post hoc LSD paired comparisons found all paired comparisons to be 

significant at p<.001.

To examine relationships between milestone scores, a series of correlations using 

SPSS were used. These found the following, all significant at p<.001: fine motor - 

gross motor, 0.957; fine motor - language, 0.913; fine motor - social/personal, 0.851; 

gross motor - language, 0.932; gross motor - social/personal, 0.871; language - 

social/personal, 0.7542 .

In summary: there were significant group differences on all measures (except 

chronological age). The group differences on the GDI measures were relatively weak 

(in terms of statistical power and being attributable to a single paired difference), but 

differences on the milestone measures were more robust (in statistical power and with 

a larger proportion of significant paired comparisons). In addition, the mean milestone 

measures correlated very highly with each other.

3.2.5 Discussion

Four principal findings emerge from this study. First, it is clear that WS participants' 

performance falls considerably below that expected for their chronological age. The 

GDI estimates of functional age were all significantly lower than the chronological 

ages of the participants. This cannot be an artifact of the deletion groups being of

2 Correlations between the individual milestone measures found similar set of correlations - in a 78 x 
78 matrix, 10 correlations were non-significant, most of them marginally, (see Appendix 2).
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different ages as they were matched for CA. Second, there were significant 

differences between the estimates of functional age on the three aggregate GDI 

measures, such that social age was more advanced than self help, and that in turn was 

more advanced than gross motor age. This is echoed in the milestones data - 

social/personal milestones are considerably ahead of motor or language milestones. 

Although this is relative, it supports the general argument that social skills are 

relatively well preserved in WS. However, note the stress on relative, as the skills are 

still considerably behind what would be considered age-appropriate.

Aside from the issue of relative rather than absolute preservation of sub-skills, this 

non-uniform development cannot be taken as evidence for modularity because of 

another key finding. Namely, that the skills being measured are highly correlated with 

each other. Thus, the four mean milestones measures correlated with each other at 

between .754 and .932. These are skills linked by a common bond, not independent 

entities. And these skills cover very different domains from language to motor skills 

(fine and gross) to social/personal. They are not simply permutations of a single 

underlying skill, but instead measure a broad range of development. The argument 

that people with WS possess independent islets of ability may conceivably apply to a 

few isolated cases, but when considered as a larger group, there is no evidence to 

support this supposition.

The final principal finding is that the study presents clear evidence that development 

and level of functioning are related to level of genetic loss in the 7qll.23 region. The 

milestones data provide evidence of statistically significant and powerful differences 

between the deletion groups. The GDI data are less powerful, possibly because of the
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nature of the tests and a potential tendency for floor effects confounding the data. 

However, across all conditions it is clear that there is a very pronounced difference 

between individuals with a small partial (<500Kb) deletion and those with larger 

deletions. Unfortunately, there is no convenient method of identifying WS 

participants with small partial deletions by clinical symptoms alone. Loss from the 

7qll.23 region is to a large extent random, so there is not a reliable hierarchy of 

symptoms that appear with increasing genetic loss. As Study 1 indicated, all that may 

be concluded is that the probability of a symptom manifesting itself increases with 

genetic loss, but even in cases of supposed 'full' deletions, not all symptoms will 

manifest themselves.

This further reinforces the argument that WS cannot be legitimately considered to be 

a uniform condition. Much greater attention needs to be paid to the level of genetic 

loss in participants, since this can induce considerable levels of variability in 

performance. This particularly applies to the majority of studies where small samples 

(often hi single figures) are used. Here, the potential for biasing of results with just 

one or two atypical cases of loss is much greater. In the present instance, the findings 

on social/personal skills may explain several papers that have reported very close to 

average acquisition of socialization skills (see Gagliardi, Bonaglia, Selicorni, Borgatti 

& Giorda, 2003; Frangiskakis et. al., 1996; Ewart et. al., 1993); plausibly, these 

studies may have used a high proportion of WS individuals with relatively low 

genetic loss.

However, although this study indicates potential new policies for conducting WS 

research, its general findings support much of the existing research literature. For
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example, the results support Gosch and Pankau (1994), who reported delay in the 

development of social and personal skills and the study by Greer et. al. (1997) who 

reported delay in social and communication skills but better attainment compared to 

daily living skills. The findings also support Mervis and Klein-Tasman (2000) who, 

using the Mullen Scales, found that performance was best in the socialisation domain, 

with standard scores in this domain significantly higher than standard scores in all 

other domains. Mervis and Klein-Tasman also found that within the socialisation 

domain, interpersonal skills were significantly more advanced than play/leisure skills 

or coping skills, while performance on the daily living domain was significantly 

worse than performance on both socialisation and communication domains. 

Socialisation skills in turn were significantly better developed than personal and 

motor skills. [It has to be noted however that in all these studies, socialisation and 

communication skills were delayed or developing at a much slower rate and quality 

than the ones of non-WS children]. The findings also echo other studies of WS 

children that note significant delays in personal/self help development in comparison 

with non-handicapped children (e.g. Grimm & Wesselhoeft, 1980; Martin et. al., 

1984; Morris et al., 1988; Trauner et.al., 1989; Wu et. al., 1998; Pasqual-Castroviejo 

et. al., 2004). Further research is required to expand on this, as researchers who have 

presented atypical cases of WS (Ewart et al., 1993; Gagliardi et. al., 2003; 

Frangiskakis et. al., 1996; Osborne, 1996; Pober, 1997; Heller et. al, 2003; Hirotta et. 

al., 2003) have not commented on the differences between children with typical and 

atypical deletions in the different developmental domains.

Finally, these findings raise questions about the future wellbeing of WS children. A 

cluster of symptoms - immaturity, anxiety, phobias, hypersociability and
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overfriendliness - has been reported in children with WS by several researchers 

(Timoshenko et. al., 1984, Wang et. al., 1995; Joyce et. al., 1996; American Academy 

of Paediatrics 2001; Carrasco et. al., 2005). And it is worth noting that this cluster is 

especially likely to appear if accompanied by pronounced motor delay (Achilles, 

1952; Telford & Swarey, 1967; Cruickshank, 1976; Hallahan & Kaufman, 1992; Lewis, 

1997). In the present study, both fine and gross motor delay has been noted, and 

furthermore, this is strongly correlated with social/personal and language skills. 

Further research is required to examine the possible effects of motor dysfunction on 

the acquisition of early social developmental milestones and the possible effects of 

deletion size in the level of social competency of children with WS, especially since 

Carrasco et. al. (2005) suggests that there is a strong relationship between the level of 

severity in motor dysfunction and problems in the social development of children 

with WS. Their findings supported a previous study of Kocarek, Vevjakova, Novotna, 

Zapletal, Novotna, Strnad, Puchmajeroca, Simandlova, Raskova, Koudova and Goetz 

(2000) which revealed an alarming proportion of children experiencing severe motor 

delay leading to different manifestations of emotional and behavioural and 

school/educational distrurbance in later childhood.

Thus, WS needs to be seen in a new light. Not as a relatively uniform condition with 

similar symptoms across patients, but one that varies in tandem with level of genetic 

loss. It is a condition that presents an illusion of preservation of social skills, but this 

is only a relative phenomenon. Furthermore, the interrelationship between 

social/personal skills and seemingly disparate facets of development (motor, 

language) needs to be examined in greater detail to identify potentially serious 

problems in later life.
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However, this study, in common with Study 1, is limited in that it only observes 

Williams syndrome children at one point in time, and gives little insight into the 

dynamics of change as the children develop. To address this issue, Study 3 - a 

longitudinal study - was conducted.

133



4. Study 3 - A brief longitudinal study of intellectual change in 
Williams syndrome

4.1 Introduction

To recap from the Introduction: IQs of WS patients tend to be 50-90 with a 

heavy bias towards the lower end of the range (e.g. Korenberg, Salandanan, 

Mills and Reiss, 2003). Deficits are especially pronounced on visuospatial 

tasks (e.g. Patterson Brown, Gsodl, Johnson & Karmiloff-Smith, 1999; 

Landau & Hoffman, 2005), but language skills are often relatively preserved 

(e.g. Reilly, Klima and Bellugi, 1990) and dissociated from other cognitive 

skills (e.g. Bellugi & St John, 2001; Karmiloff-Smith, Brown, Grice & 

Paterson 2003). More recently, it has been argued that the initial stance on 

linguistic skills was simplistic, and that there are distinct patterns of sparing 

and impairment within linguistic sub-skills, with relative strengths and 

weaknesses changing over time (Vicari, Bates, Caselli et al., 2004).

It would be valuable to know how psychological abilities change over the 

lifespan of WS patients, but currently, longitudinal studies of WS participants 

are scarce and sometimes contradictory. For example, Stojanovik and James 

(2006) report a case study of a child with WS over a 10 month period, who 

demonstrated poor verbal communication relative to motor and cognitive 

development. This is in contrast to the findings already cited of relative 

preservation of linguistic skills, and also a 40 month-long longitudinal study 

of a group of WS participants by Jarrold, Baddeley, Hewes and Phillips (2001)
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which found significantly greater improvement in verbal over non-verbal 

skills. Another single case study is in greater agreement with the existing 

literature. Stiles, Sabbadini, Capirci and Volterra (2001) assessed the drawing 

abilities of a WS child from age 2yrs 5 months to 6 years 7 months. It was 

concluded that the child's visuospatial skills improved with age, but still 

displayed a marked deficit relative to the norm, hi a 24 month-long 

longitudinal study of 20 children, Gosch and Pankau (1996) found IQ scores 

significantly worsened (from 77 to 68), implying a particularly severe deficit.

The following study offers a modest addition to the literature, and draws upon 

data from children in the same participant groups used in Studies 1 and 2. For 

the purposes of Greek local authority and legal requirements, many of these 

children were assessed on the same diagnostic measures two years apart. The 

tests used were the ones routinely employed for this work and included three 

intelligence tests, one visuo-spatially oriented (the Pictorial Test of 

Intelligence (French, 1963), or PTI) and two primarily verbally oriented (the 

Wechsler Intelligence Scale for Children 3rd edition (Wechsler, 1991) or 

WISC-III and the Kaufman Assessment Battery for Children (Kaufman & 

Kaufman, 1983) or K-ABC). Based upon the aforementioned studies, it may 

be predicted that there will be a relative superiority of the linguistic based 

tests, and across the two test sessions there should be a relative stability or 

even a decline in IQ.
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4.2 Method

4.2.1 Participants: 14 boys and 6 girls were drawn from the participant 

samples described in Studies 1 and 2. The participants all had significant 

deletions (i.e. at least 1.2Mb) in the area 7ql 1-23.

4.2.2 Materials: All participants were administered the Wechsler Intelligence 

Scale for Children- WISC-III (Wechsler, 1991), the Kaufman Assessment 

Battery for Children-K-ABC (Kaufman and Kaufman, 1983) and the Pictorial 

Test of Intelligence Revised PTI-R (French, 1963; 1991).

4.2.3 Procedure Participants were tested twice on each measure   the first 

time as soon after initial referral as was practicable given the minimum 

recommended ages for administration and the second time approximately 24 

months later. The tests were administered using standardised procedures, as 

part of routine evaluation after referral from medical and educational 

authorities. Retests were conducted at the request of the said authorities to 

determine the longitudinal performance of children for the evaluation of 

disability status and provision of therapeutic, school and transition services.

Because of differences in referral procedure and when parents or carers first 

responded to the children's symptoms, there was considerable variation in 

when the children first presented for assessment. Because the PTI (relatively 

widely used in Greece) has a greater age range than other tests at the author's 

disposal (36-96 months compared with e.g. the WISC Ill's 72-144 months)
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this was administered to participants earlier than the other tests (range 56-74 

months, mean 68.3 months). The WISC III and K-ABC, with a higher 

minimum age and/or subtests difficult to administer to younger children, were 

typically administered at a later date (range 85-91 months, mean 87.7 months). 

The K-ABC Sequential and Simultaneous batteries were administered 

separately. Thus, the participants were tested between the ages of 56 months 

and 74 months and retested circa 2 years later between the ages of 83 and 98 

months on the PTI. Participants were tested between the ages of 85 and 91 

months and retested circa 2 years later between the ages of 105 to 120 months 

on the WISC-III and the K-ABC.

4.2.4 Scoring The tests were scored according to standardized procedures and 

the intelligence quotients were calculated from the raw scores using 

standardized procedures.

4.2.5 Results The mean IQs (and standard deviations) for each test at the two 

testing sessions are summarised on Table 9. The results were analyzed using 

2-way repeated measures ANOVA with factors time of testing and type of 

test. There was a significant difference between IQ scores on the two test 

sessions (F(l,18) = 84.636, p<.001; eta squared = .817); a significant 

difference between test types (F(3,18) = 741.617, p<.001; eta squared = .405); 

and a significant interaction - namely, a greater relative increase in quotients 

on the PTI compared with the other tests (F(3,18) = 15.980, p<.001; eta 

squared = .457). Post-hoc paired comparisons (Bonferroni) found significant 

differences between PTI and each of the other tests. No other comparisons
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were significant. Results are summarised in Tables 9 and 10 and in diagram in 

Figure 11.

Table 9: Descriptive Statistics

Test/Retest Scores Gender Mean Standard Number
1.0: Male 2.0 Female Deviation

WISC-III Initial Score

WISC-III Retest
Score

K-ABC Initial
Sequential Score

K-ABC Retest
Sequential Score

PTI Initial Test
Deviation IQ

PTI Retest Deviation
IQ

1.00
2,00
Total
1,00
2,00
Total
1,00
2,00
Total
1,00
2,00
Total
1,00
2,00
Total
1,00
2,00
Total

62,5714
61,0000
62,1000
63,4286
61,6667
62,9000
66,0714
67,8333
66,6000
67,4286
68,8333
67,8500
71,0714
72,6667
71 ,5500
73,7143
76,3333
74,5000

7,82220
3,74166
6,78931
7,90048
4,17931
6,92744
4,64864
3,97073
4,42957
4,63622
3,97073
4,39228
7,61036
7,06163
7,30159
7,65032
6,91857
7,35920

14
06
20
14
06
20
14
06
20
14
06
20
14
06
20
14
06
20

Table 10: Results of Tesf/Retest Comparisons

N Tcsi/Rctcsi t-scorc Degrees of Significance
Condition freedom

20

20

20

20

WISC-III Test-Retest

K-ABC Sequential
Test- Retest
K-ABC Simultaneous
Test-Retest
PTI Test-Retest

t = 2.712

t = 5.225

t = 5.151

t= 13.210

df=19

df=19

df=19

df=19

p= 0.0069

p< 0.0001

p< 0.0001

p< 0.0001
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Figure 11: IQ Performance on Test-Retest

IQ on Test-Retest
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4.2.6 Discussion

The results of this study indicate that there is significant improvement in retest 

performance, ranging from the relatively mild (WISC-III) to the more 

substantial (PTI), although overall, scores and quotients remain low and in the 

area of mild mental retardation to low average intelligence. This might be 

intuitively expected since even in relatively severe cases of handicap, some 

maturational improvement is to be expected. However, in this instance there is 

an improvement in quotients - in other words, there is an improvement above 

and beyond simple maturation. The most parsimonious explanation for this is
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that the participants had been intensively treated between sessions and the 

improvement may be indicative of therapeutic effects. All children 

participating in this study had undergone developmental, psychological and 

motor rehabilitation between testing and retesting. However, it should be 

noted that children with WS who in Gosch and Pankau's study displayed a 

relative decline had presumably received similar levels of therapeutic 

intervention, so the extent to which intervention is a confounding factor is a 

moot point. Further longitudinal studies are needed to examine the possible 

effects of rehabilitative intervention on cognitive improvement.

The observed changes may represent an initial performance below par 

followed by a recovery to what will be a typical performance for the 

participants. Previous research has contended that although early development 

is delayed (e.g. Grimm and Wesselhoeft, 1980; Mervis, Robinson & Pani, 

1999; Pasqual-Castroviejo et al., 2004) it improves with chronological age, 

especially in the areas of language and personal social development (see 

Semel and Rosner, 2003 for a review). However, this same criticism (if valid) 

applies across all studies. Once again, further research is needed.

A further consideration is the difference in performance between the WISC-III 

and the K-ABC and the nonverbal test of intelligence PTI. Concepts like 

vocabulary and comprehension for example are tested in verbal form in both 

the WISC-III and the K-ABC. It might be supposed that WS children would 

perform better at these tasks given the oft-reported finding that verbal skills 

are better preserved. However, the WS children in this study performed better
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on the PTI, a completely nonverbal measure. This directly contradicts the 

findings of Jarrold, Baddeley, Hewes and Phillips (2001) that verbal skills 

develop relatively better than non-verbal. However, as noted in the 

Introduction, not all verbal skills are equally preserved, and presumably the 

tests used in this study assessed those verbal skills that are less spared in WS 

whilst those used by Jarrold et al. favoured the WS participants' relative 

strengths (see Vicari, Bates, Caselli et al., 2004).

A further consideration is that the reason for the differences between this and 

other studies may be in the selection of participants. The current study is one 

of only a handful that has participant numbers in double figures and where 

each and every participant has had their diagnosis confirmed using genetic 

testing. Several of the currently widely-quoted studies have only a minority of 

participants who have been definitively tested in this manner. Thus, studies 

may not be comparing like with like.

Notwithstanding the above, the study does not support the longitudinal study 

of Gosch and Pankau (1996). Whilst they found a decrease in IQ on their 

measure (the Columbia Mental Maturity Scale), this study found an increase in 

IQ across three different measures. This pattern resembles more the IQ 

increase patterns of children with prolonged immaturity and growth 

retardation (Telford & Swarey, 1964; Wood, Combs, Gunn & Weller, 1986) 

and children with neurological impairment (Achilles, 1955; Cruickshank, 

1976) rather than children with a typical classification of mental retardation in 

terms of DSM IV or ICD-10 criteria. However, the explanation of Gosch and
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Pankau (1996) that decrease or stability in IQ over the years might be a result 

of decrease of developmental rate may be explanatory for the low IQ that is 

presented initially and the increased yet low IQ on retest. Developmental delay 

of any rate might have deleterious effects on IQ performance, a fact very well 

established in the literature (see Begab, Heywood and Garber, 1981).

Finally, the findings of a qualitative improvement also indicate that change is 

possible for WS patients - they are not doomed to remain at a specific level of 

ability and intervention may yield key results. The results indicate a clear need 

for future research to examine longitudinal changes in a wider body of WS 

patients.
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5. Study 4: Examination of Visuospatial Short Term Memory in 
Children with Williams Syndrome

5.1 Overview of visuospatial memory and attention deficits in Williams 
syndrome

Difficulties with visuospatial orientation, construction, memory and attention in 

children with Williams syndrome have been well documented (Burn, 1986; Pagon 

et. al., 1987; Bellugi et. al., 1988; Crisco, 1988; Trauner et. ah, 1989; Semel and 

Rosner, 1991; Levine, 1993; Milani et. al., 1994; Wang and Bellugi, 1994; Vaal, 

1994; Vicari et. al., 1994; Udwin and Yule, 1998; Jarrold et. al., 1999; Einfeld et. 

al., 2001; Levy et. al., 2003; Temple, 2003; Rosch, 2004; Sampaio, Sousa, 

Femandez, Henriques and Gonsalves, 2007), with visuospatial construction and 

orientation deficits being the dominant fields of investigation. Investigators in the 

area of visuospatial STM have indicated that in contrast to their performance on 

verbal STM tests, children with WS usually score very badly on tests of 

visuospatial memory (Crisco et. al., 1988; Semel and Rosner, 1991; Milani et. al., 

1994; Wang and Bellugi, 1994; Vaal, 1994; Vicari et. al., 1994; Jarrold et. al., 

1999; Brown et. al., 2002; Sampaio et. al., 2007). The main procedure for the 

examination of visuospatial STM in children with WS has been the Corsi Block 

Test, a procedure in which the examiner touches square blocks presented in front 

of the participant in a given order and the participant is asked to repeat the 

sequence. In marked contrast to their good performance on digit span tests (Semel 

and Rosner, 1991; Wang and Bellugi, 1994; Vicari et. al., 1994; Mervis et al., 

1996; Mervis et. al., 1999), children with WS perform significantly worse than
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children with Down syndrome (Wang and Bellugi, 1994), worse than typically 

developing controls matched for mental age (Vicari et. al., 1994) and worse than 

children with mild learning disability (Jarrold et. al., 1999). Children with 

Williams syndrome are also significantly worse than mentally retarded matched 

for chronological age controls on the Visual Sequential Memory subtest of the 

Illinois Test of Psycholinguistic Abilities Revised ITPA-R (Crisco et. al., 1988). 

It might be argued that the problems faced by WS children are in following the 

movements of the examiner's tapping actions. Nakamura et. al. (1999) reported 

very low scores on the K-ABC subtest in which the subject has to imitate the 

manual movements of the examiner.

In terms of attention deficits in Williams syndrome, research has shown that most 

children with WS have problems maintaining satisfactory attention levels and face 

difficulty when they have to decide what to do next. In their large interstate 

survey Semel and Rosner (1991) reported that the most frequent complaints of 

parents of children with WS have been poor attention and concentration (97% of 

parents) and attention to the irrelevant aspects of a situation (88% of parents). The 

above have been associated with messy and careless work habits, time wasting 

and failure to complete required tasks (Semel and Rosner, 1991). The problems 

appear to be centred on persevering, and two studies have indicated that children 

with WS are rated significantly worse than mentally retarded controls matched for 

chronological age on short attention on two age levels (mean age 9;2 years and 

14; 8 years). The results of these studies indicate the severity of attention problems
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encountered by children with WS (Einfeld et. al., 1997; Einfeld et. al., 2001). 

Surveyed parents and teachers frequently mention that children with WS have 

remarked that poor attention might be present even when a subject is of strong 

interest to the child (Semel and Rosner, 1991).

Direct observation of children with WS substantiates such findings. More than 

half of children with WS are reported to have difficulty staying on task and being 

seated during a neurological examination, compared to none of the matched 

Down syndrome controls (Trauner et. al., 1989; Brown et. al., 2002). In a similar 

fashion, children with Williams syndrome have been rated lower than a 

chronologically matched group of mentally retarded children on continuing an 

activity until it is finished (Plissart et. al., 1994). Greer et. al. (1997) reported that 

87% of children with Williams syndrome display attention problems, often severe 

enough to interfere with academic and social adjustment. Finally, clinically based 

research has indicated that children with WS have problems with inattention, a 

short attention span and, distractibility but these are not similar in terms of 

pervasiveness with the distractibility and inattention displayed by children with a 

clinical diagnosis of Attention Deficit Disorder (ADD), unless the child with WS 

has also a clinical diagnosis of ADD (Levine, 1993; Vaal, 1994).

The effects of Williams syndrome on memory and attention are, in this respect, 

relatively under-researched. The following study was prompted by an observation 

made by the author in the process of testing children with WS. The author noted
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that these children had a strong tendency to concentrate and remember items from 

the top left hand corner of a display, and at times it was difficult to distract them 

from this behaviour. Likewise, in discussions with the children's teachers, a 

frequent observation is that it can be difficult to get a Williams syndrome child to 

read beyond the words on the left hand side of the page - the child will read the 

first few words on the line and then move to the next line, irrespective of the fact 

that the resulting phrase is nonsensical. Such observations, if supported by 

appropriately controlled studies, point to a previously under-researched aspect of 

dysfunction in Williams syndrome.

To make an initial gauge of whether this phenomenon was supported by evidence

gathered under reasonably controlled conditions, the following pilot study was

conducted.

This used the Visuospatial Memory subtest of the K-ABC (Kaufman and

Kaufman, 1983). The intent of this was simply to observe whether, under

controlled conditions, a left or top-left bias existed in children with WS.
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5.2 Study 4 - Pilot study

5.2.1 Introduction

The study was conducted to determine whether under controlled conditions, there 

was any evidence for the anecdotal observation that there is a strong left or top- 

left bias in the visuospatial processing of children with Williams syndrome.

5.2.2 Participants

The participants were 20 children (12 male and 8 female) with Williams 

syndrome from Hungary and Slovakia between the ages of 9 and 17 years.

5.2.3 Materials and Procedure

The test used was the Visuospatial Memory subtest of the K-ABC, the general 

nature of which was described in Study 1. The Visuospatial Memory test consists 

of a set of pages, each with a display of items located within a 3 x 3 matrix. The 

examiner displayed each page in turn to the participant for five seconds. The page 

was then removed and a blank page consisting of nine blank squares in a 3X3 

array was presented. The participant was asked to point to the squares that 

contained items in the previous display. As the test progresses, the number of
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objects increases and eventually changes to a 3X4 display. Figure 12 gives an 

example of the testing situation:

Figure 12: Visuospatial memory testing using the K-ABC. Courtesy of the Piraeus
Rehabilitation Centre and the Hungarian Williams Syndrome Association. Presented 
with parental permission.
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The test continued until all test items were attempted and the total number of 

correctly recalled items was recorded.

5.2.4 Scoring

The number of items correctly recalled was scored, subdivided according to the 

spatial location of the items within the matrix.

5.2.5 Results

It was found that all 20 participants had higher scores on the left hand side of the 

display than the right. Assuming an evens chance that the children would prefer 

either the left or the right, the probability of this occurring by chance is 1 in 220 . 

Accordingly, this may be regarded as a very significant effect. A chi square test 

was conducted (position: right/left; accuracy: correc/ incorrect) yielded a %2=21.96

5.2.6 Discussion

It is clear from the above that the WS participants displayed a strong left bias. 

However, these results cannot be taken as definitive proof, for two elementary 

reasons. First, there may have been inbuilt biases within the subtest of the K-ABC
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that favoured a left bias. Second, there are no control data - possibly children 

without WS would perform in the same manner. However, it was felt there was 

sufficient supporting proof to merit a fully controlled empirical study.

5.3 Study 4

5.3.1 Introduction

To address the issues raised above, a study was devised in which participants 

would be tested under controlled conditions for the presence or absence of a left 

or top-left bias for spatial arrays. The bias observed in the K-ABC test could be 

due to one of two factors. Either the participants had a bias for only remembering 

items on the left side of the array, or they had a bias for only attending to the left 

side of the array (leading to a concomitantly better memory for the left hand side). 

To assess this, the study was divided into three parts: first two related studies of 

memory and second, a study of attention/visual search.

Experiment 1 was a replication of the K-ABC study, this time using a group of 

Greek WS children as the experimental group, and a group of age-matched 

typically developing (TD) children as the control group. The intent of the study 

was to determine if the strong left bias observed in the pilot study was specifically 

a characteristic of Williams syndrome or occurred in typically developing 

children also.
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5.3.2 Experiment 1 

5.3.2.1 Introduction

As already noted in the Introduction, people with Williams syndrome have 

especial problems with visuospatial tasks (including memory and attention) and 

this is well documented in the literature (e.g. Burn, 1986; Pagon et. al., 1987; 

Bellugi et. al., 1988; Crisco, 1988; Trauner et. al., 1989; Semel and Rosner, 1991; 

Levine, 1993; Milani et. al., 1994; Wang and Bellugi, 1994; Vaal, 1994; Vicari et. 

al., 1994; Udwin and Yule, 1998; Jarrold et. al., 1999; Einfeld et. al., 2001; Levy 

et. al., 2003; Temple, 2003; Rosch, 2004). A strong exemplar of this is 

performance on the Corsi Block Test: the participant is presented with an array of 

nine identical black cubes. The examiner touches a selection of the cubes and the 

participant is asked to repeat the sequence. In marked contrast to their relatively 

good performance on digit span tests (Semel and Rosner, 1991; Wang and Bellugi, 

1994; Vicari et. al., 1994; Mervis et al., 1996; Mends et. al., 1999), on the Corsi 

task, children with WS perform consistently significantly worse than children 

with Down syndrome (Wang and Bellugi, 1994), typically developing controls 

matched for mental age (Vicari et. al., 1994) or children with mild learning 

disability (Jarrold et. al., 1999).
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It is thus clear that WS children have visuospatial memory problems, but are there 

especial problems with items appearing in the left field? The author has searched 

the literature for previous references to the phenomenon, but can find none. The 

anecdotal evidence and that of the pilot study appears to support it, but the 

anecdotal evidence carries the problem that it is subjective, whilst the materials 

used in the pilot study were administered in a relatively informal setting, and may 

thus unintentionally carry flaws that biased participant responses. In addition, the 

pilot study had no control group, so the possibility that the responses made by the 

WS children might be made by all children cannot be discounted.

Accordingly, the following study was performed, in which the same K-ABC test 

was performed under more controlled conditions, and with a group of typically 

developing, matched for mental age children used for controls.

5.3.2.2 Participants

Twenty children with a confirmed diagnosis of Williams syndrome with an age 

range of 6 years and 9 months to 16 years and 4 months and, twenty typically 

developing children matched for mental age, with an age range of 5 years and 5 

months to 11 years and 1 month. The typically developing children were recruited 

from two local schools with the permission of parents and the headmasters. Of the 

children with Williams syndrome, 14 were male and 6 female and of the twenty 

typically developing children, 10 were male and 10 female.
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5.3.2.3 Materials and Procedure

As for the pilot study.

5.3.2.4 Scoring

The total number of correct recalls was recorded, along with the number of 

correct recalls and errors at each position in the matrices used in the test. 

Positional effects were measured as follows: horizontal misplacement was defined 

as misplacing the position of an item in terms of its horizontal position (left 

middle or centre). For example, an item originally placed right and remembered 

being on the left side or the centre was considered to be horizontally misplaced. 

The same was considered for vertical misplacement (top, middle, and bottom). 

Horizontal omission was defined as not remembering an item which was 

originally positioned hi the presentation. An example could be a child not 

remembering an item originally placed at the bottom right of the presentation 

matrix. Vertical omission was defined on the same terms (missed top, middle or 

bottom items).
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5.3.2.5 Results

The mean number of items correctly recalled for the two groups are shown in 

Table 11. A one tailed t test demonstrated a highly significant superiority of recall 

for the TD group (see Table 10). Tables 12 to 15 present the descriptive statistics 

relevant to misplacement and omission (horizontal and vertical) and figures 13 to 

16 present the same data in graphical form.

Table 11: Summary of Results of Experimental Study 1

Descriptive TD Children WS Children One tailed t Probability 
Statistics
Mean 
Scaled 
Score

Standard 
Deviation
Sample 
Size (N)

11.55

1.572

20

4.45

0.8870

20

t(38)=17.592 p< .001

Table 12: Descriptive Statistics Horizontal Misplacement

1 Condition: 1.00 Non Pathological Mean Standard
2.00 WS Deviation

Horizontal
Misplacement Left

Horizontal 
Misplacement Centre

Horizontal 
Misplacement Right

1.00
2.00
Total

1.00 
2.00

Total

1.00 
2.00
Total

1.1500
4.4000
2.7750

1.6415
5.7285
3.6850

1.5000 
3.7000
2.6000

1.66307
3.80305
3.33195

1.18016
2.78781
2.95767

1 .00000 
2.81163
2.36209
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Table 13: Descriptive Statistics Vertical Misplacement

Condition: 1.00 Non Pathological Mean Standard
2.00 AVS Deviation

Vertical
Misplacement Left

Vertical 
Misplacement
Centre

Vertical 
Misplacement Right

1.00
2.00
Total

1.00 
2.00
Total

1.00 
2.00
Total

1.0500
5.0500
3.0500

1.7420 
4.5560
3.1490

1.4000 
5.3000
3.3500

1.23438
4.43046
3.79575

1.48072 
2.72025
2.58913

0.94032 
3.93500
3.44592

Table 14: Descriptive Statistics Horizontal Omission

1 Condition: 1.00 Non Pathological Mean Standard
2.00 VVS Deviation

Horizontal
Omission Left

Horizontal 
Omission Centre

Horizontal
Omission Right

1.00
2.00
Total

1.00 
2.00
Total
1.00
2.00
Total

3.6000
2.6000
3.1000

5.0585 
4.8420
4.9413
2.4500
8.6000
5.5250

2.85436
2.16187
2.55001

2.45224 
3.78760
3.14143
1.57196
4.89253
4.75010

Table 15: Descriptive Statistics Vertical Omission

1 Condition: 1.00 Non Pathological Mean Standard
2.00 WS Deviation

Vertical
Omission Left

Vertical
Omission
Centre
Vertical
Omission Right

1.00
2.00
Total

1.00
2.00
Total
1.00
2.00
Total

3.0000
5.5000
4.2500

2.4455
3.6515
3.0485
6.8500
7.4500
7.1500

2.67542
3.03488
3.09466

.84958
2.27784
2.08560
3.09966
3.89973
3.49028
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Figure 13: Horizontal misplacement
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Figure 15: Horizontal Omission
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The results were subject to a series of statistical analyses.

Horizontal misplacement There was a significant group difference (F(i,36)= 22.29; 

p< .0001) with WS children misplacing more items on the horizontal axis. 

Examined more closely, there was a significant main effect of position on 

misplacement of items (F(2,72)=26.59; p< 0.0001) and a significant interaction 

effect between group and type of misplacement (F(2,72)= 8.93; p< 0.0001). The 

WS group misplaced a significantly greater number of items towards the left than 

towards the centre or right, and a significantly greater number of items towards 

the centre than towards the right (position of items and presence of Williams 

syndrome affect misplacement of items). T-tests with the Bonferroni correction 

(t(i9)> 2.2944 in this case) were used as post hoc tests. Misplacement towards the 

left was found significantly higher than misplacement to the right (t( i9)=5.18; p< 

0.05), misplacement to the left was found significantly higher than misplacement 

to the centre (t(i9>=5.42; p< 0.05) and misplacement towards the centre was found 

significantly higher than misplacement towards the right (t<i9)=5.07; p< 0.05). 

Thus, the WS group significantly misplaced items towards the left rather than to 

the centre or right and more significantly towards the centre than the right. This 

pattern was not observed in typically developing children matched for mental age.

Horizontal omission There was a significant overall group difference (F(i,38)=5.99; 

p< 0.02). That is, the WS group omitted significantly more items on the 

horizontal axis. In terms of within subject effects, a significant main effect of 

position on item omission (F(2,76)=7.86; p< 0.001) and a significant effect of the
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interaction of condition and position (F(2je)= 18.91; p< 0.0001) were observed. 

That is to say, children with WS omit significantly more items positioned to the 

centre or the right than items positioned on the left and significantly more items 

positioned to the right than items positioned towards the centre. Post hoc t-tests 

with Bonferroni's correction (in this case t(i9>> 2.2944) indicated that items 

positioned towards the right on the horizontal axis were omitted more 

significantly than items position to the left (t(i9)=4.94; p< 0.05), items positioned 

on the centre were more significantly omitted than items positioned to the left 

(t(i9)=3.48; p< 0.05), while the difference in omission between items positioned 

towards the centre and right has been found non significant (t(i9)=1.406). Again, 

such findings were not observed in typically developing children matched for 

mental age.

Vertical misplacement A significant group difference was observed 

(F(i,38)=28.167; p<0.0001). That is to say, children with WS misplace significantly 

more items on the vertical axis than typically developing children matched for 

mental age. In terms of position effect, no significant main effects of position 

(F(2,76)=0.187; n.s.) or interaction between position and condition (F(2,76)=0-868; 

n.s.) were observed. That is to say, that position of items across the vertical axis 

does not influence misplacement of items. No significant differences were found 

in the TD group.
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Vertical omission A significant group difference was observed (F(i,38)=4.09; p< 

0.05). That is to say, children with WS omit significantly more items on the 

vertical axis than typically developing children matched for mental age. A 

significant main effect of position (F2,76)=37.29; p< 0.001) was found for children 

with WS, while no significant effect of the interaction between condition and 

position was observed. Post hoc t-tests with Bonferroni's correction (in this case 

t(i9)>2.2944) indicated that items placed towards the bottom were more 

significantly omitted than items placed towards the top (t<i9)=2.751; p< 0.05), 

items placed towards the bottom were more significantly omitted than items 

placed towards the centre (t(i9>=2.99; p< 0.05), while no significant difference was 

observed between items placed towards the top and items placed towards the 

centre (t(i9)=0.087; n.s.). No significant effects were found for the TD group.

5.3.2.6 Discussion

This experimental study investigated visuospatial recall in children with Williams 

syndrome via the Spatial Memory subtest of the standardised intelligence test K- 

ABC. The finding that the TD group has a significantly better visuospatial recall 

than the WS group supports similar often-repeated findings in the literature (e.g. 

Wang & Bellugi, 1994; Vicari et. al., 1994; Semel & Rosner, 2003). The findings 

of this study support the findings of previous researchers using the Corsi block 

technique (Semel and Rosner, 1991; Wang and Bellugi, 1994; Vicari et. al., 1994; 

Mervis et al., 1996; Mervis et. al., 1999), indicating that deficits in visuospatial
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recall constitute a robust phenomenon, independent of the experimental task 

selected.

In addition, the analysis of experimental data verified the clinically observed 

phenomenon of a leftward bias in children with WS. The results indicated that 

items positioned further to the left were omitted or misplaced significantly more 

times than items positioned in the right and, stimuli presented on the left side 

among distracters, were detected significantly faster than stimuli presented to the 

centre or right. The further to the right the item was placed, the greater the error in 

placement or the omission and the further to the right the stimulus appeared 

among the distracters, the longer the reaction time for its detection. This is an 

interesting phenomenon not elsewhere discussed in the literature. Typically 

developing children matched for mental age did not present with differences in 

misplacement or omission of items in terms of position and it appears that the 

phenomenon is strongly present in children with Williams syndrome. This 

phenomenon might be indicative of a strong leftward bias or a right side deficit 

concerning visuospatial memory and attention. In addition, the interesting finding 

that top or bottom positioning on the left side did not significantly affect detection 

time, (as it is shown by the significant correlation between left rows and columns), 

was also observed. In simple terms, it did not matter if the item on the left side 

was situated top or bottom. The most determining factor in detection proved to be 

the left side. The reason for this finding and its effects or significance, remain 

unknown, but statistically speaking, the possibility of the significantly positive
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correlation between two variables being the effect of a third overlapping variable 

(in our case the left position), must not be overlooked (Anastasi, 1991).

Attempting to provide possible explanations about a de novo phenomenon of 

unknown origin and significance can be a very difficult task. In our case however, 

several explanatory modes appear plausible. First, there is significant evidence in 

the literature concerning a general leftwards attentional bias in all humans (see 

Ward, 2006 for a review). This is due to right hemisphere spatial dominance and 

the fact that in a non lesioned brain, there is over-attention to the left side of the 

visual field (Mesulam, 1999; Ward, 2006). This phenomenon is called pseudo 

neglect (Bowers and Heilman, 1980; Mesulam, 1999) and some examples include 

a general tendency for humans to bisect lines towards the left or the centre 

(Bowers and Heilman, 1980), actors entering the stage from the right side when 

they wish to be noticed (Dean, 1946) or demanding in their contracts that their 

name should be placed on the left side of the presentation signs, pictures more 

likely to be given titles referring to objects on the left and, the left side of pictures 

feels nearer that the right side when flipped (Nelson and McDonald, 1971; Ward, 

2006), and finally, people are less likely to bump into objects situated on the left 

rather than the right side (Turnbull and McGeorge, 1998).

One interesting feature of neglect or pseudoneglect, is extinction: when a single 

stimulus is presented in the patient's neglected side, the patient might be able to 

detect it if attention is directed towards it. This has been supported by functional
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MRI imaging (Riddock and Humphreys, 1983). When two stimuli are presented 

with two stimuli at the same time, the patient will report seeing one but not the 

other; depending on the site of neglect i.e. they will report the one on the right if 

they have a left neglect or the left if they have right neglect (Desimore and 

Duncan, 1995). We have also to consider that, neglect is not restricted to vision 

but in other senses as well (Pavani, Ladavas and Driver, 2002), and can occur for 

spatial mental images and body orientation (Bisiach and Luzzatti, 1978; Cocchini, 

Beschin and Jehkonen, 2001).

Notwithstanding the above, we could argue that this phenomenon might be a 

result of a paroxysmal form of the otherwise natural leftwards tendency observed 

in humans and/or the result of right neglect. The performance of children with 

Williams syndrome has common elements with the performance of patients with 

neglect. For example, in experimental study 2, it will be demonstrated that, 

pictures situated on the right were not remembered at all or misplaced towards the 

left. Such performance has similarities with Bryan (1987) and the Desimore and 

Dunkan (1995) findings. In our case more than two stimuli appeared on the page 

and the left presented items predominated. The case for neglect however is 

difficult to be supported, as the children participated in the study had no history of 

brain damage or other brain pathology, or had not been tested for such. Lack of 

specialised brain imaging (MRI tests) makes also difficult to ascertain if the 

phenomenon is a result of left hemisphere dysfunction. We can keep in mind 

however, that sub clinical minor lesions, often undetected by functional MRI, can
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produce mild to moderate neglect phenomena (Tsukahara and Nimura, 1998; 

Ibanez and Contreras, 1999; Panayiotopoulos, 2005). Further research is required, 

including full MRI scans for participating children with Williams syndrome. 

Apraxic patients have also been found to present with neglect in spite of negative 

or inconclusive CT or MRI scans (Ibanez and Cabreras 1990; Tsukahara and 

Nimura, 1998; Panayiotopoulos, 2005).

Second, a moderate to severe problems in spatial working memory might be a 

contributing factor. Using the Corsi Block Test experimenters have found 

moderate to severe deficits in visuospatial working memory in children with 

Williams syndrome (Vicari et al., 1994; Jarrold et ah, 1999; Racmany, Pleh and 

Lukacs, 2002). It might be the case, that hi a moderate to severe case of a working 

spatial deficit, children with Williams syndrome might run out of attentional 

resources so rapidly that they simply continue to fixate on the left side. Taking 

into account the fact that, there is a natural tendency for all humans to be leftward 

biased; the above explanation appears to have merit in explaining the 

phenomenon observed by the author, hi addition, the problematic spatial learning 

that has been well documented by Racmany et.al., (2002), might be explanatory 

for both the observed phenomenon and the reading difficulties reported by 

teachers and parents. Teachers have frequently reported that children with 

Williams syndrome start reading from the left of the page, and stopwhen reaching 

the middle, starting from the left of another line (not necessarily the next), 

continuing to the bottom of the page (Semel and Rosner, 1991; Vletsas and
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Voulgaridou, 2005). In addition, a very interesting example in writing in which 

this phenomenon might be present, is provided by Nakamura et. al. (2001). In this 

case, a child begins to copy a structure and appears to copy only towards the left 

side (see Figure 19). Nakamura et. al. (2001) make no comments about the 

observation except that it indicated a deficit in copying.

Model 1

%

Child 1

Figure 17: Copying of a figure. The child has not copied most of the right side. Adopted from 
Nakamura et. al. (2001).

Poor short term memory and attention deficits commonly reported in children 

with Williams syndrome, might be a contributing factor, as they may result in 

distractibility and concentration difficulties (Frank, 1983; Pagon, Bennet, LaVeck,
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Stewart and Johnson, 1987; Udwin and Yule, 1991; Gosch and Pankau, 1994; 

Fiddler, 2002). Children with Williams syndrome might find it easier to 

concentrate on one side of the visual field due to their limited short term memory 

and attention deficits. One possibility that shows merit is a severe deficit in the 

rehearsal buffer box. The rehearsal buffer box (Baddeley, 1990) is a limited space 

area that is filled with informational cues needed for information storage in Short 

term memory. When the rehearsal buffer box is full it is gradually emptied so new 

informational cues can be stored. It could be possible, that rehearsal buffer box in 

children with Williams syndrome is either very limited in storage capacity or 

impaired or both. If a child with Williams syndrome focuses exclusively on the 

left side s/he can make the best possible utilisation of his/hers rehearsal buffer box 

and attentional resources. It might be possible that a limited capacity rehearsal 

buffer box is quickly filled by the items on the left side (bearing in mind the 

effects of the natural leftwards tendency in humans) so other items can not be 

recalled. Such an explanation can be plausible in terms of item omission but not 

very useful in terms of item misplacement.

Third, another explanatory possibility might be hippocampal dysfunction. 

Dysfunction of the thalamus and hippocampus has been described by several 

authors (Jernigan et. ah, 1993; Galaburda et. ah, 1994; Li, et. ah, 1998; DeSilva, 

et. ah, 1992; Meyer-Lindenberg et. ah, 2005; Zhang et. ah, 2005) and its 

connection with spatial memory is well
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discussed in the literature (Bisiach and Luzzatti, 1978; Bryan, 1987; Cocchini, 

Beschin and Jehkonen, 2001). It might be possible, that thalamic and hippocampal 

dysfunction might be a contributing factor to difficulties with visuospatial 

memory. Since the CYLN2 gene has been proposed to have a connection with 

such dysfunctions, further specialised cytogenetic and neurological research is 

necessary (Jernigan et. al., 1993; Galaburda et. al., 1994; Li, et. al., 1998; DeSilva, 

et. al., 1992; Meyer-Lindenberg et. al., 2005; Zhang et. al., 2005). If the 

hippocampus and the thalamus have a role to play in this phenomenon, possible 

problems with the lateral geniculate nucleus might be a possibility. 

The lateral geniculate nucleus is a structure responsible for relaying visual 

information to the relevant side of the visual field. Dysfunction of this structure 

could hinder or inhibit visual information from entering the visual field, thus the 

difficulty of children with Williams syndrome detecting very slowly or not at all 

stimuli to the right side. Thalamic and hippocampal dysfunction with the possible 

involvement of the lateral geniculate nucleus have been examined in the literature 

(Bisiach and Luzzatti, 1978; Bryan, 1987; Cocchini, Beschin and Jehkonen, 2001; 

Atkinson et. al., 1997; Reiss et. al., 2004; Hocking, Bradshaw and Rinehart, 2008). 

Again, this explanation must be reviewed with caution since no child in this study 

has been reported with brain damage, or tested for it.

To summarise, this experimental study demonstrated a strong tendency of 

children with Williams syndrome to remember significantly better items situated 

on the left, with possible explanations including a paroxysmal form of the natural
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leftwards bias of non pathological persons, hippocampal dysfunction, apraxia, 

limited capacity rehearsal buffer box and visual sequential deficits.

5.4 Experiment 2 

5.4.1 Introduction

The findings of Experiment 1 thus support the anecdotal evidence that there is a 

strong left bias in the mental processing of children with WS. However, the 

possibility remains that this was a product of the design of the K-ABC test used, 

which was not originally intended to assess left-right biases. To control for this 

consideration, it is necessary to demonstrate that the same phenomena occur when 

a different presentational method is used. To this end, rather than using a printed 

paper stimulus, the test items in Experiment 2 were presented on a computerised 

display. In addition, the presentation of stimuli was controlled so that appearance 

of an item was equally probable at all positions in the displays used.

The test materials were presented via a 15 inch computer screen using the E- 

Prime software package. Earlier remedial work and testing with the participants 

had demonstrated that they were accustomed to using the computer and using key 

pressing to respond.

1 The author wishes to express his thanks to Dr Martin Graff, Reader in Psychology, University of 
Glamorgan, for the programming of E-Prime.
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As with Experiment 1, to allow for the consideration that this might be a universal 

feature and not one specific to Williams syndrome, a group of age-matched 

typically developing (TD) children were used as controls.

The experimental hypotheses were thus that: (1) children with Williams syndrome 

would recall significantly more items from the left of the display and (2) that this 

bias would be significantly stronger than in typically developing children.

5.4.2 Method 

5.4.2.1 Participants

The WS and typically developing participants in Experiment 1 took part in this 

experiment also. The typically developing children were recruited from two local 

schools with the permission of parents and the headmasters. Of the children with 

Williams syndrome, 14 were male and 6 female and of the twenty typically 

developing children, 10 were male and 10 female

5.4.2.2 Materials and Procedure

The materials were pictures of items presented in a 3 x 3 matrix or 3 x 4 matrix. 

Some examples of the pictures used are given in Figure 18:
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Figure 18 - Examples of test items. The six items on the left side represent the presentation 
screen while the item on the right represents the target stimulus to be decided if 
present or not.

The items were chosen from a set of copyright free images specifically designed 

for use in work with children. The items appeared quasi-randomly with the 

restriction that each position in the matrix was occupied with equal frequency 

during the course of the trials.

In a manner analogous to that described for the K-ABC Visuospatial Memory test 

described above, participants began by being asked to look at a display containing 

six images in a 3X3 matrix fashion, very similar to the K-ABC presentation 

matrix (see Figure 11). The display would stay on for 5 seconds and then it would 

be removed. A new image would appear in the centre of the screen and the 

participant would be asked to indicate if the item was present in the previous 

screen or not by pressing the appropriate button. When the button was pressed a 

new screen would appear. The test was concluded when all screens were
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attempted. The examiners made it certain that all participants would attempt all 

items.

5.4.2.3 Scoring

An accuracy score was recorded for rows and columns. Since each stimulus to be 

remembered was presented four times in different positions, the accuracy score 

ranged from 0.0 (all responses inaccurate), 0.25 (one response in four accurate), 

0.5 (half responses accurate), 0.75 (three out of four responses accurate) and 1.0 

(all responses accurate). The mean accuracy for each position was afterwards 

calculated. Mean accuracy was calculated across the horizontal axis (rows 1, 2, 3) 

and the vertical axis (columns 4, 5, 6). A trial was used prior to testing for 

familiarisation with the experimental task.

5.4.2.4 Results

The purpose of experimental study 3 A was to examine further the results yielded 

by experimental study 2 using a modified experimental procedure. Again the 

possible effects of position of items in two dimensional space on immediate recall 

of visually presented items, was investigated. A mixed factorial repeated 

measures ANOVA was employed. Results are summarised on tables 16 and 17 

and diagrams for the dependent variables (vertical and horizontal accuracy) are 

presented in figures 19 and 20. It is evident that TD controls have been
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significantly more accurate in recalling the presence of an item both on the 

horizontal and the vertical axis.

Table 16: Descriptive Statistics Horizontal Accuracy

Condition: 1.00 Non Pathological Mean Standard
2.00 WS Deviation

Mean
Accuracy 1

Mean
Accuracy 2

Mean
Accuracy3

1.00
2.00
Total

1.00
2.00
Total
1.00
2.00
Total

.9881

.9412

.9671

.9167

.7941

.8618

.8095

.3088

.5855

.0545

.2425

.1661

.1443

.2827

.2228

.3052

.3701

.4162

Table 17: Descriptive Statistics Vertical Accuracy

Condition: 1.00 Non Pathological Mean Standard
2.00 WS Deviation

Mean
Accuracy 4

Mean
Accuracy 5

Mean
Accuracy 6

1.00
2.00
Total

1.00
2.00
Total
1.00
2.00
Total

.8810

.8382

.8618

.6071

.0735

.3664

.6548

.2059

.4539

.1699

.2154

.1901

.3671

.1715

.3973

.2902

.2686

.3576
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Figure 19: Horizontal Accuracy
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The results were subject to a series of statistical analyses.

Horizontal Accuracy There was a significant group difference (F(i,38)=22.298; p<

0.001) with children with Williams syndrome being significantly less accurate in

remembering if an item was part of an original set of items presented by

experimenters on the horizontal axis. Examined more closely, there was a

significant main effect of position

(F(2,76)=26.586; p< 0.001) on accuracy on the horizontal axis and a significant

interaction effect between group and item position on the horizontal axis

(F(2>76)=8.926; p< 0.001).

The Williams syndrome group was significantly less accurate when items were

presented on the centre and bottom of the presentation matrix, while no

significant differences were observed when the item was situated on top.

Post hoc t-tests with Bonferroni's correction (in this case t( i9>> 2.944) were used 

as post hoc tests. Accuracy in the top position was not found significantly 

different than accuracy towards the centre (t(]9>=1.661; n.s.). Accuracy towards 

the centre was significantly higher than accuracy towards the bottom (t(i9>=4.886; 

p< 0.05) and accuracy towards the top was significantly higher than accuracy 

towards the bottom (t<i9)=4.908; p< 0.05). Thus, the Williams syndrome group 

was significantly more accurate recalling items towards the top and centre than 

items situated on the bottom. Such a pattern was not observed in the typically 

developing controls matched for mental age.
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Vertical Accuracy A significant group difference was observed (F(i,38>=38.592; p< 

0.001). That is to say, children with Williams syndrome are significantly less 

accurate hi remembering if an item was part of an original set of items presented 

by experimenters on the vertical axis than TD children. A significant main effect 

of position

(F(2,76)=48.956; p< 0.001) was found for WS children and a significant effect of 

interaction between position and condition was also observed (F(2j6)=10.944; p< 

0.001). Post hoc t-tests with Bonferroni's correction (in this case t<i9)> 2.944) 

indicated that items positions towards the left were more accurately recalled than 

items situated towards the centre (t(i9)=9.377; p< 0.05), items situated towards the 

centre were recalled significantly better than items situated towards the right 

(t(i9)=3.497; p< 0.05) and, items positioned on the left were recalled significantly 

better than items situated towards the right (t(i9)=6.135; p< 0.05). That is to say, 

recall of items is significantly worse (deteriorating) as these items move towards 

the right of the presentation table. No significant effects were observed for the TD 

control group children matched for mental age.

5.4.2.5 Discussion

This experimental study was set up to examine and verify or reject the presence of 

a phenomenon of a leftward bias in visuospatial recall, observed during routine 

clinical testing and initially confirmed by Experiment 1. Clinical utilisation of the
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E-Prime experimental procedure verified once again the existence of a strong 

leftward bias in visuospatial STM in children with Williams syndrome. It was 

clearly demonstrated that when a target item to be remembered was positioned 

further to the right it became more difficult to be remembered. Experiment 2 has 

shown the robust nature of the phenomenon across experimental tasks and 

situations. The findings tend to support the study of Crisco et. al. (1988), who 

demonstrated a severe deficit in visual sequential memory, as it was measured by 

the relevant subtest of the Illinois Test of Psycholinguistic Abilities Revised 

(ITPA-R). Although Crisco et. al. (1988) compare scaled scores between children 

with WS and TD children, it is evident by the nature of the test that something 

analogous to our findings should apply. The Visual sequential memory subtest of 

the ITPA-R is so designed as to progressively add items to be remembered. These 

items are added towards the right and the sequence the participant has to 

remember becomes increasingly difficult.

Figure 21 gives an example of the procedure:
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Figure 21: The ITPA-R Visual Sequential Memory subtest used by Crisco et. al. (1988) and this 

study.

The more items are added towards the right the lower the scaled score due to the 

inability of children to remember the sequence. It can be argued that a leftward
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bias might be a more generalised phenomenon, involving visuospatial short term 

memory, visual sequential short term memory and memory for the location of 

objects in two and three dimensional space. In the course of this research project, 

the Crisco et. al. (1988) study was replicated and a short summary can be found in 

Appendix 4. Thus, the possibility of a moderate to severe deficit in visual 

sequential memory playing a role in the performance of the children participating 

in this study must be seriously considered, although the cause or the nature of the 

deficit remains unknown.

In summary, Experiment 2 has verified the results of Experiment 1 and the pilot 

study concerning a leftwards bias in children with Williams syndrome across 

experimental procedures and testing situations, indicating that children with 

Williams syndrome present with a strong leftward bias in visuospatial short term 

memory, influencing their ability to remember items presented towards the right 

side of the visual field.

It thus follows the next logical step, which is to examine if the phenomenon is 

present in the attentional processes of children with Williams syndrome. Attention 

is very closely related to STM and influences what will be retained in STM for 

processing and storage in the LTM. Experiment 3 was designed to examine if a 

leftward bias is present in attention i.e. do children concentrate more on the 

left/top side, finding it difficult to concentrate on other sections of a presentation 

panel. This can have implications in several educational areas (reading and
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writing for example) and can cause difficulties in the school life of the child with 

Williams syndrome. Below follows Experiment 3 for the examination of theses

issues.

5.5 Experiment 3 

5.5.1 Introduction

Experiments 1 and 2 have between them demonstrated that there is a considerable 

left and top-left bias in WS children's memory for spatial arrays. However, the 

reason for this bias is not yet determined. The most parsimonious explanation is 

that the bias is because the WS children principally concentrate on the left/top left 

part of the display and this is why they remember more items from this section of 

the array. This is intuitively plausible - it reflects the attentional deficits reported 

in the Introduction-, and in addition, the available literature on memory suggests 

that memory bias for a particular part of an array is due to attentional focusing 

rather than an inability to remember only certain parts of an array per se.

Similarly, an unusual lack of attention (in its 'everyday' rather than specific 

psychological sense) has been noted. For example, Semel and Rosner (1991) 

reported that the most frequent complaints of parents of children with WS have 

been poor attention and concentration (97% of parents) and attention to the 

irrelevant aspects of a situation (88% of parents). These problems are associated
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with messy and careless work habits, wasting time and failure to complete 

required tasks. In addition, parents and teachers frequently mention that children 

with WS have markedly poor attention that might manifest even when a subject is 

of strong interest to the child. Other studies support such findings. For example, 

over 50% of children with WS are reported to have difficulty staying on task and 

being seated during a neurological examination, compared to none of the matched 

Down syndrome controls (Trauner et. al., 1989). In a similar fashion, children 

with Williams syndrome have been rated lower than a chronologically matched 

group of mentally retarded children on continuing an activity until it is finished 

(Plissart et. al., 1994). Greer et. al. (1997) reported that 87% of children with 

Williams syndrome display attention problems, often severe enough to interfere 

with academic and social adjustment. However, this inattentiveness is not similar 

in terms of pervasiveness with the distractibility and inattention displayed by 

children with a clinical diagnosis of Attention Deficit Disorder (Levine, 1993; 

Vaal, 1994).

To examine this issue, the following attentional study was conducted, in which 

children were asked to conduct a visual search of an array to find a target item. 

Undue attention being paid to one specific part of the array should manifest itself 

in significantly faster response times for the attended section of the array relative 

to the other sections.

180



5.5.2 Method

5.5.2.1 Participants

The participants were identical to those in Experiments 1 and 2.

5.5.2.2 Materials:

Using the E-Prime software, a series of arrays were presented on a 15 inch screen. 

The arrays contained lines with the letter B (the distracter item) and the letter P 

(the target stimulus) presented once in each trial. The type of arrays used can be 

seen hi figurel2. The E-Prime generated 12 positions for each detectable item, 

and there were screens without detectable stimuli. The test screen was divided 

into sections of rows and columns as follows: Stimulus positions 1, 4, 7 and 10 

were assigned to the top row. Stimulus positions 2, 5, 8 and 11 were assigned to 

the middle row and positions 3, 6, 9 and 12 to the bottom row. As in experimental 

study 3A, rows here represented detection across the horizontal axis (top, 

middle/centre and bottom). Stimulus positions 1, 2, 3 were assigned to Column 1 

(left), positions 4, 5 and 6 to Column 2 (middle-left), positions 7, 8 and 9 to 

Column 3 (middle right) and positions 10, 11 and 12 to Column 4 (right). 

An example of an array is given in Figure 21.
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B 

B

B 

B

B 

B

B 

B

B B

P B

B B B B B B 

B B B B B B
Figure 22: Example of a stimulus array used.

5.5.2.3 Procedure

The participants were familiarised with the target stimulus being used via a pre 

test trial, and were shown and allowed to practice with, the two response buttons. 

The participants were told to study the array quickly and carefully and to press the 

Yes button if they detected the target and the No button if they did not. The 

display remained visible until they did this, and then the experimenter generated 

the next presentation. The experiment was concluded when all items were tried.

5.5.2.4 Scoring

Response times (in milliseconds) for each item were recorded, and the mean 

response time (RT) for each position was calculated.
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5.5.2.5 Results

Results for detection across the vertical and horizontal axes (rows and columns 

respectively) are presented on Tables 18 through 22, while diagrams for rows and 

columns can be seen in Figures 23 and 24. It is evident that children with 

Williams syndrome require significantly more time to detect items in a presented 

array than TD controls.

Table 18: Descriptive Statistics for Rows Reaction Times

Rows Mean Condition: 1.00 Non Pathological Mean RT Standard
Values 2.00 WS (milliseconds) Deviation
Positions 1, 4,
7, 10

Positions 2, 5,
8, 11

Positions 3, 6,
9, 12

1.00
2.00
Total

1.00
2.00
Total
1.00
2.00
Total

1 308.69
4926.73
3117.71

1335.04
7156.23
4245.74

1 365.89
8607.39
4986.63

352.22
1012.10
1978.87

318.53
1826.01
3219.19

512.25
2002.95
3940.60

Table 19: Descriptive Statistics for Columns Reaction Time

1 Columns Condition: 1.00 Non Pathological Mean RT Standard
Mean Values 2.00 VVS (milliseconds) Deviation
Position 1,2,3

Position 4, 5, 6

Position 7, 8, 9

Position 10, 11,
12

1.00
2.00
Total

1.00
2.00
Total
1.00
2.00
Total
1.00
2.00
Total

1401.27
4753.11
3077.19

1399.31
7195.84
4297.57

1294.52
6007.80
3651.16

1369.73
8823.52
5096.63

316.93
1473.76
1996.95

490.70
1780.18
3205.70

391 .91
1454.92
2608.11

729.75
2617.93
4224.24
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Figure 23: Rows Reaction Time (RT)
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Table 20: Williams Syndrome Mean RT's for Left Rows and Columns

Left Position Mean RT N Standard Deviation 
Orientation (milliseconds)
Position 
( 1 ,2,3) mean 
Values (Left 
Columns)
Position 
(1,4,7,10) 
mean Values 
(Left Rows

4753.1075

4926.7315

20

20

1473.7646

1012.0993

Table 21: Williams Syndrome Left Row vs. Left Column Correlations

Left Position N Correlation Significance
Orientation
Position
(1,2,3) mean
Values (Left
Columns)
Position
(1,4,7,10)
mean Values
(Left Rows)

20 .601 .005

Table 22: Left Rows and Columns RT Comparisons

Left Position Mean RT Standard t-test df Sig. (two
Orientation (milliseconds) Deviation tailed)
Position
(1,2,3) mean
Values (Left
Columns) -
Position
(1,4,7,10)
mean Values
(Left Rows)

-728.301 1185.1706 -.655 19 .520
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Detection across the horizontal axis (rows) There was a significant group 

difference (F( i, 3g)=301.525; p< 0.0001) with children with Williams syndrome 

being significantly slower in detecting stimuli than typically developing controls 

matched for mental age on the vertical axis. Examined more closely, there was a 

significant main effect of position on detection reaction time (F(2j6)=52.365; p< 

0.001) and a significant effect of the interaction of group and position on 

detection RT (F(2>76)=49.272; p< 0.001). The children with Williams syndrome 

took significantly longer to detect items as they moved further towards the right 

side of the presentation matrix. Post hoc t-tests with Bonferroni's correction (in 

our case t> 2.944) yielded the following comparison information: There was a 

significant difference in detection RT between top and middle position 

(t(i9)=6.33/p< 0.05), a significant difference in detection RT between middle and 

bottom items (t(i9)=4.23/p< 0.05) and a significant difference in detection RT 

between top and bottom items (t( i 9)=10.39/p< 0.05). These results clearly indicate 

that detection RT of children with Williams syndrome is significantly increasing 

as items are situated towards the bottom of the presentation panel. This pattern 

was not observed for the control group of TD children matched for mental age.

In summary, children with Williams syndrome found it significantly more 

difficult and time consuming to detect stimuli presented towards the bottom of the 

presentation panel. The lower the items were situated, the longer it took for 

detection time or items were not detected at all. Typically developing controls
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matched for mental age displayed a smoother detection pattern, without reaction 

time increasing when items were situated towards the bottom.

Detection across the vertical axis A significant group difference was observed 

(F(i,38)=292.07; p< 0.001) with children with Williams syndrome detecting stimuli 

significantly slower than typically developing controls matched for mental age on 

the horizontal axis. Examined more closely, a significant main effect of position 

on detection RT (F(3>n4)=23.92; p< 0.001) and a significant interaction effect of 

group and position were also observed on detection RT (F(3,n4)=23.86; p <0.001). 

That is to say, that when these two are present at the same time the phenomenon 

has a higher probability to be present. Post hoc t-tests with Bonferroni's 

correction, (in our case t(i9)>2.6521) yielded a significant difference between the 

RT for the left side and the middle left side (t< 19)=4.873; p< 0.05), a significant 

difference between the RT for the left side and the middle right side (td9)=4.543; 

p< 0.05), a significant difference between the left side RT and the right side RT 

(t(i9)=6.889; p< 0.05), while no significant difference was found between the RT 

for the middle left side and the RT for the middle right side (t( i 9)=2.613; n.s.). A 

significant difference between middle left side RT and right side RT was observed 

(t(i9)=3.502; p< 0.05) along with a significant difference between the RTs of the 

middle right and the right positions (t<i9)=5.355; p< 0.05). These results indicate 

that children with Williams syndrome take significantly longer to detect items as 

they are positioned further towards the right side of the presentation grid. This 

pattern was not observed for the control group.
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5.5.2.6 Discussion

Experiment 3 demonstrated that the leftward bias observed during routine clinical 

testing and verified by experiments 1 and 2 is also present in attention. The 

experiment clearly showed that children with Williams syndrome detect target 

stimuli significantly more slowly as they move towards the right side or the 

bottom of the presentation matrix. Thus, this study stands in support of previous 

literature concerning attentional deficits (Semel and Trauner et. al., 1989; Rosner, 

1991; Einfeld et. al., 1997; Greer et. al., 1997; Einfeld et. al., 2001) and studies 

reporting difficulties with detection of elements of motion (Atkinson et. al., 2005). 

Of interest here can be the observation that reaction time was very long to decide 

whether there was a target stimulus on the right side. In several cases, children 

with Williams syndrome took very long to decide there was not a target stimulus 

on the right side even if there was not. The target stimulus was not detected when 

on the right side when it was there. In all other cases the target stimulus was 

detected with significant delay, sometimes three to four times the time it took to 

detect a stimulus towards the left side, hi addition, there was a difference from 

experiment 2 concerning the horizontal axis. While no significant differences 

were found in recall across the three horizontal positions (top, middle and bottom) 

in experiment 2, significant differences were found in detection RT towards the 

bottom of the presentation screen. It appears that position on the horizontal axis
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influences speed of detection and thus while recall appears not to be affected by 

position on the vertical axis detection does.

The most parsimonious explanation of these results appears to be attention deficit. 

Attentional problems such as short and unstable attentional span, distractibility 

and poor concentration are well documented through the literature (Trauner et. al., 

1989; Semel and Rosner, 1993; Einfeld et. al., 1997; Greer et. al., 1997; Einfeld et. 

al., 2001; Brown et. al., 2002). It might be the case, that the attention span in 

children with Williams syndrome is so impaired that most or all of the available 

resources are exhausted after looking at the left and middle left side. This could 

definitely explain the large differences in detection RT as target stimuli are 

moving towards the right. With attentional resources depleted early, the 

attentional system would need to reorganise. As reorganisation will probably 

consume the remaining of resources, detection RT would again increase as the 

target stimuli move from centre to right. This explanatory mode could account for 

the differences in detection RT towards the horizontal axis if we take into account 

supporting research indicating that children with Williams syndrome 

overconcentrate on the global elements of a visual structure (Deruelle et. al., 1999; 

Pani et. al., 1999; Deruelle et. al., 2004). If children with WS process visual 

structures globally, it makes sense that top-left items will be detected faster as 

depletion of attentional resources is expected to follow a global pattern. Extreme 

caution must be exercised however, since not all researchers agree with global 

processing and strong evidence has been presented that children with Williams
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syndrome are strongly inclined to be local processors (Bellugi et. al., 1994; Milani 

et. al., 1994; Nakamura et. al., 1999; Stiles et. al., 2000; Nakamura et. al., 2001; 

Semel and Rosner, 2003; Abreu et. al., 2005).

Second, the possibility of the experimental findings being the result of scanning 

difficulties and difficulties in eye motor coordination must be seriously examined. 

Scanning problems and eye motor coordination difficulties have been long 

discovered to be associated STM and attentional problems. Although research in 

the area is dated, it has not been disproved and several authors have pointed out 

the connection between immature or dysfunctional visual scanning and visual 

memory/attention (Noton, 1971; Bronson, 1984). Problematic scanning in infants 

is usually associated with various brain lesions or dysfunctions such as retinal and 

visuomotor cortex dysfunction, (Gross, 1973; Karmel and Maisel, 1975; 

Weinskrantz, 1978; Murdock, 1991), subclinical apraxia resulting in saccadic 

dysmetria and impairment of the angle velocity of eye movements (Gross, 1973; 

O' Regan, 1978; Van der Geest et. al., 2003), and immaturity (Telford and 

Swarey, 1964; Nodine, Carmody and Kundel, 1978; Aslin, 1981; Bronson, 1984; 

Hallahan and Kaufman, 1992; Nihara and Matsumoto, 1998). Bronson (1984) has 

reported problematic scanning in infants with brain pathology and Novacek (1987) 

and has presented evidence that scanning difficulties can be found in children 

without a history of brain damage. These children tend to lose position during 

reading. Other researchers have pointed out the close connection between 

scanning deficits and reading problems. Rayner (1978), Rayner, Wells and
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Pollatsek (1980) and Just and Carpenter (1980) have pointed out an asymmetry of 

the effective visual field during reading and problematic eye movements during 

reading. The reading difficulties in children with scanning problems have 

similarities with the reading problems of children with Williams syndrome 

(missing the sentence part towards the right, losing position during reading, 

concentrating heavily to the left of the page). Such a deficit, when considered 

with the observation that visual sequential memory is also problematic (see Crisco, 

1988 and Appendix 4), can be an explosive combination affecting the 

phenomenon. In addition, other medical problems can be the cause of scanning 

difficulties in children. One of the most common is strabismus or other mild 

incoordination disorder affecting the musculature of the eye. Strabismus and other 

occulomotor disorders have been pointed out by several researchers to be a very 

frequent feature of Williams syndrome (Morris et. al., 1988; Carrasco et. al., 1995; 

Perez-Jurardo et. al., 1996; Winter et. al., 1996; Brondum-Nielsen et. al., 1997; 

Elcioglu et. al., 1998; American Academy of Paediatrics, 2001; Shiue et. al., 2004) 

and it just might be the case that if the problem is severe enough it might 

influence the scanning and detection ability of children with Williams syndrome. 

Caution must be exercised however, as not all the participants in this study had 

documented eye problems or had not been reported for neurological examination. 

Those with medically documented eye problems however expressed some 

complaints about the complexity of the experimental task. In addition, the fact 

that the majority of children fail the traditional colour blindness test in which a 

number must be detected against a distracter background (Greenberg and Lewis,

191



1988; Grant et. al., 1996; Pober, 1996; American Academy of Paediatrics, 2001; 

Shiue et. al., 2004) must be carefully examined. It might be the case that the 

distracter items overflow the field causing children with Williams syndrome to 

present a pattern similar to the one they present when they are tested for colour 

blindness. If this is combined with the tendency reported by several researchers 

for global processing, it appears that items towards the middle are simply 

"consumed": by the distracter items. Items on the left might escape this as they 

will be the first to be detected and will have minimal noise by distracter items. 

Right side items share the minimum noise but they seem to be affected by the 

limited attentional resources of children with Williams syndrome reported in the 

literature (Burn, 1986; Pagon et. al., 1987; Bellugi et. al., 1988; Crisco, 1988; 

Trauner et. al., 1989; Semel and Rosner, 1991; Levine, 1993; Milani et. al., 1994; 

Wang and Bellugi, 1994; Vaal, 1994; Vicari et. al., 1994; Udwin and Yule, 1998; 

Jarrold et. al., 1999; Einfeld et. al., 2001; Levy et. al., 2003; Temple, 2003; Rosch, 

2004; Sampaio et. al., 2007). Moreover, overconcentration on the whole vs. parts 

and difficulty dealing with multicomponents might be a very influential factor 

causing or affecting the phenomenon. In face recognition and memory for 

example, strong evidence suggest that faces are processed holistically by children 

with Williams syndrome, with difficulty remembering the specific individual 

characteristics of the face (Tanaka and Farah, 1993; Maurer, Legrand and 

Mondloch, 2002; Tager-Flusberg, et. al. 2003; Karmiloff-Smith et. al., 2004). 

Evidence for the validity of this explanatory mode has been provided by the study 

of Farran and Wilmut (2006). They reported that texture segmentation abilities in
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children with WS are very problematic and recorded very slow detection reaction 

times for embedded stimuli (see Figure 20).
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Figure 25: Segmentation and detection tasks. Adopted by Farran and Wilmoot (2006).

It might be the case that the limited segmentation abilities of children with 

Williams syndrome deteriorate rapidly as they move towards the right, finding it 

very difficult to segment the stimulus for detection from the background. At any 

rate, the findings of this study point out to a reevaluation of global processing hi 

children with Williams syndrome.

Finally, since several children failed to detect the right items at all, regardless the 

absence of time limit on the presentation of the test screen, the possibility of right 

side neglect must be given consideration. The performance of children with
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Williams syndrome has common elements with the performance of patients with 

neglect. For example, in experimental study 2, pictures situated on the right were 

not remembered at all or misplaced towards the left. Such performance has 

similarities with Bryan (1987) and the Desimore and Dunkan (1995) findings. In 

our case more than two stimuli appeared on the page and the left presented items 

predominated. The case for neglect however is difficult to be supported, as the 

children participated in the study had no history of brain damage or other brain 

pathology, or had not been tested for such. Lack of specialised brain imaging 

(MRI tests) makes also difficult to ascertain if the phenomenon is a result of left 

hemisphere dysfunction. We can keep in mind however, that sub clinical minor 

lesions, often undetected by functional MRI, can produce mild to moderate 

neglect phenomena (Murdock, 1990; Tsukahara and Nimura, 1998; Hirabayashi 

et al., 1997; Nakamura et al., 1999; Nahimira, Hirayasu and Koga, 2003; 

Panayiotopoulos, 2005). Further research is required, including full MRI scans for 

participating children with Williams syndrome. Apraxic patients have also been 

found to present with neglect in spite of negative or inconclusive CT or MRI 

scans (see neurology). Again, extreme caution must be exercised since no 

participant in this study demonstrated any of the clinical features of apraxia or had 

been tested for the condition.
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5.6 General Discussion

The findings of the Experiments 1-3 can be summarised as follows:

(1) There is a significant bias towards remembering items presented in the left 

and left/top area of a spatial array in children with WS both in absolute 

terms and also relative to typically developing children.

(2) This is probably a reflection of an attentional bias, since children with WS 

take significantly longer both in absolute terms and relative to typically 

developing children to detect items in the right hand and bottom part of the 

display.

All experimental studies in this research indicated the existence of a phenomenon 

so far not described in detail in the literature. The phenomenon has to do with 

what appears to be a strong leftward bias towards recalling items presented hi the 

left and top/left side of a spatial array and a very slow detection reaction time, or 

no detection at all, for items situated towards the right or the bottom of the spatial 

array. Similar observation for situations similar to the one of this study can be 

found in the literature (Crisco et. al., 1988; Nakamura et al., 2001; Farran and 

Wilmut, 2006), yet they have not been analysed under this scope. More 

specifically, all the above researchers have stayed on the quantitative elements of 

the findings, i.e. the fact that deficits in the relevant areas were described, not 

offering much attention to the qualitative elements of the research entities. This
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might explain the very limited analysis of the leftward bias in visuospatial recall 

and item detection. The choice of experimental formats might have also played a 

role on the direct observation of the phenomenon as it was possible for direct 

observations to be performed during testing. These experimental studies bring 

forward a difficulty in children with Williams syndrome, a difficulty that might be 

associated with problems in diverse areas. The most interesting feature of the 

findings is the strong tendency of children with Williams syndrome to 

significantly recall and attend to, items situated on the left side. Although humans 

present with a natural tendency to attend to and recall and attend to stimuli in the 

left side of the visual field, this tendency appears to reach paroxysmal proportions 

in children with Williams syndrome. Items situated towards the right side are 

either not recalled or when recalled are misplaced towards the left. In similar 

fashion, children with Williams syndrome took a very long time to detect items 

situated towards the right side of the presented spatial array or failed to detect 

them at all, no matter how long they attended the array. Another interesting 

feature is the robust appearance of the phenomenon across experimental tasks and 

across experimental procedures. The phenomenon was present when different 

formats were applied and was observable in all experiments. As it was discussed 

above, the phenomenon is very difficult to be explained hi the context of the 

existing literature, although several explanatory options are available. What these 

experiments can tell us about the minds of children with Williams children is that 

there might be more severe difficulties and more contributing factors involved 

than medical examination or research might detect. For example, any factor or
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combination of factors such as neurological disorder, short and declining attention 

span, paroxysmal natural leftwards tendency known to be part of the human 

memory, poor rehearsal buffer box capacity, overemphasis on global processing, 

apraxia/dysmetria or poor and declining visuomotor coordination.

What appears to be the case is that children with WS face difficulties with 

attention and visuospatial memory that might be quite severe and have long 

lasting effects. The origin and real time effects of these difficulties remain 

currently unknown although inferences can be made regarding their long term 

consequences. For example, these difficulties might play a role in problems with 

classroom learning. Children with WS are notoriously known for having sever 

difficulties hi reading with phenomena like frequent loss of position, reading 

towards the middle of a line and then start from another line in the left or writing 

legibly towards the middle of the page and then produce very poor quality or 

unintelligible writing, failing to follow a sequence of commands or not being able 

to remember what the teacher had just said. This is only speculation however and 

thorough research is needed for the evaluation of long term effects of such 

difficulties in the life of the child.

There are several potential criticisms of the experimental procedure:

First, standardised tests have been used as a key experimental tool rather than in 

some instances tests of the author's own devising. In part this is following the
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example of published literature in this area (e.g. Grimm and Wesselhoeft, 1980 

used parts of the DDST to assess development of WS childrenand Crisco et. al., 

1988 used the ITPA-R to study visual sequential memory in children with WS). 

The Spatial Memory subtest of the K-ABC is designed as part of a greater battery 

and is principally used in the assessment of cognitive ability in general, and has 

not been used by itself hi many experimental studies examining visuospatial 

memory. However, this fails to take into account the obvious advantages of a 

standardised procedure. One of these comes from validity and standardisation. 

The K-ABC and its subtests have been well recognised for excellent validity and 

high quality standardisation. The specific subtest of Spatial memory is 

characterised by exceptional validity coefficients and strong reliability, making it 

very suitable for testing the specific area (Anastasi, 1991; Salvia and Ysseldike, 

1992). In simpler words, by using the particular method it was guaranteed that 

what was supposed to be measured would be measured. In addition, the test is 

very well received by children (participants reported having fun taking it and 

some requested taking it again) and is easy to be scored, making it a very effective 

and efficient way to test visuospatial memory.

Second, criticism can be raised due to the fact that only typically developing 

children matched for mental age were used. It is possible that children with Down 

or Fragile X syndrome might also display the same problems as children with WS, 

and thus the observed deficit is a general feature of atypical development rather 

than solely being a characteristic of WS. However, this seems unlikely, since
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many of the commoner types of atypical development (including Down and 

Fragile X) have been far more intensively studied, and it is highly implausible that 

this deficit would not have been found.

Third, the attentional study can only surmise what the children were doing - to 

measure accurately where the children were concentrating their gaze, eye tracking 

equipment is needed. Unfortunately, sophisticated eye tracking equipment that 

would have allowed an ecologically valid study was not available to the author2 . 

However, this points to a potential area of future research.

Notwithstanding the above, the discovery of the left bias in visuospatial recall and 

item detection presents with excellent opportunities for future research. First, 

research with control groups comprised of children experiencing other syndromes 

would demonstrate if this is a unique phenomenon in WS or if it exists in other 

children. A proposition along the existing line (comparison with Down syndrome, 

Prader-Wilie, Fragile X or DiGeorge syndrome) appears both valid and 

reasonable, given the experimental data presented in the General introduction. It 

will also serve as a comparison for the visuospatial memory and item detection 

abilities among different syndromes, something very functional for research and 

clinical practice.

2 The only eye tracking equipment available required the participant to sit with their head in a type 
of vice - this would have been impractical and in many cases caused extreme distress and so this 
potential line of research was not pursued. A modern eye tracker, in which the participant is free to 
move their head and body relatively freely, was not available in Greece.
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Second, research with appropriate eye tracking equipment may shed light in the 

nature and consequence of the phenomenon. It has been suspected that poor eye 

coordination might be a major, if not the principle, cause of the observed 

difficulties. If such a problem is verified, then this will create a starting point for 

investigation. Although the aetiology of eye coordination is not always clear and, 

not looking to a particular spot is often independent of good eye coordination, the 

discovery that it is a principle component of the phenomenon might lead to 

alleviation of severe difficulties in children with Williams syndrome, as early 

remedial measures can be taken immediately.

hi conclusion, experiment 1 revealed the existence of a strong leftwards bias in 

visuospatial short term memory in children with Willimas syndrome. Children 

with Williams syndrome were found to recall significantly less items positioned 

towards the right side of a presenattion matrix and tended to misplace such items 

towards the left. Experimental study 2 verified the robust nature of the 

phenomenon as again, children with Williams syndrome recalled right positioned 

items with significantly less accuracy than items placed towards the middle or the 

centre. Experimental study 3, revealed the strong influence of position in the 

detection abilities of children with Williams syndrome. Children with Williams 

syndrome detected significantly slower items towards the right than items 

positioned elsewhere. These findings are important because they might shed light 

to a variety of observed patterns that could influence several aspects of the child's 

with WS social and educational life (it could for example explain why children
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with WS start reading, move to about the middle of the page and then go back to 

another point on the left, not necessarily the next line; or why children with WS 

have a very hard time to copy the right side of the figure; or why children with 

WS have a very hard time remembering positions). In addition, the findings offer 

new opprtunities for further research such as examination for the phenomenon in 

other special populations (children with Fragile-X syndrome, DiGeorge syndrome, 

Prader-Willie syndrome or Down syndrome) or studies with appropriate eye 

tracking equipment and maybe imaging techniques. It is expected, that for the 

moment, the experimental studies described above will raise more questions than 

answers and it is hoped that future research will lead to appropriate explanations 

about the observed leftwards bias, the nature and effects of which are currently 

unknown.
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General Discussion and Suggestions for Further Research 

Summary of the studies

As was noted in the Introduction, Williams syndrome is typically described in 

terms of its supposedly prototypical characteristics - cardiovascular problems, 

elfin facial characteristics and mental retardation coupled with hypersociability. 

A preliminary survey of the literature revealed this to overlook some important 

considerations, such as the fact that these symptoms are typical of only a 

minority of WS patients. The issue conies down to a basic issue - although WS 

patients are unified by having loss from chromosomal area 7qll.23, the degree 

of loss from this area varies between individuals, so that in microgenetic terms, 

no two WS patients are probably the same.

In Study 1, this issue was explored further by considering the relationship 

between degree of genetic loss and presence or absence of key psychological and 

physical symptoms. It was found that level of symptoms was strongly positively 

correlated with level of genetic loss, thus pointing to a good genotype-phenotype 

correspondence. However, it may be assumed that the loss of genetic material 

within 7qll.23 is essentially random, since even within a group of WS patients 

with supposedly 'full' deletions, not all symptoms were present. Similarly, 

individual patients with supposedly small deletions could possess symptoms not 

seen in some of the 'full' deletion patients. The full implications of these findings 

are discussed in Study 1, but three key considerations are: (1) studies (including 

the larger body of existing research) based on small sample studies unstratified
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for level of genetic loss are fundamentally flawed; (2) the diagnosis of presence 

or absence of WS by deletion of the ELN gene (currently the sole diagnostic 

criterion in many countries) is incorrect, since loss of ELN is only present in 

95% of cases, leaving a 5% false negative rate; and (3) the supposedly 

prototypical examples of WS are unrepresentative.

In Study 2, the changes in intellectual skills in a sample of WS patients were 

examined after circa 24 months. It was found that there was an improvement not 

only in raw scores, but also in quotients, indicating that WS patients' intellectual 

skills improve at a disproportionate rate. This leads to the key conclusion that it 

is dangerously misleading to assume that a diagnosis of Williams syndrome 

should be regarded as indicative of irredeemable mental retardation. It is clear 

that post-identification, WS children can improve in their skills beyond what 

might be predicted by simplistic statistical projections.

Study 3 examined the age of acquisition of key developmental and behavioural 

milestones. Although acquisition was almost invariably significantly delayed, 

there was strong evidence that it is milestones in which complex motor 

movements are involved that display the greatest delay. This introduces a factor 

rarely considered in the psychological literature on WS - namely, that it is 

physical problems that may be the prime mover behind some of the supposedly 

psychological dysfunctions exhibited by patients. Given that many of the WS 

participants tested in this thesis have IQs demonstrably above the level usually 

identified as the threshold for mental retardation; this further questions whether 

Williams syndrome should be labelled as primarily a psychological disorder or
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mental handicap. This does not negate the fact that very few WS children will be 

of average intelligence, but nor are they as severely dysfunctional as children 

with other forms of mental handicap, such as Downs, Autism and similar.

Study 4 was a multi-experiment study examining the phenomenon heavily 

reported anecdotally by teachers and caregivers but rarely in the research 

literature that WS children have a strong bias towards the left and top left of 

spatial displays. Across a series of studies it was demonstrated that WS children 

are far more likely to remember and identify items in the left/top left of a display. 

This bias is as yet not fully explained, but indicates a new line of enquiry as yet 

untapped by the existing literature.

Critique of the studies

The above studies have clearly demonstrated that Williams syndrome is far more 

complex and less 'one dimensional' than the current literature suggests. However, 

this multifacetedness brings with it additional problems. The current studies, 

which have examined WS children as a solitary group or compared against age- 

matched typically developing controls, have followed the protocol of many of the 

existing studies in the literature. However, to what extent might performance on 

the measures used overlap with that of patients with other forms of atypical 

development? It might be argued that all that has been shown is that the WS 

children are no different from any other atypically developing children, and had 

e.g. Down syndrome children been used, similar results would have been 

obtained.
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This argument can be refuted in several ways. First, Studies 1 and 2 were 

concerned with issues specific to the measurement of WS. For example, in Study 

1, the question was the degree to which genetic loss in WS affects the phenotype, 

and could only be relevant to WS patients. In Study 3, the issue was one of 

mental milestones. The findings, even if they did have a bearing on other forms 

of dysfunctional development, still are relevant to WS. However, as has been 

noted, the intellectual profile of WS is far broader and less severe in its cognitive 

deficits than many other types of dysfunctional development, and accordingly on 

a priori grounds, WS is different from e.g. Down syndrome or severe Autism. In 

the case of Study 4, it is possible that children with other forms of dysfunctional 

development would show a similar left bias. However, the literature on the 

commonest types of dysfunction (e.g. Downs) is many times the size of that on 

WS, and it would be extraordinary if this deficit had not been noted previously in 

the literature.

A further critique is that given the considerable variability in genetic loss and its 

concomitant variability in symptoms, can we comfortably speak of 'typical' 

Williams syndrome? In other words, having shown the variability in Study 1, the 

remaining studies take relatively small (albeit genetically guaranteed) samples of 

WS patients and make claims for what is typical of Williams syndrome. How can 

this be logically sound?

Again, there are several replies to this. The first is a pragmatic one. Williams 

syndrome is a very rare condition, and the issue is at times one of taking either a
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small sample, or having none at all (what might be termed the 'half a loaf' 

argument). This may be pragmatic, but it is not necessarily logical. However, the 

evidence indicates that at least in the studies conducted here, the small samples 

were representative of the WS population. For example, although there was 

variability in the age of attainment of milestones, nonetheless, there was delay in 

all cases, and the pattern of delay followed the same general trend. Again, in the 

studies of left bias, this was shown by all the participants and not just a small 

sub-group with sufficiently variant scores to make the whole group differ from 

the typically developing controls. This does not mean, however, that the original 

argument that all participants in a WS group must be fully genetically screened 

can be relaxed. It is imperative that researchers are certain that they are only 

testing WS patients, for reasons of self-evident basic research protocol. And in 

studies of variability within WS (as in Study 1) clearly larger sample sizes will 

be needed.

Quite how large a sample would have to be to identify accurately all possible 

sub-types of WS there are is open to question. Given that the full functions of all 

the genes on the 7qll.23 have yet to be determined, it is probably impossible to 

judge at the time of writing. However, supposing that ultimately there are x 

phenotypes reliably associated with 7qll.23. Since all these phenotypes could hi 

theory exist independently of each other, there would be at least 2* possible 

combinations resulting from loss within 7qll.23. This would be a vast number, 

well beyond the total number of people with WS ever born in the history of the 

human race. It is thus likely that the most accurate summary that can be made is 

that patients with Williams syndrome can exhibit all or some of the phenotypes
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exhibited by loss from 7qll.23. Probabilistically, many of them will share 

symptoms, but that does not remove the need to be vigilant for atypical cases.

Further research

The considerations stated above point to potential future research and also 

indicate areas where further research may bring diminishing returns. First, for the 

reasons just mentioned, it is probably misleading and impractical to search for 

'sub-groups' of WS. Although it is tempting to codify further the symptoms of 

WS in a hope of making order out of confusion, it is unlikely, given the random 

nature of the genetic loss within 7qll.23 to be anything more than a misleading 

simplification. It must be accepted that Williams Syndrome is likely have a 

'messy' and confusing set of symptoms. This means that care must be taken in 

choosing participants for testing (e.g. patients with relatively light genetic loss 

may be unsuitable for some types of testing) and arguably more importantly, 

great care must be taken in choosing therapeutic regimes for WS patients - this is 

categorically not a case where 'one size fits all'.

Bearing these caveats in mind, several key areas of research still beg for answers. 

The first concerns the attainment of milestones and the effect of physical 

dysfunction on these. This is a very under-researched area, and further studies are 

urgently needed. At first, examination of developmental milestone attainment 

should be considered with other assessment instruments such as the Mullen 

Scales of Development or the McArthur Scales for examples. Helpful as they are, 

the DDST is a screening instrument at best and the Vineland Scales do not allow
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for direct observation of the child in question. Therefore, examination with a 

more comprehensive battery that allows the direct observation of the child will 

be very useful in determining the age range of developmental milestones 

attainment.

hi addition, a longitudinal study of the effects of developmental delay in the 

acquisition of milestones should aid future prognoses of children with Williams 

syndrome. Prognosis is extremely important in determining personal, social, 

academic and vocational skill hi any condition involving developmental delay. 

Gross and fine motor delay, if severe, are usually considered poor prognostic 

indicators for many conditions (Murdock, 1990; Taylor and Raffles, 1996; 

Tsukahara and Nimura, 1998). By examining the longitudinal course of children 

with Williams syndrome, a guide can be compiled to allow for early intervention, 

which is shown in the literature to have serious positive effects in many cases 

(Hallahan and Kaufman, 1992).

The small scale longitudinal study reported in Study 2 indicates that there are 

potentially interesting changes in quotient scores. It is vital that this work is 

extended to see which types of intervention have the maximum impact in this 

area, hi terms of cognitive assessment, such studies might include examination of 

children with WS with more nonverbally administered IQ tests in longitudinal 

fashion and frequent examination of academic performance in relation to 

advancement of chronological age. hi terms of academic progress, it would be 

useful to examine if the changes in quotient scores in IQ tests reflect changes in 

school academic performance. Both standardised assessment instruments, such as
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the Vineland Scales Classroom Edition (Sparrow, Balla and Chichetti, 1984) and 

curriculum based measurement (assessment created by teacher based on the 

required curriculum of the particular classroom) can be very useful in examining 

the effects of improvement in quotients on academic performance in children 

with Williams syndrome (for a review of the philosophy and practical issues of 

curriculum based measurement the reader is advised to consider Novacek, 1986, 

Mercer and Mercer, 1991 and Gallagher, 1993).

The research conducted in Study 4 indicates a strong left field bias in the 

processing of WS patients. However, two key questions remain unanswered. 

First, is this phenomenon purely one of WS, or is it found in other types of 

dysfunctional development? Although, for the reasons given above, the answer to 

this is probably in the negative, nonetheless a study to determine this needs to be 

done, using children with other syndromic conditions, such as Down syndrome 

or Prader-Willie and DiGeorge syndrome as participants. Second, although it has 

been established that WS children are faster at detecting and better at 

remembering targets in the left/top area, it is still unclear what the primary 

process at work is. A first step in examining this issue would be to examine eye 

movement behaviour. Via the use of eye tracking equipment, the positioning and 

movement of eyes can be examined in terms of the positional and dynamic 

properties of a target stimulus. Problematic eye movement could explain the 

phenomenon as deterioration of eye coordination with rightward movement 

could account for both missing items on the extreme right of the visual field or 

significantly slower detection RTs.
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In addition, since similarities might exist with persons experiencing cerebellar or 

right hemisphere dysfunction (Morris et. al., 1988; Dilts et. al., 1990; Beret et. al., 

1996; Van der Geest et. al., 2003). MRI studies or standardised tests associated 

with right hemisphere dysfunction such as [see white test] may be of use for this 

purpose. Finally, the contribution of other factors such as visual sequential 

memory deficits might be worth to examine, especially since there is a study by 

Crisco et. al. (1988), verified by the findings of our study appearing in Appendix 

4. Deficits in visual sequential memory could explain why there is deterioration 

towards the right side.

In summary, research is needed to examine which individual factor or 

combination of factors (deficits in eye movement/scanning, deficits in visual 

sequential memory, right hemisphere dysfunction or a paroxysmal form of the 

otherwise natural tendency of humans to pay more attention and remember items 

on the left side) may be responsible for the observed strong left bias in the 

processing of children with WS.

Concluding comments

This thesis has moved some distance from the position presented at the literature 

review in the Introduction. Gone is the certainty that Williams syndrome is an 

easily-identifiable disorder of over-friendly elfin-faced children with 

cardiovascular problems and profound cognitive disabilities, to be replaced by a 

far more fluid and less certain picture. However, with this comes hope. Parents 

being told that their child has Williams syndrome should also be made aware that
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the condition is not one of inevitable dysfunction, and although it would be 

ethically wrong to offer false hope of 'normality', the situation may not be as 

irredeemably bleak and without hope as was once supposed. Improvement is not 

only possible but there is strong evidence that with proper and well structured 

intervention, children with WS can live a fruitful and satisfying life.
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Appendix 1 - Medical features of Williams syndrome

A version of this will form Chapter 3 of Chasouris and Stuart-Hamilton (in 

press) Williams syndrome: An Introduction London: Jessica Kingsley 

Publishers

Variability in medical symptoms

The following medical problems and physical features are common to more 

than 50% of all individuals with Williams syndrome and have been 

recommended by the American Academy of Paediatrics (2001) as a guideline 

for medical personnel for diagnostic purposes:

• Characteristic facial appearance

• Cardiovascular disease

• Physical growth along the lower percentiles

• Musculoskeletal abnormalities

• Oral/Dental abnormalities

• Prolonged infantile colic/poor feeding/disturbed sleep patterns

• Hyperacusis

• Neurological signs

However, although some symptoms are relatively common in WS, it is 

difficult to be precise about the exact percentages of WS patients who have 

each symptom. The reason for this is connected with the variability in the 

genetic loss raised in Chapter 2. Basically, a physical symptom only appears if
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there is there is genetic damage. But as genetic damage does not always occur 

in exactly the same place in every patient, this means that the medical 

complaints of WS patients vary commensurately. To illustrate this point, we 

have surveyed a representative collection of studies 1 of the medical symptoms 

of WS patients that include data on the proportion of their samples that have 

each condition. Although the studies at times agree on how frequently a 

particular symptom occurs, on other occasions there is a wide disparity 

between them. The following list of symptoms (details of which are discussed 

later in the chapter) shows the lowest and highest percentages reported for 

each in the studies surveyed: sensorimotor incoordination (41-43); 

hypotonia/weakness (50-84); ataxia/clumsiness of gait (60-79); microcephaly 

(8-19); cardiovascular pathology (36-100); dental abnormalities (28-95); 

respiratory problems (27-70); gastrointestinal problems (40-70); muscular 

problems (17-60); stellate hides (14-74); typical WS face (43-100); hernias 

(38-43); renal problems (4-52); hypercalcemia (8-67); lower motor neuron 

dysarthria (17-100). Research findings associated with medical and 

psychological symptomatology are summarised on Table 1:

' Carasco et al. (1995), American Academy of Paediatrics Committee of Genetics (2001), Holmstrom et al. (1990), 
Nickerson et al. (1995), Lowery et al. (1995), Borg et al. (1995), Joyce et al. (1996) Perez Jurardo et al. (1996), 
Winter et al. (1996), Brondum-Nielsen et al. (1997), Elcioglu et al. (1998), Eronen et al. (2002), Yau et al. (2004), 
Amenda et al. (2005), Morris et al. (1988), Rose et al. (2001), Lopez-Ranguel et al.(1992), Wessel et al. (1994), Pober 
et al. (1993), Sadler et al. (2001), Shiue et al. (2004), Wang et al. (1999), Metcalfe et al. (1999), Castroviejo et al. 
(2004), Jones & Smith (1975), Smith & Karas (1988), Giannotti et al. (2001), Dridi et al. (1999), Plissart et al. (1994), 
Timosenko et al. (1984), Potkopaeva et al. (1985), Maharasvilli et al. (1985), Yachmenev et al. (1980), Niculescu et 
al. (1982), Milovanovic et al. (1981) and Schulman et al. (1996).
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As can be seen, there is considerable disparity. Almost certainly this can be 

attributed to the different studies testing patients with radically different levels 

of genetic loss, and it may be reasonably assumed that where a low incidence 

of a particular symptoms is reported, the patients being tested had on the 

whole suffered less genetic loss from the 'WS region' 7qll.23. This means 

that we must be extremely careful in making statements about how common or 

rare a particular symptom is in Williams syndrome. What is urgently needed is 

a very large scale study in which WS patients are given a full genetic 

screening and the incidence of each illness is matched to particular patterns of 

genetic loss. Until that point, all that can be noted with certainty is that the 

medical conditions noted in this chapter exist in at least some proportion of 

people with Williams syndrome.

Cardiovascular symptoms

As was noted in Chapter 1, cardiovascular problems were the cardinal features 

of the patients studied by Williams et al. (1961) and Beuren et al. (1962), and 

remain amongst the most frequently studied aspects of the disorder. In this 

section, we will consider the commonest cardiovascular problems reported in 

Williams syndrome, although, as noted above, the absolute frequency with 

which these occur is hard to determine at the present time. Before considering 

these issues, it may be useful to present a quick primer on the workings of the 

heart.

214



The basic purpose of the heart is, obviously enough, to pump blood around the 

body. It receives blood from the lungs that brings with it fresh oxygen; this is 

sent round the body where the oxygen is taken up by cells and the oxygen- 

depleted blood is sent back to the heart which sends it to the lungs to collect 

more oxygen. The heart contains four chambers. These are of two types - the 

atrium (plural atria) responsible for receiving blood, and the ventricle, 

responsible for pumping blood out. The chambers of the heart are on the right 

and the left (as per standard anatomical labelling, 'left' means the patient's 

left, 'right' the patients' right). The heart receives blood from veins and sends 

it out through arteries. Blood from the lungs arrives via the pulmonary vein 

into the left atrium. It is sent to the left ventricle via a valve. The left ventricle 

pumps the blood to the body via a large artery called the aorta. Blood returns 

from the body to the right atrium via veins called the superior and inferior 

vena cava; the blood is then sent via a valve to the right ventricle which pumps 

it to the lungs via the pulmonary artery. It should also be noted that there are 

valves where the veins and arteries connect to the atria and ventricles. These in 

effect prevent blood flowing the wrong way during pumping.

Thus, anything that causes blood vessels to thicken and reduce their capacity 

is bad news - blood cannot be pumped as freely and easily as it should be. At 

best this can leave a person weakened because their body cannot gain oxygen 

and other nutrients carried by the blood as quickly as they are needed to be 

physically active. At worst it is life threatening.
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Supravalvular aortic stenosis (SVAS)

As noted in Chapter 1, this is a narrowing of the aorta above the valve linking 

the aorta to the left ventricle. Although we have explained why we should be 

cautious about giving exact figures, it is safe to say that this is one of the 

commonest of features in Williams syndrome patients. Indeed, early studies 

largely defined WS in terms of SVAS, elfin faces and mental dysfunction. In 

the original paper that named the condition, Williams et al. (1961) reported 

three female patients and one male patient aged 7, 7, and 12 and 11 years old, 

who presented with symptoms observed in supravalvular aortic stenosis 

(SVAS) - for the medically minded, these are: left ventricular hypertrophy [a 

thickened left lower chamber of the heart], characteristic loud systolic ejection 

murmur [basically, an abnormal sound picked up by a stethoscope as blood is 

pumped out by the heart] and thrusting left ventricular apex beat [an abnormal 

heart beat, indicative of hypertrophy]. The condition was successfully treated 

with the appropriate operating procedures in the affected patients and 

Williams et al. reported no postoperative mortality or long term unwanted 

effects. Similar results were reported by Beuren et al. (1962) for four cases.

However, although SVAS is a common condition in Williams syndrome and 

one meriting serious and urgent attention, is far from the only cardiovascular 

problem facing WS patients. Kitchiner, Jackson, Walsh, Pearl and Arnold 

(1996) and Bouvagnet (2003) summarised some of the other common 

symptoms associated with the condition:
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Peripheral pulmonary stenosis: A narrowing of the pulmonary artery.

Ventricular hypertrophy Enlarged heart ventricles. As the walls of the 

ventricles thicken, so the volume of blood the ventricles can contain 

diminishes, leading to the heart having to work harder to pump the required 

volume of blood around the body.

Ventricular tachycardia: Abnormally fast beating of one of the ventricles. It 

is a dangerous medical condition. It can degenerate to ventricular fibrillation, a 

condition lethal unless treated with DC countershock. Highly suspected as a 

cause of sudden death in children and adults.

Hypoplastic aorta: Incomplete development of the aorta.

These can give a variety of warning signs. Unusual tiredness, heart murmurs, 

dyspnoea (shortness of breath and/or laboured breathing), chest pain, even 

nappies dry for unusual lengths of time can all be symptomatic of deeper 

underlying problems. Any child with Williams syndrome requires the detailed 

and continued attentions of a cardiologist as although some symptoms are 

easily detected, others may be subtle and go unnoticed by a layperson. 

Cardiovascular illness is too dangerous a matter to attempt self-diagnosis.
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Studies of cardiovascular problems

The following section presents a brief overview of some of the key studies of 

cardiovascular illness in Williams syndrome. It does not claim to be 

exhaustive, but it does hope to present a flavour of the range and complexity 

of studies.

Stenosis appears with great frequency, but it is almost never found universally. 

In one of the earliest studies of WS (though it was not labelled as that) in 

1938, Oppenheimer reported a 17 month old child with pulmonary artery 

stenosis, calcification of the aorta and facial dysmorphy. Oppenheimer treated 

this as a cardiological case but some authors consider it a possible early case 

of WS (Pober, 1996; Volkmar and Cohen, 1997). Jones and Smith (1975) 

found 13 out of 19 patients with WS with supravalvular aortic stenosis, 

peripheral pulmonary stenosis or hypoplastic (underdeveloped) aorta. 

Cortada, Taysi, and Hartmann (1980) reported WS in a mother and both 

dizygotic twin daughters. One twin had supravalvular and aortic stenosis and 

stenosis of the aortic valve, while the other twin had mild pulmonary stenosis 

and mild coarctation of the left pulmonary artery. One twin, who died during 

cardiac surgery and the mother, had mitral valve insufficiency. Milovanovic, 

Petrovic, Yovanovic and Radovanovic (1981) reported 73.3% of their patients 

as presenting with cardiological pathology, with 36.7% having supravalvular 

aortic stenosis.
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Timoshenko, Dviri, Konovalov and Fedorovich (1984) reported that 77.1% of 

their sample of WS patients had general cardiological problems (including 

arrhythmias - i.e. irregular heart beats), 45.8% had supravalvular aortic 

stenosis, and 29.2% had peripheral pulmonary stenosis and 20.8% other 

pathology, such as coronary artery stenosis and hypoplastic aorta. Potkopaeva 

et al. (1985) reported cardiovascular pathology in 72.4% of their patients with 

37.1% experiencing supravalvular aortic stenosis. Maharashvilli et al. (1985), 

in a large study hi Georgia and Armenia of children with WS, reported 77.5% 

of their patients experiencing cardiological pathology. Hallidie-Smith and 

Karas (1988) reported 36% of their patients with cardiovascular pathology. 

Specific percentages for each condition were not provided by authors, but 

supravalvular aortic stenosis, peripheral pulmonary stenosis, coronary artery 

stenosis and arrhythmias were described.

hi a study of ten adults with WS, Lopez-Rangel et al. (1992) found 

supravalvular aortic stenosis in four, mitral valve prolapse in three, bicuspid 

aortic valve stenosis in one, aortic valve stenosis in one, and peripheral 

pulmonary stenosis in one patient. In 42 patients with WS, Morris et al. (1988) 

reported 79% with general cardiac pathology, 64% with supravalvular aortic 

stenosis, 24% with peripheral pulmonary stenosis and 47% of other 

cardiovascular pathology. Wessel, Pankau, Kececioglu, Ruschewski and 

Bursch (1994) reported results of follow up cardiologic examination of 59 

patients with a diagnosis of WS. Supravalvular aortic stenosis was found in 57 

patients, 17 of whom underwent surgery for severe stenosis. Aortic hypoplasia 

was diagnosed in 24 patients, peripheral pulmonary stenosis in 49, and
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coarctation of the aorta in 4. Four of 6 patients with aortic hypoplasia and 

surgery for supravalvular aortic stenosis developed restenosis [re-closing of an 

artery that had previously been surgically widened], whereas patients without 

aortic hypoplasia did not develop restenosis. The authors concluded that the 

existence of aortic hypoplasia is not a good prognostic indicator in patients 

with WS. Carrasco et al. (1995) reported the presence of congenital heart 

disease in 85% of all patients (n=32), with 29.4% requiring corrective surgery. 

Nickerson, Greenberg, Keating, McCaskill and Shaffer (1995) reported 63.6% 

of their patients with cardiac pathology, with 48% presenting with 

supravalvular aortic stenosis, 9.1% with peripheral pulmonary stenosis and 

6.1% with other cardiac pathology.

In a large scale study (n=110) Lowery, Morris, Ewart, Brothman, Zhu, 

Leonard, Keating and Brothman (1995) report 77.3% of their patients to 

present with congenital heart disease. Supravalvular aortic stenosis was 

diagnosed in 48.2% of all patients, with 50.9% of all patients presenting with 

other cardiac pathology (arrhythmias, heart failure, mitral valve prolapse). No 

cases of peripheral pulmonary stenosis were reported. The authors also 

reported that children with cardiac pathology to the more severe end of the 

spectrum also presented with gross developmental delay, immaturity and 

frequent mood swings in early childhood (Lowery et al., 1995). Borg, 

Delhanty and Baraitser (1995) in a study of 8 children with WS reported 100% 

with cardiac pathology, 62.5% with supravalvular aortic stenosis, 37.5% with 

peripheral pulmonary stenosis and 62.5% with other vascular pathology. In a 

study of 24 patients with WS, Joyce, Zorich, Pike, Barber and Dennis (1996)
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reported 79% with general cardiological pathology, 70.8% with supravalvular 

aortic stenosis and 33.3% with peripheral pulmonary stenosis.

Perez-Jurardo, Peoples, Kaplan, Hamel and Franke (1996) reported 50% of 

their patients experiencing supravalvular aortic stenosis, 27.1% experiencing 

peripheral pulmonary stenosis and 14.6% with other vascular pathology (n=48 

patients). Brondum-Nielsen, Beck, Gyftodimou, Herlyk, Lijenberg, Petersen, 

Pederson, Sand, Scovby, Stafanger, Zetterqvist and Tommerup (1997) studied 

24 patients with WS for cardiac dysfunctions. They found 75% of them 

presenting with supravalvular aortic stenosis, 29.2% with peripheral 

pulmonary stenosis and 20.8% with other arterial dysfunction. In a study of 14 

patients with WS, Elcioglu, Mackie-Ogilvie, Daker and Berry (1998) reported 

71.4% with general cardiological problems (including heart failure and 

arrhythmias), 42.9% with supravalvular aortic stenosis and 28.6% with 

peripheral pulmonary stenosis.

In a large study of 65 patients with WS, Wang et al. (1999) reported 73.8% 

experiencing general cardiological problems (hypertension, aortic valve 

dysfunction, mitral valve prolapse or insufficiency), 30.8% with supravalvular 

aortic stenosis, 35.4% with peripheral pulmonary stenosis and 32.3% with 

other vascular pathology (mainly of arterial origin). Reviewing the existing 

literature, Metcalfe (1999), reported that at least 75% of all patient with WS 

will present with some kind of cardiovascular disorder. In a large national 

survey of more than 300 children with WS (n=315), the Committee of 

Genetics of the American Academy of Paediatrics (2001) reported 80% of
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children with general cardiological problems, 75% with supravalvular aortic 

stenosis, 25% with peripheral pulmonary stenosis and 20% with other vascular 

pathology. In another large scale study (n=127), Sadler et al. (2001) performed 

a retrospective analysis of the incidence and severity of cardiovascular 

disorder in WS. The prevalence of supravalvular aortic stenosis was 35%. 

Statistical analysis revealed that the severity of cardiovascular disease in 

general and, supravalvular aortic stenosis in particular, was significantly 

greater in male than female patients. They also observed that the clinical 

diagnosis of WS was made at a significantly younger age for male patients and 

that this was partly because of increased incidence and severity of 

cardiovascular disease.

Rose et al. (2001) followed up 112 patients with WS since 1975 and studied 

25 of them by aortography. Twenty of 25 patients had some kind of vascular 

stenosis, of whom 19 were affected by segmental narrowing either of the 

thoracic aorta (9) or the abdominal aorta (7) or both (3). Eleven patients had 

renal artery stenosis and 17 presented with hypertension. Rose et al. (2001) 

concluded that hypertension is a common symptom in WS and must be 

regarded as a manifestation of generalised arteriopathy. hi another large 

retrospective study of 75 patients with WS in Finland, Eronen, Peipo, 

Hiippala, Raatika, Arvio, Johansson and Kahkonen (2002) found that 

cardiovascular symptomatology was evident in 47% at birth. The most 

common abnormalities were supravalvular aortic stenosis (73%) and 

peripheral pulmonary stenosis (41%). Arterial hypertension was found in 55% 

of all adult patients with WS, supporting the study of Rose et al. (2001). In a
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Korean study of 24 children with WS, Shiue, Chou, Chuang, Tsai, Tsai, Wu, 

Kuo and Lin (2004) found cardiovascular abnormalities (including 

supravalvular aortic stenosis, peripheral pulmonary stenosis, mitral valve 

prolapse and renal artery stenosis in 72% of their patients.

In a Hong Kong study of 41 patients with WS Yau, Lo and Lam (2004) found 

82% with general cardiological problems, 45% with supravalvular aortic 

stenosis and 61% with peripheral pulmonary stenosis. Teo, Chan, Yong, Ng, 

Wong, Knight and Ho (1997) report three cases with typical cardiovascular 

findings, hi Taiwan, 5 cases of WS with supravalvular aortic stenosis by Hou, 

Wang and Chuang, 1998. In a more recent Spanish study of 82 cases of WS, 

Pasqual-Castrovejo et al. (2004) found 80% of patients with general 

cardiological problems, 60% with supravalvular aortic stenosis and 12% with 

peripheral pulmonary stenosis. In a recent retrospective Greek study of 50 

children, Amenda et al. (2005) reported 28% of children with supravalvular 

aortic stenosis, 16% with peripheral pulmonary stenosis and 22% with other 

vascular stenosis, mainly of the renal artery. Finally, Narin, Ozyurek, Bakiler, 

Parlar. Arcasoy and Coprubasi (1993) report a case of subvalvular aortic 

stenosis (stenosis below the aortic valve) in a patient with WS.

Concerning the problem of hypertension which complicates the clinical 

picture of many children and adults with WS, Wessel et al. (1994) and Broder, 

Reinhardt, Ahern, Lifton and Tamborlane (1999) confirmed previous findings 

(Capute and Accardo, 1996; Pober, 1996) of hypertension in WS. They 

studied blood pressure using a 24-hour ambulatory Holter monitoring in 20
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patients with WS and found that they had significantly higher ambulatory 

blood pressures than normal controls. The finding that blood pressure was 

approximately 10 mmHg in daytime and nighttime blood pressure was 

considered alarming by the authors. Hypertension, defined by elevated 

daytime blood pressure, was present in 46% of WS patients vs 6% of controls. 

The authors connected the presence of hypercalcemia with elevated blood 

pressure and have suggested caution in paediatric care.

Psychological aspects

It is at times tempting to compartmentalise the problems experienced by 

people with Williams syndrome and assume that each exists independent of 

the others. Of course, this is not only inaccurate, but also leads to a serious 

underestimate of the issues faced the patients and their carers. For example, 

cardiological problems in WS have a very strong psychological importance as 

well. Severe cardiopathy can be restricting to the lives of children with the 

syndrome and a heavy burden to families. Cardiological disorders have been 

linked to developmental delays across many groups of children, not just those 

with Williams syndrome (Hallahan and Kaufman, 1992; Taylor and Raffles, 

1996) and the prolonged and serious nature of cardiovascular illness leads to 

anxiety and a strong fear of dying and melancholic mood (Hallahan and 

Kaufman, 1992; Capute and Accardo, 1995; Carrasco et al., 1995; Volkmar 

and Cohen, 1997; Aravena et al., 2002). The parents of children with WS may 

also experience mood disorders, anxiety, phobic reactions and depression as a 

result of the cardiological disorder of their children (Capute and Accardo,
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1996; Pober, 1996; Baubet, 1999). Baubet (1999) reports that the incidence of 

depression, phobias, nocturnal panic attacks and nightmares are not 

uncommon in mothers of children with Williams. Marital problems have also 

been reported (Volkmar and Cohen, 1997; Baubet, 1999), but the literature is 

scant on the topic and further research is required. The main reason for these 

phenomena is the risk of death during any time of life or during an operation 

which might result from the cardiopathy.

The simple but highly regrettable fact is that Williams syndrome is associated 

with sudden death [though please note that this is not, repeat not an inevitable 

feature of the condition]. Bird et al. (1996) reviewed 10 such cases. They 

reported these resulted from a mixture of ischemia, coronary artery disease, 

reduced cardiac output and severe arrhythmia (ventricular 

tachycardia/fibrillation). Monfared and Messner (2005) reported a death of a 

child during tonsillectomy due to bradycardia [abnormally slow heart rate] 

leading to asystole [failure of the ventricles to contract]. The possibility of 

death, sudden or not, is one most problematic areas for families and caution is 

advised on parents and clinicians when children with WS experience 

cardiopathy. Once again, we cannot stress enough the need for careful and 

constant monitoring of children with Williams syndrome by suitably qualified 

medical personnel.
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The endocrine system and physical growth

For the benefit of readers with no background in biology, and initial paragraph 

outlining what the endocrine system does is perhaps appropriate. The body 

produces a set of chemicals called hormones. These have a variety of effects. 

Some of them, such as epinephrine (also called adrenalin) have an immediate 

effect when a change in the body is required quickly. In the case of 

epinephrine, the so-called 'fight or flight' response is produced - the heart rate 

is raised and the body's metabolism is prepared for sudden physical action. In 

other cases, hormones act in subtler, but no less important ways. For example, 

insulin (a hormone produced by the pancreas) is produced to help digest food. 

Others, such as cortisol (also called hydrocortisone) are involved in 

controlling a wide variety of crucial bodily functions, including cardiovascular 

and immune systems. Hormones are produced by some specialised forms of 

nerve cells and by the endocrine organs (organs whose principal function is 

hormone production e.g. the thyroid and pituitary glands and the pancreas). 

Hormones are largely transmitted via the blood. It follows from these facts 

that an imbalance in the endocrine system can have serious repercussions - if 

a person receives the wrong quantity of chemical signals, this will cause the 

body to respond inappropriately.

As noted in Chapter 2, hypercalcemia (excess calcium in the blood) caused by 

a failure to metabolise the correct amount of calcium, was one of the first 

features of Williams syndrome to be documented. However, it is a far from 

universal feature, and other endocrinological problems have been noted, such
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as thyroid and growth hormone disturbances (Timoshenko et al., 1984; 

Potkopaeva et al., 1985; Carrasco et al., 1995; Borg et al., 1995; American 

Academy of Paediatrics, 2001; Selicorni et al., 2006). Growth hormone 

insufficiency means exactly what it says - hormones that would normally 

drive a body to grow at an appropriate rate are underactive, resulting in a 

slower than average growth in stature and weight gain. Thus, WS children 

aged ten years or older, but with the stature of a five or a six year old are not 

unusual (American Academy of Paediatrics, 2001).

The thyroid gland (located in the throat) produces the hormones thyroxin and 

triiodothyronine. These are involved in regulating the body's metabolism (e.g. 

an underactive thyroid gland leads to hypothyroidism, characterised by weight 

gain and sluggishness) and the rate of physical growth. The release of these 

hormones is in turn regulated by another hormone the thyroid stimulating 

hormone (TSH). Thyroid abnormalities in Williams syndrome are well 

documented, with abnormal levels of TSH and underdeveloped thyroid glands, 

leading to sub-clinical2 hypothyroidism (e.g. Stagi, Bindi, Neri, Lapi et al., 

2005; Selicorni, Fratoni, Pavesi et al., 2006).

We shall now consider studies of endocrinological function in Williams 

syndrome patients in greater detail. Just as studies of cardiovascular 

functioning in WS have primarily addressed SVAS, so endocrinological 

research has focused heavily on hypercalcemia.

2 Sub-clincial is a slightly nebulous term, in essence meaning that signs of an illness are 
present and could lead to something worse if not treated, but in and of themselves are not 
necessarily a cause for concern as they stand at the time of assessment.
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Hypercalcemia is usually first observed in infancy, but late childhood adult 

cases have also been reported (Borg et al., 1995; Lowery et al., 1995; 

Cherniske et al., 2004). Symptoms include (but are not limited to) 

constipation, anorexia (a profound failure to eat) or more general feeding 

difficulties, nausea, vomiting with abdominal pain and ileus [a bowel 

obstruction caused by the bowel ceasing to push digested food along]. 

Impairment of kidney function is not uncommon, leading to polyuria, nocturia 

and polydipsia - i.e. excessive urination, an excessive need to urinate at night 

and excessive thirst (Berkow and Fletcher, 1992; Daly, 1992). An especially 

dangerous situation in children with WS is severe nephrocalcinosis 

(precipitation of calcium salts within the kidney), which can lead to acute 

renal failure (Berkow and Fletcher, 1992; Capute and Accardo, 1996). Very 

high calcium levels are associated with emotional lability [drastic mood 

swings], confusion, delirium, acute psychosis and stupor (Daly, 1992).

The aetiology [cause and/or growth] of hypercalcemia in Williams syndrome 

remains unclear at present. Although a study by Garabedian, Jacqz, Guilloso et 

al. (1985) suggested otherwise, no consistent abnormalities in calcium or 

vitamin D regulatory hormones have been documented (Martin, Snodgrass and 

Cohen, 1984; Kruse, Pankau, Gosch and Wohlfahrt, 1992). As to the severity 

of the hypercalcemia hi patients with WS, the picture is also mixed. Some 

studies have reported only relatively mildly raised levels of calcium in the 

blood (Kruse et al., 1992). But Potkopaeva et al. (1985) reported 30% of all 

their patients with hypercalcemia, with 4 cases requiring serious medical 

intervention. Other studies have found the occasional patient with more severe
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hypercalcemia (blood calcium level >12.0 mg/dl) who may require short term 

treatment (Kruse et al., 1992; Capute and Accardo, 1996; Pober, 1996). Borg 

et al. (1995) argue that severe hypercalcemia may not be the key condition in 

and of itself, but a symptom of other problems such as nephrocalcinosis 

(severe kidney stones) or blood vessel calcification (deposits of calcium in the 

blood vessels).

Studies of the incidence of hypercalcemia are mixed in their findings, as

mentioned above. A reasonable estimate is that the condition is a minority

experience for Williams syndrome patients, but some studies, presumably

because of the specific groups of patients tested, have found much higher

incidence rates. Timoshenko et al. (1984) reported that 27.1 % of their patients

presented with various endocrinological problems, including hypercalcemia.

Maharashvilli et al. (1985) reported 40% of their patients with hypercalcemia,

other electrolyte disturbance, or hypothyroidism. Morris et al. (1988) reported

67% of their patients with hypercalcemia or other endocrinological

dysfunction including thyroid hormone, and growth hormone

underproduction. Borg et al. (1995) reported 12.5% of their patients with

hypercalcemia, while Carrasco et al. (1995), 8% with the condition. Lowery et

al. (1995) reported 18.2% of their patients with hypercalcemia, with several

adult cases, indicating that hypercalcemia may persist beyond childhood.

Joyce et al. (1996) reported hypercalcemia in 41.7% of all patients, while

Perez-Jurardo et al. (1996) reported 38.5% of all their paediatric patients with

the condition. Brondum-Nielsen et al. (1997) reported 20.5% of their patients

with hypercalcemia, while Wang et al. (1999) report 43.2% of the patients

229



with hypercalcemia or thyroid dysfunction. In a recent study, Amenda et al. 

(2006) reported 6% of paediatric patients with hypercalcemia and electrolyte 

disturbance.

Disorders of thyroid function are not uncommon in Williams syndrome, 

although research in the area is currently relatively limited (Timoshenko et al., 

1984; Potkopaeva et al., 1985; Carrasco et al., 1995; Borg et al., 1995; 

American Academy of Paediatrics, 2001; Selicorni et al., 2006). Investigation 

for thyroid dysfunction is very important hi children with WS as 

hypothyroidism has been connected to mood disturbance, mental deficiency 

and behaviour disorders in early childhood (Berkow and Fletcher, 1992; 

Hallahan and Kaufman, 1992; Volkmar and Cohen, 1995).

The most common findings of all studies is thyroid hypoplasia 

[underdeveloped thyroid], a reduction in the size of the gland and 

hypothyroidism. Timosenko et al. (1984) and Potkopaeva et al. (1985) 

reported findings of hypothyroidism in children with WS. They reported low 

levels of thyroid stimulating hormone (TSH), 'dull' faces, hoarse voice, slow 

speech, periorbital swelling [swelling around the eyes], weight gain and heart 

problems of arrhythmia (mostly bradycardia) in more serious cases. Stagi et al. 

(2005) reported findings of thyroid hypoplasia of the left lobe, leading to overt 

hypothyreoidism3 . The authors consider the aetiology of thyroid hypoplasia to 

be unclear. In a very large study of 95 patients (ages 3 months - 29 years) 

Selicorni et al (2006) reported that 74% of all examined patients demonstrated

3 Do not confuse with hyperthyroidism - a condition of weight loss and intense, almost manic 
activity, resulting from an overactive thyroid gland.
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hypoplasia of the thyroid gland, along with the symptoms associated with this. 

They have suggested that thyroid hypoplasia might be a primary characteristic 

of Williams syndrome. The exact prevalence of thyroid problems in the whole 

WS population is not known, though the lower percentage figures in other 

studies suggest that Selicorni et al may have over-estimated its true frequency. 

However, it seems that thyroid problems are at least as prevalent as 

hypercalcemia, and thus are noteworthy.

Growth hormone dysfunction has also frequently been reported by 

investigators (Carrasco et al., 1995; Borg et al., 1995; American Academy of 

Paediatrics, 2001). Deficient production of growth hormone can result in 

severe growth retardation. Children may be below the 3rd centile for statural 

growth [i.e. 97% of children of the same age are taller] in some severe cases 

(Volkmar and Cohen, 1997; American Academy of Paediatrics, 2001; 

Hungarian WS Association, 2006; Slovak WS Association, 2006). Patients 

with the typical characteristics of Williams syndrome often experience 

abnormal growth patterns. These might include low normal birth weight, slow 

and steady linear growth and weight gain along the 5th-10th percentiles4 

(Pober, 1996).

Low growth rate starts from conception. In a recent study, Batista-Fererro, 

Biamino, Soracio, Banaudi, Peruzzi, Forzano, Cantogno, and Silengo (2007), 

reported intrauterine [within the womb] growth retardation in 10 patients.

4 Percentiles (also known as centiles) are a measure of the percentage of the population with 
bigger or smaller scores or measures. A percentile of* means x percent have a smaller score 
or measure. Thus, a percentile of 10 means 10% have a smaller score or measure, and by 
extension, 90% have a bigger one.
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Growth below the third percentile was observed in 22% of patients, between 

the third and tenth percentile in 44% of patients and between the tenth and the 

seventy fifth percentile in 34% of patients. In a large study of 165 patients (90 

male and 75 female), Gosch and Pankau (1992) analysed statural growth and 

physical development in WS. Intrauterine growth retardation was present in 

35% of the female and 22% of the male patients, and very low growth was 

noted during the first year of life for most of the sample. Until the age of nine 

years in female patients and eleven years in boys, mean growth followed the 

third centile.

Failure to thrive may complicate the postnatal course of a minority of infants 

with Williams syndrome (Pober, 1996; Taylor and Raffles, 1996). However, 

sometimes there is a catch up in growth in later childhood (Morris et al., 1988; 

American Academy of Paediatrics, 2001). In Gosch and Pankau's (1992) 

study, pubertal growth spurt with normal growth rate was seen at age ten years 

hi girls and thirteen years in boys (i.e. one to two years earlier than normal). 

Menarche also occurred earlier than normal, but mean adult height was 

153.9+/-6.9 cm in 17 girls and 168+/-6.9 cm hi 27 boys, approximately 

corresponding to the 3rd centile in both sexes. The rest of the patients had 

lower height and several were below 140 cm. The mean deficit of adult height 

compared to target height was 10.2 cm in girls and 9.1 cm in boys. Skeletal 

development progressed at an approximately normal rate in both sexes. In one 

extreme case, Scothorne and Butler (1997) reported a study of a girl with WS 

who had onset of puberty at 7.5 years of age and menarche at 8.5 years of age. 

They suggested that because intellectual and emotional development of
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children with WS are generally delayed, pharmacologic and hormonal 

intervention to delay puberty might be warranted to allow for intellectual and 

emotional maturation.

Adult stature in WS typically falls in the low normal range of typical adult 

height. However, these findings are not universally true - some children with 

WS show no growth problems and are average in height (Pankau et al., 1992; 

Pober, 1996).

Burn (1986) and Gosch and Pankau (1992) suggest that close monitoring of 

physical growth and development is necessary as delayed maturation has been 

closely associated with prolonged immaturity, social difficulties and behaviour 

disorders in childhood (Novacek, 1986; Hallahan and Kaufman, 1992; 

Gallagher, 1993; Volkmar and Cohen, 1997).

Opthalmological symptoms

Problems of an opthalmological nature are well documented through the 

literature. In fact, some opthalmic findings such as stellate irides5 (irides 

looking like the beams of the sun), have been used as major diagnostic 

criterion (Preus, 1984). The most common opthalmological abnormalities 

reported in patients with WS are strabismus (affecting about 30%-60% of all 

individuals), myopia and hypermetropia (affecting about 40%-85% of all 

cases) (Greenberg and Lewis, 1988; Granet, Markowitz and Schaeffer, 1994; 

American Academy of Paediatrics, 2001). Myopia refers to difficulty in seeing 

5 Plural of iris.
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far, while hypermetropia to a difficulty seeing near. Strabismus is a serious 

condition in which muscle impairment does not allow for co-ordinated eye 

movement. It generally requires surgical treatment before the age of six and if 

untreated, it may lead to blindness or serious visual impairment (Hotta et al., 

1990, Berlow and Fletcher, 1992). Although not a medical problem as such, 

blue irides are reported in a much higher than usual percentage of cases.

As already noted, stellate irides are a common symptom in Williams syndrome 

(Carrasco et al., 1995; American Academy of Paediatrics, 2001). hi an 

investigation in the former Soviet Union, Timoshenko et al. (1984) examined 

the medical pathology of children with WS, including opthalmic 

abnormalities. They reported 37.5% with strabismus/myopia and 62.5% with 

stellate irids patterns. Their findings were supported by a study of 

Maharashvilli et al. (1985) revealing strabismus/myopia/hypermetropia and 

55% with stellate hides. Morris et al. (1988) reported 72% with strabismus or 

myopia and 50% with other ocular problems. Holmstrom, Almond, Temple, 

Taylor and Baraitser (1990) had three ophthalmologist and four geneticists 

examine eye photographs from 43 children with WS and 124 control subjects. 

A stellate (sunlike) pattern was noted in the irides of 51% of the WS patients 

and in 12% of the control subjects. The pattern was more difficult to detect or 

was absent in heavily pigmented cases. Hotta, Kishihita, Wakita, Inagaki, 

Momose and Kato (1990) reported on the stellate iris pattern in three cases. 

They also reported strabismus and myopia. Carrasco et al. (1995) reported 

38% of their sample of patients with stellate irides, blue irides and 

strabismus/myopia. Winter et al. (1996) assessed the frequency and severity of
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opthalmological problems in 152 patients with WS. Eighty two (54%) had 

strabismus, while 149 had myopia or hypermetropia. Blue irides were present 

in 117 patients (77%), green irides in 10 (7%) and brown irides in 25 (16%). A 

stellate iris pattern was found in 112 patients (74%). Two nine year old 

patients and a forty six year old patient had initial cataract. Perez-Jurardo et al 

(1996) reported 33.3% of their patients with strabismus and 67.7% with 

stellate and blue irides. Brondum-Nielsen et al. (1997) reported 47.1% with 

strabismus and 20.8% with stellate irides. Elcioglu et al. (1998) examined the 

opthalmic pathology of 14 patients with WS. They reported 28.6% with 

strabismus and 14.3% with stellate irides. Wang et al. (1999) examined 65 

patients with WS and reported 57.8% with strabismus, myopia or 

hypermetropia, 47.7% with stellate irides and 43.4% with blue irides. Several 

patients with strabismus needed corrective surgery due to the severity of the 

condition. The American Academy of Paediatrics (2001) estimates 

strabismus/myopia/hypermetropia and other ophthalmic problems to be 

present in [depending upon the specific criteria used] 40 - 70% of cases.

Ophthalmologic disorders can put a very heavy burden in the family as they 

will interfere with almost every aspect of development and education in later 

childhood, causing problems ranging from eye-hand coordination difficulties 

to learning difficulties, mostly in reading and writing (Wong, 1991; Hallahan 

and Kaufman, 1992; Lewis, 1997; American Academy of Paediatrics (2001).
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Dental problems

Dental problems occur very frequently in patients with Williams syndrome 

and can cause grave difficulties, especially in the first years of life. The 

majority of patients with WS have one of the following abnormalities in 

dentition: microdontia (abnormally small teeth), excess interdental spacing, 

hypodontia (absence of one or more teeth) and malocclusions. A malocclusion 

occurs when the upper and lower teeth do not rest together in a normal fashion 

when the jaw is closed. The relative positioning of the upper and lower teeth 

is generally classified using groupings or 'classes' defined using the Angle 

method (named after its inventor, Edward Angle). Class I is normal. Class II is 

an overbite (the front top teeth protrude over the lower ones) and Class III is 

an underbite (the front lower teeth protrude over the upper ones). The Class II 

or III malocclusions occur more often in patients with WS than in the general 

population (Pober, 1996; American Academy of Paediatrics, 2001; Carrasco et 

al., 2005). However, delayed production of teeth and extensive tooth decay are 

not typical of WS. It should be stressed that the majority of dental problems in 

patients with WS are amenable to medical treatment (Hertzberg, Nakishbendi, 

Needleman and Pober, 1996).

In an early examination of the medical pathology of children with Williams 

syndrome in the former Soviet Union, Potkopaeva et al. (1985) reported 

62.8% of the studied patients with dental abnormalities. Over 70% had class II 

malocclusion. Their findings were supported by a study in the Soviet Republic 

of Georgia (Maharashvilli et al., 1985). The authors reported 67.5% of their
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patients with class II and III malocclusions, with 22% presenting class III 

malocclusion. Morris et al. (1988) reported that at least 85% of their patients 

presented with moderate dental problems, mostly class II and class III 

malocclusions. Carrasco et al. (1995) reported 75% of their patients with 

dental abnormalities, mostly class II malocclusions. Borg et al. (1995) 

reported than 50% of their patients had dental abnormalities, without 

specifying the kind of the problem. Brondum-Nielsen et al. (1997) described 

dental abnormalities, mostly class II malocclusions, in 37.5% of their patients. 

Wang et al. (1999) reported 65.4% of patients with dental abnormalities. Most 

fell hi the class II malocclusion category.

hi the largest study worldwide (n=315), the American Academy of Pediatrics 

reported dental abnormalities in over 95% of all patients surveyed, hi a major 

Hong Kong study, Yau et al. (2004) found dental abnormalities in 37% of 

patients, mostly of the class II malocclusion type. In a Korean study, Shiue et 

al. (2004) reported 28% of children with dental abnormalities, with 15% 

comprising of class III malocclusions. hi a recent Greek study, Amenda et al. 

(2005) reported over 90% of all patients surveyed with dental abnormalities, 

with several of them requiring orthodontic intervention.

Research has thus indicated that dental abnormalities are very common in 

Williams syndrome. They can be severe enough to warrant surgical 

intervention and they can complicate feeding difficulties and speech 

production (Berkow and Fletcher, 1992; Capute and Accardo, 1995; Amenda 

et al., 2005). Early intervention is strongly advised to control for avoidance of
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such problems, as severe dental abnormalities requiring orthodontic 

intervention (braces) have been shown to be associated with low self esteem, 

timidity and social isolation in some children (Novacek, 1986; Hallahan and 

Kaufman, 1992; Tarjan, Balaton, Balaton and Vajo, 2005).

Gastrointestinal and urological symptoms

Gastrointestinal and urological problems are quite common in children with 

Williams syndrome, although they remain relatively ill reviewed in the 

literature. Parental and paediatrician reports indicate that about 50% of all 

infants with WS have marked irritability of unknown aetiology (often 

diagnosed as colic) that persists until 6-8 months of age (Morris et al., 1988; 

Pober, 1996; American Academy of Paediatrics, 2001). Many infants with WS 

also experience difficulties with coordinated sucking and swallowing, 

resulting often in paediatric dysphagia (Capute and Accardo, 1996; American 

Academy of Paediatrics, 2001). This presents with spitting, gagging, vomiting 

and/or difficulties in transition of solid food. Reported gastrointestinal 

abnormalities include infantile colic [excessive crying], gastroesophageal 

reflux ['bringing back' food due to a failure of valve linking the stomach to 

the oesophagus], inguinal hernias [protrusion of the intestines in the groin 

area], rectal prolapsed [protrusion of the rectum out of the anus] and colonic 

diverticulosis [sac-like projections in the bowel] (Morris et al., 1988; 

American Academy of Paediatrics, 2001). A particularly dangerous situation 

is the development of diverticulitis, an inflammation of the diverticula which 

amongst other things can lead to an abscess and peritonitis (Berkow and
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Fletcher, 1992). Major symptoms are pain, local tenderness in the lower left 

quadrant of the abdomen and fever. If localised spasm and fever are present 

and the patient worsens, emergency surgery may be required (Berkow and 

Fletcher, 1992; Pober, 1996). Bleeding is always a dangerous complication 

and close monitoring is required (Berkow and Fletcher, 1992; Pober, 1996).

Maharashvilli et al. (1985) found gastrointestinal problems in over 70% of the 

Williams syndrome children in their sample. Problems included diverticulosis, 

hernias and colic. Morris et al. (1988) reported 38% of their patients with 

hernias and 45% with other gastrointestinal pathology. Carrasco et al. (1995) 

reported 59% of their patients with gastrointestinal pathology, without 

specifying the kind of problems. The American Academy of Paediatrics 

reported that 40-70% of children with WS will demonstrate some kind of 

gastrointestinal pathology, with 40-50% presenting with hernias. 

Gastrointestinal problems are associated with early eating difficulties and can 

be very dangerous for the child with WS. The American Academy of 

Paediatrics (2001) has suggested caution for their early detection and 

remediation. Some of these abnormalities may be directly attributed to the 

deletion of the elastin gene (diverticulosis, rectal prolapse), while the cause of 

the rest remains unknown (Pober, 1996).

Renal/urological problems constitute another major category of pathology in 

children and adults with Williams syndrome. Abnormalities of the kidneys and 

urinary system in general are reported in 15 - 50% of all patients with WS but 

estimates vary widely in the literature (Borg et al., 1995; Carrasco et al., 1995;
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Schulman, Zderic and Kaplan, 1996; American Academy of Paediatrics, 

2001). Common pathology includes: acute and chronic renal failure, kidney 

hypoplasia, solitary kidney, urinary tract infections and irritable bowel 

syndrome (Pober, 1993; Schulman et al., 1996; American Academy of 

Paediatrics, 2001). In a Russian study, Timoshenko et al. (1984) reported 

10.4% of their patients with renal/urological problems. They pointed out that 

special caution has to be taken in children with WS, as they were very prone to 

infections involving the urinary tract. This finding has not been examined in 

depth hi Western literature. Potkopaeva et al. (1985) reported 8.6% of their 

patients with renal/urological pathology, including solitary kidney, acute or 

chronic renal failure and frequent infections. Maharashvilli et al. (1985) 

reported 12.5% of then- patients with renal/urological problems. Biesecker, 

Laxova and Friedman (1987) described the case of a 19-year old patient with 

WS who had renal cystic dysplasia (underdeveloped bladder) with gradual 

deterioration of renal function leading to recurrent episodes of dehydration due 

to the defect.

Morris et al. (1988) reported 52% of their patients with renal/urological 

pathology, including renal failure, bladder inconsistency, kidney hypoplasia 

and mild stenosis of the renal artery, hi studies of 40 patients with WS who 

were assessed at an average age of seven years old, Pober et al. (1993) found 

renal/urological abnormalities in seven patients: nephrocalcinosis 

(concentration of calcium in the kidneys) in two patients, marked asymmetry 

in kidney size in two patients, hypoplastic kidneys hi one patient, solitary 

kidney in one and pelvic kidney in one. Unilateral or bilateral mild renal artery
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stenosis was found in four patients. Carrasco et al. (1995) reported 28% of 

their patients with renal/urological problems, without specific details of the 

nature of the pathology. Borg et.al. (1995) examined medical pathology in 

children with WS and reported 28.6% with renal and urinary pathology, 

mostly associated with renal failure.

Schulman et al. (1996) studied 41 patients with WS and reported 32% with 

renal/urinary pathology. Lesions included: renal failure, hypoplastic kidneys, 

kidney related hypertension and irritable bowel. In an examination of 48 cases, 

Perez-Jurardo et al. (1996) reported only 4.6% of their patients with 

renal/urological problems. Similar results were indicated by Brondum-Nielsen 

et al. (1997) with 4.2%. Wang et al. (1999) reported 22.2% of their patients 

with renal/urological pathology, mostly renal failure, hi a review of the 

existing literature, Metcalfe et al. (1999) reported that 10% of patients had 

severe enough problems to require urgent hospitalisation. Other common 

findings include nephrocalcinosis, solitary kidney, hypoplastic kidneys, and 

bladder diverticuli as well as diminished renal function (Ingelfinger and 

Newburger, 1991; Pober, Lacro, Rice, Mandell and Teele, 1993; American 

academy of Paediatrics, 2001). Decline in renal function is more likely to 

occur with advancing chronological age, while acute renal failure, although 

rare, can be detrimental to the child with WS (Pober, 1996; Capute and 

Accardo, 1996; American Academy of Paediatrics, 2001). Toilet training is 

achieved by all children with WS, although at a later age (Grimm and 

Wesselhoeft, 1980; Morris et al., 1988). Multiple bladder diverticuli as well as 

bladder wall/detrusor muscle incoordination may contribute to urinary
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frequency and continence problems (Pober, 1996; Taylor and Raffles, 1996; 

American Academy of Paediatrics, 2001).

ENT symptoms

Although ENT [ear nose and throat] pathology is quite frequent in Williams 

syndrome (American Academy of Paediatrics, 2001), the most significant 

portion of the literature is dedicated to the phenomenon of hyperacusis 

(Bellugi, Birhle, Doherty, Neville and Damasio, 1989; Bellugi, Birhle, 

Jernigan and Trauner, 1990; Marriage, 1995; Bellugi, Klima and Wang, 1996; 

Ansari, Axelsson, Eliasson and Magnusson, 1999; Baguley, 2003). 

Hyperacusis refers to hypersensitivity of hearing to a point that even a low 

intensity sound (often as low as 40 to 50 db) can become noxious or painful to 

the person. In several parent surveys, over 90% of children with WS have 

been reported to have hyperacusis (Klein, Armstrong, Greer and Brown, 1990; 

Capute and Accardo, 1996; Pober, 1996; American Academy of Paediatrics, 

2001). Common disturbing sounds include vacuum cleaners, thunder, loud 

coughs and sirens (Klein et al., 1990).

The biological basis for hyperacusis remains unknown to date, as audiologic 

testing does not demonstrate a lower than normal hearing threshold (Takasaki 

and Sakamoto, 1998). In other words, it is not the case that children with 

Williams Syndrome have such sensitive hearing that they can detect much 

quieter sounds than normal. Older children appear to outgrow hyperacusis 

(Capute and Accardo, 1996; Pober, 1996). On the other hand, in a
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retrospective study of 20 patients with WS, Cherniske et al. (2004) reported 

mild to moderately sensorineural hearing loss, sometimes congenital, affecting 

early speech production and being responsible for language delay, social 

isolation and behaviour disorders. This finding is extremely important as 

congenital hearing loss has been associated with severe speech and language 

delay, social isolation and behaviour disorders (Orlance, 1985; Newcomer, 

1993; Gallagher, 1992). Sensorineural hearing loss refers to hearing loss due 

to damage in the auditory (VIII) cranial nerve [see later in this chapter], while 

conductive hearing loss refers to hearing impairment due to impairments in the 

mechanical components of the outer and middle ear (Orlance, 1985; Doyle, 

1988; Berkow and Fletcher, 1992; Lewis; 1997). Conductive hearing loss is 

not uncommon in children with WS (Semel and Rosner, 2003), caused by 

recurrent otitis media or external otitis [inflammation/infection of the inner 

and/or middle ear and outer ear respectively]. A particularly dangerous 

situation occurs when there is otitis media without effusion. In this condition, 

aseptic [free from disease] liquid is concentrated in the middle ear, blocking 

sound. The condition leads to no overt symptomatology such as pain or 

effusion, but the associated hearing loss may be severe and the child might 

present with severe speech and language delay and autistic like symptoms or 

severe behavioural disorders (Orlance, 1985; Doyle, 1988; Gallagher, 1985; 

Newcomer, 1993; Pober, 1996; Dykens and Volkmar, 1997).

The concept of hyperacusis has come under criticism from authors such as 

Kataria, Goldstein and Kushnick (1984), Volkmar and Cohen (1997) and 

Dykens and Cohen (1997). They found no special hyperacusis phenomena in
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children with Williams syndrome children and attributed such phenomena to 

ENT pathology. ENT pathology requires serious investigation in children with 

Williams syndrome as it can strongly interfere with speech and language 

development and can adversely affect social development and appropriate 

adjustment (Cherniske et al., 2004). The problem extends further as authors 

(Scheiber, 2000; Semel and Rosner, 2003) have identified children with no 

speech, who require augmented/facilitated communication to interact with the 

environment. A further difficulty has been pointed out by Atkinson, Woll and 

Gathercole (2002), who point out the problems WS children have in learning 

to use sign language and other forms of augmented communication, although 

Semel and Rosner (2003) believe they might be useful.

Musculoskeletal symptoms

Although musculoskeletal pathology is very common in WS and can be 

detrimental in several aspects of child development, very scant mention 

appears in the literature. Congenital hypotonia is a common finding in children 

with Williams syndrome, who are generally described as floppy, hypotonic 

and weak (Yachmenev, Romanenko, Ketin and Tsivilis, D. (1980); 

Milovanovic, Petrovic, Yovanovic and Radovanovic, 1981; Niculescu, 

Burakan, Iraduanu and Dumitrescu, 1982; Potkopaeva et al., 1985; 

Maharashvilli et al., 1985; Burn, 1986; Pober, 1996; Dykens and Cohen, 

1997). Yachmenev et al. (1980) described babies with WS as born floppy, 

with observable muscle wasting, skin peeling from the edges of feet and with 

flaccid expressionless face (Yachmenev et al., 1980). Niculescu et al. (1982)
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reported that hypotonia persevered later in childhood and three children in 

their study developed flaccid paraplegia (loss of movement of the legs, which 

have a floppy, soft tone). Spasticity (tense muscles that resist being stretched), 

weakness, restricted range of motion and slowness of motion were reported by 

both Eastern and European authors: Milovanovic et al. (1981) reported 3 

patients with cerebral palsy, resulting in spastic paraplegia (loss of movement 

of the legs which are tense) and Dykens and Volkmar (1997) reported cases 

with spastic hemiplegia [loss of movement in one half of the body] and spastic 

paralysis of the VII and X nerves [see below], resulting in severe dysphagia 

and facial asymmetry.

Chasouris et al. (2006) and Velopoulos et al. (2006) discussed four cases of 

children with WS with spastic paralysis and two children with flaccid 

paralysis confined to wheel chairs, with the typical symptoms of the 

conditions. The most common problems discussed in the literature in terms of 

musculoskeletal abnormalities are myopathy and craniofacial abnormalities. 

Myopathy is defined as weakness and restriction of function at the muscle 

level (Berkow and Fletcher, 1992). It is characterised by hypotonia (reduced 

muscle tone), weakness, wasting (loss of muscle volume) and easy fatigue. 

Atrophy (wastage) may be present in more severe conditions. Cramps are 

common and dysarthria and dysphagia may develop (Berkow and Fletcher, 

1992). Voit, Kramer, Thomas, Wechsler, Reichmann and Lenard (1991) 

studied six patients with WS aged 3-25 years, five of whom showed clinical 

and morphological evidence of myopathy. The clinical manifestations of 

myopathy included hypotonia in infancy, walking delay, joint contractures,
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scoliosis [curvature of the spine] and increased exhaustion on exertion. These 

symptoms were present in variable degrees but were part of a typical postural 

pattern. Examination of muscle samples taken from the affected patients 

showed lipid storage in four patients and increased variability of fibre size in 

three. In one patient a muscle biopsy gave normal results. Biochemical 

investigation in four patients with morphological evidence of lipid storage in 

muscle revealed muscle carnitine [a type of amino acid] deficiency in three, hi 

addition, enzyme activities of fatty acid-oxidation were low in one of two 

specimens tested. The situation is thus a complex one.

The condition may persevere in adulthood with difficulties in balance and gait. 

As early as 1980, Yachmenev et al. reported 41.7 of their patients with 

musculoskeletal abnormalities. The most common were found to be scoliosis, 

cyphosis [a form of curvature of the spine] peripheral neuropathy [damage to 

nerves leading to and from the body to the spine], muscular weakness and 

hypotonia. Niculescu et al. (1981) reported 46.9% with musculoskeletal 

abnormalities in general and 43.75% joint laxity/myopathy in particular. 

Timosenko et al. (1984) reported 83% of their patients with myopathy and 

joint laxity, while Potkopaeva et al. (1985) and Maharashvilli et al. (1985) 

reported 84.2% and 75% musculoskeletal abnormalities in general and 58.6% 

and 40% joint laxity/myopathy in particular respectively. Morris et al. (1988), 

in a general study of the medical pathology in WS, reported 60% of their 

patients with musculoskeletal abnormalities, including cyphosis, scoliosis, 

myopathy and weakness. Carrasco et al. (1995) reported 41% of their patients 

with musculoskeletal problems, without specifying their specific nature.
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Metcalfe et al. (1999) reported 17% of their patients with musculoskeletal 

abnormalities, with scoliosis and muscle hypotonia/weakness as the most 

prominent features. Finally, the American Academy of Paediatrics (2001) 

reports 20-50% of children with musculoskeletal abnormalities.

Craniofacial features

Craniofacial characteristics have been considered for a long time as a major 

criterion for the diagnosis (Preus, 1984; Burn, 1986; Puri and Verma, 2004 for 

Indian patients with WS). Gabor Pogany of the Hungarian WS has offered the 

following image with the typical characteristics expected in WS.

Image : Facial characteristic considered typical of WS.
[Courtesy of Dr. Gabor Pogany, the Hungarian WS Association]

SUNKEN NASAL BRIDGE

PUFFINESS AROUND 
THE EYES ———————

CAN STILL SE6 THE 
EPICANTHAL FOLD 
(EYE LID)

BLUE EYES WITH 
A STAKRY PATTERN

LONG UPPER LIP LENGTH 
(PHILTRUM)

SMALL AND WIDELY 
SPACED TEETH

WIDE MOUTH 
(EARTOEARSMIIE)

PROMINENT 
LOWER LIP

SMALL CHIN

According to the first major diagnostic list, comprised by Preus (1984), the 

most common Craniofacial characteristics typical of WS are:
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• Craniofacial dysmorphy (poorly formed cranium)

• Broad forehead

• Wide, fish-like mouth

• Long philtrum [the groove of skin between the nostrils and lips]

• Upturned nose

• Flat nasal bridge

• Periorbital fullness [fullness around the eyes]

• Full cheeks and lips

• Open mouth

• Epicanthal fold [skin fold on upper eyelid from nose to inner side of 

	eyebrow] 6

The initial papers of Williams et al. (1961) and Beuren et al. (1962) were the 

first to describe the craniofacial characteristics of the syndrome. Milovanovic 

et al. (1981) reported that 60% of their patients presented with these 

symptoms. Timoshenko et al. (1984) reported them in 77.1% of their patients. 

Craniofacial dysmorphy was found in 70.8% of all patients. A typical wide 

mouth was discovered in 72.9% of all patients, while 77.1% had a long 

philtrum. Potkopaeva et al. (1985) and Maharashvilli et al. reported 

craniofacial dysmorphy and typical facies in 42.8% and 60% respectively. The 

American Academy of Paediatrics (2001) reported that 40-65% of all children 

with WS will have these facial characteristics. Morris et al. (1988) reported 

96% of their patients as having these characteristics. Carrasco et al. (1995)

6 This symptom is of limited value, since people of many ethnic groups (especially people of 
Asian descent) have an epicanthal fold and yet patently do not have Williams syndrome.
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reported them in 35% of their patients, though the authors do not provide 

analytical details. In a study of 33 children with Williams syndrome, 

Nickerson, Greenberg, Keating, McCaskill and Shaffer (1995) reported 100% 

of patients with the typical WS craniofacial characteristics. In a large study of 

110 patients with WS, Lowery et al. (1995) reported the following craniofacial 

characteristics in the patients studied: broad forehead: 75%; wide mouth: 

87.5%; long philtrum: 100%; periorbital fullness: 87.5%; full cheeks and lips; 

75%; open mouth: 100%; epicanthal folds: 100%. Joyce et al. (1996) reported 

100% of their patients with typical faces, 95.7% with broad forehead, 100% 

with wide mouth, 100% with long philtrum, 95.8% with periorbital fullness 

and 100% with full cheeks and lips.

In a Spanish study, Perez-Jurardo et al. (1996) reported 83.3% of their patients 

with long philtrum, 90.2% upturned naries and flat nasal bridge, 95.5% 

periorbital fullness, 100% with full cheeks and lips and 71.1% with epicanthal 

folds. In a study of 24 patients, Brondum-Nielsen et al. (1997), reported 79.2% 

of their patients with the typical facial characteristics of the syndrome, 66.7% 

with wide mouth, 58.3% with a long philtrum, 54.2% with upturned naries, 

50% with periorbital fullness, 45.8% full cheeks and lips and 25% epicanthal 

folds. Elcioglu et al. (1998) reported slightly different findings. In their study 

of 14 patients they reported 92.9% with the typical dysmorphic characteristics 

of WS, 28.6% with a broad forehead, 50% with a long philtrum, 21.4% with 

upturned naries, 35.7 with flat nasal bridge and periorbital fullness, 28.6% 

with full cheeks and lips, 42.9% with open mouth and 28.6% with epicanthal 

folds.
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Wang et al. (1999) examined the medical pathology in Williams syndrome and 

reported 67.3% with facial dysmorphic characteristics typical of the syndrome, 

57.4% with broad forehead, 90.2% with wide mouth, 72.9% with long 

philtrum, 61% with flat nasal bridge, 76.7% with periorbital fullness, 91.9% 

with full cheeks and lips and 57.6% with epicanthal folds. In a Hong Kong 

study of children with WS, Yau et al. (2004) reported 51% of their patients 

with a long philtrum, 41% with a flat nasal bridge, 83% with periorbital 

fullness and 80% with full cheeks and lips. In a Korean study, Shiue et al. 

(2004) found 68% of their patients with the typical WS characteristics. In a 

large Chilean study, Pasqual-Castroviejo et al. (2004) reported all of their 82 

patients as having the typical WS facial characteristics. Finally, in a large 

Greek study, Amenda et al. (2005) reported all of their 60 patients having the 

typical WS craniofacial dysmorphies (though the authors did not provide 

analytical information about the type of craniofacial dysmorphy present).

The study of craniofacial features has raised disagreement among researchers. 

The main point raised is that there is discrepancy among the reported findings 

(Brondum-Nielsen et al., 1997; Elcioglu et al., 1998; Wang et al., 1999; 

Amenda et al., 2005). It appears from the literature that there is a large number 

of cases without the typical facial characteristics (American Academy of 

Paediatrics, 2001), as well as a number of atypical cases of WS (Heller, 

Rauch, Luttgen, Scroeder and Winterpracht, 2003; Gagliardi, Bonaglia, 

Selicorni, Borgatti and Giorda, 2003). Dykens and Cohen (1997) have argued 

that several cases with a genetic confirmation of Williams syndrome verified
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by FISH at a later stage have escaped early detection due to lack of the typical 

facial characteristics. The issue is complicated and further research is required 

to examine if atypical cases can reveal more about the syndrome (Gagliardi et 

al., 2003). However, it is clear that it would be wrong to rely on facial 

features too heavily as a guide, and certainly a child with other features of WS 

but not the facial characteristics should be genetically tested.

Neurological symptoms

Few medical conditions impinge on everyday life as persistently, intrusively 

and obviously as neurological abnormalities. They are very frequent in 

Williams syndrome and affect most areas of physical, psychological and 

personal/social functioning in both children and adults. Whilst attempts have 

been made to minimise the jargon, this is a topic that does not accommodates 

itself to non-technical language. Accordingly, for those unfamiliar with the 

area, a brief guide to neuroanatomy is provided below.

Brain anatomy

Studies of the general size and consistency of the brains of Williams syndrome 

patients have invariably found significantly less brain tissue in WS patients 

compared with healthy IQ-matched controls. The size of the loss varies from 

study to study, but is often 15% or more (e.g. Chiang, Reiss, Less et al., 2007; 

Thompson, Lee, Button et al., 2005). Neurons also shrink in size, with a 

thinner myelin sheath (Bellugi, Bihrle, Jernigan, Trauner and Doherty, 1990;
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Galaburda, Wand, Bellugi and Rossen, 1994). However, the loss and other 

abnormalities of brain structure are not spread evenly across the brain, but 

seem to cluster in some areas more than others. The following is an overview.

Before beginning this overview, a very important caveat needs to be stated. 

We have noted that not all Williams syndrome patients have the same level of 

genetic loss. Thus, studies that report damage in a particular part of the brain 

do not necessarily represent all cases of Williams syndrome. Although many 

studies are hazy on these details, it is likely that all or at least a large majority 

of their participants had full deletions in the 7qll.23 area. If all the genes in 

the area are missing, then this will affect all the areas of the brain that can 

possibly be affected. But as we saw in the previous chapter, a significant 

proportion of Williams syndrome patients do not have a full deletion. 

Therefore, it is quite possible that they will not have the genetic loss 

responsible for a particular type of brain damage. What this means is that we 

have to treat these studies with caution - they show what can happen to some 

WS patients - they do not show what will occur in every single case.

Amygdala Located within the temporal lobes, close to the hippocampus, the 

amygdala is an almond-shaped section of the brain involved in controlling 

emotional arousal and emotional responses, and in particular, fears responses. 

For understandable reasons, the amygdala has been of interest to researchers 

into the causes of Williams syndrome because of the noted over-friendliness 

of some WS patients. Might an abnormally developed amygdala be the cause? 

Early research suggested that the amygdala was relatively unaffected in WS

252



patients (Jernigan, Bellugi, Sowell, Doherty and Hesselink, 1993; Galaburda, 

Wang, Bellugi and Rosen, 1994). However, later research indicates that the 

amygdala does not function normally in people with WS. For example, Myer- 

Lindenberg, Hariri, Munoz and Mervis (2005) used fMRI to examine 

amygdala activity in a group of WS patients and a group of normal controls 

(matched for age, gender and IQ). The researchers found that when presented 

with pictures of threatening faces, the amygdala became more active in normal 

controls, but less active in the WS patients. Conversely, when presented with 

pictures of threatening scenes, the WS patients' amygdalas were more 

activated than the controls', hi addition, the WS patients' amygdalas sent out 

different patterns and strengths of signals to other areas of the brain. This 

finding may explain the often-cited overfriendliness of some WS children and 

adults. Quite simply, their brains lack conventional fear and caution responses, 

leading them to be friendly where others would be cautious. Again, using 

fMRI scanning, abnormal neural responses in the amygdala to music and noise 

have been reported (Levitin, Menon, Schmitt et al., 2005). This may explain 

the reported cases of hyperacusis [unusual sensitivity to sound] and strong 

emotional responses to music reported in some WS patients.

Hippocampus Early studies found the hippocampus to be unaffected in its 

basic structure (Jernigan et al., 1993; Galaburda et al., 1994), the temporal 

gyrus (Reiss et al., 2000). Meyer-Lindenberg, Mervis, Sarpal et al. (2005) 

likewise reported that the structure of the hippocampus hi their sample of 

Williams syndrome patients was relatively normal, though there were some 

'subtle alterations hi shape'. However, as with the amygdala, there were some
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distinct differences in functioning, hi particular, synaptic activity was lower 

than for normal IQ-matched controls, some visual stimuli were less vigorously 

responded to, and there was lower blood flow to the area. This at least strongly 

suggests a cause for the often-reported problems people with Williams 

syndrome have with memory tasks, and visuo-spatial memory tasks in 

particular (see e.g. King, Burgess, Hartley et al., 2002; Atkinson, Anker, 

Braddick et al., 2001). A more recent review by Hocking, Bradshaw and 

Rinehart (2008) has provided new MRI evidence for involvement of the 

hippocampal ans thalamic regions in the development of neurological 

pathology in children with WS.

Corpus collosum This has been reported to be smaller in Williams syndrome 

patients than in IQ and age matched normal controls in an MRI study by 

Schmitt, Eliez, Warsofsky, Bellugi and Reiss (2001). This implies at the very 

least that there are fewer neurons available for processing, and may have 

serious implications for the speed and efficiency with different areas of the 

brain communicate with each other.

Cerebellum Jones, Hesselink, Courchesne et al. (2002) reported cerebellar 

abnormalities in children with WS. However, this assessment was relatively 

subjective. Two neuroradiologists were asked to sort MRI scan results into 

two categories without knowing the provenance of the scans. In the case of 

scans of the cerebellum, more of the WS patients' scans were placed together 

because of their larger than average size. This did not occur with scans of 

other regions of the brain. Van der Geest, Haselen and Frens (2003) reported
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saccadic eye movement dysmetria, associated with cerebellar abnormalities. 

They have pointed out that cerebellar abnormalities might be behind 

visuospatial deficits observed in children with WS. But other researchers have 

failed to find cerebellar abnormalities (e.g. Chiang, Reiss, lee et al., 2007; 

Jernigan and Bellugi, 1990)

Basal ganglia Chiang, Reiss, Lee et al. (2007) reported significant size 

reduction in the basal ganglia. Jernigan and Bellugi (1990) reported similar 

findings. It is known that damage to the basal ganglia leads, amongst other 

things, to movement disorders (see Gagliardi, Martelli, Burt and Borgatti, 

2007).

Cortex Schmitt, Watts and Eliez (2002) studied MRI scans of patients with 

Williams syndrome and found that they had significantly more gyri [folds, or 

'wrinkles'] in the cortex. In addition, the cortex can be abnormally thicker, in 

spite of overall having less brain tissue (Thompson, Lee, Button et al., 2005). 

At the time of writing, the functional significance of this is uncertain, though 

Schmitt et al. suggest it may be related to the dorsal-ventral dissociation. The 

full neurological explanation of this goes beyond the confines of this book, but 

in essence, it is believed that the part of the cortex responsible for vision can 

be divided into two parts. The ventral cortical stream
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Is responsible for visual perception (i.e. what something looks like) whilst the 

dorsal cortical stream is responsible for spatial perception (i.e. where it is 

located)7 .

It follows from this that Williams syndrome patients should be relatively poor 

at memory for spatial location, but relatively unimpaired in memory for visual 

appearance (Atkinson, King, Braddick et al, 1997). Vicari, Bellucci and 

Carlesimo (2003) demonstrated that this was the case for WS children. 

Atkinson, Braddick, Rose et al. (2006) found that this is not simply a 

childhood phenomenon that WS patients 'grow out of, as they demonstrated 

that poor dorsal cortical stream functions persist into adulthood hi WS 

patients. It should be noted that Atkinson, Braddick, Anker et al. (2002) only 

found the dorsal-ventral difference in a sub-group of their sample of WS 

patients, reflecting the caveat stated above - namely, that as with any 

neurological deficit in Williams syndrome, it is unlikely to be present in all 

patients.

The superior8 parietal lobes are significantly smaller hi Williams syndrome 

patients (Eckert, Hu, Eliez et al., 2005). Boddaert, Mochel, Meresse et al. 

(2005) found a deficit in brain tissue in the left parietal and temporal lobes in a 

group of children with WS, having previously found a similar loss in a sample 

of adults with WS. Loss is also particularly marked hi specific brain regions 

such as the occipital lobe (Davies, Howlin and Udwin, 1997; Reiss, Eliez,

7 To illustrate the difference between visual and spatial, imagine holding a pen in front of your 
face. Your visual system tells you it's a pen; your spatial system tells you that it's in front of 
your face.

In anatomical terms, 'superior' simply means lying above when the body and head are 
upright. 'Inferior' means lying below.
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Schmitt et al., 2000; Reiss, Eckert, Rose et al, 2004; Zhang, Pober and 

Schultz, 2005). Eckert, Hu, Eliez, Bellugi, Galaburda, Korenberg, Mills and 

Reiss (2005) reported impaired superior parietal and visual cortex impairment 

in 17 patients with WS, findings echoed by Chiang, Reiss, Lee et al. (2007). 

Also Hocking et. al. (2008) reported contribution of the fronto-parietal regions 

in the motor dysfunction commonly seen in children with WS (especially gait, 

posture and quality of gross/fine movements).

Hammond (2005) presented a case with MRI findings indicating frontal lobe 

dysfunction. Chiang, Reiss, Lee et al. (2007) report frontal lobes relatively 

preserved. Other researchers have generally noted relative preservation of the 

frontal lobes in Williams syndrome patients, but note this is a relative 

statement - in other words, there may still be loss. The effects of cortical loss 

are generally assumed to be on visuo-spatial skills.

A final point should be made before leaving this brief survey. The relative 

preservation of some areas of the brain has led some commentators to assume 

that mental processes are organised in an innate modular system. The topic is 

primarily of interest as a general theory of developmental psychology, using 

Williams syndrome as an illustrative example. However, because it addresses 

WS, it needs to be briefly considered. The idea of innate modularity is a 

beguilingly simple one: (1) different parts of the brain have different 

functions; (2) the making of these different parts is the responsibility of genes; 

(3) in the case of WS, some skills develop because the parts of the brain 

controlling them are unaffected by the condition, whilst other skills develop
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less well because their parts of the brain do not develop normally. This seems 

to argue that development is modular rather than interactive, because it 

appears that skills develop independently of each other. An analogy is that 

how well one child develops in a class is utterly independent of what the other 

children in the same class do. And this modular development occurs because 

of the action of genes. The theory is an interesting one, but arguably flawed. 

Karmiloff-Smith, Broen, Grice and Paterson (2003) point out that supposed 

'preservation' is often more accurately a case of relative sparing, and that the 

interconnections between areas of the brain are varied and complex so that a 

malfunction in one will almost inevitably affect the others. In the child in the 

classroom analogy, it is unlikely that a child, no matter how gifted, would 

succeed if other children were disruptive or in need of a disproportionate 

amount of the teacher's attention.

Other symptomatology of neurological significance

Although many researchers have concentrated on brain functioning and higher 

mental functions, many of the issues facing people with Williams syndrome 

are more basic in nature. A large range of neurological problems have been 

reported. Though they do not necessarily encompass all, or even a significant 

proportion of Williams syndrome patients, they are in and of themselves 

sufficiently serious to merit at least a passing mention.

Dysarthria This is a speech disorder resulting from poor nervous control of the 

muscles involved in producing speech sounds. It thus excludes speech
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problems from other atypical types of physical development where the 

nervous system is normal (e.g. cleft palate) or specifically psychological 

problems (e.g. voluntary mutism) where the bodily mechanisms are normal. 

Dysarthria is well documented in Williams syndrome patients (Yachmenev et 

al., 1980; Niculescu et al., 1981; Timoshenko et al., 1984; Potkopaeva et al., 

1985; Maharashvilli et al., 1985; Morris et al., 1988; Stewart et al., 1993; Borg 

et al., 1995; Joyce et al., 1996; Takamatsu, 1996; Brondum-Nielsen et al., 

1997; Wang et al. 1999; Vaux et al., 2003). Dysarthria is characterised by poor 

articulation, but the form this takes will vary depending upon the site and 

extent of the neural damage. For example, speech may be unusually slow or it 

can be garbled and fast. There is often a 'breathiness' quality because of 

inadequate control of air flow and speech can also be abnormally quiet for the 

same reason. Because of the involvement of shared muscles, dysarthria is also 

often associated with drooling and chewing and swallowing dysfunction. 

There is a range of treatments available to treat patients with dysarthria (e.g. 

enabling them to gain at least some control over the rate and strength of 

production of words), and since other linguistic skills are intact, as speech 

production improves, so the patient can make themselves understood more 

clearly.

Motor dysfunction In other words, problems with muscular movement. Many 

cases have been reported in Williams syndrome (Yachmenev et al., 1980; 

Niculescu et al., 1981; Timoshenko et al., 1984; Potkopaeva et al., 1985; 

Maharashvilli et al., 1985; Morris et al., 1988; Plissart, Borghgraeff, Volcke, 

Van den Berghe and Fryns, 1994; Carrasco et al., 1995; American Academy
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of Paediatrics, 2001). In spite of this, relative to psychological studies, the area 

is under-researched and a paper by Hocking, Bradshaw and Rinehart (2008) 

makes a persuasive case for more research to be conducted in this area. Such 

research as has been conducted has often concentrated on disorders of visuo- 

spatial processing resulting from cortical damage. However, it is known that 

the cerebellum is affected in some cases of WS, and there is ample evidence 

that damage to the cerebellum causes movement disorders (Kaplan, Kirschner, 

Walters and Costa, 1999; Nihara, 1974; Darley, Aronson and Brown, 1975a; 

Murdoch, 1990; Capute and Accardo, 1996; Volkmar and Cohen, 1997).

Other symptoms have on occasions been reported, such as epilepsy (Carrasco 

et al., 1995; Galanopoulou, 2000; Liu and Wong, 2000; American Academy of 

Paediatrics, 2001; Morimoto et al., 2003; Gagliardi et al., 2007), 

meningoceles, hydrocephalus, microcephaly and spastic paralysis (Sugayama, 

Moises, Wagenruf, Ikari, Abe, Leone, da Silva, Chaufaille and Kim, 2002; 

Puri and Verma, 2004; Gagliardi et al., 2007).

Summary

As can be seen from this relatively brief overview of the literature, WS 

presents a series of medical challenges. The syndrome is not, as originally 

assumed, 'simply' a set of cardiovascular and metabolic problems, but also 

encompasses several other potentially serious conditions. Many of the 

neurological complaints directly impinge on behaviour and intellectual
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functioning, and in the next chapter we shall consider the psychological 

features of Williams syndrome in greater detail.

Table 22: Summary of Medical Research in Williams Syndrome

Investigators

Symptomatology

Sensorimotor 
Incoordination
Hypotonia/Weakness 
Dystrophy/Myopathy
Joint Laxity

Ataxia/ 
Clumsiness of Gait

Microcephaly

Cardiovascular 
pathology 

-SVAS 
-PPS 
-other

Mental Retardation

Dental Abnormalities

Respiratory

Gastrointestinal

Skeletal/Muscular

Ocular 
-strabismus/myopia 
-stellate irides 
-blue irides

Hernias

Craniofacial 
Dysmorphy/ 
Typical Facies<3> 
-broad forehead 
-wide mouth 
-long philtrum 
-upturned naries 
-flat nasal bridge 
•periorbital fullness 
-full cheeks and lips 
-open mouth 
-epicanthal folds

Renal/Urinary

Endocrine/Hypercalce

Carasco
etal. 

(199S)
N=32

40.6%

49.6%

56.2%

62.5%

18.7%

85%

87%

75%

59%

59%

41%

38%

38%

35%

28%

8%

American
Academy 
Of Paediatrics
Committee of 
Genetics
(2001) 
N=315

60%

80%
75% 
25% 
20%

75%

95%

70%

40-70%

20-50%

40-70%

40-50%

40-65%

5-50%

5-50%

Holmstrom
etal.(1990)

N=43

0% 
51% 
50%

et.al.(1995)
N=33

63.6% 
48.5% 
9.1% 
6.1%

100%

et.al.(1995) 
N-110

773% 
48.2% 
0% 
50.9%

Not given
75% 
87.5% 
62.5% 
100% 
Not given 
87.5% 
75% 
100% 
62.5%

18.2%
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mia

Hypersociability

Musical ability

Hyperacusis

Visuaspatial Difficulties

Attention Deficit 
Disorder

Pathological 
Oppositionist!!

Anxiety

Phobias

Low Birth 
Weight/Failure to 
thrive
Lower Motor Neuron 
Dysarthria
Immaturity/Motor 
Dysfunction/Other 
Neurological 
symptomatology

87.5%

81.7%

84.4%

37 £%

62.5%

70%

59.4%

50%

62%

95%

70%

80%

95%

262



Investigators

Symptomatology
Sensorimotor 
Incoordination
HypotoniaAVeakness 
Dystrophy/Myopathy
Joint Laxity

Ataxia 
Clumsiness of Gait

Microcephaly

Cardiovascular Pathology 
-SVAS 
-PPS 
-other

Mental Retardation

Dental Abnormalities

Respiratory

Gastrointestinal

Skeletal/Muscular

Ocular 
-strabismus/myopia 
-stellate irides 
-blue irides

Hernias

Craniofacial 
Dysmorphy/Typical 
Fades 
-broad forehead 
-wide mouth 
-long philtrum 
-upturned naries 
-flat nasal bridge 
-periorbital fullness 
-full cheeks and lips 
-open mouth 
-epicanthic folds

Renal/Urinary

Endocrine/Hypercalcemia

Hypersociability

Musical ability

Hyperacusis

Visuospatial Difficulties

Attention Deficit Disorder

Anxiety

Phobias

Winter 
etal.(1996) 
N=1S2

53.9%
73.7% 
77%

Brondum-
Nielsen 
etal.(1997)
N=24

Not given
75% 
29.2% 
20.8%

37.5%

41.7% 
20.8% 
0%

79.2% 
Not given 
66.7% 
58.3 
54.2 
Not given 
50% 
45.8% 
Not given 
25%

4.2%

20.5%

Elcioglu 
et.al.(1998) 
N=14

71.4% 
42.9% 
28.6% 
71.4%

28.6% 
14.3% 
0%

92.9% 
28.6% 
Not given 
50% 
21.4% 
35.7% 
35.7% 
28.6% 
42.9% 
28.6%

Eronen 
et.al.(2002)
N=75

74% 
73% 
41%
55%

Yau 
et.al.(2004) 
N=41

82% 
45% 
61%

93%

37%

51%

41% 
83% 
80%
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Low Birth Weight/Failure 
to thrive
Lower Motor Neuron 
Dysarthria
Immaturity/Motor 
Dysfunction/Other 
Neurological 
symptomatology

16.7%

Investigators

Symptomatoloev

Sensorimotor 
Incoordination
Hypotonia/Weakness 
Dystrophy/Myopathy
Joint Laxity

Ataxia 
Clumsiness of Gait

Microcephaly

Cardiovascular Pathology 
-SVAS 
-PPS 
-other

Mental Retardation

Dental Abnormalities

Respiratory

Gastrointestinal

Skeletal/Muscular

Ocular 
-strabismus/myopia 
-stellate irides 
-blue irides

Hernias

Craniofacial 
Dysmorphy/Typical Fades 
-broad forehead 
-wide mouth 
-long philtrum 
-upturned naries 
-flat nasal bridge 
-periorbital fullness 
-full cheeks and lips 
-open mouth 
-epicanthic folds

Renal/Urinary

Endocrine/Hypercalcemia

Hypersociabiliry

Lopez-
Ranguel 
et.al.(1992)
N=10

40% 
10% 
50%

100%

Wessel
etal(1994) 
N=59

>90% 
>80% 
62%

Pober
et.al.(1993) 
N=40

17.5%

Sadler
et.al.(2001)
N-127

35%

Shiue
et.al.(2004)
N-24

72%

56%

28%

4%

68%

40%
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Musical ability

Hyperacusis

Visuospatial Difficulties

Attention Deficit Disorder

Pathological Oppositionism

Anxiety

Phobias

Low Birth Weight/Failure 
to thrive
Lower Motor Neuron 
Dysarthria
Immaturity/Motor 
Dysfunction/Other 
Neurological 
symptomatology

Investigators

Svmotomatoloev

Sensorimotor 
Incoordination
Hypotonia/Weakness 
Dystrophy/Myopathy
Joint Laxity

Ataxia 
Clumsiness of Gait

Microcephaly

Cardiovascular Pathology 
-SVAS 
-PPS 
-other

Mental Retardation

Dental Abnormalities

Respiratory

Gastrointestinal

Skeletal/Muscular

Ocular 
-strabismus/myopia 
-stellate irides 
-blue irides

Hernias

Craniofacial 
Dysmorphy/Typical Fades 
-broad forehead

Jones&
Smith
(1975)

N=19

68.4% 
31.6%

Smith&Karas
(1988) 

N=66

36%

Giannotti
et.al.(2001) 
N=63

72% 

9.8%

Dridi
et.al.(1999) 
N=10

Plissart
et.al.(1994) 
N-ll

100%
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-wide mouth 
-long philtrum 
-upturned naries 
-flat nasal bridge 
-periorbital fullness 
-full cheeks and lips 
-open mouth 
-epicanthic folds

Renal/Urinary

Endocrine/hypercalcemial

Hypersociability

Musical ability

Hyperacusis

Visuospatial Difficulties

Attention Deficit Disorder

Pathological 
Oppositionism

Anxiety

Phobias

Low Birth Weight/Failure 
to thrive
Lower Motor Neuron 
Dysarthria
Immaturity/Motor 
Dysfunction/Other 
Neurological 
symptomatology

100%

100%

100%
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Investisators

Svmptomatolocv
Sensorimotor 
Incoordination
Hypotonia/Weakness 
Dystrophy/Myopathy
Joint Laxity

Ataxia/ 
Clumsiness of Gait

Microcephaly

Cardiovascular 
pathology 

-SVAS 
-PPS 
-other cardiac 
pathology

Mental Retardation

Dental Abnormalities

Respiratory

Gastrointestinal

Skeletal/Muscular

Ocular 
-strabismus/myopia 
-stellate irides 
-blue irides
Hernias

Craniofacial 
Dysmorphy/ 
Typical Fades'" 
-broad forehead 
-•vride mouth 
-long philtrum 
-upturned naries 
-flat nasal bridge 
-periorbital fullness 
-full cheeks and lips 
-open month 
-epicanthal folds

Renal/Urinary

Endocrine/Hypercalc 
emia

Hypersociability

Musical ability

Borg 
eLal.(1995
) 
N=8

100% 
62.5% 
37.5% 
62.5%

50%

28.6%

12.5%

Joyce 
et.al.(1996)
N=24

79.2% 
70.8
33.3%

100% 
95.7% 
100% 
100% 
100% 
Not given 
95.8% 
100% 
Not given 
Not given

41.7%

Perez 
Jurardo 
et.al.(1996) 
N=48

Not given 
50% 
27.1% 
14.6%

33.3% 
66.7% 
0%

Not given 
Not given 
Not given 
83.3% 
90.2% 
90.2% 
95.5% 
100% 
Not given 
71.1%

43%

38.5%

75.7%

Amenda 
etal.(2005) 
N=50

28% 
16%
22%

>70%

90%

100% 
not given 
not given 
not given 
not given 
not given 
not given 
not given 
not given 
not given 
not given 
not given

6%

Morris 
et.al.(1988)
N=42

79% 
64%
24% 
47%

85%

45%

60%

50%
72% 
0%

38%

96%

52%

67%
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Hyperacusis

Visuospatial 
Difficulties

Attention Deficit 
Disorder

Pathological 
Oppositionist!)

Anxiety

Phobias

Low Birth 
Weight/Failure to 
thrive
Lower Motor Neuron 
Dysarthria
Immaturity/Motor 
Dysfunction/Other 
Neurological 
symptomatology

57.1%

100%

63.2.%

91.7%

91.7%

60.9%

42.9%

90.5%

45.2%

90% 85%

95%
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Investigators

Svmirtomstoloes

Sensorimotor 
Incoordination
Hypotonia/Weakness 
Dystrophy/Myopathy
Joint Laxity

Ataxia 
Clumsiness of Gait

Microcephaly

Cardiovascular Pathology 
-SVAS 
-PPS 
-other

Mental Retardation

Dental Abnormalities

Respiratory

Gastrointestinal

Skeletal/Muscular

Ocular 
-strabismus/myopia 
-stellate irides 
-blue irides

Hernias

Craniofacial 
Dysmorphy/Typical Fades 
-broad forehead 
-wide mouth 
-long philtrum 
-upturned naries 
-flat nasal bridge 
-periorbital fullness 
-full cheeks and lips 
-open mouth 
-epicanthic folds

Renal/Urinary

Endocrine/Hypercalcemia

Hypersociability

Musical ability

Hyperacusis

Visuospatial Difficulties

Attention Deficit Disorder

Pathological 
Oppositionist!!

Wang
et.al.(1999) 
N=65

73.8% 
30.8%
35.4% 
32.3%

65.4%

57.9% 
47.4% 
43.4%

67.3% 
57.4% 
90.2% 
72.9% 
not given 
61% 
76.7% 
91.9% 

not given 
57.6%

22.2%

43.2%

87%

50%

Metcalfe
etal.(1999) 
N=Lit.
Review

75%

17%

10%

90%

Castroviejo
et.al.(2004) 
N-82

80% 
60%
12%

90%

100%

90%

72%

Rose
et.al.(2001) 
N=112

80%

Timosenko*
et.al.(1984) 
N=48

83.3%

79.1%

83%

77.1% 
45.8% 
29.2% 
20.8%

72.9%

37.5% 
62.5%

70.8%

72.9%
77.1%

10.4%

27.1%

87.5

75%

66.6%
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Anxiety

Phobias

Low Birth Weight/Failure 
to thrive
Lower Motor Neuron 
Dysarthria
Immaturity/Motor 
Dysfunction/Other 
Neurological 
symptomatology

64.7%

75.9%

50%

47.9%

39.5%

45.8%

75%

Investigators

Symptomatology
Sensorimotor 
Incoordination
Hypotonia/Weakness 
Dystrophy/Myopathy
Joint Laxity

Ataxia 
Clumsiness of Gait

Microcephaly

Cardiovascular 
Pathology 

-SVAS 
-PPS 
-other

Mental Retardation
-wiscm
-PTI 
-CTONI 
-K-ABC

Sequential Ss 
-K-ABC 

Simultaneous Ss
Dental Abnormalities

Respiratory

Gastrointestinal

Skeletal/Muscular

Ocular 
-strabismus/myopia 
-stellate irides 
-blue irides

Hernias

Craniofacial 
Dysmorphy/typical 
Fades 
-broad forehead 
-wide mouth 
-long philtnun 
-upturned naries 
-flat nasal bridge

Yachmenev* 
etal.(1980) 
N=51

52.9%

62.7%

11.8%

78.4%

47.1%

Niculescu** 
et.al.(1982)
N=32

43.75%

62.5%

12.5%

75%

46.9%

Milovanovic*** 
et.al.(1981) 
N=30

73.3% 
46.7%

76.7%

60%

Schulman 
etal.(1996) 
N=41
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-periorbital fullness 
-full cheeks and lips 
-open month 
-epicanthic folds

Renal/Urinary

Endocrine/Hypercalc 
emia

Hypersociability

32%

Investigators

Svmptomatologv
Sensorimotor Incoordination
Hypotonia/Weakness 
Dystrophy/Myopathy
Joint Laxity

Ataxia 
Clumsiness of Gait

Microcephaly

Cardiovascular Pathology 
-SVAS 
-PPS 
-other

Mental Retardation

Dental Abnormalities

Respiratory

Gastrointestinal

Skeletal/Muscular

Ocular 
-strabismus/myopia 
-stellate irides 
-blue irides

Hernias

Craniofacial Dysmorphy/Typical Fades 
-broad forehead 
-wide mouth 
-long philtrum 
-upturned naries 
-flat nasal bridge 
-periorbital fullness 
-full cheeks and lips 
-open mouth 
-epicanthic folds

Renal/Urinary

Endocrine/hypercalcemial

Hypersociability

Potkopaeva* 
et.al.(1985) 
N=70

41.4%
84.2%

62.8%

10%

74.2% 
37.1%

71.4%

62.8%

27.1%

58.6%

42.8%

8.6%

30%

Maharasvilli* 
et.al.(1985) 
N=40

42.5%
75%

55%

7.5%

77.5%

80%

67.5%

37.5

70%

40%

30%
55%

42.5%

60%

12.5%

40%
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Musical ability

Hyperacusis

Visuospatial Difficulties

Attention Deficit Disorder

Pathological Oppositionism

Anxiety

Phobias

Low Birth Weight/Failure to thrive
Lower Motor Neuron Dysarthria
Immaturity/Motor Dysfunction/Other Neurological 
symptomatology

90%

65.7%

70%

71.4%

60%

40%
70%

80%

70%

75%

60%

30%

20%
65%

Explanatory remarks:

*Soviet studies
** Romanian study
*** Yugoslavian study

All decimal percentages have been adjusted to the closest first decimal point
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Appendix 2 - Attainment of Developmental Milestones in
Children with WS

Table of Personal Social Developmental Milestones for all Cases

Regards 
Face

Smiles 
Rcsponshcly

Smiles 
Spontaneously Shv with

1 . Male
2.Male
3. Male
4.Male
S.Male
6.Male
7.Male
S.Male
9.Male
1 O.Male
1 1 .Male
12.Male
13. Male
H.Male
1 S.Male

16.Male

17. Male

18.Male

19.Male

20.Male

2 I.Male

22.Male

23.Male

24.Male

25.Male

26.Male

27.Male

28.Male

29.Female
30. Female
31. Female
32. Female
33.Female
34.Female
35. Female

36. Female

Typical
Typical
Typical
Typical
Typical
Typical
Typical
Typical
Typical
Typical
Typical
Typical
Typical
Typical
Large 
Atypical
Large 
Atypical
Large 
Atypical
Large 
Atypical
Large 
Atypical
Large 
Atypical
Large 
Atypical
Large 
Atypical
Small 
Atypical
Small 
Atypical
Small 
Atypical
Small 
Atypical
Small 
Atypical
Small 
Atypical
Typical
Typical
Typical
Typical
Typical
Typical
Large 
Atypical
Large 
Atypical

1.2
1.4
1.0
1.6
.4
.2
.3
.1
.4
.7
.3
.2
.6
.3
.1

1.0

1.2

1.4

0.8

0.9

1.2

1.1

1.0

0.8

0.9

1.1

1.2

0.9

.3

.1

.5

.3

.0

.2
0.9

1.3

2.2
2.1
1.8
2.4
2.3
2.1
2.2
2.0
2.3
2.6
2.2
2.1
2.8
2.3
2.2

2.0

2.1

2.2

1.9

1.9

2.1

2.0

1.8

1.6

1.8

2.1

2.2

1.7

2.3
2.2
2.5
1.9
2.1
2.2
1.8

2.1

5.6
5.8
6.1
6.5
6.4
6.2
6.2
5.8
6.1
6.8
6.2
6.0
6.7
6.5
6.2

6.1

6.2

6.1

5.6

5.7

5.9

5.6

5.4

5.2

5.5

5.3

5.2

5.1

5.4
5.4
5.7
6.1
5.3
5.4
5.3

5.4

10.5
11.0
10.5
11.0
11.0
11.5
11.0
10.5
11.0
11.5
11.0
10.5
11.5
10.0
11.0

10.5

10.5

11.5

10.0

10.5

11.0

10.5

10.5

10.0

10.5

10.0

10.0

9.5

10.5
10.5
10.5
11.0
10.5
10.5
10.5

11.0

11.0
10.5
11.0
10.5
11.5
10.5
11.0
11.0
11.5
11.0
11.0
10.5
12.0
11.5
9.5

10.0

10.0

10.5

10.5

11.5

10.5

9.5

9.0

9.5

10.0

9.0

9.0

8.5

10.5
11.5
11.0
11.0
10.5
10.5
10.0

10.5

11.5
11.0
11.0
11.5
11.0
11.0
11.0
11.5
11.5
11.5
11.5
11.0
11.5
11.5
10.5

11.0

10.5

10.5

10.5

10.5

10.5

10.0

10.0

10.5

10.0

10.0

9.5

9.0

12.5
12.0
11.5
11.0
11.0
11.0
10.5

10.5

11.5
11.0
10.5
11.5
11.5
11.0
11.0
11.0
11.5
12.5
11.5
11.0
12.0
11.5
11.0

11.0

11.5

11.5

11.0

10.5

10.5

10.5

10.0

10.0

9.5

10.0

10.0

9.0

12.5
12.0
11.5
11.5
11.0
11.0
10.5

11.5

18.0
18.5
18.0
19.5
19.0
19.0
19.5
18.5
19.0
19.0
19.5
18.5
19.5
19.0
18.0

18.5

18.5

18.0

18.0

18.5

18.0

18.0

17.5

17.0

17.0

17.5

17.0

16.0

19.5
19.0
19.0
19.5
18.5
19.0
18.5

18.5
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37.Female

38.Female

39.Female

40.Female

Large 
Atypical
Small 
Atypical
Small 
Atypical
Small 
Atypical

1.4

0.8

1.1

0.9

2.4

1.7

1.9

1.7

5.6

5.2

5.1

5.1

10.5

10.0

9.5

9.0

10.0

8.5

9.0

9.5

11.0

10.0

10.0

9.5

11.5

10.0

10.5

10.0

18.0

17.5

18.0

17.0

Table of Personal Social Developmental Milestones for all Cases

Palionl
M:\Uilc
F:Fcmalc

Uses
spoon
Spilling

I.Male
2.Male
3. Male
4.Male
S.Male
6.Male
7.Male
S.Male
9.Male
1 O.Male
11. Male
12.Male
O.Male
U.Male
15. Male

16.Male

IT.Male

1 S.Male

19.Male

20.Male

2 I.Male

22.Male

23.Male

24.Male

25.Male

26.Male

27.Male

28.Male

29.Fema!e
30.Female
31. Female
32. Female
33. Female
34.Female

Typical
Typical
Typical
Typical
Typical
Typical
Typical
Typical
Typical
Typical
Typical
Typical
Typical
Typical
Large 
Atypical
Large 
Atypical
Large 
Atypical
Large 
Atypical
Large 
Atypical
Large 
Atypical
Large 
Atypical
Large 
Atypical
Small 
Atypical
Small 
Atypical
Small 
Atypical
Small
Atypical
Small 
Atypical
Small 
Atypical
Typical
Typical
Typical
Typical
Typical
Typical

32.0
31.5
31.0
31.5
31.0
30.5
31.0
31.0
30.5
31.0
31.5
30.5
31.0
30.5
30.0

29.5

30.0

29.5

29.0

29.0

29.5

26.0

26.5

25.5

25.0

25.0

24.0

20.0

32.0
31.5
31.5
31.0
30.5
31.0

41.0
40.5
40.0
39.5
40.0
40.0
40.0
39.5
39.0
39.5
40.0
39.5
39.0
40.5
37.5

38.0

37.5

38.0

38.5

37.5

38.0

35.5

35.0

34.5

34.5

34.0

33.0

24.0

41.0
41.5
41.5
41.0
39.5
39.0

32.0
31.5
31.0
30.5
30.0
31.0
30.0
29.5
29.5
29.0
29.0
29.5
30.0
29.5
29.0

29.0

29.5

28.5

29.0

28.5

28.0

27.5

28.0

27.0

26.5

27.0

26.0

24.5

32.0
30.5
30.5
31.0
30.5
31.0

33.0
32.5
32.0
31.5
32.0
32.5
31.0
30.0
30.5
30.0
29.5
30.0
29.5
30.0
29.0

29.0

29.5

28.0

29.0

28.5

29.0

29.5

28.0

27.5

28.0

27.0

29.0

22.5

34.0
32.5
31.0
32.0
31.1
30.5

50.0
49.5
48.5
49.0
47.5
48.0
47.5
47.0
46.5
47.0
48.0
46.5
47.0
46.5
47.0

47.5

47.5

46.0

46.0

46.5

46.0

45.5

46.0

45.5

44.5

44.0

45.0

37.0

49.5
49.0
48.5
47.5
46.0
47.0

49.5
48.5
47.0
48.0
47.0
47.5
45.0
46.5
45.5
45.5
47.0
47.0
46.5
46.0
45.5

45.5

46.0

45.0

45.5

44.5

44.5

43.5

43.0

44.0

43.0

43.5

43.0

38.5

48.0
47.0
47.5
46.5
46.0
46.0

51.0
51.5
50.5
51.0
50.5
49.5 _,
49.0
50.0
49.5
50.0
49.5
49.0
50.0
49.5
49.0

49.0

48.5

47.0

48.0

47.0

46.5

47.0

46.5

46.0

45.5

45.0

44.5

42.0

48.0
47.5
47.5
47.5
46.5
47.0

71.0
70.5
69.0
70.0
69.0
68.5
69.0
68.0
67.5
68.0
69.0
68.5
67.5
68.0
68.5

67.5

66.5

67.0

67.5

66.5

66.5

66.0

67.0

66.0

66.5

65.0

65.5

52.0

69.0
70.0
68.5
69.0
67.5
66.5

63.5
62.5
62.5
61.0
60.5
61.5
59.0
61.0
60.5
59.5
61.0
62.0
62.5
61.5
61.0

61.5

60.0

59.5

59.0

59.5

58.5

58.0

57.5

57.5

58.0

57.5

58.0

56.5

64.0
63.5
62.5
63.5
61.0
62.5
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35 .Female

36 .Female

37 .Female

38.Female

39.Female

40.Female

Large 
Atypical
Large 
Atypical
Large 
Atypical
Small 
Atypical
Small 
Atypical
Small 
Atypical

31.0

32.0

30.5

30.5

30.0

29.5

38.5

38.5

38.0

35.5

34.5

30.0

30.5

30.0

29.5

28.0

27.5

27.0

29.5

29.0

30.0

27.0

26.5

25.5

46.5

46.0

45.5

45.5

44.5

43.5

46.5

45.5

45.0

44.5

44.0

43.3

45.5

46.0

46.0

45.5

45.0

44.0

67.0

66.5

66.0

65.0

63.0

58.0

62.5

63.0

62.5

60.0

59.5

58.5

Table of Age of Fine Motor-Adaptive Milestones Attainment (in months)

1 Palicm Deletion Follows S\mme Follows Follow Hands Grasps Regard Reaches 
1 M:\lale T\pe to midlino Irieal past s 1X0" logclhe ralllc s lor olijeel 
1 F:Feniale mo\em niiillinc r raisin 
1 enls

I.Male
2. Male
3. Male
4.Male
S.Male
6.Male
7.Male
g.Male
9.Male
1 O.Male
1 1 .Male
12.Male
13.Male
14.Male
1 S.Male

16.Male

17.Male

18.Male

19.Male

20.Male

2 I.Male

22.Male

23. Male

24.Male

2S.Male

26.Male

27.Male

28.Male

29.Femal 
e
30.Femal

Typical
Typical
Typical
Typical
Typical
Typical
Typical
Typical
Typical
Typical
Typical
Typical
Typical
Typical
Large 
Atypical
Large 
Atypical
Large 
Atypical
Large 
Atypical
Large 
Atypical
Large 
Atypical
Large 
Atypical
Large 
Atypical
Small 
Atypical
Small 
Atypical
Small 
Atypical
Small 
Atypical
Small 
Atypical
Small 
Atypical
Typical

Typical

1.9
2.1
1.8
1.9
2.2
2.1
2.0
1,9
1.8
2.3
2.5
2.1
1.9
1.7
1.8

2.1

1.6

1.9

1.7

1.9

2.2

1.6

1.8

1.6

1.4

1.7

1.6

1.5

2.1

1.9

3.1
3.0
2.9
2.5
3.3
2.8
3.2
2.7
2.9
3.0
3.2
3.1
2.9
3.1
2.7

2.8

2.7

3.1

2.9

3.2

3.4

2.9

2.7

2.6

2.4

2.7

2.8

2.7

3.1

3.0

4.2
4.4
3.8
4.0
4.3
4.1
3.9
4.1
4.3
4.1
4.3
4.2
4.0
4.1
3.8

3.9

4.1

3.9

3.7

4.2

4.2

3.7

3.8

3.7

3.6

3.8

4.1

3.6

4.1

4.0

6.3
6.4
6.2
6.2
6.1
6.3
6.0
6.2
6.1
6.5
6.8
6.4
6.2
6.5
6.0

6.1

5.9

6.2

5.8

6.1

6.2

5.9

5.8

5.6

5.5

5.8

5.7

5.7

6.4

6.3

5.7
5.4
5.4
5.3
5.9
5.7
5.7
5.5
5.8
6.0
6.2
5.7
5.4
5.4
5.8

6.1

5.3

5.7

5.5

5.8

5.9

5.4

5.6

5.2

5.3

5.5

5.6

4.9

5.9

5.7

5.1
5.3
5.4
5.6
5.5
5.3
5.3
5.5
5.4
5.7
6.1
5.6
5.3
5.6
5.2

5.3

4.9

5.1

5.0

5.2

5.1

4.9

4.8

4.6

4.8

5.0

5.0

4.7

6.2

5.6

6.7
6.9
6.5
6.6
6.4
6.7
6.5
6.8
6.4
6.9
6.8
6.7
6.5
6.8
6.3

6.1

6.4

6.3

6.1

6.5

6.2

6.6

6.3

6.1

6.4

6.4

6.6

5.7

6.7

6.8

6.4
6.4
6.2
6.1
6.2
6.3
6.4
6.5
6.3
6.6
6.4
6.7
6.5
6.5
6.4

6.6

6.4

6.6

6.4

6.7

6.5

6.7

6.2

6.4

6.1

6.3

6.2

5.4

6.8

6.7

275



e
31.Femal 
e
32.Femal 
e
33.Femal 
e
34.Femal 
e
35.Femal 
e
36.Femal 
e
37.Femal 
e
38.Femal 
e
39.Femal 
e
40.Femal 
e

Typical

Typical

Typical

Typical

Large 
Atypical
Large 
Atypical
Large 
Atypical
Small 
Atypical
Small 
Atypical
Small 
Atypical

2.0

1.9

2.2

2.4

1.9

2.0

1.8

1.7

1.4

1.8

3.2

3.1

2.9

2.9

2.8

3.0

2.9

2.7

2.4

2.5

4.2

3.9

4.1

4.0

4.1

3.9

3.7

3.9

3.7

3.6

6.3

6.2

6.3

6.5

6.2

6.2

6.1

5.8

5.1

5.4

5.7

5.6

5.8

6.2

5.8

5.9

5.7

5.7

4.9

5.3

5.9

5.7

5.9

6.1

5.9

5.7

5.8

5.3

5.1

5.4

6.6

6.8

6.7

6.8

6.7

6.5

6.6

6.3

6.5

6.4

6.7

6.8

6.8

7.1

6.7

6.8

6.7

6.5

6.7

6.4

Table of Age of Fine Motor-Adaptive Milestones Attainment (in months)

1 Palicnl Deletion type Rakes Transfers Bangs Thumb Neat Scribbles Tower Tower 
1 M:\lalc raisin. cube hand 2 cubes -Finger pinccr spont. of 2 ol'4 
1 FiFcmale attains (o hand held in grasp grasp cubes cubes 
1 hands of 
1 raisin

1. Male
2.Male
3.Male
4.Male
S.Male
6.Male
7.Male
S.Male
9.Male
1 O.Male
1 1 .Male
12.Male
13. Male
14.Male
15. Male
16. Male
17. Male
18. Male
19.Male
20.Male
2 I.Male
22.Male
23. Male
24.Male
25. Male
26.Male
27. Male
28.Male
29.Female
30.Female
3 1 .Female
32.Female
33.Female
34. Female

Typical
Typical
Typical
Typical
Typical
Typical
Typical
Typical
Typical
Typical
Typical
Typical
Typical
Typical
Large Atypical
Large Atypical
Large Atypical
Large Atypical
Large Atypical
Large Atypical
Large Atypical
Large Atypical
Small Atypical
Small Atypical
Small Atypical
Small Atypical
Small Atypical
Small Atypical
Typical
Typical
Typical
Typical
Typical
Typical

14.5
13.5
11.0
11.5
12.0
13.0
12.0
10.5
11.0
11.5
11.0
11.5
10.0
13.0
11.5
12.5
13.0
10.5
11.5
13.5
11.0
12.0
8.5
8.0
8.0
8.0
7.5
6.5
14.0
12.5
11.5
12.0
11.0
11.5

17.5
15.5
12.5
11.5
12.0
13.5
13.0
11.5
12.0
11.5
12.5
13.0
11.5
14.0
12.5
13.0
12.5
11.0
12.5
14.5
12.0
13.0
9.0
9.5
9.0
9.0
8.5
7.0
17.0
15.0
15.5
13.0
11.5
12.0

21.5
19.0
16.5
15.5
16.0
18.5
17.0
15.0
16.0
15.0
16.0
15.5
16.0
18.0
16.0
17.0
15.5
14.0
16.5
19.0
15.0
15.5
11.5
12.5
11.5
11.0
11.5
10.5
19.5
20.5
20.0
18.0
17.0
15.5

19.5
17.5
15.0
16.0
14.5
18.5
16.5
15.5
15.0
16.5
14.5
14.0
15.5
17.0
14.0
15.0
14.0
12.5
13.5
17.0
13.0
14.0
10.5
12.5
12.0
12.0
10.0
9.0
18.0
19.5
18.5
16.0
15.0
15.5

26.0
23.0
21.5
19.5
18.0
21.5
18.5
17.5
17.5
19.0
18.0
18.0
19.5
22.0
16.5
17.5
18.0
17.5
16.5
23.0
16.5
18.0
15.0
14.5
13.0
14.0
13.0
12.5
28.5
26.5
22.0
19.5
19.0
20.0

37.0
34.0
31.0
29.5
28.5
33.5
30.5
28.0
29.0
31.5
30.0
31.0
32.5
34.5
28.5
30.0
29.0
28.0
27.0
32.5
28.0
30.0
26.5
24.0
23.0
25.0
18.5
16.5
39.0
37.0
33.0
30.5
29.5
31.0

36.5
34.5
30.0
28.5
27.0
33.0
29.0
26.5
27.5
30.5
28.5
30.0
31.5
34.0
27.5
29.0
28.0
26.5
25.5
31.5
27.0
29.5
23.5
21.5
22.0
19.5
18.0
16.0
38.0
36.5
32.5
29.0
28.0
29.5

45.0
42.5
37.5
36.0
34.0
40.5
37.0
33.5
35.0
38.8
36.5
39.0
37.5
41.5
35.0
36.5
35.0
33.0
31.0
39.5
32.5
28.5
26.0
25.0
25.0
23.5
21.0
19.5
49.1
46.5
40.5
36.0
34.5
36.5
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35.Female
36 .Female
37 .Female
38.Female
39.Female
40,Female

Large Atypical
Large Atypical
Large Atypical
Small Atypical
Small Atypical
Small Atypical

10.0
13.5
11.5
9.5
9.0
7.5

11.5
14.5
12.0
10.5
9.0
8.0

16.5
19.0
17.0
12.0
11.5
10.0

15.0
17.5
15.5
12.0
12.0
10.5

20.0
22.5
19.0
16.0
14.5
13.5

30.0
33.5
29.5
27.5
25.0
19.5

28.5
32.5
27.5
24.5
22.0
19.0

33.5
43.5
33.0
24.5
23.0
21.0

Table of Age of Fine Motor-Adaptive Milestones Attainment (in months)

Patient Deletion Imitates Timer Copies Copies Copies Draws Draws Sit. Drinks Dresses 
M:\lale l\pe \erlieal ol" circle + square Man 3 Man ft Looks I'rom With 
FiFcmalc line 8 parts parts lor cup supervision 

uithin euhes yarn 
30"

1. Male
2.Male
3.Male
4,Male
S.Male
6.Male
7.Male
S.Male
9.Male
1 O.Male
11. Male
12.Male
13. Male
14.Male
15. Male

16.Male

17.Male

1 S.Male

19.Male

20.Male

2 I.Male

22.Male

23. Male

24.Male

25.Male

26.Male

27.Male

28.Male

29.Female
30. Female
31. Female
32.Female
33.Female
34. Female
35. Female

Typical
Typical
Typical
Typical
Typical
Typical
Typical
Typical
Typical
Typical
Typical
Typical
Typical
Typical
Large 
Atypical
Large 
Atypical
Large 
Atypical
Large 
Atypical
Large 
Atypical
Large 
Atypical
Large 
Atypical
Large 
Atypical
Small 
Atypical
Small 
Atypical
Small 
Atypical
Small 
Atypical
Small 
Atypical
Small 
Atypical
Typical
Typical
Typical
Typical
Typical
Typical
Large

80.0
74.5
54.0
52.5
50.0
57.5
52.0
50.5
51.5
49.5
47.0
49.0
50.5
66.5
49.0

47.5

62.5

49.5

50.5

62.0

49.5

46.5

40.5

39.5

38.0

38.5

37.0

25.0

82.5
77.0
56.5
55.0
535
52.0
495

90.0
83.0
60.0
55.0
53.0
66.5
58.5
56.5
58.0
55.5
52.0
53.5
54.0
73.5
51.0

50.5

70.5

52.0

53.5

70.0

54.5

50.5

45.0

44.5

41.0

40.0

38.5

27.5

98.0
89.5
60.5
58.0
56.0
54.5
52.5

70.5
63.5
55.0
53.5
52.5
62.5
54.5
52.0
55.0
53.5
52.0
54.0
56.5
61.5
54.5

52.5

60.0

54.5

56.0

66.5

56.5

52.0

48.5

45.5

43.0

42.0

40.0

33.5

80.0
75.5
62.0
56.5
53.0
51.0
48.5

97.0
89.5
72.0
69.0
66.5
84.0
68.0
64.0
67.0
65.0
63.5
65.0
67.5
82.5
68.0

64.0

70.0

67.5

68.0

71.0

66.0

61.5

56.0

54.5

52.5

50.0

47.0

43.5

112.0
101.5
80.0
68.5
65.0
62.5
59.0

106.0
99.0
91.0
87.5
85.5
95.0
87.5
85.0
88.0
85.5
83.0
82.5
85.0
93.0
87.0

84.0

87.5

83.0

84.5

92.5

81.5

79.0

76.0

73.0

72.0

70.5

67.5

66.5

127.0
109.5
94.0
90.0
87.5
84.0
81.0

101.0
97.0
83.0
81.5
79.5
92.0
84.0
82.0
80.0
77.5
75.0
78.0
80.0
89.5
87.5

84.0

90.0

78.0

79.5

91.0

77.5

74.5

69.0

67.0

65.5

65.0

59.5

54.5

118.5
106.5
99.5
86.0
83.0
81.0
78.0

111.0
106.0
92.0
91.0
89.5
100.0
90.0
91.5
90.5
87.5
86.5
88.0
90.0
98.5
96.5

94.0

99.0

87.0

88.0

102.0

89.0

85.0

78.5

76.0

74.5

76.0

70.0

62.0

Failed*
Failed*
110.0
98.0
95.0
90.0
89.5

9.5
9.3
9.6
9.7
9.5
9.5
9.6
9.5
9.3
10.1
10.2
9.8
9.6
9.7
9.1

9.4

9.5

9.4

9.6

9.5

9.7

9.4

9.6

9.2

9.3

9.1

9.0

7.9

9.7
9.8
9.8
10.0
10.1
10.3
9.5

19.5
19.0
18.5
19.0
19.5
19.0
19.0
18.5
19.0
19.5
19.5
19.0
20.0
19.5
18.5

18.5

19.0

18.5

18.0

18.5

18.5

18.5

17.5

17.0

17.5

18.0

17.0

17.0

19.5
19.0
20.0
19.5
19.0
18.5
18.5

56.0
54.5
53.0
53.0
52.0
51.5
52.5
51.5
51.0
51.0
52.0
52.5
53.0
51.5
52.5

51.5

53.0

52.5

52.0

53.0

51.5

51.0

51.0

46.0

47.5

50.0

46.5

44.0

55.5
54.0
55.0
54.0
53.5
54.5
54.5
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36 .Female

37 .Female

38.Female

39.Female

40.Female

Atypical
Large 
Atypical
Large 
Atypical
Small 
Atypical
Small 
Atypical
Small 
Atypical

68.0

48.0

42.0

38.5

35.0

70.0

51.0

46.5

44.0

42.5

73.0

47.0

43.0

41.0

37.5

84.0

58.0

57.5

55.0

53.0

98.5

80.0

76.5

74.0

70.0

94.0

77.0

71.0

67.0

64.5

102.5

88.0

80.0

78.5

76.5

9.7

9.3

9.6

9.5

9.4

18.0

19.0

17.5

17.0

16.0

53.5

52.0

51.8

52.3

49.9

Table of Age of Language Milestones Attainment (in months)

Paiienl
M:Male 
F:FemaK

Deletion l\pe Vocali/es Dada or Dad a or Three Combines Points
not mama. mania words i\vo lo one
crying nonspecific specific/ other dilTcrenl named

first than words body
words mama part

I.Male
2.Male
3.Male
4.Male
S.Male
6.Male
7.Male
S.Male
9.Male
lO.Male
11. Male
12.Male
B.Male
14.Male
1 S.Male
16.Male
17.Male
1 S.Male
19.Male
20.Male
21. Male
22.Male
23.Male
24.Male
25.Male
26.Male
27.Male
2S.Male
29.Female
SO.Female
31. Female
32.Female
33. Female
34.Female
35.Female
36.Female
37.Female

Typical
Typical
Typical
Typical
Typical
Typical
Typical
Typical
Typical
Typical
Typical
Typical
Typical
Typical
Large Atypical
Large Atypical
Large Atypical
Large Atypical
Large Atypical
Large Atypical
Large Atypical
Large Atypical
Small Atypical
Small Atypical
Small Atypical
Small Atypical
Small Atypical
Small Atypical
Typical
Typical
Typical
Typical
Typical
Typical
Large Atypical
Large Atypical
Large Atypical

4.0
6.5
3.5
3.0
4.5
5.0
3.0
3.0
3.0
2.5
2.0
2.5
2.0
5.5
2.5
2.0
5.0
2.0
2.0
4.5
2.0
2.0
1.5
1.5
1.5
1.5
1.5
1.0
3.5
6.5
4.5
3.0
2.0
2.0
2.5
2.5
3.0

19.0
23.5
16.0
14.5
21.0
21.5
15.5
14.0
15.0
15.5
16.0
14.5
15.5
22.0
16.0
14.0
21.0
15.0
13.5
20.5
15.0
14.0
12.5
12.0
12.5
12.0
11.0
9.0
11.5
25.5
22.0
17.5
16.5
15.0
16.0
20.0
15.0

25.0
33.0
19.0
17.5
28.5
30.5
18.5
18.0
19.0
19.0
21.0
19.0
22.0
31.0
20.0
17.0
30.0
19.5
16.5
28.5
19.0
17.5
15.0
14.0
14.5
14.0
13.0
11.5
15.0
35.5
31.0
22.5
19.0
18.5
20.0
31.0
19.5

34.0
41.5
27.5
24.5
36.0
40.0
27.5
25.5
27.5
26.5
30.0
28.5
32.5
42.0
32.0
25.0
38.0
27.0
24.5
37.5
26.0
23.5
20.0
18.5
19.0
17.5
16.0
14.5
23.0
44.0
41.5
31.0
26.5
25.0
30.0
40.5
26.5

42.0
50.5
36.0
32.0
44.0
47.5
35.0
33.0
36.0
34.5
39.0
35.5
42.0
52.5
41.0
33.5
46.5
36.0
33.5
45.0
34.5
31.5
28.0
25.5
26.5
25.0
24.0
23.5
32.0
54.5
52.0
40.0
35.0
33.5
39.0
51.0
35.0

35.0
39.0
30.0
27.0
31.0
35.0
29.5
27.5
31.0
28.5
33.0
29.0
32.0
34.0
30.0
26.5
33.0
29.0
27.5
31.5
29.0
26.5
24.0
22.5
22.0
22.5
22.0
21.0
31.5
29.5
29.0
28.0
27.5
29.0
30.0
34.0
29.0
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38.Female
39.Female
40.Female

Small Atypical
Small Atypical
Small Atypical

2.0
1.5
1.5

13.5
12.0
10.5

16.0
14.5
13.0

22.5
20.0
17.0

31.0
28.5
25.0

26.5
24.0
22.5

Table of Age of Language Milestones Attainment (in months)

Palicnl Deletion'!"} pc Follows Uses Comprehends Comprehends 3 Recogni/cs Defines 
M:Malc 2 mil of 3 Plurals cold, lircil. prepositions 3 colors six words 
FiFcmalc directions huncrv
I.Male
2. Male
3. Male
4. Male
5. Male
6. Male
7. Male
S.Male
9. Male
1 O.Male
11 Male
12Male.
13.Male
14.Male
1 S.Male
16.Male
17.Male
1 S.Male
19.Male
20.Male
2 I.Male
22.Male
23.Male
24.Male
25.Male
26.Male
27.Male
28.Male
29.Female
30.Female
31. Female
32.Female
33. Female
34. Female
35. Female
36.Female
37. Female
38.Female
39. Female
40.Female

Typical
Typical
Typical
Typical
Typical
Typical
Typical
Typical
Typical
Typical
Typical
Typical
Typical
Typical
Large Atypical
Large Atypical
Large Atypical
Large Atypical
Large Atypical
Large Atypical
Large Atypical
Large Atypical
Small Atypical
Small Atypical
Small Atypical
Small Atypical
Small Atypical
Small Atypical
Typical
Typical
Typical
Typical
Typical
Typical
Large Atypical
Large Atypical
Large Atypical
Small Atypical
Small Atypical
Small Atypical

37.5
43.5
34.5
33.5
34.0
40.5
35.5
34.0
32.5
33.5
31.5
33.0
31.0
33.5
34.0
31.0
37.5
31.0
32.0
33.5
32.5
33.5
29.0
27.5
26.5
25.5
24.5
23.0
24.5
26.5
35.0
34.0
32.5
33.5
33.0
32.0
32.5
28.5
25.0
24.5

44.0
51.5
42.5
41.0
41.0
48.5
41.5
41.0
40.5
41.0
38.5
40.5
39.0
41.0
42.5
39.5
45.0
38.5
40.0
41.5
40.5
42.0
37.5
35.0
34.0
32.5
32.0
31.0
33.0
36.0
43.5
42.0
40.0
42.5
41.0
39.5
40.5
36.0
34.5
33.0

57.0
63.0
55.5
54.0
55.0
62.0
56.0
55.0
54.0
56.0
52.0
54.0
53.5
56.0
57.5
53.0
59.0
53.0
54.5
55.5
53.5
55.0
51.0
50.0
48.5
46.0
44.5
42.0
44.0
48.0
54.5
52.5
51.0
53.5
50.5
49.0
51.0
46.0
44.5
43.5

59.0
67.0
57.5
57.0
57.0
66.0
60.0
59.0
58.5
61.0
56.0
59.0
57.0
60.0
62.0
56.5
63.5
56.0
58.0
60.0
57.5
59.0
55.5
54.0
52.5
50.0
47.5
40.5
49.5
54.0
59.5
57.0
54.5
58.0
54.5
53.0
55.5
53.0
50.0
47.5

65.5
73.5
62.5
63.0
62.0
74.5
64.5
63.0
63.5
66.0
60.0
63.5
61.5
65.0
66.5
62.0
69.5
61.0
64.0
66.0
63.0
65.0
60.5
58.0
56.5
54.5
52.0
43.0
54.0
60.5
64.0
62.5
60.0
64.0
59.0
57.5
61.0
57.5
54.0
52.5

85.0
90.0
82.5
84.0
82.0
93.0
83.0
82.5
83.0
85.0
79.5
83.0
80.5
84.0
86.0
80.0
88.0
78.0
82.5
85.5
81.5
83.0
78.5
76.5
74.5
73.0
72.0
69.5
72.0
79.0
83.0
81.0
79.0
83.0
77.5
75.0
80.0
74.0
72.0
70.5

Table of Age of Gross Motor Milestones Attainment (in months)

M: Mule 
F: Female

2. Male
3. Male

Deletion Type

Typical** 
Typical

19.0
15.0

no head las

11.5
10.0

Sils without 
support

13.0
12.0

Stands 
holding on

22.0
17.0

Pulls self to 
stand

21.0
17.5
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4. Male
S.Male
6. Male
7. Male
S.Male
9. Male
lO.Male
11. Male
12.Male
13.Male
14.Male
15.Male
16.Male
17.Male
18.Male
19.Male
20.Male
21. Male
22.Male
23.Male
24.Male
25.Male
26.Male
27.Male
28.Male
29.Female
30.Female
31. Female
32.Female
33.Female
34.Female
35.Female
36.Female
37.Female
38.Female
39.Female
40.Female

Typical
Typical
Typical**
Typical
Typical
Typical
Typical
Typical
typical
Typical*
Typical**
Large Atypical
Large Atypical
Large Atypical**
Large Atypical
Large Atypical
Large Atypical**
Large Atypical
Large Atypical
Small Atypical
Small Atypical*
Small Atypical
Small Atypical
Small Atypical
Small Atypical
Typical*
Typical**
Typical**
Typical
Typical
Typical
Large Atypical
Large Atypical**
Large Atypical
Small Atypical
Small Atypical
Small Atypical

15.0
no*
17.0
15.0
14.0
14.5
14.0
13.5
14.0
no*
18.5
15.5
14.0
17.5
13.0
11.0
16.0
14.0
13.0
12.0
no*
9.0
8.0
6.5
5.0
no*
22.0
19.5
no*
14.0
13.0
15.0
16.0
13.0
9.5
9.5
7.0

9.5
11.5
15.0
10.0
9.0
10.5
10.0
9.0
10.5
15.5
14.0
11.0
9.0
14.5
8.5
8.5
13.5
10.5
9.0
8.5
14.0
7.0
7.5
6.5
5.5
20.0
17.0
15.5
15.0
11.0
10.0
12.0
14.0
10.5
8.5
8.0
7.0

10.5
13.0
17.5
12.5
10.0
11.5
11.5
9.0
11.0
20.0
17.0
13.0
10.0
18.0
9.5
9.0
14.0
12.5
10.5
9.0
18.0
8.5
8.5
7.5
6.5
23.5
20.5
18.0
18.0
14.0
13.0
15.5
17.5
13.0
9.5
8.5
8.0

15.5
no*
22.0
16.5
14.0
15.0
14.5
12.5
13.5
no*
21.5
17.5
12.0
22.5
12.0
12.0
19.5
16.0
13.0
11.5
no*
11.0
10.5
10.5
9.0
no*
24.0
20.0
no*
19.0
17.5
19.0
21.0
16.0
12.0
10.5
9.0

15.0
no*
22.5
16.0
15.0
16.5
15.5
13.0
14.0
no*
22.5
19.0
13.5
23.5
13.0
13.5
21.5
17.5
15.0
12.0
no*
11.5
11.5
11.0
10.0
no*
24.5
22.0
no*
21.0
19.0
20.5
22.5
17.5
13.0
11.5
10.5

Table of Age of Gross Motor Milestones Attainment (in months)

Patient Deletion Stands Walks Stands Walks Walks 
Mi.Vlale Type momentarily holding alone well backwards 
F: Female on well 

furniture
I.Male
2. Male
3. Male
4. Male
S.Male
6. Male
7. Male
8. Male
9. Male
1 O.Male
1 1 .Male
12.Male

Typical
Typical**
Typical
Typical
Typical
Typical**
Typical
Typical
Typical
Typical
Typical
Typical

no*
27.0
23.0
19.5
no*
24.5
21.0
19.0
19.5
18.5
15.5
17.0

no*
29.0
26.0
23.0
no*
27.0
23.5
21.5
22.5
20.5
19.0
21.5

no*
33.5
28.0
25.5
no*
29.5
25.5
24.0
25.5
23.0
21.5
24.0

no*
35.0
32.0
27.5
no*
31.5
28.0
26.0
28.5
26.5
24.0
27.0

no*
44.0
41.0
39.0
no*
37.5
34.5
32.5
33.0
32.0
29.0
32.0

Walks 
up 
steps

no*
44.0
40.5
36.5
no*
38.5
35.0
33.5
36.0
32.5
31.5
34.0

Kicks 
hall 
forward

no*
46.0
44.0
40.0
no*
41.5
39.0
37.5
41.0
36.0
35.5
38.0

Throws 
hall 
overhand

62.0
52.0
49.5
45.0
56.5
48.5
46.5
46.0
49.0
45.5
44.0
47.5
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13.Male
14.Male
IS.Male

16.Male

IT.Male

18.Male

19.Male

20.Male

21. Male

22.Male

23.Male

24.Male

25 .Male

26.Male

27.Male

28.Male

29.Female
30.Female
31. Female
32.Female
33 .Female
34.Female
35.Female

36.Female

37.Female

38.Female

39.Female

40.Female

Typical
Typical**
Large 
Atypical
Large 
Atypical
Large 
Atypical**
Large 
Atypical
Large 
Atypical
Large 
Atypical**
Large 
Atypical
Large 
Atypical
Small 
Atypical
Small 
Atypical
Small 
Atypical
Small 
Atypical
Small 
Atypical
Small 
Atypical
Typical
Typical**
Typical**
Typical
Typical
Typical
Large 
Atypical
Large 
Atypical**
Large 
Atypical
Small 
Atypical
Small 
Atypical
Small 
Atypical

no*
24.5
20.5

17.5

25.5

15.0

15.5

23.5

19.5

17.0

14.0

no*

14.5

14.0

13.0

12.5

no*
29.0
26.0
no*
22.0
20.0
22.5

24.5

20.5

16.0

14.5

12.5

no*
26.5
23.0

20.5

29.0

19.0

20.0

26.5

22.0

20.5

17.5

no*

16.0

14.0

12.5

10.0

no*
32.5
29.5
no*
26.0
23.5
26.0

28.0

24.0

17.5

15.0

13.5

no*
29.0
25.5

23.0

31.0

22.0

23.5

30.0

26.0

23.0

18.5

no*

16.5

15.5

14.5

13.5

no*
35.0
33.0
no*
29.5
27.0
29.5

31.5

28.0

19.5

17.0

14.5

no*
33.0
28.5

27.0

34.0

26.0

26.5

34.5

29.0

25.5

22.5

no*

19.0

17.0

15.5

14.0

no*
395
36.5
no*
33.0
31.0
34.5

36.0

31.0

21.0

18.0

16.0

no*
40.0
32.5

33.0

41.5

31.0

32.5

42.0

34.0

30.5

26.5

no*

23.0

22.5

21.0

19.0

no*
46.0
42.5
no*
39.5
35.0
40.0

41.5

37.0

25.0

22.0

20.5

no*
42.5
35.0

33.0

40.5

32.5

33.0

42.0

35.5

31.5

29.5

no*

25.0

23.0

21.5

20.0

no*
47.5
44.0
no*
41.0
39.0
43.5

42.0

37.5

26.5

23.0

21.0

no*
46.5
39.0

37.5

44.0

35.5

36.5

44.5

37.5

33.5

31.0

no*

28.0

26.5

24.0

22.5

no*
51.5
48.0
no*
45.0
43.5
46.5

47.5

40.5

29.0

26.5

24.5

55.0
56.0
45.5

47.0

53.5

43.0

45.0

54.0

45.0

41.0

37.0

50.0

35.5

33.0

27.5

22.0

70.0
66.5
57.0
61.0
56.0
51.0
55.0

58.0

47.0

35.0

32.0

29.5

281



Table of Age of Gross Motor Milestones Attainment (in months)

Paiiem Deletion Balance Jumps Pedals Balance Balance Hops Catches Heel Backward

fool 
for one 
second

tricycle on one on one on
fool fool for one
for five len fool
seconds seconds

bounced lo loe heal to 
hall walk loc walk

I.Male
2. Male
3. Male
4. Male
S.Male
6. Male
7. Male
8. Male
9. Male
1 O.Male
1 1 .Male
12.Male
13.Male
14.Male
15-Male

16.Male

IT.Male

1 S.Male

19.Male

20.Male

2 I.Male

22.Male

23.Male

24.Male

25.Male

26.Male

27.Male

28.Male

29.Female
30.Female
31. Female
32.Female
33. Female
34.Female
35.Female

36.Female

Typical
Typical**
Typical
Typical
Typical
Typical**
Typical
Typical
Typical
Typical
Typical
Typical
Typical
Typical**
Large 
Atypical
Large 
Atypical
Large 
Atypical**
Large 
Atypical
Large 
Atypical
Large 
Atypical**
Large 
Atypical
Large 
Atypical
Small 
Atypical
Small 
Atypical
Small 
Atypical
Small 
Atypical
Small 
Atypical
Small 
Atypical
Typical
Typical**
Typical**
Typical
Typical
Typical
Large 
Atypical
Large

no*
63.0
58.0
56.0
no*
60.0
56.0
54.0
53.5
53.0
54.0
53.0
no*
61.5
57.0

53.5

62.0

54.0

51.0

59.5

52.5

51.5

45.5

no*

43.0

41.5

39.5

35.0

no*
67.5
63.0
no*
58.5
54.0
56.0

61.5

no*
59.0
52.0
50.5
no*
54.0
50.0
48.5
47.0
48.0
50.0
49.0
no*
56.0
50.0

46.5

57.0

48.0

45.0

55.0

47.0

45.0

41.0

no*

37.5

36.5

33.0

23.5

no*
61.0
58.5
no*
54.0
52.5
53.5

57.0

no*
p ***
p ***
F***
no*
p ***
61.0
58.5
57.0
58.0
59.5
p ***
no*
p ***
63.0

57.0

68.0

58.0

55.5

64.5

56.5

54.0

48.0

no*

44.5

42.0

38.5

30.0

no*
70.0
67.5
no*
62.5
58.0
61.5

64.5

no*
76.5
67.0
65.0
no*
69.0
66.5
63.5
61.0
62.0
63.0
61.5
no*
70.0
65.5

64.0

71.0

62.0

60.0

68.5

61.0

59.5

55.0

No*

53.5

52.0

48.5

41.0

no*
76.5
72.0
no*
66.5
62.0
65.0

70.5

no*
94.0
88.5
85.0
no*
88.0
85.5
82.5
80.0
83.0
85.0
81.0
No*
91.5
86.0

84.0

92.0

81.0

79.0

88.5

80.0

78.0

74.0

no*

72.5

71.0

66.0

59.0

no*
97.0
92.5
no*
88.0
83.0
87.0

90.0

no*
N.D.*
N.D.*
N.D.*
no*
N.D.*
N.D.*
N.D.*
N.D.*
N.D.*
N.D.*
N.D.*
no*
N.D.*
N.D.*

N.D.*

N.D.*

N.D.*

116.0

N.D.*

N.D.*

111.5

64.0

no*

62.5

60.0

56.0

47.0

no*
N.D.*
N.D.*
no*
N.D.*
N.D.*
N.D.*

N.D.*

no*
N.D.*
N.D.*
N.D.*
no*
N.D.*
N.D.*
N.D.*
N.D.*
N.D.*
N.D.*
N.D.*
no*
N.D.*
N.D.*

N.D.*

N.D.*

N.D.*

152.0

N.D.*

N.D.*

N.D.*

70.0

no*

66.5

63.0

60.0

57.5

no*
N.D.*
N.D.*
no*
N.D.*
N.D.*
N.D.*

N.D.*

no*
104.0
99.0
93.5
no*
99.5
95.0
91.0
88.5
91.5
94.0
91.0
no*
100.5
93.5

90.0

98.0

90.5

94.0

N.D.*

N.D.*

91.0

66.0

no*

63.0

61.5

58.0

51.0

no*
110.0
104.0
no*
98.0
95.0
97.5

101.5

no*
N.D.*
N.D.*
N.D.*
no*
N.D.*
N.D.*
N.D.*
N.D.*
N.D.*
N.D.*
N.D.*
no*
N.D.*
N.D.*

N.D.*

N.D.*

N.D.*

N.D.*

N.D.*

N.D.*

108.0

80.0

no*

78.5

76.0

72.0

60.0

no*
N.D.*
N.D.*
no*
N.D.*
N.D.*
N.D.*

N.D.*
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37 .Female

38.Female

39.Female

40.Female

Atypical**
Large 
Atypical
Small 
Atypical
Small 
Atypical
Small 
Atypical

53.0

43.0

40.0

38.5

49.0

41.0

39.5

37.0

57.5

48.5

44.5

40.5

61.5

58.0

55.5

50.0

82.5

74.0

72.5

68.0

118.0

66.0

63.0

58.5

164.0

71.0

67.0

61.5

99.5

67.0

64.0

59.5

112.0

81.0

78.5

76.0

* paraplegic

** other neurological diagnosis

*** F: Failed; reported by parents that children had never performed the task or 
failed the item during assessment

N.D.: Had not developed at the age of 120 months

Table of Test Scores of Children with WS on the Child Development 
Inventory (CA: Chronological Age/AE: Age Equivalent)

1 Patient Age Social Sell" Gross Fine Expressive Language 
Tested Help Motor Motor Lansuiasze Comprehension 
CA

Male Typical*

Male Typical**
Male Typical
Male Typical
Male Typical*

Male Typical**
Male Typical
Male Typical
Male Typical
Male Typical
Male Typical
Male Typical
Male Typical*

Male Typical**
Male Large Atypical
Male Large Atypical
Male Large Atypical
Male Large Atypical
Male Large Atypical
Male Large Atypical**
Male Large Atypical
Male Large Atypical
Male Small Atypical
Male Small Atypical*

Male Small Atypical
Male Small Atypical

4-4

4-2
4-1
3-10
4-2

4-4
4-6
4-3
4-9
3-6
4-6
5-2
5-0

5-5
4-3
4-1
4-7
3-11
3-8
5-4
5-1
4-9
4-4
4-8

4-2
3-11

36

37
36
33
36

37
36
34
38
31
35
39
37

39
34
36
38
33
32
37
37
38
36
38

38
37

27

24
28
26
29

25
28
26
31
25
29
31
32

34
29
28
32
26
27
34
33
33
34
36

34
33

Paraplegic 
no score
18
19
17
Paraplegic
No score
18
21
19
26
22
26
27
Paraplegic 
No score
27
24
24
26
19
23
27
27
26
25
Paraplegic 
No score
26
26

23

19
22
19
22

23
23
23
24
17
23
24
24

24
23
21
23
20
22
24
25
24
24
24

24
23

44

42
43
39
43

41
45
43
44
25
41
46
45

46
42
44
44
35
39
47
48
46
47
48

47
46

46

47
46
46
46

45
47
47
48
45
47
48
47

48
46
46
47
45
40
48
47
47
47
48

47
45
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Male Small Atypical
Female Typical*

Female Typical**
Female Typical**
Female Typical*

Female Typical
Female Typical
Female Large Atypical
Female Large Atypical**
Female Large Atypical
Female Small Atypical
Female Small Atypical
Female Small Atypical

3-9
4-10
4-7

4-4
4-1
3-10

3-0
5-4
4-8
4-3
5-1
4-6
5-2
4-8

35
39
37

34
36
36

26
39
36
34
38
38
39
39

33
36
27

25
27
24

23
34
30
31
33
34
37
35

26
29
Paraplegic 
no score
23
23
Paraplegic 
No score
18
27
26
23
26
27
29
29

23
28
23

21
18
17

14
24
23
21
24
26
28
27

46
48
47

41
41
37

14
46
46
44
46
47
48
48

45
48
47

46
46
44

25
48
47
46
47
47
48
47

Table of CDI Sample Norms: Percent Below Age

I Age -1.3 S.D. -1.5 S.D. -2 S.D. 
20% below age 25% below age 30% below age

15 months
16 months
17 months
1 8 months
19 months
20 months
21 months
22 months
23 months
2-0 years
2-1 years
2-2 years
2-3 years
2-4 years
2-5 years
2-6 years
2-7 years
2-8 years
2-9 years
2- 10 years
2-11 years
3-0 years
3-1 years
3-2 years
3-3 years
3-4 years
3-5 years
3-6 years
3-7 years
3-8 years
3-9 years
3- 10 years
3-1 1 years
4-0 years
4-1 years
4-2 years
4-3 years
4-4 years
4-5 years
4-6 years
4-7 years

12.0 months
12.5 months
13.5 months
14.0 months
15.0 months
16.0 months
16.5 months
17.5 months
18.0 months
19.0 months
20.0 months
20.0 months
2 1.0 months
22.0 months
23.0 months
2-Oyears
2-0 years
2-1 years
2-2 years
2-3 years
2-4 years
2-4 years
2-5 years
2-6 years
2-7 years
2-8 years
2-8 years
2-9 years
2- 10 years
2-11 years
3-0 years
3-0 years
3-1 years
3-2 years
3-3 years
3-4 years
3-4 years
3-5 years
3-6 years
3-7 years
3-8 years

1 1 .0 months
12.0 months
12.5 months
13.5 months
14.0 months
15.0 months
15.5 months
16.5 months
17.0 months
18.0 months
18.0 months
19.0 months
20.0 months
2 1.0 months
2 1.0 months
22.0 months
23.0 months
2-0 years
2-0 years
2-1 years
2-2 years
2-3 years
2-3 years
2-4 years
2-5 years
2-6 years
2-6 years
2-7 years
2-8 years
2-9 years
2-9 years
2- 10 years
2-11 years
3-0 years
3-0 years
3-1 years
3-2 years
3-3 years
3-3 years
3-4 years
3-5 years

10.5 months
1 1 .0 months
12.0 months
12.5 months
13.0 months
14.0 months
14.5 months
15.0 months
16.0 months
16.5 months
17.5 months
18.0 months
19.0 months
19.0 months
20.0 months
2 1 .0 months
2 1 .0 months
22.0 months
23.0 months
23.0 months
2-0 years
2-1 years
2-2 years
2-2 years
2-3 years
2-4 years
2-4 years
2-5 years
2-6 years
2-6 years
2-7 years
2-8 years
2-9 years
2-9 years
2- 10 years
2-1 1 years
2-11 years
3-0 years
3-1 years
3-1 years
3-2 years
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4-8 years
4-9 years
4-10 years
4-11 years
5-0 years
5-1 years
5-2 years
5-3 years
5-4 years
5-5 years
5-6 years
5-7 years
5-8 years
5-9 years
5-10 years
5-11 years
6-0 years

3-8 years
3-9 years
3-10 years
3-11 years
4-0 years
4-0 years
4-1 years
4-2 years
4-3 years
4-4 years
4-4 years
4-5 years
4-6 years
4-7 years
4-8 years
4-8 years
4-9 years

3-6 years
3-6 years
3-7 years
3-8 years
3-9 years
3-9 years
3-10 years
3-11 years
4-0 years
4-0 years
4-1 years
4-2 years
4-3 years
4-3 years
4-4 years
4-5_years
4-6 years

3-3 years
3-4 years
3-4 years
3-5 years
3-6 years
3-6 years
3-7 years
3-8 years
3-8 years
3-9 years
3-10 years
3-1 1 years
3-11 years
4-0 years
4-1 years
4-1 years
4-2 years

Table of Age Equivalents of Children with WS on the Child Development 
Inventory (CA: Chronological Age/AE: Age Equivalent)

1 Patient Age Social Self Gross Fine Expressiv Language 
Tested AE Help Motor Motor e Comprehcnsi 
CA AE AE AE Language on 

AE " " AE
Male 
Typical*
Male 
Typical**
Male 
Typical
Male 
Typical
Male 
Typical*
Male 
Typical**
Male 
Typical
Male 
Typical
Male 
Typical
Male 
Typical
Male 
Typical
Male 
Typical
Male 
Typical*
Male 
Typical**
Male Large Atypical
Male Large Atypical
Male Large Atypical
Male Large Atypical
Male Large Atypical
Male Large Atypical**
Male Large Atypical
Male Large Atypical
Male Small Atypical
Male Small Atypical*

4-4

4-2

4-1

3-10

4-2

4-4

4-6

4-3

4-9

3-6

4-6

5-2

5-0

5-5

4-3
4-1
4-7
3-11
3-8
5-4
5-1
4-9
4-4
4-8

3-6

3-9

3-6

3-0

3-6

3-11

3-8

3-2

4-5

2-8

3-5

4-8

3-11

5-0

3-2
3-7
4-0
2-11
2-9
3-11
3-11
4-4
3-8
4-0

2-10

2-6

3-0

2-8

3-1

2-7

3-3

2-9

3-3

2-7

3-1

3-3

3-4

4-0

3-1
3-0
3-4
2-9
2-10
3-10
3-6
3-6
3-10
4-6

Paraplegic 
no score
2-0

2-4

22 months

Paraplegic 
No score
23 months

2-4

2-1

3-9

2-6

3-9

3-11

Paraplegic 
No score
4-2

2-11
2-11
3-8
2-0
2-8
3-9
3-9
3-4
3-3
Paraplegic

3-3

2-10

3-2

2-10

3-3

3-2

3-2

3-2

3-6

2-6

3-2

3-8

3-7

3-8

3-2
2-11
3-2
2-11
3-1
3-10
4-0
3-8
3-7
3-7

3-1

2-11

3-0

2-9

3-0

2-10

3-2

3-0

3-1

2-3

2-10

3-8

3-2

3-9

2-11
3-1
3-1
2-7
2-9
4-1
4-5
3-8
4-2
4-5

3-11

3-11

3-7

3-7

3-8

3-5

4-0

3-11

4-6

3-3

3-11

4-8

4-3

4-11

3-7
3-6
4-2
3-4
2-11
4-8
4-4
4-5
4-0
4-6
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Male Small Atypical
Male Small Atypical
Male Small Atypical
Male Small Atypical
Female Typical*

Female Typical**
Female Typical**
Female Typical*

Female Typical
Female Typical
Female Large Atypical
Female Large 
Atypical**
Female Large Atypical
Female Small Atypical
Female Small Atypical
Female Small Atypical

4-2
3-11
3-9
4-10
4-7

4-4
4-1
3-10

3-0
5-4
4-8
4-3

5-1
4-6
5-2
4-8

4-0
3-9
3-4
4-8
3-11

3-2
3-6
3-6

2-4
4-10
3-8
3-1

4-2
4-0
4-11
4-8

4-2
3-7
3-8
4-7
2-10

2-7
2-10
2-7

2-5
3-9
3-2
3-3

3-7
3-1
4-8
4-3

No score
3-4
3-4
3-4
4-8
Paraplegic 
no score
2-9
2-9
Paraplegic 
No score
23 months
4-2
3-4
2-9

3-4
3-7
4-8
4-5

3-8
3-4
3-5
4-7
3-4

3-0
2-8
2-7

21 months
3-9
3-2
3-0

3-7
4-4
4-7
4-5

4-1
3-8
3-9
4-9
3-11

3-0
3-0
2-9

22 months
3-8
4-0
3-1

3-9
4-0
4-8
4-4

3-11
3-4
3-4
4-6
4-4

3-5
3-6
3-1

2-2
4-7
4-2
3-8

4-3
4-2
4-9
4-5

Table of CDI Developmental Summary of Children with WS

1 Patient Age Tested General Development General Development 
CA Score Age Equivalent

Male Typical*
Male Typical**
Male ypical
Male ypical
Male Typical*
Male Typical**
Male Typical
Male Typical
Male Typical
Male Typical
Male Typical
Male Typical
Male Typical*
MaleTypical* *
Male Large Atypical
Male Large Atypical
Male Large Atypical
Male Large Atypical
Male Large Atypical
Male Large Atypical**
Male Large Atypical
Male Large Atypical
Male Small Atypical
Male Small Atypical*
Male Small Atypical
Male Small Atypical
Male Small Atypical
Male Small Atypical
Female Typical*
Female Typical**
Female Typical**
Female Typical*
Female Typical
Female Typical
Female Large Atypical
Female Large Atypical**

4-4
4-2
4-1
3-10
4-2
4-4
4-6
4-3
4-9
3-6
4-6
5-2
5-0
5-5
4-3
4-1
4-7
3-11
3-8
5-4
5-1
4-9
4-4-
4-8
4-2
3-11
3-9
4-10
4-7
4-4
4-1
3-10
3-0
5-4
4-8
4-3

45.0
44.0
49.0
41.0
49.0
44.0
53.0
56.0
55.0
40.0
52.0
60.0
55.0
61.0
50.0
44.0
55.0
49.0
42.0
62.0
60.0
57.0
59.0
57.0
58.0
56.0
56.0
64.0
53.0
48.0
47.0
44.0
35.0
61.0
58.0
52.0

2-10
2-8
3-0
2-7
3-0
2-9
3-3
3-5
3-4
2-6
3-2
3-8
3-4
4-0
3-1
2-9
3-4
3-0
2-8
4-1
3-10
3-6
3-7
3-6
3-7
3-5
3-5
4-8
3-3
3-0
2-11
2-9
2-3
4-0
3-7
3-2
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Female Large Atypical
Female Small Atypical
Female Small Atypical
Female Small Atypical

5-1
4-6
5-2
4-8

60.0
60.0
64.0
63.0

3-8
3-11
4-8
4-4

* paraplegic

** other neurological diagnosis
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Appendix 3 - Data for Visuospatial Memory in Children with WS

Table of Kaufman Assessment Battery of Children Visuospatial Memory 
Subtest Correct Responses

Trial Item

1.

2.

3.

4.

5.

6.

7.

Correct

Correct

Correct

Correct Correct Correct

Correct
Correct

Correct
Correct

Correct

Correct

Correct

Correct

Correct
Correct
Correct

Correct

Correct

Correct

Correct
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8.

Correct
Correct
Correct
Correct

Correct

9.
Correct

Correct

Correct
Correct
Correct

10.

Correct

Correct
Correct
Correct

Correct

11.

Correct Correct

12.

Correct
Correct Correct

Correct

13.
Correct

Correct Correct
Correct

14.
Correct

Correct
Correct

15.
Correct

Correct

Correct

Correct
Correct

16.

Correct
Correct

Correct

Correct
Correct

Correct
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17.
Correct

Correct
Correct

Correct

Correct

Correct

18.

Correct
Correct
Correct
Correct

Correct
Correct

Correct

19.

Correct

Correct
Correct

Correct
Correct
Correct

20.
Correct

Correct
Correct

Correct

Correct

Correct
Correct

21.

Correct

Correct
Correct Correct

Correct

Correct

Correct

Correct Indicates the correct position of the target item on the K-ABC presentation 
easel.

Individual Child Data for Children with WS

Child Responses Greek Child (WS) 
Child 1: (Male) Age: 16-4

Trial Item

1.
xl

x2

290



2.

3.

4.

5.

6.

7.

8.

9.

10.

xl x2 x3

xl
x2

xl
x2

xl

x4

x2

x3

xl
x2
x3

x4

x3

xl

x2

xl
x2
x3
x4 x5

xl

x2

x3
x4
x5

xl

x2
x3
x4
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11.

12.

13.

14.

15.

16.

17.

18.

xl x2

xl
x2 x3 x4

xl
x2 J x3 x4

xl
x2

x3

xl

x2

x3
x4

x5

xl
x2
x3
x4

x5

xl

x2
x3 x4

xl x2
x3 x4
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19.

20. 

21. Not

xl
x2 x3

xl x2
x3 x4

attempted

Note: The index number or the digit number indicates the order of pointing at the 
presentation grid squares. For example, xi or 1 indicates that this item was pointed at 
first in response order, \z or 2 the second etc.

Child Responses Greek Child (WS) 
Child 2 (Male) Age: 14-2

Trial Item

1.

2.

3.
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4.

5.

6.

1
2

4

3

1
2
3

4

7.

8.

9.

10.

11.

12.

4
1
2
3

5

1

2

5
4
3

4

4
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13.

14.

15.

16.

17.

18.

19.

20.

21.

1
2 2

4

1

3
2

1

2

3

5
4

1
2 3

4
5

1

2
3

4
5

1
2
3
4

5
6 7

1

2
3 4 5

6

1

2

3 4
5
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Child Responses Greek Child (WS) 
Child 3 (Male) Age: 8-8

Trial Item

1.

2.

3.

4.

5.

6.

7.

X

1

2

1 2 3

1
2

1 2

1 2
3
4

1
2
3

1

2
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8.

9.

10.

11.

12.

13.

14.

15.

16.
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17.

18.

19.

20.

21.

Quid Responses Greek Child (WS) 
Child 4 (Male) Age 6-9

Trial Item

1.

2.
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3.

4.

5.

6.

7.

8.

9.

10.
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11.

12.

13.

14.

15.

16.

17.

18.

19.
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20.

21.

Child Responses Greek Child (WS) 
Child 5 (Female) Age 10-3

Trial Item

1.

2.

3.

4.

5.
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6.

7.

8.

9.
1

2

3
4
5

10.

11.

12.

13.

14.
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15.

16.

17.

18.

19.

20.

21.

1
2

3

4 5

1

2

3

4

1

2
3

4

1 2
3
4

5

1
2

3
4
5

1

2

3
4
5

1

2
3

4
5

Child Responses Greek Child (WS) 
Child 6 (Female) Age: 9-2

Trial Item
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1.

2.

3.

4.

5.

6.

7.

8.

9.

1

2

1 2 3

1
2

1 2

1

4

2

3

1 3

2

1
2 3

3
1
2

1
2

3
4

304



10.

11.

12.

13.

14.

15.
1
2

3

4
5

16.

1 2
3

4 5

17.
1
2

3
4

5

18.
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19.

20.

1
2

3
4

21.
1

2
3

4

Child Responses Greek Child (WS) 
Child 7 (Female) Age: 7-7

Trial Item

1.

2.

3.

4.
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5.

6.

7.

8.

9.

10.

11.

12.

13.

1
2

3

4
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14.

15.

16.

17.

8.

19.

20.

21.

1
2 3

1 2
3

4

1 2
3 4

1

3
2
4

1 2 3
4

1
2 3

4

1

2
3 4

1 2
3
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Child Responses Greek Child (WS) 
Child 8 (Female) Age: 12-8

Trial Item

1.

2.

3.

4.

5.

6.

7.

1

1

2

1 2 3

1
2

1
2

1

2

3

4

1
2
3

4

1

2

3
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8.

9.

10.

11.

12.

13.

14.

15.

16.

1
2

3
4
5
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17.
1
2

3
4
5

18.
1
2
3

4
5

19.

1
2
3

4
5

20.
1 2

L 3
4 5

21.
1
2 3

4 5

Child Responses Greek Child (WS) 
Child 9 (Female) Age 8-7

Trial Item

1.

2.
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3.

4.

5.

6.

1
2

4

3

1
2
3

4

7.

8.

9.

10.

11.

1
2
3
4

5

1
2

3
4
5

1

2
3
4
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12.

13.

14.

15.

16.

17.

18.

19.

1
2 3

1
2

3
4

1
2 3

1
2

3

4

5

1
2
3
4

5

1
2

3 4
5

1
2 3

4
5

1
2 3

4
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20.
1
2 3

4
5

21.
1
2 3

4 5

Child Responses Greek Child (WS) 
Child 10 (Female) Age 10-4

Trial Item

1.

2.

3.

4.

5.
1
2

3
4
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6.

7.

8.

9.
1
2

3
4
5

10.

11.

12.

13.

14.
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15.

16.

17.

18.

19.

20.

21.
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4

5

1
2
3
4

5
6

1
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5
6

1
2
3

4
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2
3

4
5

1
2
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5
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1
2
3

4
5
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Child Responses Greek Child (WS) 
Child ll(Male) Age: 9-3

Trial Item
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3.

4.

5.

6.

7.

8.
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1

1 2 3
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1
2
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1
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1
2
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1
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1
2
3

4
5
6

317



10.

11.

12.

13.

14.

15.

16.

17.

18.

1
2

3
4

5
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19.
1
2

3

4

5

20.
1
2

3
4
5

21.
1
2

3 4
5
6

Child Responses Greek Child (WS) 
Cluld 12(Male) Age: 10-3

Test Item 1.

1.

2.

3.

4.
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5.

6.

7.

8.

9.

10.

11.

12.

13.

1

2

3
4
5
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14.

15.

16.

17.

18.

19.

20.

21.

1
2

3

1
2
3

4
5

1
2
3

4
5

1
2

4
3

6
5 7

1

4
3
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6
5 7

1
3
2

5
4 6

1
2

4
3

5
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8

1
3
2

5
4

7
6
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Child Responses Greek Child (WS) 
Child 13(Male) Age: 9-9

Trial Item

1.

2.

3.

4.

5.

6.

7.

322



8.

9.

10.

11.

12.

13.

14.

15.

16.

1

2

3
4
5
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17.

18.

19.

20.

21.

1

Child Responses Greek Child (WS) 
Child 14(Male) Age: 11-1

Trial Item

1.

2.
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3.

6.

7.

8.

9.
1
2
3

4

10.

11.
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12.

13.

14.

15.

16.

17.

18.

19.

20.
2
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21.

Child Responses Greek Child (WS) 
Child 15(Male) Age: 9-3 (Immigrant)

Trial Item

1.

2.

3.

4.

5.

6.

1

1

2

1 2 3

1
2

1
2

1

2

3

4

1
2
3

4
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7.

8.

9.

10.

11.

12.

13.

14.

15.

1
2

3
4
5
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16.

17.

18.

19.

20.

21.

1

Child Responses Greek Child (WS) 
Child 16 (Male) Age: 10-5 (Immigrant)

Trial Item

1.

329



2.

3.

4.

5.

6.

7.

8.

9.

10.

1 2 3

1
2

1
2

1
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4

1
2
3

1
2

3

4
1
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1

2
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4

1

2
3
4
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11.

12.

13.

14.

15.

16.

17.

18.

19.

1 2
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2 3 4
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3

4

1

2

3

1
2
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4

1
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4

1

2

3

4
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1

2
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4
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20.

21.

1

Child Responses Greek Child (WS) 
Child 17(Male) Age: 8-9

Trial Item

1.

2.

3.

4.

5.
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6.

7.

8.

9.

10.

11.

12.

13.

14.

333



15.

16.

17.

18.

19.

20.

21.

4
3

2
1

4

3

2

1

5
4

3
23

1

6
5

4

3
2
1

6 5
4
3

2

1

4

3
2
1

4
3
2

1

Child Responses Greek Child (WS) 
Child 18 (Male) Age: 9-3

Trial Item
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1.

8.

9.

1

2

1 2 3

1
2
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2
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1
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4
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1
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1

3

2
1

4
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10.

11.

12.

13.

14.

15.

16.
4
3 2

1

17.

18.
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3

4

20.

21.

4
1
2
3

Child Responses Greek Child (WS) 
Child 19 (Male) Age: 10-3

Trial Item

1.

2.

3.

4.
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6.
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3

4

7.

8.

9.

10.

11.

12.

1
2
3
4

5

1
2
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4
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13.

14.
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Child Responses Greek Child (WS) 
Child 20(Male) Age: 11-1

Trial Item

1.

2.

3.
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7.
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9.

10.

11.

12.
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Appendix 4 - Supplementary Studies in Williams

Syndrome

Atypical Cases in Williams Syndrome (Summary)

Summary of Study I: Atypical Cases in Williams Syndrome

Velopoulos Panayiotis MD MSc,* Lioudakis Konstantinos MD MSc, 2

Grigorakos Nikolaos MSc, 3 and Chasouris Antonios MSc MPhil CAB A 4

1 Department of Paediatric Genetics, Social Welfare Service (IKA) Piraeus Branch

2 Department of Psychiatry, Social Welfare Service (IKA) Piraeus Branch

3 First Psychiatric Clinic, Evangelismos Hospital, Athens, Greece

4 Piraeus Child Rehabilitation Centre

Paper presented at the 2006 summer Conference of the Hungarian Williams 

Syndrome Association, Balatonfured, Hungary, July 10-17.

Abstract

Williams syndrome is a multisystem developmental disorder caused by a deletion of 

contiguous genes in the region 7qll.23 of chromosome 7. Hemizygosity of the 

elastin (ELN) gene is considered responsible for cardiovascular and connective 

tissue abnormalities observed in Williams syndrome and its deletion has been during 

the last years, made requirement for a classification of Williams syndrome in several 

countries, including Hungary. Other features of the disorder include infantile 

hypercalcemia, dysmorphic craniofacial features, mental subnormality and
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developmental delay. In this study we present 6 cases with atypical genetic profiles 

and the phenotypical features of the disorder. 4 children had an inconclusive FISH, 

probably indicating a very small deletion and two had a negative FISH. Of the 4 

children with the inconclusive fish (3 male and 1 female), 3 had the typical 

craniofacial characteristics expected of the syndrome and one had no visible facial 

features but had Supravulvular Aortic Stenosis (SVAS) and hypercalcemia. All 

children presented with moderate physical growth retardation and mild to moderate 

developmental delay in all areas, including language. Their age ranged from 2 years 

and 3 months to 4 years and 6 months. Three children were from Greece and 1 from 

Romania. Of the remaining 2 children with the negative FISH both had the typical 

craniofacial profile associated with the disorder but had no cardiological problems. 

Both were at the low average intelligence scale and had mild to moderate 

developmental delay. Both children were Greek and their ages were 7 years and 3 

months and 8 years and 5 months respectively. This paper added new cases to those 

of similar nature presented in the literature.

Difficulties in the Families of Children with Williams Syndrome

(Summary)

Chasouris Antonios MSc MPhil CAB A, * Velopoulos Panayiotis MD MSc, 2 and

Grigorakos Nikolaos MSc 3

1 Piraeus Child Rehabilitation Centre

2 Department of Paediatric Genetics, Social Welfare Service (IKA) Piraeus Branch

3 First Psychiatric Clinic, Evangelismos Hospital, Athens, Greece
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Paper presented at the Summer 2006 Conference of the Slovak Williams Syndrome 

Association, Predna Hora, August 1-9

Abstract

Williams syndrome is a multisystem developmental disorder caused by a deletion of 

contiguous genes in the region 7qll.23 of chromosome 7. Hemizygosity of the 

elastin (ELN) gene is considered responsible for cardiovascular and connective 

tissue abnormalities observed in Williams syndrome and its deletion has been during 

the last years, made requirement for a classification of Williams syndrome in several 

countries, including Hungary. Other features of the disorder include infantile 

hypercalcemia, dysmorphic craniofacial features, mental subnormality and 

developmental delay. Families of children with Williams syndrome are known to 

have a variety of problems, with parents often needing professional help. We present 

a parental survey of 22 parents of children with Williams children (8 male and 14 

female). Personal interviews were conducted individually for each parent and notes 

were taken. All parents that parents reported frustration at low rate of their children's 

development, unexplained and unexpected anger towards the spouse or the child, 

difficulty in communication with the spouse and frequent depressed mood. 16 

parents (6 male and 10 female) were divorced, reporting frequent communication 

breakdowns and problems with the other part, while 3 mothers were treated for
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major depression by pharmacological therapy. Two male parents were currently in 

personal therapy and five more patients (3 male and 2 female) reported that they 

were considering family therapy but could not afford the cost. The study points out 

the family problems experienced by parents of children with Williams syndrome and 

the possible effects they have on the stability of the family.

Visual Sequential Memory in Children with Williams Syndrome 

(Summary)

Chasouris Antonios MSc MPhil CABA, * Eva Raftopoulou BA, 2 Grigorakos 

Nikolaos MSc, 3 and Marina Alatopoulou BSc 4

1 Department of Rehabilitation Counselling, Piraeus Child Rehabilitation Centre

2 Department of Occupational Therapy, Piraeus Child Rehabilitation Centre

3 First Psychiatric Clinic, Evangelismos Hospital, Athens, Greece

4 Department of Occupational Therapy, Piraeus Child Rehabilitation Centre

Background

Short term memory problems are well known in children with Williams syndrome, 

resulting in a variety of deleterious conditions such poor immediate and delayed 

recall, difficulty remembering instructions and difficulty remembering locations of 

objects. Visual sequential memory appears to be especially impaired in children with 

Williams syndrome. Difficulties in visual sequential memory are usually manifested
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when the participant is requested to put back from memory a sequence of visual 

stimuli presented before. Since difficulties with visual sequential memory might 

provide explanation for the observed phenomenon of study 4, the study of Crisco et. 

al. (1988) was replicated, with a minor modification. The modification had to do 

with removing the time limit of 5 seconds that the child looks at the stimulus before 

it is removed and the session begin, for the children with WS. The standard 

procedure was followed for the TD children. Below is a summary of the findings:

Participants

Subjects were 20 children with Williams syndrome (10 male and 10 female) with an 

age range between 6 years and 8 months and 10 years and 2 months and 20 typically 

developing children (10 male and 10 female), matched for chronological age (the 

test has norms for children between the ages of 2 and 6 months years and 10 years 

and 6 months).

Materials

The materials used for this study were those associated with the ITPA-R Visual 

Sequential Memory Subtest. These include the Visual sequential memory booklet, 

17 chips, a tray and a stopwatch. The stopwatch was not used with the WS children 

since no time limit was kept for them.

347



Procedure

The examiner exposes a given sequence card in the test booklet allowing subject to 

observe the sequence for as long as the subjects feels s/he would like to see it after 

instructions have been completed. The examiner asks the child to look very carefully 

and then removes the sequence card and asks subject to replicate it by placing the 

corresponding chips on the tray in the same order. Two trials for each sequence are 

permitted. Should the subject fail the initial trial, a second trial is allowed after 

demonstration of the stimulus. 2 points are given for a correct replication in the first 

trial and 1 point is given for a correct replication in the second trial. Zero points are 

given if the subject fails both trials. A demonstration is presented below for those 

unfamiliar with the ITPA-R Visual Sequential Test and its procedure:

Demonstration

Examiner places the 17 chips on the table (out of the subject's reach, but not 

necessarily out of sight). Then, placing the appropriate chips in front of the subject 

and placing the tray between subject and the chips (photo 1) says:

SEE THESE?

Examiner opens the test booklet to the appropriate sequence in such a manner as to 

cover the chips and the tray (photo 2) saying:
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WE ARE GOING TO MAKE THIS

Examiner closes the booklet and picks up the first chip. As he places it in the tray 

(photo 3) he says:

RIGHT HERE

As examiner places the chips from Subject's left to right in the same sequence and 

orientation as the stimulus he says:

THIS ONE HERE AND THIS ONE HERE, etc.

The procedure is repeated until all items are administered or the ceiling (2 

consecutive failures on both trials) is reached.
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Figure 26. Example of the ITPA-R Visual Sequential Memory procedure
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Figure 27. Materials and Procedure in testing ITPA-R Visual Sequential Memory
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Results

Results are presented on the table below:

Descriptive Statistics for the ITPA-R Visual Sequential Test

„ K . Mean Scaled Standard Two tailed „. . r. Group N . . Significance 1 Scores Deviation t-test e
TD Children

WS Children

20

20

46.65

15.95

4.81

2.31

25.765 pc.0001

Discussion

A very significant difference was found between the means of children with WS and 

those of TD children matched for chronological age (t(38)= 25.7657 p< .001). The 

results indicate that children with Williams syndrome perform much worse than 

typically developing controls on this test, with some individual scaled score sin the 

area of 3:1 ratio. The results of this study verify the results obtained by Crisco et. al. 

(1988). In their study Crisco et. al. argued that the results indicated a strong deficit in 

visual sequential memory in children with Williams syndrome. Performance of 

children with WS remained very poor even with the removal of the 5-second time 

limit between presentation and participant's attempt.
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This replication of the Crisco et. al. (1988) study offers support for the possibility of 

children with Williams syndrome experiencing a deficit in visual sequential 

memory. The extend of effects and influence of such a deficit in the phenomenon of 

left bias examined in Study 4 remains unknown.

In summary, the results of this study verified the results of the earlier study by 

Crisco et. al. (1988) and provided further evidence for the existence of a deficit in 

visual sequential memory in children with Williams syndrome.

Survey of Motor Delay Children with Williams Syndrome

(Summary)

Chascmris Antonios MSc MPhil CABA, * Lioudakis Konstantinos MD MSc, 2

Grigorakos Nikolaos MSc, 3 and Marina Alatopoulou BSc 4 and Konstantinos

Lioudakis MD MSc 5

1 Department of Rehabilitation Counselling, Piraeus Child Rehabilitation Centre

2 Department of Occupational Therapy, Piraeus Child Rehabilitation Centre

3 First Psychiatric Clinic, Evangelismos Hospital, Athens, Greece

4 Department of Occupational Therapy, Piraeus Child Rehabilitation Centre

5 Department of Psychiatry, Social Welfare Service (IKA) Piraeus Branch

Submitted for publication to the Indian Journal of Medicine, July 15, 2008-07-19 

Background

354



Developmental delay has been well documented through the literature, with all the 

areas of development affected. While the literature is very extensive in the areas of 

social development and language, few studies exist that deal with gross and fine 

motor development in the early years of life. This study compares the gross and 

motor find development of children with Williams syndrome with this of typically 

developing children matched for chronological age. Fourteen children with Williams 

syndrome (9 male and 5 female) with an age range of 3 years and 3 months to 5 

years and 11 months and 14 typically developing children (7 male and 7 female) 

with an age range of 3 years and 0 months and 5 years and 10 months participated in 

this study. The study indicated severe gross and fine motor delay in children with 

Williams syndrome in comparison with the control group.

Participants

Fourteen children with Williams syndrome (9 male and 5 female) with an age range 

of 3 years and 3 months to 5 years and 11 months and 14 typically developing 

children (7 male and 7 female) with an age range of 3 years and 0 months and 5 

years and 10 months participated in this study.

Materials

All participants were individually administered the motor component of the 

Developmental Indicators for the Assessment of Learning-Revised (DIAL-R). The
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DIAL-R (Mardell-Gzudnowski and Goldenberg, 1990) has three separately 

administered components: a concepts component, a language component and a 

motor component, with each component having its own administration, scoring and 

interpretation norms. For this study, the motor component was selected.

Results

Results are presented on the table below: 

Descriptive Statistics for DIAL-R Performance

„ Mean Scaled Standard Two tailed _. .... uroup N „ _ . . Significance Scores Deviation t-test
TD Children
WS Children

14
14

18.00
09.00

2.29
1.24

12.943 p<. 00001

Discussion

A very significant difference was found between the developmental scaled scores of 

children with Williams syndrome and typically developing controls matched for 

chronological age on the motor component of the DIAL-R test. Children with 

Williams syndrome perform significantly worse at age appropriate motor tasks than 

typically developing controls.

According to the test authors, poor performance on the motor component of the 

DIAL-R is a strong indication of delayed performance on both gross and fine motor 

development.

356



The results of this study support previous research hi the area of motor developing, 

(Gosch and Pankau, 1994; Plissart et. al., 1994; Shea, 1995; Carrasco et. al., 1995; 

Greer et.al., 1997; American Academy of Paediatrics, 2001), providing supportive 

evidence that gross and fine motor developmental delay might be a prominent 

feature of Williams syndrome.
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