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I.  Introduction

Some fifteen years ago, the study of certain genetic disorders seemed to offer the promise of three important theoretical outcomes: 1) the demonstration of dissociations between different cognitive functions, particularly the dissociation of language from cognition;  2) the proof of the existence of innately specified modules in the human mind; and, 3) the direct mapping of mutated genes to specific impairments in higher-level cognitive modules.  This initial excitement was understandable.  For example, although the genes involved in autism, dyslexia and Specific Language Impairment (SLI) had yet to be identified, the fact that there is a genetic component to all of these developmental disorders was well documented by twin studies (e.g., Bishop, 2001).  When cognitive dissociations seemed to obtain for each of these clinical groups, they were used to make quite sweeping claims about how the genome might pre-specify the functional modularity of the human mind: a defective theory-of-mind module in autism (Leslie, 1992; Baron-Cohen, 1998), an impaired phonological module in dyslexia (Frith, 1995), and a faulty grammatical module in certain forms of SLI (Gopnik, 1990).  

But it was particularly the neurodevelopmental disorder, Williams-Beuren syndrome – the focus of the present volume - that attracted the attention of linguists, philosophers, psychologists and neuroscientists, and led to very strong claims about cognitive dissociations, modularity and direct genotype/phenotype mappings.  Indeed, adults and older children with Williams-Beuren syndrome were found to present with impressively proficient language output alongside impaired general cognitive abilities.  To certain researchers, this suggested a dissociation between language and general cognition, eloquently illustrated by the following quotations:

"Williams syndrome presents a remarkable juxtaposition of impaired and intact mental capacities…[..]...linguistic functioning is preserved in Williams syndrome while problem solving ability and visuospatial cognition are impaired."   (Rossen, Bihrle, Klima, Bellugi, & Jones, 1996, p.367).

"Although IQ is measured at around 50, older children and adolescents with WS are described as hyperlinguistic with selective sparing of syntax, and grammatical abilities are close to normal in controlled testing. This is one of several kinds of dissociation in which language is preserved despite severe cognitive impairments…”  (Pinker, 1991, p.534). 

And, as more became known about the genetic basis of the syndrome, so direct links were heralded between specific genes and the adult phenotypic outcome (Frangiskakis et al., 1996).

In this chapter we argue that, in their excitement of discovering a syndrome with such an uneven cognitive profile in the phenotypic end state, researchers lost sight of one fundamental explanatory factor in both typical and atypical populations: the actual process of ontogenetic development.  This lacuna is, in our view, rather general and holds for much of the work on developmental disorders.  Paradoxically, even when researchers study children, they tend to fall back on the adult neuropsychological model of the mature brain, failing to take account of how the gradual process of development from infancy onwards contributes to the phenotypic outcome (see Karmiloff-Smith, 1997, 1998, and Thomas & Karmiloff-Smith, 2003, for discussion). We will develop this argument with respect to studies of language, social cognition, face processing and spatial cognition in adults and children with Williams-Beuren syndrome.  We will also challenge attempts at direct genotype/phenotype mappings to higher-level cognitive outcomes. Rather, we believe that such mappings will turn out to be very indirect, necessitating the identification of low-level impairments in the infant and child phenotype that interact with development to impact differentially over developmental time on the adult phenotypic outcome.
II.  The Williams-Beuren syndrome phenotype in older children and adults 

The pioneering work of Bellugi and her collaborators first drew attention to the potential theoretical interest of the Williams-Beuren syndrome cognitive phenotype.  Studies of four adolescents/young adults with WS revealed their impressive linguistic prowess with an ability to produce long and complex monologues sprinkled with erudite-sounding words (Bellugi et al., 1988).  This proficiency with language co-existed with serious problems with non-verbal tasks, in particular those calling on spatial processing.  People with WS were shown to be at floor, for example, on the Benton Line Orientation Task, but scored within the normal range on the Benton Face Processing Task (Bellugi et al., 1988).  This striking contrast between facial and spatial processing led researchers to claim, as they had done for language, that face processing in WS was “intact”, demonstrating, together with prosopagnosia in the adult neuropsychological patients, that face processing was an independently functioning module. 

People with WS were also found to display other signs of an uneven cognitive profile.  Their sociability was unusual.  Indeed, unlike many individuals with learning difficulties, this was a clinical group who showed extreme friendliness, a lack of shyness, and a proclivity for interaction with others. It took little time before Williams-Beuren syndrome was hailed as the genetic disorder that the Nativist school of thought had been waiting for:  a seemingly clear-cut dissociation between preserved and impaired cognitive abilities which could not be explained by the notions of domain-general deficits (e.g., speed of processing) that had hitherto characterized other genetic disorders like Down syndrome.  Such arguments were particularly embraced with respect to the language of people with Williams-Beuren syndrome (Pinker, 1991, 1997).

IIa Language in the WS end state

One of the key interests in WS lay in the potential of this disorder to establish a developmental independence between language and cognition. It is certainly the case that compared to language development in other genetic syndromes with equivalent general cognitive abilities, language in WS appears much more advanced. In an analysis of the expressive language of four children with WS, Clahsen and Almazan (1998) reported the presence of complex syntactic structures and grammatical morphemes that were almost always used correctly. A number of studies have pursued comparisons between language in WS and DS, presumably under the view that DS can serve as a baseline of what one might expect of language development in the presence of mental retardation, against which the achievements of WS may be measured (Bellugi, et al., 2000; Jarrold et al., 1999; Mervis & Robinson, 2000; Singer-Harris, et al., 1997).  Bellugi and collaborators go so far as to suggest that WS and DS ‘test the outer limits of the dissociations that can occur between language and cognition’ (2000, p. 11).

However, detailed investigations have demonstrated that language performance is not at normal levels in WS, and at the very least shows a developmental delay of approximately two years (Singer-Harris et al., 1997). Most recent studies that compare the performance of individuals with WS to typically developing children now use a control group matched for mental age, to which their performance levels are more closely tied. This implicitly concedes that language development in WS is not independent of general cognitive ability. While the language performance of individuals with WS is relatively impressive (compared to other syndromes with low IQs), evidence of atypicalities has accumulated in all areas of language, and at all stages of language development, including vocabulary, grammar, pragmatics, and (as we shall see later) the precursors to language development in infants (see Thomas & Karmiloff-Smith, 2002a, for a review). 


Nevertheless, following the early broad claims of a dissociation between language and cognition in WS, some researchers presented a more refined claim, now arguing that WS represents a dissociation within the language system itself (see e.g., Clahsen & Almazan, 1998, 2001; Clahsen & Temple, in press; Pinker, 1999). In this account, grammar is now postulated to develop normally while simultaneously lexical or word-specific knowledge develops atypically. The purported developmental fractionation between grammar and lexicon in this genetic developmental disorder is viewed as evidence that such a distinction is innately specified (Pinker, 1999). However, there are empirical difficulties with the fractionation claim (see Thomas, et al., 2002, for discussion). For instance, several studies report that in children with WS, grammar development (as assessed by standardised tests of receptive grammar) lags behind vocabulary development (similarly assessed by receptive vocabulary tests) (Clahsen & Almazan, 1998; Grant et al., 1997; Karmiloff-Smith et al., 1997; Volterra et al., 1996). And in a study of younger children, the level of grammatical complexity was exactly what one would expect given these children’s vocabulary sizes, suggesting no dissociation of grammar and the lexicon in the early phases of language development (Singer-Harris et al., 1997).
It is true that children and adults with WS can show sophisticated use of syntax in line with their overall mental (rather than chronological) age (Clahsen & Almazan, 1998; Zukowksi, 2001). Moreover, this behaviour can occur in parallel with anomalies of vocabulary usage. However, the characterisation of this pattern as a clean dissociation between grammar and the lexicon is misleading. The anomalies of vocabulary appear to be in part strategic, and in part the consequence of a combination of shallow lexical-semantics and relatively stronger phonological processing (Thomas, et al., 2002). On the other hand, the development of morphology and syntax has been found to demonstrate atypical patterns. Morphological problems include difficulties in gender assignment reported in a number of languages (Spanish: Cáceres, Heinze & Méndez, 1999; French: Karmiloff-Smith et al., 1997; Italian: Volterra et al., 1996) and differences in inflectional morphology (e.g., Thomas et al., 2001). Some errors found in the acquisition of morphology were qualitatively different from those ever encountered in normal development (Capirci, Sabbadini & Volterra, 1996). Studies of syntax indicate a greater delay for grammar acquisition than vocabulary acquisition (Grant, Valian & Karmiloff-Smith, 2002; Zukowski, 2001).

IIb  Social cognition in the WS end state

The history of studies of social cognition followed a similar pattern to that of language.  Anecdotal reports initially indicated that people with Williams-Beuren syndrome were very friendly, capable of empathy with respect to displays of emotions in others and generally very sociable.  Early studies, albeit with small populations and no control group comparisons, seemed to bear this out (Karmiloff-Smith et al., 1995).  However, when more substantial empirical work was undertaken (Tager-Flusberg & Sullivan, 2000), it rightly challenged the original work in this field. However, despite the excellent empirical data provided by this study, the theortical model used by seemed to follow the model of adult neuropyschology, seeking dissociations between components of theory of mind, as the following citation illustrates: 

“The results from this and other studies on WS support the view that the social-cognitive and social-perceptual component of a theory of mind are dissociable.  In WS only the latter components, which are linked to distinct neurobiological substrates, are spared”(Tager-Flusberg & Sullivan, 2000, p. 59).

The assumption of a “sparing” or “preservation” of a function, like that of “intactness”, implies that part of a system has developed normally and totally independently of the rest of the (impaired) system.  In fact, it is becoming increasingly clear that social cognition in WS has not developed normally (Jones et al., 2000), with early signs of the atypicality from infancy onwards (Laing et al., 2002), as in fact the original work by Tager-Flusberg and Sullivan indirectly also intimated.   Both social cognition and language development in WS remain theoretically very interesting, but not from the perspective of clean dissociations across systems, or between separate components of a given system identified in the normal adult.  We need always to keep in mind that WS is a developmental disorder from the very outset.

IIc. Face and visual-spatial processing in the WS end state
The challenge to the existence of an “intact” social module characterised subsequent work on face processing, also.  A large number of studies have now established that, although older children and adults with WS achieve scores in the normal range on some face processing tasks (Bellugi et al., 1988; Udwin & Yule, 1991), their superficial success is not underpinned by the same cognitive processes as those found in normal processing.  Usually we tend to process faces configurally; our brains rapidly analyse the spatial relations between facial elements.  By contrast, people with WS have been shown to analyse faces featurally: they focus on the separate elements of a face, not on the relations between elements.  A number of studies have now pinpointed this difference between normal face processing and that displayed by individuals with WS both behaviourally (Rossen et al., 1996;  Karmiloff-Smith, 1997; Deruelle et al., 1999) and electrophysiologically (Mills et al., 2000; Grice et al., 2001).  It turns out that this difference not holds only for facial stimuli.  Deruelle and her collaborators showed that with respect to non-face displays people with WS were also more inclined to use featural than configural processing (Deruelle et al., 1999).  In other words, Willliams syndrome cannot be claimed to present with an “intact” face processing module and a deficient space processing module.  In fact, both facial and spatial processing reveal a similar underlying impairment in configural processing, but the particular characteristics of the problem of recognising faces allow the WS system to achieve some degree of behavioural success in this domain by focusing on features.  In short, when examined in detail, a superficially proficient ability turns out to be associated with an atypical developmental trajectory.

IId  Number processing in the WS end state

Within the uneven cognitive profile of WS, the domain of numerical cognition has hitherto been relatively neglected. This is surprising given the high number of anecdotal reports suggesting that individuals with WS suffer from a marked impairment of number skills (Bellugi et al., 1988; Udwin et al., 1996). From findings from both neuropsychological patients and functional neuroimaging in healthy controls it has been argued that numerical cognition is subserved by two functionally and anatomically dissociated systems of processing, one verbal (symbolic) and the other non-verbal (analog) (Dehaene, 1997).  The system claimed to be responsible for the analog representation of quantity is thought to be part of the brain system which also underpins spatial cognition. Against the background of the WS phenotype with its relative strengths in language and marked impairments in non-verbal, particularly spatial, cognition, it might be tempting to use the adult neuropsychological model of the mature brain to hypothesize that individuals with WS will present with a neat dissociation between a strength in the verbal skills involved in numerical processing and an impairment in the spatial skills.   While such a hypothesis is appealing, it rests on an untenable assumption drawn from adult neuropsychology.  By contrast, we have repeatedly argued that dissociations of subsystems in the mature normal brain cannot be used to assume that there have not been crucial interactions during development between the systems prior to them reaching their normal end state. For example, during development, the ‘semantics’ of exact language-based numbers may need to be grounded by the analog representation of quantity, before this system can subsequently function independently. The point is that without an account of the developmental emergence of function, the precise hypotheses for developmental disorders of cognition remain unclear.
Work is only beginning on the complexities of the atypical developmental trajectory of number development in WS (Ansari, 2002.;  Ansari & Karmiloff-Smith, in press). However, preliminary results suggest that the final picture of numerical cognition in WS is highly unlikely to be simply that of one system developing normally and the other impaired.
In sum, the phenotypic end state in Williams-Beuren syndrome cannot be characterized in terms of independently functioning, “intact and impaired modules”, as many have claimed.  Rather, it turns out that language, face processing and social cognition, originally hailed as the three spared domains in WS, all display subtle as well as more obvious impairments when studied in greater depth.  Superficial behavioural proficiency, i.e., scoring in the normal range on broad measures, does not necessarily entail cognitive or neural “intactness”.  The very concept of “intactness” is not only empirically wrong in this case, but it is theoretically misguided because it masks the absence of a proper developmental account.  This holds as much for normal development as for the atypical case (Karmiloff-Smith, 1992, 1998).  For us, then, the WS findings are hardly surprising: a developmental disorder is not the same as the case of adult neuropsychological patients who had originally developed normally and, once their brains were in the mature adult state, then suffered injury.  In their mature state adult brains can be differentially damaged under some circumstances. But this in no way licences the taking for granted that such specialisation and localisation is a characteristic of the start state of the infant brain in either normal or atypical development. 

III.  The Williams-Beuren syndrome phenotype in early childhood

The huge amount of research on older children and adults with Williams-Beuren syndrome has not been matched by equivalent work on infants and very young children.  This may be because within the theoretical frameworks mainly used to theorize about WS, it was felt unnecessary to study such young individuals.  Indeed, the use of WS to argue for innate modules simply takes for granted that the uneven pattern of behavioural proficiencies and impairments in adults with WS arises from a similar differential pattern in infancy, followed by independent, linear development in each of the cognitive domains identified in the adult phenotype.  This, we have argued, is theoretically untenable and, as work on infants and toddlers with WS began to appear, it is becoming obvious that the assumption is also empirically flawed.

IIIa  Language in the WS start state

A first set of semi-observational studies examined six todders with WS with respect to a number of key relationships that obtain between the emergence of early language and other cognitive markers in normal development (Mervis & Bertrand, 1997). Referential pointing, a precursor to referential language in typically developing toddlers, appeared after the onset of such language in young children with WS. Given that one of the main routes to vocabulary acquisition is joint attention to an object being labelled, this implies either an alternate route to vocabulary acquisition or a less referential use of language in WS (Laing et al., 2002). In typically developing toddlers, vocabulary growth undergoes a sudden rapid expansion that coincides with a new ability to exhaustively sort objects by semantic category – implying that the vocabulary spurt is associated with a change in the understanding of the meanings of words. However, in toddlers with WS, the vocabulary spurt occurred prior to demonstration of spontaneous exhaustive sorting (Mervis & Bertrand, 1997). Subsequent experimental studies carried out by Paterson and colleagues with infants and toddlers with WS showed that they were as delayed as their counterparts with DS in vocabulary, despite clearly outstripping DS adults in the phenotypic outcome (Paterson et al., 1999).  

IIIb  Social cognition in the WS start state

Studies of very young children’s social communication also reveal atypical start states in WS (Laing et al., 2002).  Typically developing toddlers, matched to a group of toddlers with WS on mental age, were examined on a number of tasks involving joint attention and social referencing.  The toddlers with WS turned out to be proficient on items measuring dyadic attention, i.e., one-to-one interaction but, unlike the normal toddlers, were seriously impaired with respect to triadic attention, i.e., the triangle of person-to-person-to object interaction, failing to understand the referential function of pointing.  It is triadic attention that is crucial to early vocabulary development and suggests that, when it does take off in WS, vocabulary learning is subsumed by an atypical developmental pathway. 
IIIc Face and visual-spatial processing in the WS start state 
Studies of infants and toddlers with WS in the domains of face and visual-spatial processing are almost non-existent, although these are beginning to be undertaken.  One current study of face processing in infants and toddlers with WS (Humphreys, Ewing & Karmiloff-Smith, personal communication) suggests that such young children do not show a dissociation between featural and configural processing as they seem to in the adult phenotypic outcome.  Rather, both featural and configural processing are atypical in the start state, and it must be a function of development that this clinical group tends to rely increasingly heavily on the analysis of features. 

IIId. Number processing in the WS start state

Typically developing preverbal infants are able to discriminate between numerosities, suggesting that a non-verbal, analog system of number representation is available early in development. The development of symbolic, exact number representation such as the understanding of counting principles, however, develops over a protracted period of time (Fuson, 1988; Wynn, 1992). Current views suggest, however, that both these systems play a role in the development of number abilities (Carey, 2001; Dehaene, 2001).

Given the adult numerical phenotype and the weakness of visual-spatial processing in WS, one might expect infants with the syndrome to be particularly impaired in the analog system of numerical representation.  Against the background of recent evidence, however, there are reasons to challenge this assumption. Paterson and collaborators (1999) compared the ability of infants with WS to discriminate between 3 and 2 objects with the ability of adults with WS to judge the relative magnitude of Arabic numerals and dots.  Infants with WS were found to be successful at discriminating between small sets of objects whereas CA-/MA-matched infants with Down syndrome could not.  By contrast, adults with WS were found to be even more impaired than adults with DS in number discrimination tasks.  These findings suggest that the development of numerical cognition in WS is atypical and does not mirror the trajectory observed in typically developing controls. 
In sum, we argue that a more fruitful approach to studying various aspects of cognition in WS is to chart from the earliest stages in infancy through to adulthood the trajectories of basic, low-level competencies that interact with development and lead over time to proficient or impaired systems of representation.  Subtle deviations of these foundational competencies will help to identify the developmental precursors and trajectories of impairments in higher-level domains of cognition. Atypical relationships between representations in one domain and those in others should reveal how each aspect of cognition interacts with the overall WS cognitive phenotype.

IV.  Why development is crucial in exploring genotype/phenotype relations


         Throughout the chapter we have emphasized the need for studies of the infant origins of subsequent phenotypic outcomes and have shown that one cannot simply assume that the uneven pattern in adult end state also characterises the early start state.  This is particularly important when exploring relations between genotype and phenotype.  One of the exciting aspects of the study of Williams-Beuren syndrome is that both the genotype and the phenotype have been rather well identified.  The genotype consists in the deletion of some 19 genes on one copy of chromosome 7 at q11.23 (Frangiskakis et al., 1996;  Donnai & Karmiloff-Smith, 2000; Tassabehji et al., 1996).  Yet most attempts to relate the expression of particular deleted genes to behavioural outcomes have been based on the adult phenotype.  Thus, Frangiskakis and collaborators argued that the deletion of the Limkinase1 gene, which is expressed in the brain, is a major contributor to the spatial deficits in Williams-Beuren syndrome.  Subsequent work on other patients with a LIMK1 deletion but without either WS or any spatial impairments challenged this assumption empirically (Tassabehji et al., 1999).  But the direct mapping is also questionable on theoretical grounds.  LIMK1 is expressed early in development so, to understand its implications for the resulting phenotype, researchers need to identify atypical developmental processes during embryogenesis and postnatal brain development that may turn out to be only very indirectly related to spatial cognition.  Such causal factors could lie in differences in developmental timing, neuronal formation, neuronal density, firing thresholds, biochemical efficiency, transmitter types, dendritic arborisation, synaptogenesis and pruning. Another reason for caution is that effects of one or several genes on a particular function are unlikely to leave other functions unchanged throughout development, because imbalances in a particular brain system may drive changes in others (Johnson, 2001).

V. Computational models of the WS phenotype

Although we have stressed the importance on focusing on the developmental process itself in our exploration of the causes of developmental deficits, this is of course easier said than done. It is far from clear how exactly to characterise the developmental process. Indeed, one of the weakest areas of developmental psychology is in its precise stipulation of mechanisms of change within representational systems that account for the developmental changes in behaviour that we witness. This is the case in typical cognitive systems, let alone atypical ones.


The characterisation of mechanisms of development is much aided, in our view, by the use of computational models. The study of simple learning systems, such as connectionist networks, allows for a more precise specification of the learning problem presented by a given cognitive domain, the training environment within which it is presented, and the computational mechanisms available in the cognitive system to acquire the relevant behaviour (see Thomas & Karmiloff-Smith, 2002b, for a review). Connectionist models contain a number of computational constraints that affect the subsequent trajectory of development when the system is exposed to a training environment, as well as its ultimate success in acquiring a target behaviour. These computational constraints include the system’s architecture, its levels of resources, the input and output representations used to specify the target domain, and the nature of the learning algorithm. Initial differences in computational constraints such as these provide candidate, lower-level explanations for how a developmentally disordered system may arise (see Karmiloff-Smith & Thomas, in press; Thomas & Karmiloff-Smith, 2002b for reviews).


Two examples of our own work illustrate the potential contribution of computational modelling to the study of developmental disorders. Firstly, one may seek to simulate a precise pattern of empirical data for a given developmental disorder, which we sought to capture for the acquisition of the English past tense in WS (Thomas & Karmiloff-Smith, 2002a). Individuals with WS have been reported as exhibiting difficulties in generalising inflection patterns from words they know to novel items (Thomas et al., 2001), and in some studies with smaller subject numbers, selective difficulties with irregular past tenses (e.g., Clahsen & Almazan, 1998. We took one a model of the acquisition of the past tense in normal development and sought to alter the initial constraints in line with empirical data concerning possible differences in phonological and semantic processing in WS. The model was able to rule out certain hypotheses, while establishing that phonological differences could reduce generalisation to novel terms, and that semantic differences could produce difficulties in acquiring irregular past tense forms. In addition, the model demonstrated for the first time precisely how different computational constraints interact in a system during the process of development: the atypical trajectory found in WS past tense formation may arise from the combination of more than one altered constraint in the language system.



Secondly, one may use computational models to examine more general theoretical issues concerning the effect of developmental processes acting on systems that have initial computational anomalies. In a second model (Thomas & Karmiloff-Smith, in press), we were interested in exploring whether disruptions applied to the start-state of a learning system tended to produce the same deficits in performance as applying those same disruptions to the end-state of a normally trained model. The results of the modelling indicated that start-state damage to a system and end-state damage could in some circumstances cause similar impairments, but at other times the patterns were very different. The relationship depended on whether the system was able to use the developmental process to compensate for damage applied in the start-state, by attenuating or even overcoming the effects of early anomalies. In other cases, early deficits were worse than damage to the end-state. Importantly, this work convincingly demonstrated that in developmentally disordered systems, dissociations between impaired behaviour and behaviour-in-the-normal-range cannot be unambiguously interpreted without an understanding of the developmental conditions that pertained in the underlying system.


In short, computational models can help to explore the contribution of the developmental process to developmental deficits, but they also serve to emphasise the crucial importance of having a precise and truly developmental account of a given cognitive ability before seeking to interpret behavioural deficits within a developmental disorder.

VI.  Implications of the study of WBS for the future work on other developmental disorders

In our view, the need to focus on infant precursors and on how low-level deficits interact with development is an important lesson for other disorders to be drawn from the study of Williams-Beuren syndrome.  As an illustration of the clinical implications for future work, we take here the example of two developmental disorders, Velo-cardiofacial syndrome (known also as di George syndrome/22q syndrome) and Fragile X syndrome.  Both of these syndromes present with an uneven profile, with language being relatively better than visual-spatial processing, as is the case for Williams-Beuren syndrome. 

VIa.  Velo-cardiofacial syndrome
Velo-cardio-facial syndrome is a more common genetic disorder than WS and occurs in approximately 1:4000 live births (Shprintzen, Goldberg et al. 1978).  It is a complex disorder characterised by multiple congenital anomalies affecting a number of tissues and organ systems, many of which are embryologically derived from neural crest cells. It is often associated with learning disability and high rates of psychiatric disorder, particularly schizophrenia (Murphy et al., 1999).  It was not until 1992 that submicroscopic deletions on chromosome 22q11.2 were identified (Scambler et al., 1992). It is estimated that at least 50 genes map to the region deleted in VCFS, a considerably larger deletion than in the case of WS. Several genes that have been considered candidates for the cognitive phenotype in VCFS, including the gene coding for catechol-O-methyltransferase (COMT). 
The last decade has witnessed a rise in the number of cognitive approaches to the syndrome, but to nothing like to the extent of the work on Williams-Beuren syndrome.  In addition, the conclusions remain limited, due to ascertainment biases, small sample sizes and the lack of adequately matched control groups. Traits that are frequently observed in a majority of individuals characterise the cognitive phenotype of VCFS, including mild to significant delay on major developmental milestones like speech, language, cognition and motor skills (Gerdes et al., 1999). Like WS, t has been reported that, like WS, individuals with VCFS have a significant discrepancy between verbal IQ and performance IQ in favour of VIQ (Swillen et al., 1997). A study of older children showed the opposite pattern of impairments with receptive language clearly more impaired than expressive language (Glaser et al. 2002), indicating that the developmental trajectory in VCFS is likely to be far from straightforward. Like children with WS, those with VCFS struggle with mathematics.  A recent functional MRI study confirmed atypical patterns of brain activation in children with VCFS when performing a numerical task (Eliez et al., 2001). Interestingly, both syndromes show higher reading performance than mathematics, suggesting that the latter domain is more vulnerable in developmental disorders (Ansari & Karmiloff-Smith, 2002). 

With increasing knowledge of the structural brain anomalies in VCFS, researchers have focused their studies increasingly on specific brain areas and their functions, drawing inspiration from adult neuropsychological models. However, it is important to recall that the 22q11.2 deletion results in widespread neuro-anatomical anomalies, and all our earlier arguments about the crucial role of development in the phenotypic outcome obviously hold for this syndrome too. 
VIb.  FragileX syndrome
One developmental disorder that might offer a more direct window on the mapping between genotype and phenotype is a single gene disorder, Fragile X syndrome (FXS (de Vries et al., 1997). The vast majority of cases are due to the silencing of the Fragile X Mental retardation-1 gene (FMR-1). The absence of its product, the Fragile X Mental Retardation protein, is the sole direct genetic contribution to the fragile X phenotype (Verkerk et al., 1991).  Individuals with the syndrome present with mild to severe mental retardation (Hagerman & Cronister, 1996) and the adult phenotype is characterised by an uneven cognitive profile, e.g., relative strengths in language and visual perception accompanied by relative weaknesses in attention and visual-spatial cognition (Freund & Reiss, 1991). Does this imply that the lack of a single gene product can be directly linked to selective deficits in certain cognitive domains, leaving others to develop normally?  We yet again submit that this question is flawed because it ignores the developmental nature of FXS, by assuming direct links between mutated genes and those higher-level cognitive functions in which behavioural deficits are most evident, and dissociations between spared and impaired domains. 

The adult phenotype in FXS is best considered as the endpoint of cascading effects on the structural and functional constraints on brain development. It is likely that many brain circuits for which FMR-1 related neural processes have even distal effects will develop atypically to some extent. However, these particular low-level properties, although not specific to any single cognitive function, may be less relevant to the task demands imposed by some cognitive domains and processes within each domain, and thus these will develop to display less overt impairment. And in FXS, as in WS, even domains of relative strength are characterised by subtle differences from typically developing controls, both when one considers discrete life-span time points and when one analyses performance in terms of developmental trajectories. This is particularly evident for the language of adults with the syndrome, an area of relative proficiency.  For example, although adults’ vocabulary knowledge surpasses their abilities in other domains, productive and receptive vocabulary in infancy and early childhood are often delayed (Roberts et al., 2002). In FXS, as in WS, the focus on relative weaknesses in one domain should never overshadow atypicalities, however subtle, in other domains (Karmiloff-Smith, Scerif & Thomas, 2002). 

These considerations also apply to processing abilities for which adults with FXS exhibit difficulties, like selective attention and executive control (Cornish, Munir & Cross, 2001).  Inspired by the neurodevelopmental perspective discussed thus far, Scerif et al. (2002) asked whether problems with selective attention are already present from toddlerhood and whether they are selectively due to executive difficulties. Our findings suggest that, like older children with the syndrome, toddlers with FXS produce more perseverative behaviours than typically developing toddlers, suggesting that executive attention is already an area of difficulty from toddlerhood onwards.  The difficulties may become increasingly apparent through development, highlighting yet again the need for a truly developmental approach to the study of this syndrome.

VI. Conclusions

In several sections of this chapter, we have emphasized the need to explore developmental disorders across domains in which they later display not only impairment but also superficial proficiency.  In general, many studies of developmental disorders simply focus on the deficient domains, relying on rather summary, standardized measures of the domains considered to be “normal”, “intact” and so forth.  But our work has repeatedly shown that for developmental disorders it cannot be taken for granted that superficially normal behavioral scores necessarily imply normal cognitive or neural processes, even if they seem to for adult neuropsychological patients.  In our view, equal focus should be placed on in-depth studies of domains of seeming proficiency as of those showing clear-cut deficits.  We have also repeatedly stressed the importance of a truly developmental approach in which one attempts to chart the full atypical developmental trajectories of each domain from infancy through to adulthood.  This has important implications for both future research and clinical/educational practice. Finally, we have argued that genotype/phenotype relations are best explored at the level of basic processing mechanisms seen in early infancy, that subsequently have cascading but differential effects on the developing systems.

When reading the literature on developmental disorders, particularly on Williams-Beuren syndrome, it is crucial to pay attention to the nature of the control groups used.  As mentioned, the comparison with Down syndrome tends to exaggerate the proficiencies of WS.  Another tendency in the literature is worth recalling: that of forgetting, when summarising results, the basis on which participants were matched. So, although the clinical group has been matched on mental age, researchers tend subsequently to claim that for one task the WS performance reaches the same level as the controls, and for the other it does not, implying a dissociation between intact and impaired functioning.  This of course overlooks the fact that both domains are considerably delayed at or below mental age level, not at chronological age level.  A more accurate account would therefore be that the two domains are both very delayed, with one simply somewhat less delayed than the other.  The temptation to ignore real developmental levels and to use the adult neuropsychological model of intact and impaired modules continues to permeate the study of developmental disorders and, in our view, impedes researchers from gaining a deeper understanding atypical developmental trajectories.


One of us once wrote:

“…brain volume, brain anatomy, brain chemistry, hemispheric asymmetry, and the temporal patterns of brain activity are all atypical in people with Williams syndrome. How could the resulting cognitive system be described in terms of a normal brain with parts intact and parts impaired, as the popular view holds?”   (Karmiloff-Smith, 1998, p.393)
This statement reiterates a view that we have been stressing throughout the present chapter.  Moreover, it is worth recalling that the term “intact” refers to a normally developed system which has ‘no relevant component removed or destroyed’ (Webster’s Dictionary, 2002). This being so, in the context of developmental disorders, all uses of the term  ‘intact’ ought to be replaced either with the phrase ‘has developed normally’ in connection to a cognitive system [if this is indeed what researchers are implying], or with the phrase ‘scores within the normal range’ in connection to a piece of behaviour [where researchers are implying no processing account]. Use of terms like ‘intact’, ‘spared’or ‘preserved’ often obscure the fact that researchers are characterising deficits in developmental disorders without having any realistic developmental account in mind at all.  We need to recall that adult neuropsychological models can serve as no more than a point of departure in the study of developmental disorders. The journey itself requires that we constrain our interpretation of atypical trajectories by precise models of mechanisms of change and that we embrace the inherently developmental nature of the genetic disorders that we study. 
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