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Abstract 

The importance of taking a truly developmental perspective to the study of 

neurodevelopmental disorders can be underappreciated. With illustrations from 

Williams, Down and Fragile X syndromes, this chapter makes a strong theoretical 

plea for a developmental approach from multiple levels.  Section 1 argues that 

adult neuropsychological models are inappropriate for understanding 

neurodevelopmental disorders. Developmental change is then highlighted in the 

context of mapping: genotype to phenotype (Section 2), brain to cognition 

(Section 3), early basic-level underpinnings to cognitive-level outcomes (Section 

4), and of evaluating environmental factors (Section 5). Practical tips for 

research into neurodevelopmental disorders are offered in Section 6, before 

general conclusions are drawn.  
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1. Why is the adult neuropsychological model inappropriate for 

understanding neurodevelopmental disorders? 

Paradoxically, numerous studies of infants and children are not developmental at 

all, because they take static snapshots, targeting a specific age group.  A truly 

developmental perspective embraces a developmental way of thinking, 

regardless of the age of the population studied (Karmiloff-Smith, 1992, 1998). 

Even research on infants can be non-developmental, simply examining 

performance in, for example, 5-month-olds, whereas some studies of adults are 

developmental, because they focus on change over time (Cornish et al., 2008; 

Tyler et al., 2009). In other words, neuro-cognitive development is dynamic 

across the entire lifespan, and there is no static end state.  Indeed, to understand 

ontogenetic development in atypical or typical individuals, it is vital to trace 

developmental trajectories across time (Karmiloff-Smith, 1998; Cornish, Scerif, & 

Karmiloff-Smith, 2007), to assess progressive change from infancy onwards at 

the genetic, neural, cognitive, and behavioural levels, including the role of the 

environment, and to pinpoint how parts of the developing system may interact 

with other parts differently at different times across ontogenesis (Karmiloff-

Smith, 1998; Steele, Brown, & Scerif, 2012). A process that is vital, say, at Time 2 

may no longer play a role at Time 5. Yet, its delay at Time 2 may have been 

crucial to a healthy developmental trajectory and outcome, because of its 

interactions with other parts of the developing system (Karmiloff-Smith, 1998). 

Indeed, developmental timing is among the most important of factors that must 

be taken into account when trying to understand human development, 

particularly in the case of neurodevelopmental disorders.  
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This is why, in our view, the adult neuropsychological model is inappropriate for 

explaining neurodevelopmental disorders.  Adult models tend to be static, 

whereas neurodevelopmental disorders require a dynamic approach that 

focuses on trajectories and how they change over time (Thomas et al., 2009).  

Thus, we need to distinguish between the developed brain and the developing 

brain (Karmiloff-Smith, 2010, 2012a).  Take the case of Williams syndrome (WS), 

a neurogenetic syndrome involving the hemizygous deletion of some 28 genes 

on chromosome 7. The fusiform face area (FFA) is particularly large in volume 

compared to the rest of the WS brain, and adolescents and adults with WS are 

very proficient at face processing tasks (Karmiloff-Smith et al., 2004).  There are 

two possible explanations, one drawn from the adult neuropsychological 

approach, the other from a developmental perspective.  The first would argue 

that the large FFA in WS causes the face processing proficiency – a brain-to-

behaviour explanation.  The second, by contrast, would argue that the unusual 

infant focus on faces in WS influences the enlargement of the FFA over time – a 

bidirectional brain-to-behaviour-to-brain interaction.  Only a truly 

developmental approach can address such alternatives.  But where does the WS 

infant fascination with faces stem from?  Could this be “caused” by an early 

difference in the FFA?  Or, is the following developmental scenario more likely?  

In the last three months of intra-uterine life the foetus does a great deal of 

auditory processing and recognises the intonation patterns of its mother’s voice 

at birth (Hepper, Scott, & Shahidullah, 1993).  In the early years, infants with WS 

tend to pay particular attention to auditory input (Mervis, Morris, Bertrand, & 

Robinson, 1999).  What is the first sound that the baby hears at birth?  Usually it 

is its mother’s voice.  Locating the voice would orient the baby to the mother’s 
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face, which would display smiles and other encouraging stimuli.  So, it is possible 

that the WS infant’s fascination with faces – a visual stimulus – stems from an 

earlier fascination with voices – an auditory stimulus – in combination with 

problems with visual disengagement and a heightened social drive (Frigerio et 

al., 2006; Riby & Hancock, 2008).  Thus, the visual fixation on faces could initially 

derive from attention to the auditory modality and thence drive the progressive 

enlargement of the FFA.   While this hypothesis may turn out to be inaccurate, we 

believe that it is an illustration of a vital developmental way of thinking when 

trying to explain neurodevelopmental disorders. 

 

Later in Section 4, we provide a second example of how similar data across two 

syndromes (Williams syndrome and Down syndrome) can seem to replicate the 

double dissociation approach of adult neuropsychology, isolating two numerical 

systems.  However, the explanations for these differing patterns in the two 

neurodevelopmental disorders are not due to impaired versus intact numerical 

modules.  Rather, they are rooted in differences in earlier, more basic-level 

processes, such as saccadic eye movement planning and attention, which affect 

number as well as other cognitive domains over developmental time differently 

in each syndrome (see Section 4 below for more detail).  Indeed, we advocate 

that any time a seeming dissociation is found in adolescents or adults with 

neurodevelopmental disorders, it is crucial to trace such cognitive-level 

outcomes back to their basic-level processes in early development and to 

consider their cascading effects over developmental time.   
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2. Developmental change counts in mapping genotype to phenotype. 

Many studies map specific genes to specific behavioural phenotypes, but rare are 

those that take account of changing gene expression over time.  Yet, if a gene is 

expressed widely initially and becomes increasingly confined to certain brain 

regions, then the mapping from gene to phenotype will change (Karmiloff-Smith 

et al., 2012b).  Developmental time – or what Elman and collaborators called 

‘chronotopic constraints’ (Elman et al., 1996) – plays a crucial role, even in 

monogenic disorders. Take, for example, Fragile X syndrome, which is associated 

with the silencing of a single gene, whose protein product, FMRP, is involved in 

the regulation of multiple cascading processes leading to activity-dependent 

changes in dendritic spine morphology and synaptic regulation across cortex.  

FMRP is highly expressed in both foetal and adult brain tissues, but it interacts 

with multiple other proteins, a process which changes over developmental time.  

In adult cerebellum and cerebral cortex, FMRP and two of these proteins are co-

localized. In the foetus, as in the adult, FMRP is located in cytoplasm, but in the 

foetus only one of the collaborating proteins is strongly expressed in nucleus 

(Scerif & Karmiloff-Smith, 2005). Thus, FMRP is likely to collaborate with sets of 

proteins in undifferentiated foetal neurones, which are different from those with 

which it interacts in differentiated adult neurones.  These complex interactions 

suggest that a single gene dysfunction can initiate multiple cascading effects on 

cellular, neural, and cognitive phenotypes that vary across developmental time.   

 

The importance of considering developmental change in mapping genotype to 

neural phenotype may also be seen in the phenotypic trajectories of 

neurogenetic disorders such as Down Syndrome (DS).  DS, or trisomy 21, is 
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caused in most cases by a non-disjunction after conception, resulting in an extra 

copy of chromosome 21.  It has been argued that the DS genotype particularly 

impairs the development of late developing neural systems such as the 

hippocampus and prefrontal cortex (Edgin, 2013; Nadel, 1986).  For example, 

while the density of myelinated fibres in hippocampal regions of neonates is 

somewhat reduced relative to typically developing controls, this hippocampal 

difference in density increases progressively throughout childhood and into 

early adulthood, resulting in much larger relative differences further down the 

developmental trajectory (Ábrahám et al., 2012).  Such developmental findings 

might explain why, relative to typical controls, no hippocampal volume reduction 

is reported in the first year of life (Pennington, Moon, Edgin, Stedron, & Nadel, 

2003) but is routinely identified in older children (Carducci et al., 2013; Jernigan, 

Bellugi, Sowell, Doherty & Hesselink, 1993; Pinter et al., 2001) and in adults 

(Aylward et al., 1999; Kesslak, Nagata, Lott, & Nalcioglu, 1994; Raz, Torres, 

Briggs, & Spencer, 1995).  Thus, when mapping the DS genotype to the DS brain, 

consideration must be given to changes that occur in the neural profile across 

developmental time. 

 

Development is also important when mapping genotype to cognitive phenotypic 

outcomes.  Continuing with the above example from DS that reveals progressive 

delay in hippocampal development, the described neural trajectory also fits with 

findings in the cognitive domain.  Interestingly, hippocampal-dependent 

processes, such as episodic memory and spatial learning, are severely impaired 

in adolescents and young adults with DS relative to implicit and working 

memory processes (Pennington et al., 2003; Vicari, Bellucci, & Carlesimo, 2000). 
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Crucially, however, a developmental trajectory approach does not automatically 

assume that this dissociation at the cognitive level is present in the same form 

earlier in the developmental trajectory.  Indeed, Rast and Meltzoff (1995) found 

that two-year-olds with DS showed strength in memory for episodically-defined 

events relative to their acquisition of object permanence, for instance (see also, 

Paterson, Brown, Gsödl, Johnson, & Karmiloff-Smith, 1999, for similar differences 

between the start and end states for language and number in DS and WS).   

 

Clearly, more in-depth research on the early cognitive profile of each 

neurodevelopmental disorder would better inform our understanding of their 

full developmental trajectories, but any account of genotype to phenotype 

mappings should be sensitive to possible changes in gene expression and 

cognitive phenotype over developmental time.  Snapshots of a cognitive 

phenotype at Time 6, for instance, may tell the researcher nothing about the 

state of that cognitive phenotype at Time 1, unless considered within the context 

of development.  Figure 1 illustrates this point.  It plots the longitudinal 

trajectory of a child (HR) with a partial deletion of some 23 of the 28 genes in the 

WS critical region (Karmiloff-Smith et al., 2003, 2012b; Tassabehji et al., 1999, 

2005) with respect to her general intelligence scores from chronological age 28 

months (Time 1) to 108 months (Time 6), together with the average general 

intelligence trajectories of typically developing (TD) children and those with the 

full WS deletion for comparison.  It is clear that HR’s general intelligence scores 

were at the same level as typically developing children at 28 months but became 

progressively impaired over developmental time, such that by 108 months, HR’s 

general intelligence score was markedly below TD children, although still higher 
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than the average child with WS of the same chronological age.  Had one taken a 

snapshot and drawn conclusions about genotype/phenotype relations when HR 

was 28 months, the conclusion would have been that her deleted genes had no 

impact on general intelligence.  By contrast, examining the graph seven years 

later at 108 months, it is clear that she is seriously impaired, although not as 

severely as children with the full WS deletion, highlighting the importance of 

taking account of full developmental trajectories over time when mapping 

genotype to phenotype. 

 

Figure 1. General intelligence scores of HR, a child with partial deletion WS, 

average general intelligence scores of typically developing children and of 

children with WS (full deletion), from chronological ages 28 to 108 months. 

(unpublished figure, reproduced from conference presentations by Karmiloff-

Smith)  
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3. Developmental change counts in mapping brain to cognition. 

The cognitive phenotype of WS is characterized by relatively skilled language, a 

strong drive for social interaction, and proficient face-processing abilities, with 

scores falling within the normal range on standardized face processing tasks, like 

the Rivermead Face Memory Task (Wilson et al., 2008) and the Benton Facial 

Recognition Test (Benton, Sivan, Hamsher, Varney, & Spreen, 1994), alongside 

very impaired spatial and numerical cognition (Karmiloff-Smith et al., 2004). The 

initial excitement about the syndrome stemmed from the identification of this 

uneven cognitive profile and the possibility that it might represent “selective 

deficits of an otherwise normal modular system” (Clahsen & Temple, 2003, p. 

347), with the modules for language and face processing considered intact and 

those for number and spatial cognition selectively impaired. 

 

Electrophysiological studies of the WS brain have pointed to possible 

developmental arrest compared with the TD brain. Even in domains of relatively 

proficient behaviour, e.g., in face and language processing, the WS brain fails to 

become progressively specialized (Karmiloff-Smith, 2009), in contrast to the TD 

brain. Indeed, the TD brain initially processes incoming input bilaterally but, 

with development, a progressive specialisation and localisation of brain function 

emerges, giving rise to a shift to increasingly specialised hemispheric processing 

(predominantly right hemisphere for faces, predominantly left hemisphere for 

the morphosyntax of language) (Casey, Giedd, & Thomas, 2000; Choudhury & 

Benaisch, 2011; Durston et al., 2006; Johnson, 2001; Mills, Coffey-Corins, & 

Neville, 1997; Minagawa-Kawai, Mori, Naoi, & Kojima, 2007; de Haan, Pascalis, & 
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Johnson, 2002). By contrast, several studies have now shown that the WS brain 

tends to continue processing faces and language bilaterally, even in adulthood 

(Grice et al., 2001, 2003; Karmiloff-Smith et al., 2004; Mills et al., 2000; Neville et 

al., 1994). In other words, whereas the TD brain presents with a gradual 

specialisation and hemispheric localisation of function over developmental time, 

this does not seem to occur in the development of the WS brain (Karmiloff-Smith, 

2009). Moreover, in TD brains the temporal signature for faces becomes 

increasingly specific over developmental time, whereas WS brains tend to 

process faces, cars and other objects with the same temporal signature (Grice et 

al., 2001; Karmiloff-Smith, 2009; see also Golarai et al., 2010, for similar 

differences between TD and WS neural processing in fMRI studies). 

 

Therefore, even when individuals with WS score in the normal range, such as on 

standardized face processing tasks, this does not mean a selective “sparing”, 

because it has been shown that the cognitive and neural processes underlying 

the proficient behaviour are different from those of TD controls (Karmiloff-Smith 

et al., 2004). 

 

4. The need to trace higher-level cognitive outcomes back to basic-level 

processes in infancy. 

Let us now take a concrete example of a cognitive domain – exact and 

approximate number – and the demonstration of a possible double dissociation 

in infancy, typical of the type found in studies of adult neuropsychology.  Small 

exact number discrimination involves the computation of precise differences 

between 1, 2, 3 or 4 items. Large approximate number discrimination is the 
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capacity to estimate whether two quantities (e.g., 8 versus 16 items) are 

different, without being able to count them, based on magnitude judgments.  For 

example, studies of adult neuropsychological patients have yielded a double 

dissociation between numerical abilities, affecting two intra-parietal circuits - 

one for computing exact number, the other for computing approximate 

numerical quantities (Butterworth, 2010; Dehaene, 1997; Demeyere, Lestor, & 

Humphreys, 2010). 

 

Research on TD infants also yields two numerical sub-systems that develop at 

different rates (Brannon, 2006; Izard, Dehaene-Lambertz & Dehaene, 2008; 

Lipton & Spelke, 2003; Xu 2003). Indeed, TD infants are able to discriminate 

small numbers (one, two, three) as early as 3 months, but it is several months 

later that they can discriminate large approximate quantities: at 6 months they 

differentiate 8 from 16 dots, i.e., a ratio of 1:2, and by 9-10 months they 

distinguish 8 from 12 dots, a ratio of 2:3 (Brannon, Abbott, & Lutz, 2004; Xu & 

Arriaga, 2007). In a series of studies examining small exact number 

discrimination and large approximate number discrimination in infants with DS 

and infants with WS (Karmiloff-Smith et al., 2012a; Paterson, Brown, Gsödl, 

Johnson, & Karmiloff-Smith, 1999; van Herwegen, Ansari, Xu, & Karmiloff-Smith, 

2008), we found that those with WS performed like TD controls on small number 

discrimination tasks, but showed significantly weaker discrimination of large 

approximate quantities. By contrast, infants with DS displayed the opposite 

pattern: they failed at small number discrimination but showed significant 

discrimination of large approximate quantities.  
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So, for the first time in research on infants with different neurogenetic 

syndromes, our studies yielded a double dissociation between small exact 

number and large approximate number, typical of the findings in adult 

neuropsychological patients. The results might therefore suggest that for WS, 

one or more of the 28 genes deleted on one copy of chromosome 7q11.23 

contribute to a domain-specific deficit in large approximate number 

discrimination while leaving intact the small number system, and for DS, one or 

more of the extra genes on chromosome 21 contribute to a domain-specific 

deficit in small exact number discrimination while sparing the large number 

system. However, notions like “double dissociation”, “intact” and “sparing” are 

drawn from the adult neuropsychological literature, describing a system in its 

mature state. Is this an appropriate model for a system in the process of gradual 

development? Or, as we believe, do these sub-systems emerge over time, through 

early cross-domain/cross-modality interactions, as different brain circuits 

progressively specialize for different numerical functions (Karmiloff-Smith, 

1998, 2009; Simon, 1997)? 

 

It is therefore imperative to assess how other processes might interact over 

developmental time with infant sensitivity to numerical displays. We thus drew 

on earlier data on infant/toddler attention and saccadic eye movement planning 

in the two syndromes (Brown et al., 2003) and related these to the WS and DS 

numerical findings (Karmiloff-Smith et al., 2012a). The attention studies 

identified deficits in both syndromes – deficits in attention shifting in WS, deficits 

in sustained attention in DS. In the saccadic eye movement study, 

infants/toddlers with DS showed similar patterns to TD infants, i.e., efficient 
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albeit slower saccadic eye movement planning. By contrast, infants/toddlers 

with WS displayed severe eye movement planning deficits (Brown et al., 2003). 

We thus predicted that infants/toddlers with WS would be impaired in their 

scanning of large numerical displays. To examine this further, after the 

experiment proper, we collected eye-tracking data (Tobii, 2003) from infants 

with WS and DS while they were viewing numerical displays on the computer 

screen. A preliminary examination of scanning patterns of the infants who 

provided useful data indicated that, like in our studies of eye movement planning 

and attention (Brown et al., 2003), those with DS tended to scan the overall 

array, whereas those with WS tended to remain fixated on a few individual items 

(see illustrations of scanning patterns in Karmiloff-Smith et al., 2012a).  

 

Thus, for WS, a serious deficit in rapid saccade planning (Brown et al., 2003; 

Karmiloff-Smith et al., 2012a) may cause problems in visually disengaging from 

individual objects in displays. This likely explains why they succeed at small 

exact number discrimination, yet have difficulty discriminating large 

approximate quantities because they do not scan them adequately. By contrast, 

the opposite holds for infants with DS, because they have difficulties with 

sustained attention (Krakow & Kopp, 1982; Casey & Riddle, 2012), which 

interferes with their precise individuation of objects in small displays but 

enhances their rapid global scanning of large displays.  

 

Thus, rather than identifying a double dissociation of spared and impaired 

modules between the two syndromes, it turns out that a single but different 

basic-level problem for each syndrome – attention shifting in WS, sustained 
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attention in DS - contributes to the explanation of both the numerical deficits and 

the numerical proficiencies in each syndrome. The findings therefore do not 

require an explanation solely in terms of selective, domain-specific number 

abilities, as might be the case in adult neuropsychological patients whose brains 

had by then become specialized in terms of two independently functioning 

numerical sub-systems. Rather, the syndrome-specific infant differences are 

likely to be traceable to basic-level deficits and proficiencies in the visual and 

attention systems early in development, which have cascading effects on 

cognitive-level outcomes over ontogenetic time.  Furthermore, identification of 

these different basic-level problems in early development may be particularly 

useful in informing the planning of early syndrome-specific intervention. 

  

5. Developmental change counts in understanding the impact of 

environmental factors. 

A question to emerge from studies of families with children with 

neurodevelopmental disorders is why the effects of positive environments are 

not greater. Indeed, unlike children from low SES environments, many children 

with neurogenetic syndromes who participate in academic research are well 

nourished, grow up in a caring environment, receive considerable cognitive 

stimulation, and do not suffer the physical and mental abuses reported in some 

contexts of early social adversity (Meaney & Szyf, 2005; Liston, McEwen, & 

Casey, 2009; Tomalski et al., 2013; Tottenham et al., 2010, 2011).  For instance, 

we have recently shown that low SES has detrimental effects on the frontal 

cortex as early as 6-9 months of age (Tomalski et al., 2013). So, why do positive 

environments not compensate for genetic vulnerabilities? Is it just the severity of 



 15 

the genetic mutations that constrains environmental effects? Or is this not only 

due to mutated genes, but also because early environments for such children 

differ in more subtle ways than is commonly realised? Indeed, having a 

neurodevelopmental disorder not only involves genetic mutations; it also 

changes the environment in which the atypical infant develops in multiple subtle 

ways.  In our view, the moment a parent is informed that their child has a genetic 

disorder, the parent’s behaviour necessarily subtly adapts. As a result, the baby’s 

responses within the dyadic interaction will also be subtly modified, and these 

interactional effects may increase over time. This is not only true of children with 

neurodevelopmental disorders. Even for well-stimulated typically developing 

children, cognitive development can be subtly fostered or hindered by 

differences in environmental conditions, e.g., in mother/infant interaction styles 

(Karmiloff-Smith et al., 2010, 2012a). 

 

A couple of examples serve to illustrate the environmental changes that may 

obtain for children growing up with genetic disorders. The first comes from a 

study of the process of vocabulary learning in toddlers with Down syndrome 

(John & Mervis, 2010). When TD toddlers start to label things, their parents 

usually allow them temporarily to overgeneralize (e.g., call all animals “cat”). By 

contrast, in the case of toddlers with DS, parents tend to veto and correct 

overgeneralizations immediately (John & Mervis, 2010). In our view, this is 

because of the parents’ natural fear that their child with lower intelligence will 

never learn the right label if allowed to overgeneralize. Yet, initial 

overgeneralization in the TD child encourages category formation (e.g., by calling 

different animals “cat”, the child creates an implicit “animal” category), and 



 16 

categorization is known to be impaired in many neurodevelopmental disorders, 

including DS. The second example comes from motor development. 

Observational data from our lab reveal that parents of infants/toddlers with 

genetic syndromes often find it difficult (compared to parents of TD infants) to 

let their atypically developing offspring use the sensitive nerve endings in their 

mouth to explore object properties, or to crawl/walk uninhibited around the lab 

in order to fully discover their environment. This reticence is likely to be due to 

an understandable greater fear of accidents with respect to vulnerable children. 

These unconscious assumptions about what atypical children can and cannot 

learn may unwittingly lead their parents to provide less variation in their 

linguistic input to their child and in general offer a more cautious, less varied 

environment - subtle differences that are likely to compound over 

developmental time. 

 

Thus, a richer notion of “environment” is required, i.e., how having a 

neurodevelopmental disorder may subtly change the social, cognitive, linguistic, 

emotional and physical environments to which the atypically developing child is 

progressively exposed. 

 

6. Practical tips   

In this section, we provide a few practical tips/recommendations for research in 

neurodevelopmental disorders that build on our developmental 

neuroconstructivist approach (Karmiloff-Smith, 1998; Farran & Karmiloff-Smith, 

2012). 
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a. We strongly recommend the tracing of full developmental trajectories from 

infancy onwards.  This does not necessarily restrict the researcher solely to 

longitudinal studies, although the latter represent an important approach.  

Indeed, an optimal design for studying developmental disorders is to 

combine case studies with initial cross-sectional designs and then 

longitudinal group follow-up (Thomas et al., 2009).  An understanding of 

underlying mechanisms will be furthered by the richer descriptive 

vocabulary provided by the trajectories approach (e.g., in distinguishing 

different types of delay and deviance).  

 

b. We highlight the need for longitudinal studies. However, these should be not 

only at the cognitive level, but also at the neural level (Karmiloff-Smith, 

2010).  Understanding the extent to which the brains of children with 

neurodevelopmental disorders change over time is crucial.  And it is just as 

necessary to identify regressive events as progressive changes, including the 

extent to which the atypically developing brain shows any indices of circuit 

specialisation. 

 

c. We recommend examining microdevelopmental change in 

neurodevelopmental disorders.  While this has been a relatively lively area of 

TD research (Karmiloff-Smith, 1984, 2013; Siegler & Svetina, 2002), it has 

rarely if ever been used for the study of neurodevelopmental disorders.  Yet, 

understanding the processes of change over the very short term is just as 

important as identifying macro-developmental change. 
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d. In our view, researchers are still far from understanding how genetic 

mutations interact with the subtle changes that occur in the environments of 

children with neurodevelopmental disorders.  We thus need a much more in-

depth account of environment changes.  One avenue of promising research 

would be the study of twins in which one twin has a neurodevelopmental 

disorder and the other is typically developing.  Subtle differences in the 

socio-linguistic, cognitive, and physical environments of each twin of 

equivalent chronological age and seemingly equivalent environment could be 

very informative. 

 

7. Development itself is the key to understanding neurodevelopmental 

disorders. 

 

We started this chapter by highlighting an important difference between adult 

neuropsychological models and truly developmental approaches to 

neurodevelopmental disorders, namely that adult models tend to be static and 

developmental approaches necessarily require a dynamic perpective, which 

allows for identifying phenotypic changes over developmental time.  Section 2 

stressed how genotype to phenotype mapping depends on developmental time; 

gene expression, neural and cognitive profiles may differ considerably at 

different points on the developmental trajectory. Section 3 provided an example 

of how a developmental explanation is needed to map findings of atypical neural 

processing for faces and language to relatively proficient face and language 

processing behaviours in adults with WS.  Unlike the adult neuropsychological 

model, a developmental approach does not assume the existence of domain-
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specific neural subsystems in neurodevelopmental disorders. Indeed, it argues 

that the atypical genetic profile found in neurodevelopmental disorders affects 

brain development from the start of ontogenesis, impacting low-level, domain-

general processes that cascade over developmental time and affect neural 

specialisation processes in later development.  Section 4 provided one such 

example where cross-syndrome differences in number processing by adults with 

DS and WS may be partially explained by differences in basic-level attentional 

processes in very early development. Similarly, in Section 5 we suggested that 

subtle environmental differences for children with neurodevelopmental 

disorders relative to typically developing children compound over 

developmental time to affect brain and behaviour in later development.  Finally, 

having argued for the importance of developmental change, a few practical tips 

for conducting developmental research were offered in Section 6. 

 

In conclusion, we reiterate that focusing on the process of development itself is 

key to a full understanding of any neurodevelopmental disorder (Karmiloff-

Smith, 1998). Furthermore, to understand the full implications of having a 

neurodevelopmental disorder, it is critical to study the disorder at multiple 

levels (genetic, cellular, neural, cognitive, behavioural and environmental) as 

well as using the convergence of multiple methodologies (e.g., MEG, fMRI, fNIRS, 

EEG/ERP, eye-tracking, etc.).  Even though plasticity may be reduced in genetic 

syndromes, it is clear that identifying developmental change remains crucial, 

whether researching children or adults with neurodevelopmental disorders. 
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