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Abstract

At the heart of debates over underlying causes of autism is the “Kanner hypothesis” that autistic deficits in social reciprocity, or “empathizing”, and skill in detail-oriented cognition, or “systemizing”, covary in autistic individuals.  A separate line of evidence indicates
 empathizing and systemizing skills are normally distributed throughout the population, with autism representing an extremity of cognitive and social “style.”  This realisation brings the Kanner hypothesis debate into the realm of normative co-variation, giving more ways to test the hypothesis, as well as further insights into normative functioning. In the context of normative functioning, the Kanner hypothesis implies social tradeoffs with spatial and/or numerical prowess. In light of this expanded and growing body of evidence, we review relevant genetic and behavioural, factor analytic and correlational studies with cross-sectional and longitudinal designs.  This evidence is then synthesized into three themes: 1) an alternative triad of autism symptom categories – social reciprocity, cognitive flexibility, and sensorimotor coordination - that more accurately reflects the factor structure of autistic traits; 2) continuity between clinical and non-clinical autism-spectrum trait presentation; and 3) indications that although empathizing and systemizing may be largely genetically independent, partial overlap arises through dynamic trait interactions over the course of development, resulting in Kanner-like covariance in behaviour.  A dynamic developmental model subsuming these three patterns is then offered, and its advantages are demonstrated in a novel account of certain autistic symptoms.  We conclude with the broader imperative that behavioural scientists appealing for direct genetic links may benefit more from a developmental framing within their own discipline. (263 words)


Current consensus holds that autism represents the extreme of a spectrum subsuming certain cognitive, social, and behavioural characteristics.  These characteristics include the triad of symptoms comprising the current clinical definition of autism spectrum conditions (ASC) – social interaction deficits, communicative deficits, and restricted and repetitive behaviours and interests (American Psychiatric Association, 1994) – and psychological constructs described by theorists, such as deficits in understanding intentionality, or Theory of Mind (ToM) (Baron-Cohen, 1995; Baron-Cohen, Leslie, & Frith, 1985) and deficits in future-oriented cognitive flexibility, or executive functioning (EF) (Ozonoff, Pennington, & Rogers, 1991), and a bias toward local over global information processing, or weak central coherence (WCC) (Frith & Happé, 1994).  In the terms of normative psychology, these traits are equivalent to Trope's notions of decreased “psychological distance” and low “level of construal,” respectively (see Trope & Liberman, 2010).  Less extreme positions along the autism spectrum are occupied by Asperger syndrome (AS), pervasive developmental disorder not otherwise specified (PDD-NOS), and the more subtle, sub-clinical idiosyncrasies of many first-degree relatives of individuals with autism, the sort described by Kanner in his seminal work on autism (1943).  In fact, this latter, broader autism phenotype has been empirically distinguished to such a degree that elements of it are sometimes referred to as the proper-noun Broader Autism Phenotype, or BAP (Baron-Cohen & Hammer, 1997a; Dawson et al., 2002; Happé et al., 2001; Lord, Cook, Leventhal, & Amaral, 2000; Piven, 1999).

Questioning the “Kanner Hypothesis”

Researchers and clinicians have long questioned the assumption that social (e.g., ToM deficits) and non-social (e.g., WCC) ASC traits are related, covarying between individuals in a manner implying a shared underlying cause.  As theorists have pointed out (Mandy & Skuse, 2008), this presumption of social/non-social covariance in ASC individuals dates to Kanner’s original descriptions of autism (Kanner, 1943), which strongly framed autistic social and detail-oriented cognitive bias as two sides of the same coin. For instance, in Kanner’s initial synthesis of commonalities among his first eleven case studies, the children in question were said to have in common a tendency to “establish and maintain an excellent, purposeful, and ‘intelligent’ relation to objects that do not threaten to interfere with their aloneness, but are from the start anxiously and tensely impervious to people…”, later adding that “If dealing with another person becomes inevitable, then a temporary relationship is formed with the person's hand or foot as a definitely detached object, but not with the person himself. All of the children's activities and utterances are governed rigidly and consistently by the powerful desire for aloneness and sameness.”  Since that time, the ‘Kanner hypothesis’ - that, in Kanner’s parlance, a preference for “aloneness” is the flipside of a related need for “sameness” - has persisted as one of the most hotly debated questions in autism research, being directly relevant to whether there is in any sense a single cause or, if sameness and aloneness are not related, causes, underlying the condition.  Such was the implicit basis of the debate between, for instance, ToM and WCC accounts of autism; WCC proponents held that the ToM account did not adequately explain the non-social, perceptual aspects of ASC, while ToM proponents argued the same with regard to WCC theory and ASC social deficits.

Kanner’s definition of autism was, however, based on observations of patients presenting with both social and non-social symptoms to begin with, at the selective exclusion of cases where social or non-social deficits were absent. Assessing the validity of theories of autism according to how well they account for social and non-social symptoms simultaneously is thus ultimately an exercise in circular logic, as Kanner’s observations were based on the subset of ASC patients within whom social and non-social deficits were comorbid (Happé, Ronald, & Plomin, 2006).  As such, there is not necessarily reason to assume, as Kanner might, that severe social interaction deficits come part and parcel with extremity in sensorimotor abnormalities and/or restricted interests. Similar criticisms of circular logic have been levied against studies (e.g., Van Lang et al., 2006; Boomsma et al., 2008) basing Autism Diagnostic Interview-Revised (ADI-R) factor analyses solely on items tapping the DSM-IV diagnostic triad (Kamp-Becker, Ghahreman, Smidt, & Remschmidt, 2009).

The Kanner Hypothesis in the Normative Population

A separate line of research has found that the autism spectrum extends into and throughout the normative population, such that social and non-social autistic traits are normally distributed across all individuals, with social deficits and cognitive idiosyncrasies taking subclinical forms in the normative population.  In other words, clinically diagnosable autism differs from normative functioning quantitatively and by degree, rather than being qualitatively distinct from normative cognitive variation.  The best known of these theories is Empathizing-Systemizing spectrum (E-S) theory, which holds that ASC is an extreme version of the human brain in terms of its neuroarchitectural “male-ness,” the prototypical male brain being organised for superior “systemizing” (Baron-Cohen, 2002; Baron-Cohen & Hammer, 1997b), or processes of observation-based rule-making reducing the world to a series of “lawful, finite, and deterministic” rules.  The prototypical “extreme female brain”, by contrast, is better organised for “empathizing,” the ability to accurately attribute and affectively respond to others’ mental states (Baron-Cohen, 2002).  The full range of these attributes, from high- to low empathizing and high- to low systemizing, constitutes the entire E-S spectrum, within which the general population is normally distributed (Baron-Cohen & Hammer, 1997b).  One’s position on this continuum is thought to be determined partly by levels of prenatal testosterone exposure (Baron-Cohen, Lutchmaya, & Knickmeyer, 2004), with higher levels of prenatal exposure producing a more lateralised, systemizing-oriented, “male” brain (Witelson & Nowakowski, 1991; Geschwind & Galaburda, 1987), and with gestational overexposure to testosterone being only one amongst many interacting factors that can bias brain and cognitive development towards an autistic outcome.  Supporting this assertion is evidence of higher testosterone levels in amniocenteses of individuals presenting with autism-like empathizing difficulties and systemizing prowess later in development (Baron-Cohen et al., 2004), and lower than average second-to-fourth digit length ratios (a biomarker proxy measure of prenatal testosterone exposure) among ASC individuals and their first degree relatives, individuals falling into the BAP category, and individuals with systemizing prowess and sub-clinical empathizing difficulties (see Valla & Ceci, 2011 for a full review).

As E-S theory was built upon - or, one might even say, built to account for - the assumptions of social and non-social covariance in clinical populations that began with Kanner, it is worth questioning the Kanner hypothesis  not only in the context of clinical presentation, but in typical development, too (Carroll & Chiew, 2006; Valla et al., 2010).  If the E-S factor space comprises a single axis with high empathizing and low systemizing at one end and low empathizing and high systemizing at the other, as initially described (Baron-Cohen & Hammer, 1997b), then systemizing ability should carry with it tradeoffs in empathizing, and vice versa.  Such would be, in effect, a normative-variation extension of the Kanner hypothesis.  An alternative model, implicit in subsequent work (Baron-Cohen, 2002), presents the E-S factor space as bidimensional, wherein empathizing and systemizing vary independently, an autistic, extreme male brain arising from concurrently low empathizing and high systemizing abilities, an extreme female brain arising from the opposite pattern.  This alternative model of the E-S factor space implies no tradeoffs between systemizing and empathizing.  The importance of E-S covariance in understanding normative cognition cannot be understated.  For one, an inverse E-S covariance pattern in the normative population (i.e. the single-axis E-S model) would mean that mathematical and spatial skills or deficits would be predictive of such seemingly unrelated social deficits or skills as understanding intentionality.  In lay terms, testing for this type of E-S covariance in the normative population means questioning the stereotype of spatial and/or mathematical prowess going hand-in-hand with social ineptitude.

Insofar as any normative E-S covariance patterns may hold also at the clinical extremity, evidence for or against E-S covariance in the normative population would also be essential to consider alongside evidence for or against the Kanner hypothesis in clinical presentation.  More to the point, E-S independence in typically developing individuals would bring into question theories attempting to account for ASC with a single-cause explanation, and the broader idea of ASC arising from coincidence of synergistic but partially independent factors might begin to seem more likely (Happé, Ronald, & Plomin, 2006).  Thus, whilst understanding E-S covariance patterns can tell us important things about normative functioning, it can also inform us on the important issue of finding the central causes underlying ASC.

Whilst the Kanner debate is framed here as one of evidence for or against E-S covariance and the Kanner hypothesis, the distinction between covariance, and independence between autism's social and non-social symptom domains need not be binary: social and non-social symptoms may be partially dependent, synergising and reinforcing each other to some extent, but varying independently enough to give rise to a multitude of individual phenotypes.  This independence may be particularly pronounced in cases or populations where levels of autistic traits are subtle and where, therefore, mutually reinforcing interactions amongst these symptom domains are weak.  Thus independence of autism's various social and non-social symptom domains may be strongest not within but beyond the autism spectrum, in individuals with the Broader Autism Phenotype (Piven, 1999) and in the subtle levels of autistic traits that occur throughout the general population, and – to apply Baron-Cohen's terms – may be stronger in “female brain” individuals rather than the “male brain” which, according to Baron-Cohen, autism more closely approaches (Baron-Cohen et al., 2004).  Evidence regarding E-S covariance in normative samples is in this way at least as important as clinical sample data in assessing the veracity of the Kanner hypothesis.

Relevant Population Characteristics and Evidence for Assessing the Kanner Hypothesis 

Spectrum-wise, the inclusion of normative population data made relevant to the Kanner hypothesis by E-S Theory, and the fact that autistic traits are normally distributed throughout the clinical and non-clinical population (Baron-Cohen & Hammer, 1997b), means that factor structures and covariance patterns in clinical, subclinical, and non-clinical samples must be considered alongside one another.  Age-wise, the developmental nature of autism means that evidence from across age groups is essential, as social/non-social covariance patterns present early in development (i.e. close to the prenatal period) may differ greatly from patterns emerging later, after any comorbid social and non-social traits repeatedly interact behaviourally and cognitively.

Measures most directly relevant to assessing the Kanner hypothesis are trait inventories, and cognitive and social psychometrics.  Trait inventories include clinically-oriented symptom inventories (e.g., Autism Diagnostic Inventory - Revised, or ADI-R); behavioural inventories applicable to clinical, subclinical, and non-clinical populations (e.g., Social Responsiveness Scale, or SRS); and self-reported assessments of sub-clinical manifestations of autistic symptoms, in the form of personality traits, behaviours, preferences, and tendencies used mainly with sub-clinical and normative populations (e.g., Autism Spectrum Quotient, or AQ; the Systemizing Quotient, or SQ; and the Empathizing Quotient, or EQ).
  Relevant cognitive measures include those roughly categorized along systemizing and empathizing lines.  In the former category are assessments of spatial skills and pattern recognition (e.g., Block Design and Matrix Reasoning subtests of the Wechsler Intelligence Scale for Children, or WISC-III) and other measures favouring the cognitive inflexibilities and related epiphenomena of detail-oriented biases, such as disembedding speed on the Embedded Figures Test (EFT; Witkin,
 Oltman, Raskin, & Karp, 1971), and visual illusion susceptibility (e.g., Walter, Dassonville, & Bochler, 2008).  In the latter category are assessments of facial mental state/emotion reading (Reading the Mind in the Eyes Test, or RMET), face recognition (e.g., Benton face recognition test), and ToM (e.g., false belief test).

Relevant analytic methods can be roughly separated into two complementary approaches: factor analyses of the underlying trait structure of social and non-social ASC-related traits within individuals, and correlational analyses dealing with the covariance of these traits between individuals.  The latter approach allows social/non-social relationships to be tested more directly than do factor analyses, wherein social/non-social relationships are inferred from factor loadings.  Factor analyses, by contrast, explore relationships between ASC traits in a data-driven manner.  This bottom-up approach complements correlational studies, as interpretations of social and non-social covariance are typically posed from the top-down standpoint of hypothesized unitary constructs (e.g., the diagnostic triad; empathizing and systemizing).  Analyses of factor structure are unconstrained by a priori assumptions about whether, for instance, the array of traits grouped under each domain of the diagnostic triad actually share an underlying cause.

Review of Evidence for and Against the Kanner Hypothesis and E-S Theory


Overall, a review of the literature found significant bodies of evidence both for and against the Kanner hypothesis. Three interrelated, recurring themes also emerged, however, together suggesting an overarching developmental model that reconciles the seemingly opposing evidence for and against the Kanner hypothesis: initially, biologically independent social and non-social traits interact in behaviour and cognition, and give rise to emergent, developmentally snowballing Kanner-like covariance in behavioural presentation.

The three emergent themes are as such:  First, evidence suggests an alternative triad of primary, independent ASC factors – Social Interaction Deficits, Cognitive Inflexibility, and Sensorimotor Incoordination - which may more accurately reflect the underlying trait structure of autistic traits than the currently accepted diagnostic triad. The proposed alternative triad better accounts for heterogeneities within two domains of the diagnostic triad – Communicative Deficits and Restricted and Repetitive Behaviours and Interests – heterogeneities that can produce spurious appearances of be Kanner-like social/non-social covariance in some studies.  Second, the hypothesized independences amongst these three alternative-triad factors may be genetically based, implying multi-factor causality at the biological level.  Third, despite this biologically based independence, Kanner-like social/non-social covariance in behavioural presentation within individuals can arise and amplify during postnatal development.  Three additional patterns in the data support this model: increased Kanner-like covariance with increases in trait extremity in multiple domains; greater Kanner-like covariance in males compared to females; and continuity in genetic/biological and behavioural  covariance patterns across clinical, subclinical, and non-clinical populations.

In the dialectic that follows, we begin by reviewing the body of evidence in terms of broad categories of findings for and against the Kanner hypothesis.  The reviewed evidence is then synthesized, first into the three aforementioned themes, then into an overarching developmental model accounting for these themes.  The explanatory power of the hypothesized developmental model then is demonstrated, first by extrapolating to an in-depth, novel account of autistic sensorimotor stereotypies; and second, in a more brief and speculative fashion, with potential developmental accounts of other traits – such as musical savantism and communicative deficits – that tend to encourage single-cause accounts of autism by being uniquely autistic
, both in their own right, and in their comorbidity with other defining traits of autism.

Evidence Against the Kanner Hypothesis

How does translation from the diagnostic triad to the proposed alternative tried transform evidence appearing to support the Kanner hypothesis into evidence against Kanner-like social/non-social covariance?  First, findings indicate that the Communicative Deficits factor of the diagnostic triad incorrectly groups together two separable types of deficits: those related to social reciprocation per se, and communicative-domain instances of more domain-general cognitive inflexibilities (e.g., verbal stereotypies).  Factor analyses of different trait inventories converge on this fractionation between symptoms subsumed under the Communicative Deficits category.  One factor analysis of the ADI-R, for example, found that delays in language development loaded on a Social Communication factor, whereas repetitive and idiosyncratic speech loaded on an Inflexible Language and Behaviour factor, along with non-communicative, cognitive inflexibility-related behaviours (e.g., circumscribed interests, ritualistic behaviors) (Georgiades et al., 2007).

Two additional factor analyses of the ADI-R each resulted in two-factor models aligning social reciprocation aspects of Communication Deficits with other social deficits, and cognitive inflexibilities with a Restricted and Repetitive Behaviours and Interests factor (Snow, Lecavalier, & Houts, 2009; Frazier, Youngstrom, Kubu, Sinclair, & Rezai, 2008).  Similarly, among Child Asperger Syndrome Test (CAST) diagnostic triad subscores in another sample, Communication Deficits correlated more highly with Social Interaction Deficits and Restricted and Repetitive Behaviours and Interests (0.34, 0.38, respectively) than did Social Interaction Deficits and Restricted and Repetitive Behaviours and Interests
 (0.23) (Ronald et al., 2006b).  Such correlational differences would be expected from the mixture of social-communicative and cognitive-inflexibility symptoms lumped under the Communication Deficits factor of the current diagnostic triad.

In two independent factor analyses of items comprising the Restricted and Repetitive Behaviours and Interests subscale of the ADI-R, an Insistence on Sameness component was significantly correlated with the Communication Deficits domain subscore of the ADI-R, but not the Social Interaction Deficits domain score (Szatmari et al., 2006; Lam et al., 2008).  Another ADI-R analysis (Van Lang et al., 2006; cross-culturally validated in Boomsma et al., 2008) found that a triad of Impaired Social Communication, Stereotyped Features in Behaviour and Communication, and Impaired Play Skills outperformed both the DSM-IV triad and a single-factor model.  Although the third factor of the hypothesized triad is Sensorimotor Incoordination where in this investigation it was Impaired Play Skills
, the Communicative Deficits factor in both cases is split between social reciprocity difficulties and cognitive inflexibility.

A retrospective-versus-current presentation longitudinal analysis of retrospective (4-5y) child ADI-R inventories found that both verbal and non-verbal repetitive behaviours fractionated into two distinct factors depending on level of complexity: stereotyped utterances and echolalia loaded on a Stereotypies factor along with motor stereotypies, whereas verbal rituals and neologisms loaded on a domain-general cognitive inflexibility factor Anxiety and Compulsions along with restricted interests.  Communicative reciprocity (i.e. give-and-take conversational skills), on the other hand, loaded on a Social-Communication factor (Kamp-Becker, Ghahreman, Smidt, & Remschmidt, 2009).  On ADOS-G inventories of current (6-24y) symptom presentation, similar loadings mirrored the same distinctions between deficits of social reciprocation, and cognitive inflexibility: language ability loaded (negatively) on an Interests and Compulsions factor, and speech abnormalities and stereotyped behaviours loaded on a Non/Verbal Behaviour factor, whereas conversational communication skills loaded on a Social-Communication factor.  This combination of results at different ages indicates some developmental continuity of heterogeneity in Communicative Deficit domain symptoms.

These cognitive inflexibilities subsumed under the Communicative Deficits diagnostic domain may be fed by deeper, genetic roots.  One investigation found separate reductions
 in variability of repetitive verbal
 behaviours (e.g., verbal rituals) and of verbal behaviours unrelated to cognitive flexibility (e.g., presence of phrase speech) within versus between affected sibships.  This statistical dissociation was interpreted as implying that these two types of “communicative” (or at least verbal) symptoms arise from independent genetic origins (Silverman et al., 2002).

In a factor analysis of a new symptom inventory assessing autism-relevant endophenotypes, verbal stereotypies (e.g., echolalia) loaded on a Stereotypic Behaviour factor along with non-verbal, motor stereotypies (Sacco et al., 2010).  The same study's loading of “age at first social smile” on the cognitive inflexibility-related Stereotypic Behaviour factor seems to violate a factorisation of social reciprocity versus cognitive flexibility-related communicative deficits; this relationship is, one could argue, the Kanner hypothesis in its most basic form.  This seemingly contradictory finding is re-interpreted in more detail below.

Assuming factorial continuity between clinical and non-clinical populations, further support for heterogeneity within the Communicative Deficits domain comes from studies on typically developing populations using the AQ.  AQ Communication subscores in one case were significantly, positively correlated with the Big Five
 personality trait of Neuroticism, and negatively correlated with Big Five traits Extraversion, Openness, Agreeableness, and Conscientiousness.  Meanwhile, AQ Social Skills subscores were related (negatively) only to Extraversion and Agreeableness, and AQ Attention to Detail subscores were related (negatively) only to Openness and Conscientiousness.  AQ Communication subscores, in other words, described personality constructs ostensibly related to cognitive (in)flexibility (Neuroticism, Conscientiousness, and Openness) as well as traits related to willingness to engage in social interaction (Extraversion and Agreeableness).  AQ Social Skills and Attention to Detail subscores, meanwhile, did not overlap in terms of their relationships with Big Five traits, yet both overlapped with AQ Communication subscores (Austin, 2005).  Even though the Communication subscale was distinct from the Social Skills subscale and the AQ (preference for) Details and Patterns factor in a three-factor model of the AQ extracted in the same study (as the diagnostic triad would predict), a pattern like that of the five-factor model arose when these three subscales were correlated with Big Five traits.  A replication of the same three-factor extraction revealed that whilst items loading on the first component were from the AQ Social Skills subscale, and items loading on the second component were from the AQ (preference for) Details and Patterns subscale, the third component included item loadings from both the AQ Communication subscaleand the AQ Social Skills and Details and Patterns subscales (Hurst et al., 2007).  These patterns together support the idea that the Communicative Deficits symptom domain is an amalgam of social and non-social traits of distinct cognitive (and, perhaps, biological) origins.

Evidence also supports the idea that the Restricted and Repetitive Behaviours and Interests factor of the diagnostic triad, like the Communication Deficits factor, conflates traits  rooted in Cognitive Inflexibility (e.g., restricted interests) and those rooted in lower-level Sensorimotor Incoordination (e.g., auditory, tactile and visual hypersensitivities).  Aforementioned ADI-R-based factor analyses focusing specifically on items from the Restricted and Repetitive Behaviours and Interests diagnostic domain all resulted in fairly clean splits between traits and behaviours concerning cognitive inflexibility, and those concerning lower-level sensorimotor issues (Szatmari et al., 2006; Papageorgiou et al., 2008; Lam, Bodfish, & Piven, 2008).  In one such analysis, three components - Repetitive Motor Behaviours, Insistence on Sameness, and Circumscribed Interests - were extracted from items subsumed under the Restricted and Repetitive Behaviours and Interests domain (Lam, Bodfish, & Piven, 2008).  Even though Circumscribed Interests was identified as its own component, individual items pertaining to Circumscribed Interests were the only items loading on both Repetitive Motor Behaviours and cognitive flexibility-related Insistence on Sameness factors.  Items loading on Repetitive Motor Behaviours and  Insistence on Sameness, in other words, were distinct in their loadings.  Similarly, loadings from a factor analysis of the Childhood Autism Rating Scale (CARS) distinguished between items concerning fear, nervousness, and adaptation to change (i.e. reactions to novel situations reflecting cognitive flexibility) and those regarding sensory and motor issues related to taste, touch, smell, body use, and stereotypies (i.e. Sensorimotor Abnormalities) (Magyer & Pandolfi, 2007).

The factor analyses of retrospective ADI-R and current ADOS-G inventories described above (Kamp-Becker et al., 2009) lends longitudinal support to the hypothesized heterogeneity of symptoms subsumed under the Restricted and Repetitive Behaviours and Interests domain (insofar as retrospective ASC trait inventories reliably reflect past trait presentation).  Retrospective ADI-R items loaded onto 4 factors: Social Communication, Anxiety and Compulsions, Stereotyped Behaviour, and Inadequate Behaviours; current presentation (ADOS-G) items loaded onto 5 partially coincident factors: Social Communication, Nonverbal Behaviour
, Hyperactivity, Stereotyped Behaviour, and Circumscribed Interests/Compulsions. Importantly, ADI-R items concerning circumscribed interests loaded on the Anxiety and Compulsions factor. a subset of the Cognitive Inflexibility/Insistence on Sameness factors in aforementioned studies,, distinguishing these interests from low-level sensorimotor abnormalities; and the ADOS-G factor Circumscribed Interests/Compulsions maintained this separability from sensorimotor abnormalities at current presentation.  In the diagnostic tried, then, just as social reciprocity is distinct from cognitive flexibility within Communicative Deficits, sensorimotor abnormalities are distinct from cognitive flexibility within Restricted and Repetitive Behaviours and Interests.  These social/cognitive and sensory/cognitive distinctions apply across retrospective (ADI-R) and current (ADOS-G) behavioural inventories.

Genetically, in the aforementioned endophenotypic analysis, lower-level sensory abnormalities
 loaded primarily on the first of four factors (Circadian and Sensory Dysfunction) while more cognitively based repetitive behaviours and circumscribed interests
 loaded on the fourth factor (Stereotypic Behaviour) (Sacco et al., 2010).  This separability of high- and low-level  repetitive behaviours reinforces the distinction between Cognitive Inflexibility and Sensorimotor Incoordination in the hypothesized alternative triad.  There is also decreased variability within versus between monozygotic twin sibships in social and communicative deficits, and restricted interests, but not sensorimotor issues (Kolevzon et al., 2004).  Although this absence of genetic covariation argues against sensorimotor symptoms' representing  a primary factor in ASC, it does support the separability of Sensorimotor Abnormalities from Cognitive Inflexibility.

Beyond the implications for specific diagnostic domain heterogeneities and the hypothesized alternative triad, the above analyses indicate more generally that social and non-social ASC traits are somewhat independent within individuals, contrary to the Kanner hypothesis.  Such social/non-social separability was also the consensus among reviewed factor analyses of the AQ in more typically developing (i.e. sub- and non-clinical) individuals, with different analyses variously revealing: a) a diagnostic triad-like, three-factor model of Social Deficits, Communication Deficits, and (preference for) Details and Patterns (Austin, 2005, replicated in Hurst et al., 2007); b) a factor structure mirroring the five subscales originally intended by Baron-Cohen et al. during construction and validation of the AQ (Social Skills, Communication, Restricted/Repetitive Behaviours, Imagination, and Attention to Detail (Kloosterman, Keefer, Kelley, Summerfeldt, & Parker, 2011); and c) a four-factor model in-between these two, including Imagination but without Restricted/Repetitive Behaviours (Stewart & Austin, 2009).  Reconciling these discrepancies is a hierarchical factor structure with superordinate factors of Social Interaction and Attention to Detail, the former comprising four subfactors: Social Skills, Attention Switching, Communication, and Imagination (Hoekstra, Bartels, Cath, & Boomsma, 2008).  In all these analyses, social factors were independent of non-social factors.

Similar social/non-social separability has also arisen in other E-S correlations in typically developing individuals. For instance, resistance to visual contextual illusions (an epiphenomenon of autism-like, detail-oriented processing biases) and Systemizing Quotient (SQ) scores have been shown to be independent of Empathizing Quotient (EQ) scores (Walter, Dassonville, & Bochler, 2008), while RMET scores were in one investigation unrelated to EFT disembedding speed, performance on a block design test, and SQ score (Carroll & Chiew, 2006). Additional studies of empathizing-systemizing covariance (discussed in further detail below) have found sex-dependent patterns wherein social and non-social ASC traits are more independent either in males compared to females (Voracek & Dressler, 2006), or females compared to males (Valla et al., 2010).

Evidence For the Kanner Hypothesis

Although the body of evidence countering the Kanner hypothesis is substantial, evidence supporting Kanner-like covariance is no less significant; in some cases, Kanner-like covariance has arisen in samples presented as evidence against the Kanner hypothesis.  In one of the ADI-R factor analyses aforementioned, two of three components extracted from Restricted and Repetitive Behaviours and Interests  - Repetitive Motor Behaviours and Insistence on Sameness - correlated significantly and positively with social interaction deficits (Lam, Bodfish, & Piven, 2008).  In the aforementioned twin studies that teased apart genetic and phenotypic overlap of the diagnostic triad, although each of the triad domains was highly, individually heritable, phenotypic overlap between social and non-social domains was moderate but certainly greater than zero (Ronald et al., 2006a).  (From the discussion of an alternative triad it could be argued that phenotypic overlap reflects the heterogeneity within diagnostic domains the alternative triad is meant to correct; however,  overlap existed even between Social Interaction and Restricted and Repetitive Behaviours and Interests, which have no symptoms in common even in the alternative triad.)  Moreover, such phenotypic overlap increased as severity of social and non-social symptoms increased (Ronald et al., 2006b) – meaning that even if slight degrees of autistic traits in the typical population may be largely independent, more pronounced degrees of the same traits begin to reinforce each other across symptom domains, culminating in the apparent syndrome of autism.

Longitudinal studies support this notion of developmental reinforcement of symptoms across domains: although severity in diagnostic triad domains at 2y did not predict severity at 7y in one study, severity of social and communicative deficits at 3y predicted all three diagnostic domains at 7y (Charman et al., 2005).  Additional behavioural evidence for early emergence of social/non-social autistic trait covariance includes replicated findings that RMET scores and visual perceptual disembedding speed on the EFT are inversely related in 4-5 year old children (Jarrold et al., 2000; Pellicano, Maybery, & Durkin, 2005).  The former study found this covariance pattern in children (9y) with ASC diagnoses as well, documenting some spectral continuity in such social/non-social covariance.  Later in development, ToM (measured via first and second order false belief tasks) was inversely related to both susceptibility
 to visual illusions (in which detail-oriented processing gives one the advantage of ignoring visual contexts giving rise to such illusions) and score on the Wechsler Block Design subtest, in a Kanner-like fashion, in typically developing adolescents and adults, with subclinical autistic traits (Best et al., 2008).

Similar Kanner-like social/non-social covariance patterns in the normal adult population also arose between facial emotion labelling on an early version of the RMET and disembedding speed on the EFT (Jarrold et al., 2000).  When re-analyzed separately by sex, however, this Kanner-like covariance remained in women but not men.  At the same time, specific patterns of sex-dependent covariance vary from one study to another, with some finding covariance in females but not males (Jarrold et al., 2000), others males but not females (Valla et al., 2010).  In this latter study, men in systemizing-related undergraduate major fields were characterised more by empathizing deficits (measured via the RMET, the Benton Face Recognition Test, and the Social Interaction hierarchical subscale of the AQ) than by systemizing skills (measured via the EFT and the AQ Details/Patterns subscale), whereas no such link between systemizing field and face reading difficulties was present in females (Valla et al., 2010).  Variation among sex-dependent covariance findings is not restricted to which sex exhibits the covariance, either; it also seems to depend on the specific measures whose covariation is being assayed.  When covariance is assayed from RMET scores and Systemizing Quotient scores, males but not females exhibit not inverse (Kanner-like) but actually positive empathizing-systemizing covariance, with RMET scores predicting systemizing tendencies (Voracek & Dressler, 2006).
  Of these various sex-dependent outcomes, the pattern in Valla et al. (2010) is unique in that an independent study provides developmental support for it: Kanner-like covariance has been found in school-age boys, but not girls (Skuse et al., 2009), perhaps reflecting the “extreme male brain” notion
 that males are closer than females to the autism spectrum (Baron-Cohen, 2002).

Reconciling the Evidence: A Developmental Dynamic Interaction Model

The mutual exclusivity between social/non-social ASC trait independence and Kanner-like covariance, an assumption implicit in many framings of the debate, downplays and overlooks the role of development in the progression of symptoms of autism – which is, after all, a developmental disorder.  In so doing, the assumption overlooks a potential framework for reconciling what appear to be opposing sets of evidence.  Independently heritable traits of ASC (i.e. the factors of the alternative triad) may give rise to Kanner-like covariance in behavioural presentation as they dynamically interact and reinforce each other across development.  It is in this developmental construction that non-social capacities can be drafted into the service of social cognitive ends, in the way that a positive correlation between figure disembedding ability and facial emotion reading has been interpreted as males applying systemizing skills to empathizing problems (Valla et al., 2010).  Explicit instruction of people with Asperger syndrome in solving empathizing problems using systemizing skills has been described as “systemizing empathy” (Golan & Baron-Cohen, 2006).  We argue that this phenomenon – the application of systemizing skills within cognitive domains that are more typically, more commonly or more efficiently the bailiwick of empathizing skills – need not be the subject of explicit instruction or explicit cognitive strategy, and is not restricted to people with autism-spectrum conditions.  We argue, rather, that it happens during typical cognitive development as systemizing and empathizing skills supplement – and in some instances supplant – each other during interaction with environmental task demands.  Indeed, reconsidering the reviewed evidence through this developmental lens helps clear up some seeming contradictions among findings within and between studies.

A prime example of how the hypothesized developmental model would manifest empirically can be found in a series of related studies on a single large twin sample (Ronald et al., 2006a, b; Dworzynski et al., 2007).  First, aforementioned findings demonstrate the non-mutual-exclusivity of the two sides of the Kanner hypothesis debate, supporting independent heritabilities of social and non-social ASC traits, but also Kanner-like, moderate correlations between domains of behavioural presentation (Ronald et al., 2006ab).  Correlations between diagnostic domains of Communicative Deficits and both Social Interaction Deficits and Restricted and Repetitive Behaviours and Interests can be ascribed partly to the heterogeneity in the communication domain, argued above.  This unmodelled intra-domain heterogeneity
 would give the appearance of deeper inter-domain links than the hypothesized possibility: that social interaction deficits are incorrectly paired with cognitive flexibility-related linguistic deficits affecting communication. Heterogeneity within domains cannot account for correlations between the distinct diagnostic domains Social Interaction Deficits and Restricted and Repetitive Behaviours, however. And when the same data were reanalyzed and compared between groups of individuals who presented with extremity (top 5% cutoff) in all three
 symptom domains and individuals presenting with extremity in one or zero domains, behavioural overlap between symptom domains was greatest in the first group (Ronald et al., 2006b).

Similar increased overlaps related to extremity in multiple domains have been found in other studies as well (e.g., Skuse et al., 2009; Frazier et al., 2008).  According to Baron-Cohen's “extreme male brain” notion this heightened correlation at the extreme should be doubly true of males, who are closer to the autism spectrum; and indeed, the same study found greater inter-domain behavioural overlap in males than females.  Greater Kanner-like covariance in males compared to females has been found in other studies also (Valla et al., 2010).  The hypothesized developmental model may also support the conjecture that a positive correlation in males between figure disembedding ability and facial emotion labelling (EFT and RMET, respectively) reflects a predominantly male cognitive strategy of applying systemizing skills to empathizing problems (Valla et al., 2010).

This model of developmental interaction between symptom domains is consistent with longitudinal observations of the aforementioned twin samples (Ronald et al. 2006ab), measured by the MacArthur Communicative Development Inventories at 2, 3, and 4 years, and the CAST at 8 years.  Early language deficits and later Social Interaction and Communication Deficits were found to be related primarily genetically, not causally.
  Although early language deficits were genetically unrelated to later Restricted and Repetitive Behaviours and Interests, Communication Deficits and Restricted and Repetitive Behaviours and Interests domains were phenotypically related later in development.  This
 combination of genetic independence and phenotypic dependence supports developmentally arising Kanner-like covariance (even after taking into consideration the shared cognitive inflexibility component), with later Communicative Deficits representing a developmentally emergent interaction between cognitive inflexibility and linguistic elements of social behaviour.

The proposed model helps explain other seeming empirical contradictions, too.  The longitudinal finding that communicative deficits are not predictive of any symptom domain at 2y, but significantly predict all three diagnostic domains later in childhood (Charman et al., 2005) would be expected if inter-domain behavioural interactions increase with development.  At 4-5y verbal rituals load on the same factor as as repetitive use of objects and other manifestations of cognitive inflexibility (Kamp-Becker et al., 2009).  By 6-7y, a communication-related factor emerges encompassing stereotyped phrases, eye contact, and facial expressions.  The hypothesized model would explain that, whereas social deficits may be largely independent of cognitive inflexibility early in development, behavioural and cognitive interactions over time produce repetitive phrases - part linguistic inflexibility, part social communicative deficit.

In another apparent contradiction, the loading of “age of first social smile” on a Stereotypic Behaviour factor in one study (Sacco et al., 2010) may seem to suggest genetic links between Social Interaction Deficits and Restricted and Repetitive Behaviours and Interests diagnostic domains, as in single-cause accounts of autism (e.g., Constantino et al., 2004).  In the context of the hypothesized alternative triad and developmental model, however, one might posit that “age of first social smile” is an early example of behavioural interactions between Social-Communicative Deficits and stereotypy-related Cognitive Inflexibility factors. In case cognitive flexibility may seem behaviourally unrelated to social smiling, consider the rapid cognitive control in play during a smiling response to a social overture, or during a decision to share an emotional response with a social partner at the same time as one is busy experiencing that response.

Applying the Proposed Developmental Model: A Novel Account of Sensorimotor Stereotypies

In the current diagnostic triad, sensorimotor stereotypies are subsumed under the domain of Restricted and Repetitive Behaviours and Interests.  On face, sensorimotor stereotypies are more easily categorized and accounted for using the diagnostic triad than the alternative triad, as such behaviours do not fit as clearly under any of the alternative triad domains.
  Viewing the alternative triad through the lens of the proposed developmental model, however, sensorimotor stereotypies can be explained as behavioural manifestations of developmentally snowballing interactions between Cognitive Inflexibility and Sensorimotor Incoordination.  In other words, such repetitious movements may be externalized efforts to impart predictability on a world rendered chaotic and intractable by an abnormal, cognitively inflexible, perceptually overstimulated mental environment (Belmonte, 2008).  Overall level of functioning, then, may determine whether inflexibility manifests more internally or externally -– overall level of functioning being related to executive control and ability to inhibit such behavioural externalizations.

Multiple findings support this characterisation of sensorimotor preoccupations as emergent from an interaction of more primary sensory and cognitive symptoms.  Positive relationships between IQ / age
 and cognitive in
flexibility have arisen in some cases, as well as negative relationships between IQ / age and sensorimotor stereotypies, IQ being interpreted here as a rough proxy measure for overall functioning (Szatmari et al., 2006; Papageorgiou et al., 2008).  Likewise, factor analyses of retrospective (childhood) ADI-R items in one of the aforementioned longitudinal studies (Kamp-Becker et al., 2009)
 revealed an Anxiety and Compulsions factor; assuming internalized anxieties arise from cognitive inflexibilities faced with novel situations, compulsions would be their externalized, behavioural analogues.  Such a relationship between ritualistic behaviours and perceived uncertainty or fearfulness exists likewise in young, typically developing children (Evans et al., 1999).  On the ADOS-G measure of current symptom presentation in the same participants, items related to anxiety loaded negatively on the ADOS-G factor Hyperactivity, meaning that decreased hyperactivity was related to increased anxiety.  Such a relationship would be expected if the sort of cognitive inflexibility that gives rise to anxiety in novel situations increases as sensorimotor abnormalities decrease (Kamp-Becker et al., 2009).
  The same investigation  also found that full-scale IQ was at once unrelated to the Social Communication factor on both retrospective (childhood) ADI-R and current ADOS-G inventories, and significantly, negatively correlated with behavioural stereotypies at both time points.

In this respect, some differences between ADI-R analyses may be complementary rather than contradictory. Where one analysis (Szatmari et al.
) found evidence for influence of higher cognitive functioning (as indicated by IQ and age) on ASC symptoms, in the form of a cognitively based Insistence on Sameness, others found evidence for the symptomatic manifestation of lower cognitive functioning in ASC, in the form of Repetitive Sensory and Motor Behaviors and Interests (Lam et al., 2008; Kamp-Becker et al., 2009); one of the latter found this relationship in early development and later presentation (Kamp-Becker et al., 2009).  When extracted factors from the Restricted and Repetitive Behaviours and Interests diagnostic domain were correlated with age, Vineland Adaptive Behavior Scale scores (VABS), and ADI-R domain scores, Insistence on Sameness presentation (current and ever) was significantly, positively correlated with the ADI-R communication domain, and Repetitive Sensory and Motor Behaviours and Interests also were highly negatively correlated with adaptive functioning and IQ, measured via the VABS and Leiter IQ, respectively. The former result provides additional support for the proposed alternative triad in which communicative inflexibilities are grouped with the high-level repetitive behaviour of circumscribed interests, as in Georgiades et al. (2007).  The latter provides more concrete support for the idea that overall level of functioning (in this case indicated by IQ) may determine, or may correlate with, the extent to which a need for sameness develops towards an internalised, cognitive drive or towards the low-level repetitive behaviour of externalised, stereotypic, motor drives.

Of course, these are inferences about divergent developmental trajectories based on cross-sectional data; even the longitudinal analysis (Kamp-Becker et al., 2009) relied on retrospective ADI-R inventories for inferences about early developmental patterns.  There is some more direct developmental support for this hypothesis, though; a within-subjects, repeated measures, longitudinal analysis comparing high- and low IQ (median split) groups from age 4 through age 19, with an intermediate data collection at age 13, using the ADI-R (with an added emotional responsiveness portion), ADOS, and the Vineland adaptive behavior scale (VABS), as well as the Stanford-Binet IQ test (McGovern & Sigman, 2005), found that both IQ groups significantly improved in Social Interaction Deficits and Restricted and Repetitive Behaviours and Interests domains with age, but that the high IQ group improved significantly more than the low IQ group in Restricted and Repetitive Behaviours and Interests, and not in Social Interaction Deficits.  Thus, across development higher functioning carries advantages specific to reducing idiosyncratic sensorimotor behaviours.

The hypothesized relationship between cognitive and inflexibilities and repetitive behaviours is well summarized in an interpretation of findings of correlations between ASC siblings in terms of symptom severity (Spiker, Lotspeich, Dimiceli, Myers, & Risch, 2002): “while all the individuals with autism had some ritualistic or repetitive behaviors or preoccupations, with increasing cognitive ability these tend to be more symbolic and less motoric.”  Or, to put it another way, just as typical cognitive development elaborates iconic sensory and immediate motor capacities into symbolic concepts and goal-directed plans, atypical cognitive development elaborates a need for sameness in these concrete domains into a need for scripting in more abstract domains.

This case of sensorimotor stereotypies is but one example of the potential explanatory power of the hypothesized developmental model.  It is not difficult to conceive of how Cognitive Inflexibilities in higher-functioning ASC individuals might interact developmentally with a basic Sensorimotor Incoordination such as auditory hypersensitivity in such a way that musical savantism emerges in the factor space between these two more primary, independently inherited traits.  Or, for a less exceptional example, the Communicative Deficits domain of the diagnostic triad may be better understood as deficits emerging developmentally from the factor space between Social Interaction Deficits and Cognitive Inflexibility domains of the alternative triad: while the former domain impedes development of the back-and-forth reciprocity that helps conversational exchanges unfold without a hitch, the latter domain impedes the linguistic fluidity and flexibility needed to adapt as said conversations unfold and progress in unpredictable, unscripted ways.

The Bigger Picture

The advantage of a developmental perspective may seem obvious; behavioural theorists are well inured to the idea that developmental models are essential for teasing apart nature and nurture.  But the developmental model posed here reflects a more general paradigm shift that may be helpful to behavioural scientists appealing for direct genetic links to behavioural outcomes, as well as cognitive neuroscientists interested in tying the proposed model to underlying neural mechanisms. The dynamic, developmentally snowballing interactionism posited here is best described within the model of interactive specialization introduced by Johnson (2000).
  A typical developmental perspective would take the view that genetically independent social-communicative deficits and cognitive inflexibilities both are programmed into neuroarchitecture.  Then, over development, behavioural covariance arises as these traits are expressed, being integrated as they pass through shared behavioural and cognitive outlets.  An interactive specialization view, on the other hand, would hold that as these traits are integrated in co-expression repeatedly across development, their integration would come to be reflected in neural networks. These altered networks, in turn, become co-conspirators in this process, encouraging further integration by serving as a path of increasingly less neural resistance.

If development occurred according to the former model, it would not be as clear why social and cognitive integration would become increasingly deeper to the extent that observations like Kanner’s depict restricted interests as a concomitant of social dysfunction.  Within the interactive specialization view, however, it seems more likely that a neurological analogue of social aversion may induce an equal and opposite reaction of object preoccupation.  A young child with ASC may spend their early years being repeatedly bombarded with the unsolicited advances of what appear to be large objects with irreproducible, inexplicable cause-and-effect.  Meanwhile, innumerable minute details of the inanimate world simultaneously call for their attention in ways that are more physically salient; close examination of a few of these details at a time reduces the overstimulation of these simultaneous calls for attention. As the child develops, they repeatedly retreat from the unpredictability of people to the predictability of the inanimate world, and then turn their attention to a small part of this inanimate world. Through repetition of these learned coping behaviors, their highly plastic neural networks begin to reflect these responses to the environment, circumventing the networks that go underused as they repeatedly avoid faces, which further strengthens nearby networks devoted to the configural processing used to examine details of the inanimate world. In this way, the hypothesized developmental model, and Interactive Specialization more generally, are likely much better candidates for understanding a developmental  disorder like autism, and accounting for the Kanner-like covariance that, according to the data, seems to arise between genetically independent traits over the course of development.

Conclusion

In sum, biologically and behaviourally emergent aspects of autistic traits and their sub- and non-clinical manifestations can both be better understood with the hypothesized developmental model: an independently inherited triad of primary factors Social Interaction Deficits, Cognitive Inflexibility, and Sensorimotor Abnormalities dynamically interacting over time in cognition and behavior, giving rise to the sort of uniquely autistic inverse relationship between social and non-social skills first described by Kanner. This dynamic model of autistic development provides important theoretical insights into the nature and nurture of autism and, in doing so, provides insights into more effective treatment, too. Emergent, secondary symptoms like motoric stereotypies may, for instance, be more effectively treated as secondary, rather than primary, symptoms, with therapies geared toward the underlying cognitive roots in Cognitive Inflexibility and Sensorimotor Abnormalities. If such is the case, then cognitive underpinnings would ideally be targeted with therapy as early as possible, to minimize the developmental – perhaps neurodevelopmental - synergy predicted by the reviewed data to increase with increased severity in multiple symptom domains. The aim of these early therapies could be to steer cognitive inflexibility toward healthier compensatory strategies. Without this developmental perspective, the proposition of an alternative triad seems more like a minor rearrangement of symptoms into different categories, without the environmental inroad for therapy suggested by the hypothesized developmental trajectory.
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�So, I have a new peeve: “evidence indicates,” “evidence supports,” “evidence suggests.”  Much like a joke or a pickup line, it's okay to be used once or twice in the same bar, the same crowd, but after that it gets old.


�This sentence needs citations.


�Cite the original reports for the ADI-R, the SRS, the AQ, the SQ and the EQ.


�Please check all the names in this citation, which does not currently appear in your bibliography.  The canonicat EFT reference is H.A. Witkin, Individual differences in ease of perception of embedded figures (1950).��Please check the entire text and the entire bibliography to ensure that every citation in the text appears in the bibliography, and every entry in the bibliography is cited in the text.


�Cite the paper at least for the RMET, and perhaps for the other two methods also.


�Neither communicative deficits nor musical savantism are AT ALL uniquely autistic; these qualities arise in contexts of many, many other diagnoses and conditions.  What are you really trying to say?  The bald falsity that you've written here is the sort that only the likes of Mitt Romney and Sarah Palin can utter unchallenged and, I think, isn't what you actually mean to be saying.


�First, the second assertion makes no sense because (even before I began fiddling with its wording) it seems to assert a correlation of SI+RRBI with itself.��Second, it's unclear where the numbers that you're quoting are coming from.  My (admittedly cursory) re-inspection of Ronald & al. 2006b suggests that these correlations are being reported separately for males and females in Table 1 on page 1209, and it's difficult to find, within that table or the surrounding text, the figures to which you refer.


�WTF do these people mean by “Impaired Play Skills”?  That's like saying “impaired cognition,” I mean, no shit, but how do they characterise it; what loads on it?  All three domains can impair play.  A more specific definition of this factor of theirs might help reconcile their analysis with the others.


�I think that this emphasis on the SEPARATE nature of the reductions in variability is what you're really going for – yes?  If so, you probably can find a more effective way to emphasise this aspect of what you're saying than the quick way that I've implemented here.  Work on that.


�Note that verbal rituals are not particularly communicative – even though they can in some circumstances and with some interpreters serve a communicative function.  In any case, I prefer the phrase “repetitive verbal behaviours.”


�Not all readers – and especially not those readers who study autism rather than personality psychology – and especially THIS reader, will know what the “Big Five” is, other than an American football league.  (Or is it a basketball league?  Or is that Big Ten?)


�WTF does “Nonverbal Behaviour” mean – could be almost anything.  These guys could come up with more specific factor labels, yeah?


�Such as...?  Give an example of a low-level stereotypy that loads on Circadian and Sensory Dysfunction.


�such as...?


�I think that this text needs to be accompanied by a figure that summarises the factor structure of each the factor-analyses of autism that you've discussed, and ILLUSTRATES, spatially, visually, how these factor structures resemble and/or map onto each other.��I'm envisioning something like a stack of bricks whose rows are studies and whose columns, which may be offset partially from each other, are factors.��I'm sure that you can come up with something along these lines in, oh, five minutes, right?  I hear that graduate students are very good at making figures.


�Wouldn't it be worthwhile here to voice the same observation that you voiced in the 2010 paper about the AQ's relative lack of attention to attention to detail, with most of its items loading instead on its social factors?


�ToM is INVERSELY related to SUSCEPTIBILITY to visual illusions?  Are you certain?  Oughtn't ToM to be positively related to susceptibility, i.e. Inversely related to immunity?


�I presume that you're going to put something in about how this result indicates how males accomplish the RMET.


�It's too godawful vague to be called a hypothesis.


�To what concept does the word “This” refer?  (I've inserted my best guess.)  The preceding sentence makes it seem that “This” refers to heterogeneity in the communication domain, which seems the same concept as what you assert in the second half of this sentence, “social interaction deficits are incorrectly paired with cognitive flexibility-related linguistic deficits affecting communication.”  But the sentence CONTRASTS “This” with its second half, implying that these are distinct alternatives. The sentence in its context is impossible for me to make sense of.


�Correct?


�So, people in the top 5% on scales X, Y, and Z have heightened correlation between X, Y and Z.  At first glance, many readers will view this assertion as an empty tautology – because if Z, Y and Z all hold extreme values at the same time then of course they're correlated; that's the (qualitative) definition of correlation!  You're going to have to do more to lead readers through the concept that the heightened correlation applies to variations WITHIN the top 5% and does not appear simply as a vacuous consequence of all scales' being within the top 5% of their ranges.


�What is meant by this assertion of “genetic and not causal” relation?  How are these two types of relationship differentially assayed?  Aren't genes a causal influence?  What are you really trying to say?


�Belmonte's rule #42 of scientific writing: you should (almost) never use “this” without an appositive phrase, because most of the time people won't know what the fuck you're talking about, unless you take the opportunity to tell it to them a second time.


�Dude, your third factor in the proposed alternative triad is NAMED “sensorimotor.”  How do sensorimotor stereotypies not fit under a “sensorimotor” domain?  This argument seems to set up a straw man by wilfully denying a reality of terms and categories – a rhetorical tactic that I usually see only from Republicans.  If the factor were “sensory” rather than “sensorimotor” then you'd have a case.


�What is meant by this notation – the ratio of IQ to age?


�I suspect that you mean to assert that “IQ / age” is positively related to “cognitive flexibility” and not “cognitive inflexibility”; otherwise I can't see how this datum supports your argument.  In that case, you'll have to do a more complete job of leading the reader through your argument.  In your model, cognitive inflexibility is a unitary, strongly genetically based symptom domain and therefore should be fairly static with age – is it?


�Several longitudinal studies are aforementioned.  To which of these, specifically, are you referring?  Cite it again here, and also rephrase this sentence so that the verbal reference to “aforementioned” material doesn't read so ambiguously.  I've inserted my best guess as to the specific study to which you're referring, and implemented one possible way of disambiguating the sentence.


�This inverse relation between cognitive inflexibility and sensorimotor behaviours is a corollary of what you've said in the second sentence of this same paragraph, and I still don't get it.


�Year of publication?


�This is a key mechanistic observation.  Can you work it into the abstract also?


�First, Johnson is not in your bibliography.  Please ensure that every citation in the text is matched by an item in the bibliography.��Second, it would be a snub to Annette Karmiloff-Smith not to cite her also in connection with interactive specialisation.  The article that I usually cite, PMID 12349872, covers the both of them.





